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ARTICLE INFO ABSTRACT

Keywords: Syphilis, is sexually transmitted disease caused by spirochete Treponema pallidum

Syphilis subsp.pallidum. It has many diverse clinical manifestations that occur in distinct

stages. Early diagnosis and management are the main things to prevent transmission

Treponema and complication. Direct test or morphological observation is the definitive diagnosis

Pallidum of syphilis. This can be done through animal inoculation test, dark field microscopy,

. . direct fluorescence antibody (DFA), and nucleid acid amplification test (NAAT). While
Diagnostic

the indirect test is a nontreponemal serologic test consist of Wasserman test, venereal
disease research laboratory (VDRL), toluidine red unheated serum test (TRUST),
unheated serum reagin (USR), rapid plasma reagin (RPR) and treponemal serologic
test, such as T. pallidum passive particle agglutination (TPPA), T. pallidum
haemagglutination assay (TPHA), fluorescent treponemal antibody absorption (FTA-
Abs), enzyme immunoassay (EIA) and rapid test. The algorithm of serologic test can
be divided into traditional or reverse.
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1. Introduction

Syphilis is a sexually transmitted infection (STI)

caused by spirochaete Treponema  pallidum
subsp.pallidum. Syphilis is classified into primary,

secondary, latent and tertiary stages.[1]

Based on the Integrated Behavioral and Biological
Survey reportin 2011 the incidence of syphilis in 2011
is 13% higher than 2007.[2] Study by the South
Sumatra Provincial Health Office in 2014 found that the
incidence of syphilis in female sex workers was around
4.5%.[3] Based on data from the General Hospital Dr.
Mohammad Hoesin (RSMH) Palembang, Dermatology
(DV) sexual
outpatient clinic in 2018-2020, recorded the

Venereology transmitted infection

number of visits by syphilis patients is 76 patients.
Syphilis have several types of clinical manifestations
based on the stage level. Primary and secondary skin
lesions can mimic other diseases. In the latent stage,
asymptomatic conditions can more complicate to be
diagnosed. Early diagnosis and management can
prevent complications, and disease transmission.
Direct test or morphological observation is used for the
definitive diagnosis of syphilis. This can be done
through animal inoculation, test using a dark field
microscope, direct fluorescence antibody (DFA), and a
nucleid acid amplification test (NAAT). Indirect test
through serologic test consists of nontreponemal and

treponemal. Nontreponemal serologic test are
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Wasserman's test, venereal disease research
laboratory (VDRL), toluidine red unheated serum test
(TRUST), unheated serum reagin (USR), and rapid
plasma reagin (RPR) are used for screening, evaluate
disease progression and therapy. While the treponemal
serologic test consists of T. pallidum passive particle
agglutination (TPPA), T. pallidum haemagglutination
assay (TPHA), fluorescent treponemal antibody
absorption (FTA-Abs), enzyme immunoassay (EIA) and
rapid test can detect T.

antibodies.[4][5]

pallidum  specific

There are 2 types of syphilis serologic testing
algorithms, such as traditional and reverse. The
traditional algorithm begins with a nontreponemal
serologic test confirmed by treponemal serologic test.
The reverse algorithm begins with a treponemal
serologic test confirmed by nontreponemal and

treponemal serologic test.

The aim of this literature review to remind the
clinicians about laboratory tests for syphilis. Hopefully
it can be used to determine the diagnosis, assess the

stage and evaluate therapy.

Morphology

Treponema pallidum (T. pallidum) subspecies
pallidum is a bacteria that cause syphilis infection.[1]
This infection is transmitted through sexual contact,
from mother to baby through the placenta, or blood
transfusions. This bacterium belongs to the
Spirochaetaceae family and associated with another
pathogenic  treponema that causes endemic
treponematosis, such as Treponema pallidum subsp.
endemicum (bejel), T. pallidum subsp. pertenue (yaws,

patek), and T. pallidum subsp.carateum (pinta).[6]

On dark field microscopy, organisms can be
recognized by their characteristic movements of moving
forward and backward slowly, rotating on a long axis
like a corkscrew, elongating and curving. Such
movements are possible because there is an
endophlagellae. T. pallidum varies in size, 6-15 pum in
length, 0.2 pm in diameter, and there are 8-20 coils
with 1 um spacing.[6]

Several immunogenic 7. pallidum antigens in

syphilis that can cause specific antibody responses are
Tp15, Tp 17 and Tp 47. Until now, the function of Tp15
in the treponema structure still unknown. Most of the
outer membrane of T. pallidum is composed of 17kDa
lipoprotein (Tp1l7) which can bind to surrounding
proteins, maintain treponemal membrane function and
trigger activation of intercellular adhesion molecule 1
(ICAM-1), e-selectin, and monocyte chemoattractant
protein-1 gene (MCP-1) in endothelial cells. Another
immunogenic 47 kDa lipoprotein (Tp47) is a
carboxypeptidase that can bind to penicillin and

increase immune responses in endothelial cells.[7]

Classification of syphilis

The clinical manifestations of syphilis vary from
stage and called a 'great imitator' or 'great mimicker".
The course of syphilis varies and classified into early
and advanced stages of syphilis. Early stage is more
infectious than late. Early stage syphilis, namely
primary, secondary and early latent syphilis. Late
stages of syphilis includes tertiary (gumma,
cardiovascular syphilis, neurosyphilis) and late latent
syphilis.[6][8]

The course of syphilis begins with sexual contact
with early syphilis patients. T. pallidum bacteria will
penetrate through mucosal surface or exposed skin,
then adhere to epithelial cells and host extracellular
matrix components and begin multiplying. Replication
occurs at the site of inoculation every 30-33 hours,
giving rise to alocal inflammatory response in the form
of a painless wound (chancre) occurring 3-6 weeks after
infection. Syphilis lesions form approximately 3 weeks
(9-90 days) after T. pallidum infection. If syphilis lesions
are left untreated, they may disappear spontaneously
in 2-3 weeks. The secondary stage generally occurs 4-
8 weeks after the primary lesion has disappeared, and
lasts several weeks or months.[6]

Secondary syphilis is a systemic vasculitis due to
high blood levels of T. pallidum and an immunologic
response. The first lesions that appear in secondary
syphilis are pale red macules with a diameter of 0.5-1.5
cm on the body and extremities, called secondary

syphilitic macular rash or syphilitic roseola. These
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lesions can be found on the palms of hands, and feet
also forehead. The rash consists of reddish-brown,
copper or slightly bluish (50-70%) maculopapular, but
can also be in the form of papules (12%), macules
(10%), annular papules (6-14%), pseudovesicles,
lichenoid, papulosquamosa, corimbiform, or ulcerated.
In the scalp area can be found irregular and diffuse
papular lesions and alopecia patches called “mouth-
eaten alopecia”. In oral mucosa can be found
erythematous spots on the palate mole and durum, as

well as the cheek mucosa.[6]

In the early latent stage the patient has no clinical
symptoms but serologically indicates active syphilis.
Early latent stage can progress to late latency starting
within 1 year after infection. In this late latent phase it
is not transmitted through sexual contact, but can be
transmitted through the placenta to the fetus. This can
be due to a high number of treponemes in the lesions,
making them more infectious. Around 3-10 years,

latent syphilis will progress into tertiary syphilis. [6]

Laboratory test

The diagnosis of syphilis is based on clinical suspicion
combined with laboratory tests for direct and indirect

detection of T. pallidum.

Test of the board of directors
Animal inoculation test

Several animals, including hamsters, chimpanzees,
and rabbits have been used to assess T. pallidum
infectivity. Rabbit is most often used because the
changes can be immediately seen with the naked eye
and serologically reactive, so it is called the rabbit
infectivity test. The test is carried out by injection of a
sample such as cerebrospinal or serous fluid into a
seronegative adult New Zealand rabbit. After 1 week of
inoculation, an inspection and serological test of rapid
plasma reagin (RPR) and T. pallidum particle
agglutination (TPPA) were carried out every 2 days for
1 month and every 2 weeks for 2 months. Samples from
the rabbit were transferred to other seronegative rabbit,
and the incidence of orchitis was observed. Sensitivity

and specificity 100%.[9] A positive result if the serologic

T. pallidum is reactive, but a negative result does not
necessarily rule out a diagnosis of syphilis because many
factors influence the work technique. Although this test
is the gold standard, it is highly dependent on work
technique, professional laboratory personnel, animal
protection ethics and takes a long time, so animal
research

inoculation test is only used for

purposes.[5][10]

Dark field microscopy

Examination using a dark field microcopy is a
simple definitive diagnostic method which is still
applicable today.[1] Through this, we can immediately
see the shape of T. pallidum. Microscope is divided into
light and dark field. The microscope components
consist of a diaphragm, a condenser, a condenser
focusing device and an objective lens (Figure 2a).[11]

The main difference between dark and light field
microscopy is that the light directly to the specimen
and the objective lens is limited to a darkfield stop at
the condenser, then light is absorbed only from the

edges and results in a dark field of view (Figure 2b). [11]

The objective lens size and numerical aperture (NA)
in dark field microscopy are important in successful
diagnostic. Numerical aperture is the angle of light that
will be received by the specimen. If the NA is too large,
a hollow cone of light will not form, which can
complicate the test (Figure 2b). The recommended
objective lens size and NA are low to medium size, in
the range of 2-10 times (0.05-0.25 NA). The ideal type
of specimen is serous fluid from active lesions that are
not accompanied by red blood cells. This fluid can come
from lesions in the primary stage, namely chancre,
condyloma lata or mucosal lesions in the secondary

stage, and rhinitis fluid from congenital syphilis.[12]

The active lesion is cleaned first using gauze and
sterile saline. After drying with sterile gauze, the active
lesion is pressed from the edge with both fingers to
increase the amount of serous fluid. The slide can be
attached directly to the lesion to collect the specimen
or a stainless steel spatula can be used to move the
specimen. Specimens are given 1-2 checks for sterile

saline and covered with a glass cover. Examination of
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the specimen should be carried out immediately within
30 minutes because the motility of T. pallidum is the
main feature for diagnosis. Treponema pallidum will
appear spiral in shape, and are bright white. Surface
area between 0.10-0.18 pm, length 6-20 pum. Typical
movements are flexion and relaxation in an irregular
direction (Figure 2c). [11][12]

Positive result if organisms with similar morphology
and movements are found. False positives can occur
when other types of treponemes are present in the
preparation. False negative results can be found if the
number of organisms is insufficient, history of
treatment with topical antibiotics of the lesion, the
lesion has resolved or the lesion is not part of syphilis.
The sensitivity of dark field microscopy is 74-79%, with
a specificity of 100% .[1][11] Dark field microscopy can
give a positive result before reactive serologic studies.
However, this test is not recommended as a routine
screening because it is impractical, only for lesions with
serous, microscopic field of view is very sensitive to

changes in light and the presence of other particles.[13]

Direct fluorescence antibody (DFA)

Direct fluorescence antibody is a test to seeantigen-
antibody bonds using fluorescent
isothiocyanate (FITC). This test can uses specimen
samples from oral and rectal lesions.[4] The lesion was
cleaned with saline, minimal abrasion was performed
to obtain serum. The DFA test is an alternative to the
dark field microscope. This test does not require a
specimen with live bacteria. Monoclonal or polyclonal
antibodies are used from rabbits in Reiter's treponemes
in order to remove non-specific antigen bonds.
Detection of antibody antigen bonds conjuncated with
FITC will give an apple green color (Figure 3). The
specimens used may come from serous fluid from oral
or rectal lesions, cerebrospinal fluid, or paraffin deep
tissue fixation. The fluid from the lesions can be
drained and sent to the laboratory in a temperature of
4-8°C. A specimens must be viewed with an objective
lens 40 times. For long-term storage, specimens can be

stored at -20°C. [10]

Both negative and positive control antigens (stained

T. pallidum specimen as a positive control, and Reiter's
treponema as a negative control) should be included in
each test. DFA test of the tissue in paraffin, the tissue
should be deparaffinised, rehydrated and given 1%
ammonium hydroxide or PBS containing 0.25%
trypsin. Positive control was derived from examining
rabbit ants containing 7. pallidum and tissue containing

non-pathogenic Treponema. [10]

Specimens were given fluorescent anti-T. pallidum
immunoglobulin, a monoclonal antibody derived from
rabbits or mice and viewed with an electron
microscope. It is positive if you see an apple green color
on a fluorescent microscope, but false positives can
occur if other types of treponemes are present (Figure
3). [10] A negative result if the treponema is not visible
on the microscope, but a false negative if there is an
error in the sampling or processing of the
sample.[12][14]

The sensitivity of DFA test with conjunctival
monoclonal antibody in specimens from the lesion is
73-100%, with a specificity of 100%, and assays using
polyclonal antibodies is 86-90%, with a specificity of
96-97%. The sensitivity of the test with tissue material
was 86-88% and specificity 97-100%. [10] Direct
fluorescence antibody testing does not require live
organisms, butis more expensive and fluorescent fluids

are easily damaged.[15]

Nucleic acid amplification examiner (NAAT) or

polymerase chain reaction (PCR)

Polymerase chain reaction or "molecular
phototyping” is a technique of amplification of DNA
segments to be duplicated into certain amount. Tools
needed in PCR tests are thermo cyclers, DNA templates,
two primers, taq polymerase, nucleotides and buffers.
Polymerase chain reaction test can detect the DNA of
organisms in specimens less than 10, by amplification
of specific gene segments derived from T. pallidum DNA
at the primary or secondary stage.[6][12] This test is
mainly used for oral lesions or lesions of other
commensal treponemes. Specimens can be collected
from tissue, cerebrospinal fluid, or blood, whether they

are fresh, frozen tissue, or fixated in paraffin.[16]
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Polymerase chain reaction test can be done
quantitatively or qualitatively. The quantitative
method, also known as real time PCR, is by counting the
amount of DNA in the sample to assess the severityof
the infection. The sensitivity is lower if the sample isnot
from a serous lesion. Qualitative PCR methods are used
to detect specific genes for bacteria. PCR test in the
conventional way is carried out by making a specific
primary bond to the DNA strand so as to limit the
amount of DNA replication that is not needed. Some of
the things that are needed in conventional PCR are
aluminum blocks, DNA polymerase, buffers, primers
and target DNA. The entire process takes time around
35-40 minutes and assessed by a gel electrophoresis
technique. Multiplex PCR is a technique that can
distinguish different types of pathogens in each sample
by detecting strands of introns and exons in DNA. This
test can be used to determine the presence of co-
infection with syphilis separat on test of a blood sample
for donation. This test is quite easy, fast and
inexpensive and can separate several amplification
reactions based on the fluorophore reaction. Sensitivity
is 50-83.3%. Nested PCR can limit the formation of
contamination in  amplification products or
incompatible primary DNA bonds. The sensitivity is
70% with a specificity 95%. fast and cheap and can
separate several amplification reactions based on the
fluorophore reaction. Sensitivity is 50-83.3%. Nested
PCR can limit the formation of contamination in
amplification products or incompatible primary DNA
bonds. The sensitivity is 70% with a specificity of 95%.
Nested PCR can limit the formation of contamination in
amplification products or incompatible primary DNA
bonds. The sensitivity is 70% with a specificity
95%.[16][17]

Routine and multiplex PCR tests can be used as
additional screening methods in screening for early
stage syphilis, while nested or real-time PCR can be
used for confirmatory tests. [17] Fluorosens and genetic
analyzers ABI310 can detect part of the treponemal
DNA replication to enhance the PCR reaction in each
specimen. The result is positive if 1 base pair is

detected in the tpp15 gene T. pallidum subsp. pallidum

which is different from other subspecies.[18]
Meanwhile, false negatives can occur if there is a
specimen taking error. Specivisity is 93-100% and PCR
sensitivity reaches 95% .[13] Polymerase chain reaction
test can detect treponemes in small amounts, but it is

more expensive, and trained personnel.[15]

Indirect test
Serologic test

There are 2 types of serologic test, namely
treponemal and nontreponemal. Nontreponemal tests
can detect immunoglobulin (Ig) G and M antibodies
against lipoidal antigens released by the body as a
consequence of cell and bacterial destruction. These
antibodies can be detected 6 weeks after infection.
Meanwhile, treponemal tests are used to detect specific
IgG and IgM antibodies for T. pallidum. These
antibodies can be detected within 3 weeks after
infection (Figure 4).[13]

This test is divided into 2 types, namely
nontreponemal, including Wasserman's test, venereal
disease research laboratory (VDRL), toluidine red
unheated serum test (TRUST), unheated serum reagin
(USR), and rapid plasma reagin (RPR). Treponemal
tests consist of fluorescent treponema antibody
absorption assay (FTA-Abs), T.pallidum particle
agglutination (TPPA), T.pallidum haemagglutination
assay (TPHA), various

treponema enzyme

immunoassays (EIAs) and rapid testing.[1][6]

Nontreponemal serologic test

This test is used to detect antigen agglutination with
immunoglobulin (Ig) G and IgM antibodies that are
formed by the body due to cell damage.[19] The test was
used as an evaluation of the therapeutic response with
a decrease in titer of up to 4 times, or the equivalent of
2 dilutions (from 1:16 to 1: 4). There are 5 types of
nontreponemal tests, namely Wasserman, VDRL,

TRUST, USR and RPR tests.

Wassermans Test

The Wasserman test is the first nontreponemal
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serologic test that uses antigens from bovine liver
tissue. The results of Wasserman's test were strong
positive (+4), positive (+3, +2), doubtful (+1) or negative
based on the occurrence of hemolysis in the form of a

reddish color in the patient's serum (Figure 5) .[19]

Wasserman test will be positive in 82-92% on
primary stage, secondary 92-100%, and tertiary 75-
95%. False positive results can be due to infection with
other types of treponemes, malaria, Morbus Hansen or
pregnancy. Meanwhile, false negatives can be caused
by errors in working techniques, the patient received
previous therapy or the test time was too early. The
advantage of Wasserman's test is that it can see the
antigen-antibody reaction in syphilis. Meanwhile, the
antigen is less specific and cannot be used as a
measuring tool for evaluation of improvement after

therapy.[21]

Venereal disease research laboratory (VDRL)

The Wasserman test antigen was considered less
specific, so a reagin modification was carried out for the
VDRL test. This test uses an antigen consisting of a

mixture of cardiolipin, lecithin and cholesterol. [12][22]

In treated primary syphilis patients, VDRL can be
negative around 60-100% in 4-12 months. Meanwhile,
secondary syphilis will be non-reactive at 12-24
months after therapy. In the latent stage of syphilis. will
remain in low titers for 5 years or more (Figure 6)
[1][12]

The VDRL test can be done quantitatively or
qualitatively. The quantitative way is to put the
patient’'s serum into a centrifuge and heat it at 56°C.
Then, the serum was mixed with the VDRL reagin into
the cavity slide. After playing for 4 minutes, the mixture
was viewed under a light microscope. Positive result if
clumping is formed on the slide. While the qualitative
method is done by giving 2 tests of NaCl 0.9% cavity
slides 2 to 5, then followed by 3 tests to cavity slides 3
to 6. Then the patient's serum that has been diluted 8
times with 0.9% NaC(l is examined. to the entire cavity
slide. The reagin was examined on each cavity slide and
placed in rotation for 4 minutes. The mixture is viewed

under a light microscope to assess the clumping

reaction of each slide. This test is reactive at week 4
after infection for up to 1 year, and decreases slowly, so
that late latent syphilis will appear low titers. Results
are considered reactive if there is a quantitative titer of
1: 8. Non reactive when the titer is less than 1: 8.[12]
The sensitivity of the primary stage is 78% (74-87%),
secondary is 100%, latent 96% (88-100%), and tertiary
71% (37-94%). Specificity is 98% (96-99%). [28] False
positives can occur due to aging, pregnancy, other
bacterial or viral infections, immunization or
malignancy. False negatives can occur when there is a
prozone reaction or the test is too early.[4] The
advantages of VDRL are sensitive, more specific and
stable reagins than the Wasserman test. The drawback
is that false positives are common and the subspecies

of treponemes cannot be distinguished. [1][4]

Rapid plasma reagin (RPR)

Rapid plasma reagin is a type of nontreponemal
flocculation test, using a modified VDRL reagin. The
reagin in RPR is added with choline chloride and
ethylenediaminetetraacetic acid (EDTA) to stabilize the
suspension and charcoal so as to make it easier to
visualize the reading of the results.

This test can be carried out in a qualitative or
quantitative way. The qualitative method is to check the
reagin on the patient's blood serum on the circle of the
RPR card. After turning it for 8 minutes, you will see a
positive / reactive reaction in the form of blackness

called clumping (Figure 7). [12][24]

Quantitative RPR was performed by mixed 0.9%
NaCl with antigen and patient serum in each circle
ranging from 1: 2 to 1: 512. The mixture will continue
to be moved (1: 2 to 1: 4,1: 8 to 1:16, 1:32 to 1:64, and
1: 128 to 1: 512) to be added again with 0.9% NaCl and
antigen until dilution occurs, then the agglutination
reaction that occurs is assessed. (Figure 8). [22][24]

The sensitivity of the RPR test depends on the
duration of infection, the primary stage is 86% (77-
99%), secondary is 100%, latency is 98% (95-100%),
and tertiary is 73% .26 %). False positive can occur in
the acute (<6 months) and chronic (>6 months) phase.

In the acute phase, false positive occur in various
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conditions, namely malaria, hepatitis, chickenpox,
measles or vaccination. The chronic phase is often
caused by connective tissue disease, malignancy,
chronic infections, needle users, and aging. False
negative results can be due to a prozone reaction that
occurs when the count of nontreponemal antibodies is
too high, leading to failure of the formation of the
antigen-antibody reaction or if the timing of testing is
too early. The advantages of RPR test are more
sensitive, easier technique than VDRL and reagin can

last longer.[22]

Toluidine red unheated serum test (TRUST)

This test uses a modified VDRL suspension antigen
in the form of the addition of toluidine red pigment.
This antigen can detect antilipoidal antibodies in the
serum of syphilis patients. This test can be carried out
in a qualitative or quantitative way. Qualitative is done
by mixing the serum of syphilis patients with antigen
suspension on the TRUST card. The card is placed on
the rotator for 8 minutes. If reactive / positive, a
clumping reaction will be found in the form of reddish
particle agglutination (Figure 9). [27]

Toluidine red unheated serum test in quantitative
by applied 0.9% NaCl to the TRUST card circle number
2 to 5. The patient's serum was examined and mixed in
the second circle (1: 2). The mixture is moved to the 3rd
circle (1: 4), then the mixture of the third circle is moved
to the fourth (1: 8), the mixture of the 4th circle is
moved to the fifth (1:16). The TRUST reagin was
examined on all circles, then placed on the rotator for
8 minutes, and the clumping reaction was assessed.
Positive result if a clumping reaction is found. The
sensitivity of TRUST in the primary stage is 85% (77-
86%), secondary is 100%, latent 98% (95-100%). While
the specificity is 99% (98-99%). False positive results
can be caused by aging, pregnancy and other acute or
chronic diseases. False negatives can be caused by a
prozone reaction, technical errors or inspection time
too early. The advantage of TRUST test is that it is
sensitive and does not require a microscope for analysis
of the results. The drawback is that false positives are

frequent and the subspecies of treponemes cannot be

distinguished. [25][27]

Unheated serum reagin (USR)

Unheated serum reagin is a nontreponemal test
using a modified VDRL reagin. In this test, the reaginis
added with choline chloride so thatit can react with the
patient's unheated serum. This test can be carried out
in a qualitative or quantitative way. The qualitativeway
is by mixing the patient's serum with the USR antigen.
After being placed on the rotator for 4 minutes, the
mixture was viewed under a light microscope to assess
the clumping reaction. The quantitative methodis by
applying 0.9% NaCl to the entire cavity slide. The
patient's serum is examined in the first (1: 1) and
second (1: 2) circles and then mixed. The mixture is
moved to the third circle, from the third circle it is
moved to the fourth, from the fourth circle it is moved
to the fifth. The cavity slide was placed on the rotator
for 4 minutes and the results were read through a light
microscope. The results are reactive if there is a
clumping reaction.[29] The sensitivity of USR at the
primary stage is in the 80% (72-88%), the secondary is
100% , and the latency is 95% (88-100%)). False positive
results can be caused by aging, pregnancy, autoimmune
or other bacterial and viral infections. False negative
results can be caused by a prozone reaction, technical
errors or unstable reagins. The advantages of USR are
thatitdoes notrequire heated serum and the reagin can
last longer. The disadvantageof USR is that it is very
dependent on work tools and techniques. pregnancy,
autoimmune or other bacterial and viral infections.
False negative results can be caused by a prozone
reaction, technical errors or unstable reagins. The
advantages of USR are that it does not require heated
serum and the reagin can last longer. The disadvantage
of USR is that it is very dependent on work tools and
techniques. pregnancy, autoimmune or other bacterial
and viral infections. False negative results can be
caused by a prozone reaction, technical errors or
unstable reagins. The advantages of USR are thatitdoes
notrequire heated serum and the reagin canlastlonger.
The disadvantageof USR is that it is very dependent on

work tools and
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techniques.[25][29]

Treponemal serologic test

This test uses an antigen derived from all or part of
the T. pallidum fragment. This test is not used for
evaluation of therapy because it can last a lifetime even

if therapy is successful. [1][6]

Fluorescent treponemal antibody absorption (FTA-

Abs)

This test uses T. pallidum suspension mixed with 1:
5 diluted serum. In this test, the patient's serum is given
absorbent to remove non-specific antibodies.
Monospesific antihuman fluorecein isothiocyanate
(FITC) is a specific antisera against antitreponemal IgG,
IgM and can be used to see other types of antibodies
from patient serum, namely IgA, IgC and IgD. Anti-
treponemal immunoglobulin M is an antibody that
appears first during early infection and penetrates the
placenta so that it can be used for the diagnosis of
congenital syphilis using IgM-FTA-Abs. [12][28]

If there are treponemal antibodies, there will be
antigen-antibody bonds that react with fluorescence.
Fluorescence results in the form of a greenish yellow glow
(Figure 3).[12] The level of sensitivity is 84% (70- 100%)
at the primary stage, 100% at the secondary stage to
latent, and tertiary 96% with a specificity 0f97% (84-
100%).[26]False positive results can occur in patient
serum containing the antibody Borrelia burdorferi. The
advantages of FTA-abs are higher sensitivity than TPPA
or TPHA. The drawback is that the quality of the FTA-
Abs test depends on the availability of tools, reagins and

the ability of the investigator so that it cannot be used as

aroutine screening tool. [12][28]

T. pallidum haemagglutination assay (TPHA), T.
pallidum passive particle agglutination (TPPA)

This test is a type of passive agglutination using
ultrasonicated antigen or extract detergent (nichols
strain) which is fixed in erythrocytes (TPHA), red gelatin

(TPPA), bentonite or latex paricles. This reagin binds to

the patient's serum IgG and IgM T. pallidum antibodies
(Figure 8). This test detects treponemes in syphilis, yaws,
pinta, bejel and endemic syphilis. This test can be used
from the 3rd week after infection and will remain positive
even after treatment. Positive results if an agglutination
layer is formed on the microtiter tray well. If no
antibodies are found, the particles will settle and form
clots at the bottom. This test is commonly used to
confirm a positive nontreponemal test.[31][32]This test
can be carried out in a quantitative or qualitative way.
The quantitative method is done by combining the
dilution of the sample with the patient's serum into well 1
and mixing it. The mixture is transferred to the 4th well
and dilution of the sample is added. The third well was
given unsensitized particle (gelatin) as a control, and the
4th well was given sensitized particle (gelatin coated with
T. pallidum) (Figure 10). A positive result will form a ring-

like agglutination after 2 hours.[12][28][29]

The quantitative way, resembles the qualitative way.
The mixture of diluent samples and patient serum from
well 1 is transferred to the next well up to wells 11 to
12. The third well was given unsensitized particle
(gelatin) as a control, and the 4t well (dilution 1:80) to
twelveth (dilution 1: 20480) was given sensitized
particle. The results were observed after 2 hours of test
(Figure 11). [25][31]

The sensitivity of the primary stage is 88% (86-100%),
secondary is 100%, latency is 97% (97-100%), and
tertiary is 94%. Specificity is 99% (98-99%). The
advantage of TPPA is that false positives are rare. While
the drawbacks of this test are that it cannot be used to
assess therapeutic response, is more expensive than

nontreponemal tests and requires special tools.[28][31]

Enzyme immunoassay (EIA), chemiluminescence
immunoassays (CIA)

Enzyme immunoassay is an indirect method for the
detection of T. pallidum antibodies. This test is often
used to screen for syphilis at blood banks. There are 2
types of reagins, namely for detection of IgG and IgM.
IgM reagins are commonly used for detection of

congenital syphilis. This test uses a reagin from the
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sonicated T. pallidum antigen. The patient's serum was
inserted into a well microtiter plate and then added
with the antibody reagin. If there are specific antibodies
against T. pallidum, an antigen-antibody bond is
formed. After the excess antibody was removed, enzyme
substrate was added and analyzed with a plate reader.
Existing antibodies will cause color on the reading.
Several other types of EIA, can use recombinant
specific antigen treponema-15, 17,44.5, and 47kD
antigens mixed with patient serum in a well microtiter
plate. All proteins that are not bound to antigens will be
lost during cleaning and the chromogenic substrateis
added. Color changes «can be seen by
spectophotometrics.[23] Sensitivity at the primary
stage is 77-100%, secondary 85-100%, latent 64-100%
with a specificity 99-100%.[28] Chemiluminescent
assay is an immunoassay technique using labels or
reaction indicators in the form of luminescent
molecules to determine the concentration of the
analyzed sample. When administering antigen-
isoluminol to the serum of syphilis patients, a positive
result will be found a chemiluminescence color glow
detected by a sophisticated photomultiplier system.
This test has a sensitivity of 98% in the primary stage,
100% in the secondary, latent and tertiary stages with
a specificity of 99-100%. will be lost during cleaning
and chromogenic substrate is added. Color changescan
be seen by spectophotometrics.[23] Sensitivity at the
primary stage is 77-100%, secondary 85-100%, latent
64-100% with a specificity 99-100%.[28]
Chemiluminescent assay is an immunoassay
technique using labels or reaction indicators in theform
of luminescent molecules to determine the
concentration of the analyzed sample. When
administering antigen-isoluminol to the serum of
syphilis patients, a positive result will be found a
chemiluminescence color glow detected by a
sophisticated photomultiplier system. The sensitivity
98% in the primary stage, 100% in the secondary,
latent and tertiary stages with a specificity 99-100%,
will be lost during cleaning and chromogenic substrate
is added. Color changes can be seen by

spectophotometrics.[23] Sensitivity at the primary
stage is 77-100%, secondary 85-100%, latent 64-100%

with a specificity 99-100%.[28] Chemiluminescent
assay is an immunoassay technique using labels or
reaction indicators in the form of luminescent
molecules to determine the concentration of the
analyzed sample. When administering antigen-
isoluminol to the serum of syphilis patients, a positive
result will be found a chemiluminescence color glow
detected by a sophisticated photomultiplier system.
This test has a sensitivity 98% in the primary stage,
100% in the secondary, latent and tertiary stages with
a specificity of 99-100%. [23] Sensitivity at the primary
stage is 77-100%, secondary 85-100%, latent 64-100%
with a specificity 99-100% .[28] Chemiluminescent
assay is an immunoassay technique using labels or
reaction indicators in the form of luminescent
molecules to determine the concentration of the
analyzed sample. When administering antigen-
isoluminol to the serum of syphilis patients, a positive
result will be found a chemiluminescence color glow
detected by a sophisticated photomultiplier system.
This test has a sensitivity is 98% in the primary stage,
100% in the secondary, latent and tertiary stages with
a specificity of 99-100%. [23] Sensitivity at the primary
stage is 77-100%, secondary 85-100%, latent 64-100%
with a specificity 99-100%.[28] Chemiluminescent
assay is an immunoassay technique using labels or
reaction indicators in the form of luminescent
molecules to determine the concentration of the
analyzed sample. When administering antigen-
isoluminol to the serum of syphilis patients, a positive
result will be found a chemiluminescence color glow
detected by a sophisticated photomultiplier system.
This test has a sensitivity 98% in the primary stage,
100% in the secondary, latent and tertiary stages with
a specificity 99-100%.[28] Chemiluminescent assay is
an immunoassay technique using a label or reaction
indicator in the form of a luminescent molecule to
determine the concentration of the analyzed sample.
When administering antigen-isoluminol to the serum of
syphilis patients, a positive result will be found a
chemiluminescence color glow detected by a
sophisticated photomultiplier system. This test has a
sensitivity 98% in the primary stage, 100% in the

secondary, latent and tertiary stages with a specificity
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99-100%.[26] Chemiluminescent assay is an
immunoassay technique using a label or reaction
indicator in the form of a luminescent molecule to
determine the concentration of the analyzed sample.
When administering antigen-isoluminol to the serum of
syphilis patients, a positive result will be found a
chemiluminescence color glow detected by a
sophisticated photomultiplier system. This test has a
sensitivity 98% in the primary stage, 100% in the
secondary, latent and tertiary stages with a specificity
of 99-100%.[4][10] This test can be done with a large

amount of serum, but it cannot distinguish between

active or past infections.[15][26]

Rapid test

Rapid test is a serologic test using a rapid
membrane immune-chromatographic technique that
provides qualitative results for the detection of T.
pallidum antibodies in blood, serum or plasma within
10 minutes. The specimen can be collected via a fingertip
blood sample. The resultis positive if there is a line on
C (control line) and T (test line) (Figure 12)

[31]

This screening is being developed in the United
States for rapid screening in emergency departments,
sexually transmitted infections-HIV outpatient clinic,
health promotion, family clinics, antenatal programs,
prisons, drug rehabilitation centers, and communities
with risky behavior. This test is relatively inexpensive,
fast, and does not require specialists. Rapid test has low
sensitivity especially if the RPR titer is <1:16. Another
drawback, generally only detects anti- treponemal
antibodies. The sensitivity of the rapid testis 89.9%
with a specificity of 99.3% for treponemal antibodies
and sensitivity 94.2% with a specificity62.2% for non-

treponemal antibodies.[33]

Point of care is carried out by the nearest health
worker with results in a short time. According to the
World Health Organization (WHO) in 2017, the
principle of POC test must meet the ASSURED criteria
(Affordable, Sensitive, Specific, User friendly, Rapid
and robust, Equipment free, and Deliverable to users).

Until now, POC tests have begun to be used in STI

clinics, pregnancy, and for detection among women sex
workers (FSW) and MSM.[31]The disadvantage of a
rapid test is that it cannot differentiate between new
and old T. pallidum infections. The advantages of this
test are its ease of use and early screening for syphilis.
If the result is positive, it is necessary to check again
with an RPR test. If the RPR is positive, treatment can
be given, but if it is negative, a repeat test is necessary
after 6 weeks from the last test. Health centers that do
not have an RPR test facility can provide therapy to
patients with a positive rapid test (Figure 13).[33]
Treponemal test can detect other spirochete
subspecies such as yaws disease (Treponema pallidum
subsp. Pertenue), pinta (Treponema pallidum subsp.
Carateum), and bejel (Treponema pallidum subsp.
Endemicum). False positives can be caused when
multiple subspecies of T. pallidum are present. False
negative results are more often due to laboratory errors

or incorrect reading of results.[12]

Syphilis self-test is carried out by involving the
patient to take a specimen, conduct and read the results
of the test. This method is widely used by MSM who do
not want to go to health centers because they are still
afraid of the stigma of society. Patients can determine
the location, condition and time of the test by
themself.[35]

Serologic test algorithm

Serologic testing is the standard to help diagnose
syphilis. The serologic test algorithms are divided into
traditional and reverse. Traditional serologic testing
begins with a nontreponemal test (RPR). If the RPR is
positive, it is necessary to confirm a treponemal test
such as FTA-Abs or TPPA. The traditional algorithm is
used more frequently because the RPR titer is more
sensitive, decreases after therapy and is less expensive,
but it is more manual and false-negative results are
more common than the reverse algorithm (Figure
14).[13][38] The sensitivity of the traditional algorithmis
72.9%.[33]

In reverse algorithm (Figure 15), the test begins with
a treponemal test (EIA or CIA). If positive, it is necessary

to do a nontreponemal test (RPR). If the RPR is positive,
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it needs to be confirmed again by treponemal test
(TPPA). Although these algorithms are more expensive,
less familiar and more complex, the results can be more

sensitive and specific than traditional algorithm.

With the development of tools, easier procedures,
fast test methods, and increase number of laboratories,
the reverse algorithm is starting to be used more
frequently by most laboratories in the United

States.[35]

The discrepancy between syphilitic IgG and RPR
results can be adjusted by a second treponemal test
(TPPA) based on the CDC recommendation to choose a
reverse algorithm. This is because more positive results
are found with the reverse algorithm than traditional
ones, so that the transmission of syphilis can be
prevented. If the syphilis IgG is positive, the RPR is non-
reactive and the second treponemal test is non-reactive
it can be called a false positive. If the IgG results for
syphilis and TPPA are positive but the RPR is negative
then it is called a false positive or latent stage syphilis
or a past history of syphilis with persistent syphilis IgG
antibodies. The disadvantages of the reverse algorithm
are that it has a higher number of false positives and a
higher cost. The advantage of this algorithm is thatitis
good for screening high-risk patients and preventing
transmission of congenital syphilis or neurosyphilis
through early detection. The sensitivity of the reverse

algorithm is 98.3%.[38-40]

Intepretation of serologic test

Diagnosis of syphilis by serologic test requires 2
tests are non-treponemal and treponemal. It is used to
avoid false positives or negatives, to determine the
stage and success of therapy.[33] If the serologic test
found non-reactive treponemal (TPHA) and
nontreponemal (RPR) tests, it can be concluded that the
patient does not have syphilis or the test is too early. If
the TPHA testis reactive and RPR is non-reactive, it can
be concluded that the presence of syphilis in the past or
a false positive for treponemal test. If the results of RPR
and TPHA are reactive, but there is a history of
treatment 3 months before and there are no new
lesions, then the patient only needs to be observed and
repeat the test 3 months later. If the RPR titer decreases
or remains, then the treatment is not necessary and the

test is repeated 3 months later. If the RPR titer rises,

administer therapy as a new infection (Table 2).[2][36]

If the RPR result is < 1: 4 (1: 2 or 1: 4), TPHA is
reactive and there is no history of syphilis therapy in
the last 3 months, then therapy is necessary as
advanced latent syphilis. However, if the RPR titer is =
1: 8 it can be treated as early (primary/secondary/early
latent) syphilis. If the serologic test was performed 3
months after therapy and the RPR titer decreased by 2
stages or more, then the therapy was considered
successful. Tests are evaluated every 3 months in the
first year and 6 months in the second year. If the titer
does not fall by 2 stages, re-evaluate for possible re-

infection or latent syphilis.[2]
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Figure 2a. Light microscope [11]
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Figure 2b. Differences between light and dark field microscopy [11]

Figure 3. Results of direct fluorescence tests [12]

737



% of patients who test positive
&

Non-Reactive

Reactive

Figure 4. TRUST reaction [27]

——

\ L
T ++ + +- -

or

—2f

++ + +=

N s

Figure 5. Wasserman test [19]

Commeon patterns of serologic reactivity in syphilis patients
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Figure 6. Serologic pattern of syphilis [1]

738



Negative Positive

Figure 7. Reactive and non-reactive RPR [20]

Figure 1. Diagram of card for quantitative test
Reactive

18 mm circle card
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Figure 8. Quantitative RPR [22]

Figure 9. A positive FTA-Abs result indicates T. pallidum fluorescence [12]
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WELL NO. 1 2 3 4
SarmleD_iuenl(uL) 100 ) 25 ) 25 ) 25 ) (discard)
Test Specimen ( uL) 25 /725 /Tp25  /TpR2S T~25uL
mbsﬁ““‘e" 15 | 110 | 120 | 1:40
Umgna‘tized 25
Particles ( uL)

Sensitized 25
Particles (uL)
Final Dilution 1:40 1:80

Mix the content using a plate mixer, cover the plate and

incubate for 2 hours
Interpretation

positive

negative

Figure 10. a. TPPA qualitative procedures, b. Positive-negative reactions of TPPA test [31]

Titer:

elelelo/olololololo

1/80 1/160 1/320 1/640 1/1280 1/2560 1/5120 1/10240 1/20480 1/40960

Patient titer is: 1/2560

Figure 11. a. TPPA quantitative procedure [31]

Figure 12. Rapid test. Negative results, b. Positive results, c. Undetermined [31]
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Figure 13. Rapid test [33]
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testing all require
laboratory and trained
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Treponemal test

Figure 14. Traditional algorithms [38]
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ElAs, NT tests, and TP-PA
testing all require
laboratory and trained
laboratory technicians

EIA
RPR or VDRL

N

RPR/VDRL+
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TP-PA*

TP-PA+
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Figure 15. Reverse algorithms [38]

Table 2. Syphilis serologic interpretation [2]

RPR TPHA RPR Titers and History Interpretation Action
. . Re-test after
Negative No need Not done Negative
3 months
o . . Re-test after
Positive Negative Not done False positives
3 months
Th is a hist f hili
ere 1s.a istory of syphilis - No need for
therapy in the last 3 Therapy evaluation .
. therapy, re-test in
months, regardless of the period
. 3 months
titer
Treatment as
advanced latent
Positive Positive There is no 1:2or1: 4 Late latent syphilis syphilis,
history of evaluation 3
therapy in months later
the last 3 Early syphilis: Treatment as
months 18 i / ’ d / early siflis,
=2 1: rimary / secondar
P v ] y y evaluation 3
early latent months later
No need for
. therapy,
Positive / o Compare with If it goes down, therapy by .
. Positive ] observation and
negative titer 3 months ago works

evaluation 6
months later
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Positive

o Compare with
Positive .
titer 3 months ago

If it rises, new infections Staged therapy

2. Conclusion

Detection of syphilis infection has been a challenge

for clinicians to date. The definitive diagnosis of syphilis

is by direct test. Nontreponemal or treponemal

serologic test should be performed in patients with

suspected syphilis. Nontreponemal serologic tests are

available in most laboratories and can be used to

screen a larger number of patients than treponemal

tests. The combination of these two can be used to

determine stages and evaluate syphilis therapy.

Traditional or reverse serologic algorithms can be an

option to further improve the diagnosis of syphilis.

3. References

1.

Tuddenham SA, Zenilman JM. Syphilis. In:
Kang S, Amagai M, Bruckner AL, Enk AH,
Margolis D], Mcmichael A]J, Orringer JS, eds.
Fitzpatrick’s Dermatology. Vol 2, 9th ed. New
York: McGraw-Hill; 2019. p. 3145-72

Kementerian Kesehatan Republik Indonesia.

Pedoman tata laksana sifilis untuk
pengendalian sifilis di layanan kesehatan
dasar. Available from:
https://siha.kemkes.go.id/portal/files_upload
/PEDOMAN_TATALAKSANA_SIFILIS_PUSKES
MAS___merah_ok.pdf [accessed 20 March

2021].

Kementrian Kesehatan. Data dan Informasi

Kesehatan 2014. Available from:
https://pusdatin.kemkes.go.id /resources/do
wnload/pusdatin/profil-kesehatan-
indonesia/data-dan-informasi-2014.pdf

[accessed 19 March 2021].

Ratnam S. The laboratory diagnosis of syphilis.
Can ] Infect Dis Med Microbiol. 2005;16(1):45-
51.

Luo Y, Xie Y, Xiao Y. Laboratory Diagnostic

tools for syphilis: current status and future

10.

11.

12.

13.

prospects. Front Cell Infect Microbiol.

2021;10:1-12.

Indriatmi W. Sifilis. In: Daili SF, Nilasari H,
Makes WIB, Zubiar F, Romawi R, Pudjiati SR,
eds. Infeksi Menular Seksual. 5th ed. Jakarta:
Fakultas Kedokteran Universitas Indonesia;

2017:103-29.

Kubanov A, Runina A, Deryabin D. Novel
treponema pallidum recombinant antigens for
syphilis diagnostics: current status and future

prospects. Biomed Res Int. 2017:1-13

Sparling PF, Swartz MN, Musher DM, Healy
BP. Clinical manifestations of syphilis. In:
Holmes KK, Sparling FP, Stamm WE, Piot P,
Wasserheit JN, Corey L, eds. Sexually
Transmitted Diseases. 4th edition. New York:

McGraw-Hill; 2008. p. 661-82.

The department of health. Syphilis laboratory

case definition. Available from:

https://www1.health.gov.au/internet/main

ublishing.nsf/Content/cda-phln-syphilis.htm
[accessed 19 March 2021].

Tsang RS, Morshed M, Chernesky MA,
Jayaraman GC, Kadkhoda K. Canadian public
health laboratory network Ilaboratory
guidelines for the use of direct tests to detect
syphilis in canada. Can J Infect Dis Med

Microbiol. 2015;26:13-17.

Hayden JE. Adventures on the dark side: an
darkfield
Biotechniques. 2002;32(4):1-6.

introduction to microscopy.

Ballard R, Hook EW. Syphilis. In: Unemo M,
Ballard R, Ison C, Lewis D, Ndowa F, Peeling R,
eds. Laboratory diagnosis of sexually
transmitted infections, including human
immunodeficiency virus. Geneva: WHO; 2013.

p. 107-29.

Soreng K, Levy R. Serologic Testing for Syphilis:

743


https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-phln-syphilis.htm
https://www1.health.gov.au/internet/main/publishing.nsf/Content/cda-phln-syphilis.htm

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Benefits and Challenges of a Reverse
Algorithm. Heal Hum Serv. 2017;36(24):195-

202.

Binder SR, Theel ES. Syphilis testing
algorithms: areview. World J Immunol.
2016;6(1):1-9.

Peeling RW, Ye H. Diagnostic tools for
preventing and managing maternal and
congenital syphilis: An overview. Bull World

Health Organ. 2004;82(6):439-46.

R. W. Peeling and H. Ye. Diagnostic tools for
preventing and managing maternal and
congenital syphilis: An overview. Bull World
Health Organ. 2004:82(6):439-66.

S. Rajalakshmi. Different Types of Pcr
Techniques and Its Applications. Int. J.
Pharm. Chem. Biol. Sci. 2017:7(3): 1-8.

Grange PA, Gressier L, Dion PL, Farhi D,
Benhaddou N, Gerhardt P, et al. Evaluation of
a pcr test for detection of treponema pallidum
in swabs and blood. J Clin Microbiol.
2012;50(3):546-52.

Centurion-Lara A, Molini BJ, Godornes C, Sun
E, Hevner K, Van Voorhis WC, et al. Molecular
differentiation of
subspecies. ] Clin Microbiol. 2006;44(9):3377-
80.

Treponema pallidum

Dunseth CD, Ford BA, Krasowski MD.
Traditional versus reverse syphilis algorithms:
A comparison at a large academic medical

center. Pract Lab Med. 2017;8:52-9.

American society for microbiology. A brief
history of laboratory for syphilis.Available
from:
https://asm.org/Articles/2020/January/A-

Brief-History-of-Laboratory-Diagnostics-for-
Syph [accessed 21 March 2021].

Alhabbab RY. Rapid Plasma Reagin (RPR) Test.

Basic serologic Switzerland:

springer;2018:31-4.

testing.

Center for Disease Control and Prevention.

Captia syphilis-G immunoassay. Available

24.

25.

26.

27.

28.

from:
https://wwwn.cdc.gov/nchs/data/nhanes/20
01-
2002/labmethods/136_b_met_syphillis_igg.pdf
[accessed 17 March 2021].

Center for Disease Control and Prevention.
Rapid plasma reagin 18-mm circle card test.
Available
from:https://www.cdc.gov/nchs/data/nhane
s/nhanes_01_02/136_b_met_syphillis_rapid_p
lasma_reagin.pdf [accessed 18 March 2021]
Ho KK. Review on Serologic Diagnosis of
Syphilis. Hong Kong Dermatology Venereol
Bull. 2002;10(1):10-8.

Schafer S. Serologic testing for syphilis with
traditional and reverse algorithms Available
from:
https://www.oregon.gov/oha/PH/DISEASES
CONDITIONS/HIVSTDVIRALHEPATITIS/SEX
UALLYTRANSMITTEDDISEASE/Documents/s
pr/Serologic%20Testing%?20for%20Syphilis%?2
Owith%20Traditional%Z20and%20Reverse%20
Algorithm.pdf. [accessed 22 March 2021].

Life sciences advances technologies. New

toluidine red

Available

horizons diagnostic trust

unheated serum test. from:
http://www.lifesci.com/wp-
content/uploads/2014/06/Syphilis-TRUST-
INSERT-092011A-3.pdf [accessed 27 March

2021].

Cantor A, Nelson HD, Daeges M, Pappas M.

Screening for syphilis in nonpregnant
adolescents and adults: systematic review to

update the 2004 U.S. preventive services task
force Available
http://www.ncbi.nlm.nih.gov/books/NBK368
467 /%5Cnhttp://www.ncbi.nlm.nih.gov/pub

med/27336106 [accessed 18 March 2021].

recommendation. from:

29 Becton, Dickinson and company. Difco usr

antigen difco usr test control serum set.
Available from:
https://legacy.bd.com/ds/technicalCenter/in

serts/S1238(0903).pdf [accessed 27 March

744


https://asm.org/Articles/2020/January/A-Brief-History-of-Laboratory-Diagnostics-for-Syph
https://asm.org/Articles/2020/January/A-Brief-History-of-Laboratory-Diagnostics-for-Syph
https://asm.org/Articles/2020/January/A-Brief-History-of-Laboratory-Diagnostics-for-Syph
http://www.cdc.gov/nchs/data/nhane
http://www.oregon.gov/oha/PH/DISEASES
http://www.lifesci.com/wp-content/uploads/2014/06/Syphilis-TRUST-INSERT-092011A-3.pdf
http://www.lifesci.com/wp-content/uploads/2014/06/Syphilis-TRUST-INSERT-092011A-3.pdf
http://www.lifesci.com/wp-content/uploads/2014/06/Syphilis-TRUST-INSERT-092011A-3.pdf
http://www.ncbi.nlm.nih.gov/books/NBK368
http://www.ncbi.nlm.nih.gov/pub

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

2021].

Sato NS. Laboratory diagnosis of syphilis. Lab
diagnosis Syph. 2011;143-50.

Serodia. Passive Particle Agglutination Test for
Detection of antibodies to
Pallidum. Available

file:///C:/Users/HP/Downloads/IFU_SEROD
IA_TPPA%?20(1).pdf [accessed 15 March 2021]

Treponema

from:

Biorad. Kits for the qualitative and semi-

quantitative detection of antibody to
Treponema pallidum in human serum or

plasma by passive haemagglutination. 2014;

World health oraganization. The use of rapid
syphilis tests. World Heal Organ. Available
from:
https://www.who.int/reproductivehealth/pub
lications/rtis/TDR_SDI_06_1/en/
16 March 2021].

Ong JJ,

Expanding syphilis testing: a scoping review of

[accessed

Fu H, Smith MK, Tucker JD.

syphilis testing interventions among key
populations. Expert Rev Anti Infect Ther.
2018;16(5):423-32.

Wang C, Cheng W, Li C, Tang W, Ong JJ.
Syphilis self-testing: a nationwide pragmatic
study among men who have sex with men in
China. :4-37.

Center for Disease Control and Prevention.
Available
https://www.cdc.gov/std/tg2015/syphilis.ht
m[accessed 18 March 2021].

Syphilis. from:

Henao-Martinez AF, Johnson SC. Diagnostic
tests for syphilis: New tests and new
algorithms. Neurol Clin Pract. 2014;4(2):114-
22.

Kamb Mary, Schwartz Benzaken Adele KK.
Guidance on Syphilis Testing in Latin America
and the Caribbean: Improving Uptake,
Interpretation and Quality of Testing in
Clinical PAHO, WHO:

Different Settings.

Washington D.C:2015:1-32.

Totten YR, Hardy BM, Bennett B, Rowlinson

40.

MC, Crowe S. Comparative performance of the
reverse algorithm using architect syphilis TP
versus the traditional algorithm using rapid
plasma reagin in florida’s public health testing

population. Ann Lab Med. 2019;39(4):396-9.

Loeffelholz M]J, Binnicker MJ. It is time to use
treponema-specific antibody screening tests for
diagnosis of syphilis. J Clin Microbiol.
2012;50(1):2-6.

745


http://www.who.int/reproductivehealth/pub
http://www.cdc.gov/std/tg2015/syphilis.ht

