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ABSTRACT

Aims: This study aimed to evaluate the laboratory results of treponemal and non-treponemal serological tests used in the
diagnosis of syphilis and to investigate the diagnostic contributions of different testing algorithms.

Methods: Between April 2023 and June 2025, serum samples from 600 patients who underwent all three tests in the
microbiology laboratory were retrospectively analyzed. The rapid plasma reagin (RPR), Treponema pallidum hemagglutination
assay (TPHA) and enzyme-linked immunosorbent assay (ELISA) tests were performed according to the manufacturers’
instructions, and the results were evaluated within both conventional and reverse algorithm frameworks.

Results: In 89.5% of cases (n=537), all three tests were negative, while at least one test was positive in 10.5% (n=63). ELISA
showed the highest positivity rate, with 63 reactive samples. A total of 20 cases were positive across all three tests simultaneously.
Samples positive only by ELISA were notably increased in the age group over 60 years. RPR positivity was lower compared to
treponemal tests. Within the reverse algorithm, discrepancies between ELISA-positive and RPR-negative results were observed
at a notable frequency.

Conclusion: Using treponemal tests as the first step in syphilis screening provides a more sensitive approach. Positive results

should be confirmed with a second treponemal test, while non-treponemal tests are essential for assessing active infection and
treatment monitoring. Higher ELISA positivity in older individuals suggests more false positives. The study underscores the

need for laboratory—clinical collaboration and larger prospective studies.
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INTRODUCTION

Syphilis is a treatable infection caused by Treponema
pallidum, transmitted sexually, and capable of multisystem
involvement." It is also referred to as “the French disease” due
to its emergence among French soldiers.” Serological tests
form the basis of laboratory diagnosis for syphilis. During
infection, two types of antibodies are produced: treponemal
and nontreponemal antibodies. Based on the antigens
used, serological tests are classified as nontreponemal
tests (rapid plasma reagin (RPR), venereal disease research
laboratory (VDRL)) and treponemal tests (Treponema
pallidum hemagglutination assay (TPHA), enzyme-linked
immunosorbent assay (ELISA), and fluorescent treponemal
antibody-absorption (FTA-ABS)).” The combined use of
these tests provides a comprehensive approach for syphilis
screening and diagnosis.” Diagnostic algorithms can
be examined in three main groups: In the conventional
algorithm, a nontreponemal test (RPR) is performed first,

and positive samples are confirmed with a treponemal test.
In the reverse algorithm, the first step is a treponemal test
(ELISA/TPHA), and positive samples are confirmed with
a nontreponemal test. The European Centre for Disease
Prevention and Control (ECDC) recommendation involves
using a positive treponemal screening test followed by
a different second treponemal confirmation test.’” Since
treponemal tests can remain positive for life, they are not
useful for treatment monitoring. In contrast, nontreponemal
tests are more suitable for treatment follow-up due to the
possibility of monitoring antibody titers.® The tests used in
syphilis diagnosis have their own specific advantages and
limitations; therefore, multiple tests are generally performed
together. The validity of tests used in syphilis serology may
vary depending on the applied treatment and disease stage.
Thus, collaboration between clinicians and laboratories is
crucial for accurate diagnosis. FTA-ABS test is a highly specific
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confirmatory assay that detects antibodies against Treponema
pallidum using fluorescent-labeled anti-human antibodies
after absorption of nonspecific antibodies. It is widely
accepted as the gold standard confirmatory test for syphilis
and is particularly useful for confirming treponemal test
reactivity in cases with discordant results.” This study aimed
to evaluate the results of treponemal and nontreponemal tests
used in syphilis diagnosis and to investigate the diagnostic
contributions of different diagnostic algorithms.

METHODS

This study was approved by the Ondokuz May1s University
Ethics Committee for Clinical Researches (Date: 15.10.2025,
Decision No: 2025/492). All procedures were carried out in
accordance with the ethical rules and the principles of the
Declaration of Helsinki.

This retrospective study was conducted using samples sent to
the faculty of medicine serology/ELISA laboratory between
April 2023 and June 2025. Ethical approval for the study was
obtained under. Serum samples sent to the laboratory for
preoperative screening, blood donor screening, premarital
screening, and clinical suspicion were retrospectively
evaluated. In our laboratory, the RPR (Monlab, Spain) is
routinely used as the nontreponemal test, while TPHA
(Monlab, Spain) and ELISA (Cobas 801, Syphilis TP;
Roche Diagnostics, Germany) are employed as treponemal
tests. Only cases in which all three tests were requested
simultaneously were included in the study. A total of 600
patients were evaluated, and only the first serum sample
from each patient was analyzed. The collected data were
retrospectively analyzed according to both conventional and
reverse algorithm approaches. In the conventional syphilis
screening algorithm, a nontreponemal test such as the RPR
test is used as the initial screening method, and reactive
samples are subsequently confirmed with a treponemal test.
In the reverse screening algorithm, serum samples are first
screened using an automated treponemal test, such as ELISA.
Reactive samples identified by ELISA are then tested with
RPR to evaluate disease activity, treatment status, and to aid
in determining the stage of infection.® Patient blood samples
were initially centrifuged at 4000 rpm for 10 minutes, and
subsequent testing was performed in accordance with the
manufacturers’ instructions.

in the presence of clumping (agglutination) and negative if a
homogeneous appearance was observed.

TPHA test: Three microplate wells were prepared for
each patient. In the first well, 190 pL TPHA diluent and
10 pL serum were added to prepare a 1/20 initial dilution,
from which 25 pL was distributed into the other control
and test wells. Subsequently, 75 uL of the control and test
suspensions were added, and the plates were incubated
at room temperature for 1 hour. Results were evaluated
macroscopically: sediment formation at the bottom of the well
was considered negative, whereas a homogeneous appearance
indicated a positive reaction. Positivity at dilutions of 1/80 or
higher was considered significant.

ELISA test: ELISA tests were performed on the Cobas
801 analyzer following the manufacturer’s procedures.
Results were interpreted according to the manufacturer’s
recommendations, with a COI 21.0 considered reactive
(positive).

RESULTS

The results of 600 patients tested at the Serology/ELISA
Laboratory of Ondokuz May1s University Faculty of Medicine
were retrospectively evaluated. Among the included cases,
279 (46.5%) were female and 321 (53.5%) were male. The
mean age of the patients was 43.07 years. All three tests (RPR,
TPHA, and ELISA) were negative in 537 samples (89.5%),
while at least one test was positive in 63 samples (10.5%). The
positive/negative distribution of the three tests is presented in
Table 1. The comparative distribution of test results by year is
shown in Table 2. Accordingly, the number of cases in which
all three tests were simultaneously positive was 7 in 2023, 9 in
2024, and 4 in 2025. Notably, the number of samples in which
ELISA was positive alone remained relatively high across all
three years. Analysis of age distribution revealed that the
majority of test requests were for patients aged 19-30 years.
Comparative test results by age group are presented in Table
3. The cases in which all three tests were simultaneously
positive were most frequently observed in the 19-40 age
group, whereas cases in which ELISA was positive alone
showed a marked increase in the 60 years and older age group.

Table 1. Number of patients testing positive by serological method

Result RPR TPHA ELISA
RPR test: Fifty microliters (50 pL) of patient serum were  Pozitive 21 39 63
placed in the circles on the card test, followed by the addition ~ Negative 579 561 537

of 20 uL RPR reagent. The mixture was incubated on a rotator
at 140 rpm for 8 minutes. The test was interpreted as positive

RPR: Rapid plasma reagin, TPHA: Treponema pallidum hemagglutination assay, ELISA: Enzyme-

linked immunosorbent assay
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Table 2. Distribution of comparative test results by year

RPR+ RPR- RPR+ RPR- RPR+ RPR- RPR+ RPR-
Year TPHA+ TPHA+ TPHA- TPHA+ TPHA- TPHA- TPHA+ TPHA-
ELISA+ ELISA+ ELISA- ELISA- ELISA+ ELISA+ ELISA- ELISA-
2023 7 3 0 0 0 6 0 240
2024 9 16 0 0 1 15 0 267
2025 4 0 0 0 0 2 0 30
Number of patients 20 19 0 0 1 23 0 537

RPR: Rapid plasma reagin, TPHA: Treponema pallidum hemagglutination assay, ELISA: Enzyme-linked immunosorbent assay
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Table 3. Distribution of comparative test results by age

RPR+ RPR- RPR+ RPR- RPR+ RPR- RPR+ RPR-

Age TPHA+ TPHA+ TPHA- TPHA+ TPHA- TPHA- TPHA+ TPHA-

ELISA+ ELISA+ ELISA- ELISA- ELISA+ ELISA+ ELISA- ELISA-
0-18 1 2 0 0 0 2 0 32
19-30 5 2 0 0 0 2 0 132
31-40 5 0 0 0 0 0 0 105
41-50 4 9 0 0 0 2 0 88
51-60 1 3 0 0 1 2 0 81
60< 4 3 0 0 0 15 0 99
Number of patients 20 19 0 0 1 23 0 537

RPR: Rapid plasma reagin, TPHA: Treponema pallidum hemagglutination assay, ELISA: Enzyme-linked immunosorbent assay

DISCUSSION stage, potentially leading to missed asymptomatic cases
in early infection.” In our study, the lower RPR positivity
compared to treponemal tests aligns with this information,
suggesting that using nontreponemal tests alone in screening
may result in underdiagnosis and that treponemal-based
screening is more appropriate. Another advantage of the
reverse algorithm is the potential for automation. New-
generation automated treponemal tests, such as Alinity,
Architect, and Elecsys, have been reported to be successful in
blood donor screening, offering low false-positive rates and
high workflow efficiency.'®

An increase in the incidence of syphilis infections has
been reported in many countries worldwide.” Syphilis,
which affects both men and women, is frequently observed
in sexually active age groups, individuals with suspected
sexual exposure, homosexual men, and populations with
lower socioeconomic status. Major transmission routes
include sexual contact, transplacental transfer, and blood
transfusion.'’ The reverse algorithm offers several advantages,
including early detection of cases and the ability to avoid
missing past syphilis infections that may not be detected by
nontreponemal tests. However, reverse algorithm results can 1 jhitations
cause confusion and concern among patients and laboratory
personnel, particularly when ELISA and RPR results are
discordant (e.g., ELISA reactive, RPR nonreactive). Such
results typically reflect successfully treated past syphilis cases
but may also appear in non-syphilis conditions (e.g., false-
reactive ELISA) or in early, late, or latent syphilis where RPR
sensitivity is low." In a study evaluating the potential impact
of the reverse algorithm on syphilis diagnosis, approximately
140.000 serum samples screened initially with ELISA were
analyzed. Samples were collected from patients residing in
areas of low or high syphilis prevalence. About 3.4% (4,834)
of samples tested by ELISA were reactive, and 56.7% (2,743)
of these were nonreactive by RPR. Discordant samples were
further tested with FTA-ABS, and 31.6% (833) were found
to be nonreactive, suggesting false-positive ELISA results.'?
Another study comparing the screening superiority of ELISA
versus RPR demonstrated several advantages of ELISA over
conventional flocculation screening tests. Unlike RPR,
ELISA provides more objective results and is not affected by
the prozone phenomenon or the stage of syphilis infection.

However, limitations of the reverse algorithm should also
be considered. Despite the high sensitivity of treponemal
screening tests, false positivity has been reported in older
adults, patients with autoimmune diseases, pregnancy, and
certain viral infections.” In our study, higher ELISA positivity
in patients aged 60 and older may support the notion of age-
related reduced specificity. The 20 patients who were positive
across all three tests (RPR, TPHA, and ELISA) were observed
in all age groups, with the youngest group being 0-18 years
and the oldest group being over 60 years. Additionally, a
recent evaluation by Ortiz et al.”” emphasized that the reverse
algorithm can create confusion for clinicians, particularly
in ELISA-positive/RPR-negative ~samples, highlighting
the necessity of reflex confirmatory testing. In the reverse
algorithm, discordant results (treponemal test positive and
nontreponemal test negative) may be observed. In such cases,
a reflex confirmatory test is recommended, meaning that
the laboratory automatically performs a second, different
treponemal assay (e.g., TPPA or FTA-ABS) on the same
sample to confirm true infection and rule out false-positive
However, ELISA does not achieve 100% sensitivity and screening results without requiring a new sample or separate
specificity, cross-reactivity can occur, and combined testing physician request.”” A major limitation of our study is the lack
is recommended.” In a related study examining 1000  of additional clinical data accompanying laboratory results.
patient samples, it was emphasized that the conventional Interpretation of treponemal test positivity was challenging
algorithm should ideally not be used for screening and that  \jthout information on treatment history, previous test
treponemal and nontreponemal tests should be applied  regylts, and clinical findings. Moreover, the inability to
together, with discordant results, if possible, evaluated with perform FTA-ABS, the gold standard confirmatory test,

a second treponemal test. The study also highlighted that  Jimjted the evaluation of potential false-positive or false-
treponemal tests used in the reverse algorithm may produce negative results.

false-positive results, especially in older patients, and that
ELISA reactivities with COI <20 U were mostly negative
when checked with FTA-ABS, yet treponemal tests should CONCLUSION

still be selected as the first-line test.' It is well known that  Overall, our study reinforces that treponemal tests are
nontreponemal test performance depends on the stage of suitable as the first step in syphilis screening, that treponemal
infection. Sensitivity can decrease to 60-70% in the primary  test positivity should always be confirmed with a different
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second treponemal method, and that nontreponemal tests
play an indispensable role in assessing active infection and
monitoring treatment. Larger prospective studies evaluating
algorithm performance across different age groups and
clinical risk levels are warranted. A fundamental challenge
in interpreting syphilis serology is that treponemal tests
remain positive for life, meaning they are not sufficient
alone to distinguish between past and active infection. The
increasingly adopted reverse algorithm provides significant
advantages for early detection of asymptomatic and latent
cases. In our study, the notable frequency of ELISA-positive/
RPR-negative samples aligns with the sensitivity advantage
offered by the reverse algorithm, which is also strongly
supported by recent literature.
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