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Abstract. There are a variety of nontreponemal test (NTT) and treponemal test (TT) kits for the serologic diagnosis of
syphilis. Because of the complexity of the infection (multiple clinical stages) and the different antigens used in these kits,
a systematic evaluation of the accuracy of the currently available commercial tests is warranted. Our objective was to
evaluate the performance of commercially available tests for the diagnosis of syphilis infection. In this study, we analyzed
one NTT (Venereal Disease Research Laboratory [VDRL] test, Wiener Laboratories, Rosario, Argentina) and two TTs (fluo-
rescent treponemal antibody absorption [FTA-ABS] test, Euroimmun, LUbeck, Germany, and syphilis recombinant ELISA
v. 4.0 test [ELISA], Wiener Laboratories, Rosario, Argentina) using a panel of 187 samples, including serum samples from
31 individuals with primary syphilis, 77 with secondary syphilis, and 79 with latent syphilis. An additional 192 samples
from uninfected individuals and 323 serum samples from individuals with other diseases were included. The sensitivities
of the VDRL, ELISA, and FTA-ABS tests were 97.9%, 100%, and 96.3%, respectively. The VDRL and ELISA tests
showed a specificity of 100%, and the FTA-ABS test showed a specificity of 99.5%. Accuracy was 98.9% for the VDRL
test, 100% for the ELISA, and 97.9% for the FTA-ABS test. For primary, secondary, and latent syphilis, the ELISA
achieved a diagnostic performance of 100%, whereas the sensitivity for the VDRL and FTA-ABS tests ranged from
96.8% t0 98.7% and 93.7% to 98.7%, respectively. No difference was observed when the tests were used as traditional
or reverse algorithms. In general, all three tests are able to discriminate positive and negative samples for syphilis, regard-

less of the diagnostic algorithm.

INTRODUCTION

Syphilis is a chronic bacterial infection caused by the spiro-
chete Treponema pallidum subspecies pallidum (T. pallidum).
It can be transmitted sexually by direct contact with syphilitic
mucosal lesions (e.g., chancroid and condyloma lata) or via
vertical transmission from mother to fetus during pregnancy.
The disease represents a massive public health problem
worldwide, with approximately 6.3 million new cases per year
among women and men aged 15-49years and an estimated
global prevalence of 0.5% from 2012 to 2016." It is also the
leading cause of childhood morbidity and mortality.2® In
2016, the estimated global prevalence of syphilis was 473
cases per 100,000 live births.* The infection is divided into
different stages according to clinical findings: primary, sec-
ondary, latent, and tertiary syphilis.>~

Treponema pallidum cannot be cultured, and Food and
Drug Administration-approved PCR is not available for
T. pallidum and is not sensitive enough. Therefore, diagnosis
is performed by serologies or dark-field microscopy.® Dark-
field examination of lesion exudate or tissue in the early
stages of syphilis may lead to or support a diagnosis. How-
ever, because of its complexity, it is rarely performed today.
Instead, serology is usually used. Serology is divided into
two different tests: nontreponemal tests (NTTs) and trepone-
mal tests (TTs). A single serologic NTT or TT is not sufficient
for diagnosis. The reason for this is the high rate of false-
positive results among persons without syphilis or with
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previously treated syphilis and false-negative results among
persons tested during primary syphilis.® Therefore, a correct
diagnosis requires a combination of diagnostic tests and
careful clinical assessment.®

Nontreponemal tests such as the Venereal Disease
Research Laboratory (VDRL) test and the rapid plasma reagin
(RPR) test are based on anticardiolipin antibody detection
and are helpful in monitoring the stage of infection and treat-
ment. They are easy to perform, inexpensive, and provide a
rapid diagnostic result.’® However, they have low specificity
because of cross-reactivity with antibodies produced in vari-
ous autoimmune diseases or during pregnancy. Additionally,
NTTs may not reliably detect early primary syphilis because
of their lower sensitivity.'? On the other hand, TTSs such as
the fluorescent treponemal antibody absorption (FTA-ABS)
test, the ELISA, and the chemiluminescent magnetic micro-
particle immunoassay (CMIA) detect anti-T. pallidum 1gG or
IgM and are used for screening or as confirmatory tests to
exclude false-positive results in NTTs. Moreover, they prove
valuable in detecting early syphilis cases that NTTs may over-
look.'®"2 |n comparison with NTTs, they are costly, cumber-
some, automated, require a trained team to perform, and
are not recommended for monitoring treatment progress,
relapse, or reinfection in individuals previously treated, as
they remain reactive for years, regardless of treatment.''-1314

In light of this scenario, we endeavored to perform a sys-
tematic evaluation of the performance of commercial kits for
diagnosing acquired syphilis. Statistical tools were used to
obtain a robust assessment of the performance of each
serological test by determining the following diagnostic test
parameters: sensitivity (the probability that a test is positive
in the presence of infection) and specificity (the probability
that a test is negative in the absence of infection).
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MATERIALS AND METHODS

Study population. The sample size was calculated with a
95% Cl, an expected sensitivity and specificity of 99%, and
an absolute error of 1.5%. Based on these parameters,
which were determined using the OpenEpi program (www.
openepi.com),’® the minimum sample size required to con-
duct this study was 169 anti-T. pallidum-positive samples
and 169 anti-T. pallidum-negative samples. The positive sam-
ples were from 187 patients diagnosed with syphilis between
April 2021 and November 2021 at the State Center Specializ-
ing in Diagnosis, Assistance, and Research (CEDAP) in the
state of Bahia, Brazil. The selection of patients was based on
the positivity of serological tests (rapid immunochromato-
graphic test and VDRL test) and confirmed clinical examination
for syphilis performed at the reference center by physicians
and nurses. According to their clinical status, patients were
classified as follows: primary syphilis (n = 31), secondary
syphilis (n = 77), and recent latent syphilis (n = 79). The anti-T.
pallidum-negative samples were obtained from healthy blood
donors (n = 192) at the Bahia State Blood Bank (HEMOBA)
from December 2017 to April 2019. In addition, to evaluate
cross-reactivity, 323 serum samples were also obtained from
individuals with unrelated diseases, previously defined by
serological diagnosis, from the serum banks of HEMOBA and
the State Blood Bank of Pernambuco (HEMOPE), as follows:
Chagas disease (n = 67), hepatitis B virus (HBV) (n = 91), hepa-
titis C virus (HCV) (n = 68), HIV (n = 24), and human T-cell
lymphotropic virus (HTLV) (n = 68). Selection of samples for
cross-reactivity evaluation was based on positivity for the disease
analyzed and negativity for syphilis in the chemiluminescence
assay used at the blood bank. Serum samples were stored in
sealed, well-labeled microtubes at —20°C until immunoassays.

Laboratory evaluation. All samples used in the present
study were tested with two treponemal tests (the FTA-ABS
test used was the Anti-Treponema pallidum indirect immu-
nofluorescence test [IIFT] IgG from Euroimmun Medizinische
Labordiagnostika AG, Lubeck, Germany; the ELISA used
was the Sifilis ELISA recombinante v. 4.0 test from Wiener
Laboratories, Rosario, Argentina) and a nontreponemal test
(the VDRL test from Wiener Laboratories, Rosario, Argen-
tina). These kits were selected based on their commercial
availability in the Brazilian market and their availability in
stock at the time of purchase from the supplier. All three
commercial tests were performed in strict accordance with
the manufacturers’ specifications. Briefly, for the VDRL
assay, 50-uL volumes of the samples or controls were mixed
with one drop of the aqueous buffered suspension of puri-
fied cardiolipin antigen and lecithin in a well of the excavated
slide. The plate was then shaken horizontally at 180 rpm for
4 minutes and immediately observed under the microscope
at X60 to X100 magnification. For the semiquantitative
assay, serial dilutions of the samples were performed in
0.9% sodium chloride. For the FTA-ABS test, 12.5-ulL
volumes of the samples were added to plastic microtubes
along with 50 uL of the FTA sorbent. The tubes were vor-
texed for 4 seconds and incubated at 37°C in a water bath
for 30 minutes. After incubation, 25 uL of the supernatant
was transferred to another microtube and 25ulL of
phosphate-buffered saline plus Tween (PBS-Tween) was
added. The tubes were vortexed again for 4 seconds. Then,
30 nL of the diluted sample was pipetted into each well of

the sensitized slide, which was incubated in a humidity chamber
at room temperature for 30 minutes. The slides were washed
and immersed in a cuvette containing PBS-Tween for
5minutes. After washing, 25uL of a fluorescein-conjugated
antibody was added to each well and the slides were again
incubated in a humidity chamber for 30 minutes at room tem-
perature. The slides were washed, dried, and prepared for
mounting by adding one drop of glycerol to each reaction well
and then placing a coverslip on top. Measurements were per-
formed using a fluorescence microscope with 20X and 40X
objectives and an excitation filter between 450 and 490 nm. For
the recombinant ELISA, serum samples and controls (120 ul)
were added to the sample dilution buffer at a ratio of 1:6 and
placed in the polycuvettes, followed by incubation at 37°C for
60 minutes. The cuvettes were then washed with wash buffer,
and 100 uL of the developer was added, followed by incubation
for 30 minutes at room temperature in the dark. The stop solu-
tion was then added to the polycuvettes, and absorbance
values were measured in a spectrophotometer at 450 nm. Cut-
off values were determined for each plate using the following
calculation: cutoff value = NC (negative control) + 0.160.

Screening algorithms. Considering the TTs and NTTs
analyzed in this study, anti-T. pallidum-positive and -nega-
tive samples were evaluated according to two diagnostic
algorithms: the traditional and the reverse. In the traditional
algorithm, the VDRL test was used in the first level of testing
in a screening algorithm. A negative VDRL test result
excludes the disease, whereas positive results should be for-
warded for diagnostic confirmation using the FTA-ABS test
to exclude or confirm infection. Samples for which the
dual-serology test in the traditional algorithm did not yield
concordant results were tested with the ELISA. In the
reverse algorithm, the FTA-ABS test was used in the first
level of testing in a screening algorithm. A negative FTA-ABS
result excludes the disease, whereas positive results should
be forwarded for diagnostic confirmation using the VDRL
test. Similar to the traditional algorithm, the ELISA was also
used in the reverse algorithm for discordant results.

STATISTICAL ANALYSES

The diagnostic performances of the tests (VDRL, ELISA, and
FTA-ABS) were calculated using a dichotomous approach
(2 X 2 contingency table) and compared in terms of sensitivity,
specificity, accuracy, likelihood ratio, and diagnostic odds ratio
(DOR). The assessment of imprecision was based on Cohen’s
kappa coefficient (x), which was interpreted as poor (x < 0.00),
slight (0.00 < k = 0.20), fair (0.21 < x = 0.40), moderate
(0.41 < k = 0.60), substantial (0.61 < x = 0.80), and almost
perfect (0.81 < k = 1.0) agreement.’® The Cl was used to
account for the precision of the proportion estimates, and the Cl
was set at 95%. The screening algorithms were also evaluated
based on the test agreement. Data were coded and analyzed
using computer graphics software (GraphPad Prism v. 9;
GraphPad, San Diego, CA). A flow chart (Figure 1) was prepared
according to the Standards for Reporting of Diagnostic Accu-
racy Studies guidelines."”

RESULTS

A total of 702 serum samples were tested with all three
commercial IgG T. pallidum immunoassays: two treponemal
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FiGure 1.

Flow chart illustrating study design in conformity with the Standards for Reporting of Diagnostic Accuracy Studies (STARD) guide-

lines. Source base layer and credit base layer: https://data.humdata.org/ published under Creative Commons attribution for intergovernmental
organizations: https://data.humdata.org/dataset/geoboundaries-admin-boundaries-for-brazil.

tests (FTA-ABS IgG [Euroimmun] and recombinant ELISA
v.4.0 [Wiener Laboratories) and one nontreponemal test
(VDRL test [Wiener Laboratories]) (individual data points and
results are available in Supplemental Table 1). Regardless of
the clinical form of syphilis, anti-T. pallidum antibodies were
detected in 96.3% (180/187) of anti-T. pallidum-positive indi-
viduals by the FTA-ABS test, in 97.9% (183/187) by the
VDRL test, and in 100% (187/187) by the recombinant ELISA
(Table 1). In anti-T. pallidum-negative samples, the highest
value of specificity (100%) was obtained with the VDRL test
and the the ELISA. The FTA-ABS test showed lower specifi-
city than the other assays, but this difference was insignifi-
cant (99.5%). Accuracy reached the highest value when
samples were tested with the ELISA (100%), the VDRL test
(98.9%), and the FTA-ABS test (97.9%). Test performance
was summarized by the DOR value, which reached
3,594,191 for the ELISA and 876,303 for the VDRL test. The
FTA-ABS test achieved a DOR of 4,911, a significantly lower
value than those of the other kits. Qualitative evaluation of
the results using Cohen’s kappa method showed almost

perfect agreement between all three kits and the reference
tests. Considering the 95% Cl overlap, the sensitivity, speci-
ficity, accuracy, and Cohen’s kappa index showed no differ-
ences between the three kits (Table 1).

To evaluate the heterogeneity of IgG detection by all three
commercial T. pallidum immunoassays due to different clinical
stages of syphilis, sensitivities were compared using samples
from individuals with primary, secondary, and early latent
syphilis (Table 2). We found positivity in all 31 positive samples
from individuals with primary syphilis tested with the recombi-
nant ELISA, whereas 96.8% (30/31) of the samples tested with
the VDRL and FTA-ABS tests were positive. Among samples
from individuals with secondary syphilis (n = 77), ELISA
detected IgG in 100% of samples, and both the VDRL and
FTA-ABS tests detected IgG in 98.7% (76/77) of samples.
Sensitivity in individuals with late latent disease (n = 79) was
100% for samples tested with the ELISA, 97.5% (77/79) for
samples tested with the VDRL test, and 93.7% (74/79) for
samples tested with the FTA-ABS test. Regardless of clinical
stage, no significant differences were found between tests.
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TABLE 1

Diagnostic performance of three commercial IgG T. pallidum immunoassays for the diagnosis of syphilis by using anti-T. pallidum-positive
(all clinical stages; n = 187) and anti-T. pallidum-negative (n = 192) samples

Performance Parameters VDRL* ELISAT FTA-ABSt
SEN % (95% Cl) 97.9 (94.6 -99.2) 100 (98.0-100) 96.3 (92.5-98.2)
SPE % (95% Cl) 100 (98.0-100) 100 (98.0-100) 99.5 (97.1-99.9)
ACC % (95% Cl) 98.9 (97.3-99.6) 100 (99.0-100) 97.9 (95.9-98.9)
PLR 18,790 19,201 183

NLR 0.02 <0.01 0.04

DOR 876,303 359,077,901 4,956

K (95% CI) 0.98 (0.96-1.00) 1.00 0.96 (0.93-0.99)

ACC = accuracy; DOR = diagnostic odds ratio; FTA-ABS = fluorescent treponemal antibody absorption test; K = Cohen’s kappa coefficient; NLR = negative likelihood ratio; PLR = positive
likelihood ratio; SEN = sensitivity; SPE = specificity; VDRL = Venereal Disease Research Laboratory test.

*VDRL test; Wiener Laboratories, Rosario, Argentina.
1 Sifilis ELISA recombinante v. 4.0 test; Wiener Laboratories, Rosario, Argentina.

F Anti-Treponema pallidum IIFT IgG; Euroimmun Medizinische Labordiagnostika AG, Libeck, Germany.

All three commercial assays were performed to evaluate
cross-reactivity against antibodies from unrelated diseases
by using a panel of 323 serum samples (individual data
points and results are available in Supplemental Table 2). As
shown in Table 3, a higher incidence of cross-reactivity was
observed when serum samples were tested with the ELISA
and the FTA-ABS test, especially for sexually transmitted
viral infections. The highest incidence in samples tested with
the FTA-ABS test was observed for HCV (14.7%), followed
by HIV (12.5%), HBV (8.8%), and HTLV (7.4%). No cross-
reactivity was observed when the VDRL test was used.

The assessment of imprecision between all three commer-
cial tests is shown in a Venn diagram in Figure 2. The highest
Cohen’s kappa index (k) was obtained for ELISA + VDRL
[k = 0.98 (95% CI, 0.96-1.00)], followed by ELISA + FTA-
ABS [k = 0.96 (95% CI, 0.93-0.99)] and FTA-ABS + VDRL
[« = 0.95 (95% ClI, 0.91-0.98)]. In general, all tests showed
high diagnostic performance in serologic recharacterization
and discriminated well between positive and negative sam-
ples for syphilis.

The performances of the traditional and reverse algorithms
were also evaluated. In the traditional algorithm, the VDRL
test result excluded the disease in four (2.1%) of 187 anti-T.
pallidum-positive samples. Subsequently, five (2.7%) and
177 (97.3%) samples tested negative and positive, respec-
tively, using the FTA-ABS test. All five samples that tested
negative with the FTA-ABS test proved positive when tested
with the ELISA. Using the reverse algorithm, the FTA-ABS
test diagnosed seven (3.7%) anti-T. pallidum-positive sam-
ples as negative. The other 180 correctly diagnosed anti-T.
pallidum-positive samples were tested with the VDRL test,
which confirmed positivity in 178 (98.9%) samples. Two
anti-T. pallidum-positive samples that tested negative by the
VDRL test proved positive by the ELISA. Diagnostic para-
meters were compared regarding sensitivity, specificity, and
accuracy, but no differences were found between the two

screening algorithms (Figure 3). Almost perfect agreement
was found between the traditional and reverse algorithms
(x = 0.97 [95% CI, 0.94-0.99]).

DISCUSSION

Although numerous treponemal and nontreponemal
assays are currently commercially available, a systematic
evaluation of the performance of commercial kits for the
diagnosis of acquired syphilis is required, because few stud-
ies of immunoassays have included clinically characterized
samples stratified by stage. Therefore, in the present study,
we evaluated the diagnostic performance of a nontrepone-
mal assay (VDRL test) and two treponemal assays (ELISA
and FTA-ABS test) to detect antibodies in the sera of anti-
T. pallidum-positive and -negative individuals.

Performance evaluations were performed using the VDRL
test to determine diagnostic sensitivity, specificity, and
accuracy for syphilis. Considering all clinical stages of syphi-
lis, the VDRL test showed high sensitivity, specificity, and
accuracy values. In fact, only four anti-T. pallidum-positive
samples were falsely classified as negative. Compared with
the VDRL test, the treponemal tests evaluated also showed
false-negative results. Of 187 tested samples, only seven
were classified as negative by the FTA-ABS test, whereas all
were correctly classified as positive by the ELISA, with no
false-negative results. As with the VDRL test, similarly high
sensitivity values (100%) were found in other studies,®1°
whereas specificity ranged from 64.1% to 100%.'82° In
contrast, sensitivity (49.4% and 77.1%)?°22 and accuracy
(71.1%) were lower in other studies.?® Here, we found high
diagnostic sensitivity (>96%) for all stages when samples
were stratified by clinical stage. These results are not consis-
tent with the results of other studies. For example, a 2006
study described low sensitivity for primary syphilis (70%)
and syphilis of unknown duration (52%), except for

TABLE 2
Sensitivity of three commercial IgG T. pallidum immunoassays for the diagnosis of syphilis, by clinical stage

Sensitivity % (95% ClI)

Anti-T. pallidum-Positive Samples by Clinical Stage VDRL*

ELISAT FTA-ABSt

Primary syphilis (n = 31)
Secondary syphilis (n = 77)
Early latent syphilis (n = 79)

96.8 (83.8-99.4)
98.7 (93.0-99.8)
97.5 (91.2-99.3)

100 (89.0-100) 96.8 (83.8-99.4)
100 (95.2-100) 98.7 (93.0-99.8)
100 (95.4-100) 93.7 (86.0-97.3)

FTA-ABS = fluorescent treponemal antibody absorption test; VDRL = Venereal Disease Research Laboratory test.

*VDRL test; Wiener Laboratories, Rosario, Argentina.
T Syphilis recombinant ELISA v. 4.0 test; Wiener Laboratories, Rosario, Argentina.

F Anti-Treponema pallidum IIFT IgG; Euroimmun Medizinische Labordiagnostika AG, Liibeck, Germany.
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TaBLE 3
Cross-reactivity analysis of three commercial IgG T. pallidum
immunoassays with serum samples from individuals
affected by unrelated infections

Samples (n) VDRL* ELISAT FTA-ABSt

Other infections (n = 323) 0.0% 2.8% (9/323) 8.0% (26/323)
Chagas disease (n = 68) 0.0% 2.9% (2/68) 0.0%
HBV (n = 91) 0.0% 3.3% (3/91) 8.8% (8/91)
HCV (n = 68) 0.0% 2.9% (2/68) 14.7% (10/68)
HIV (n = 24) 0.0% 0.0% 12.5% (3/24)
HTLV (n = 68) 0.0% 2.9% (2/68) 7.4% (5/68)

FTA-ABS = fluorescent treponemal antibody absorption test; HBV = hepatitis B virus;
HCV = hepatitis C virus; HTLV = human T-cell ymphotropic virus; VDRL = Venereal Disease
Research Laboratory test.

secondary syphilis (96%) and early latent syphilis (87%).2
Another study showed varying sensitivity values from 62.5%
to 78.4% for primary syphilis and from 85% to 100% for
early latent syphilis but a high value (100%) for secondary
syphilis.2* The VRDL test was more sensitive than other
NTTs such as the RPR. Different sensitivity and specificity
values were described for the RPR, ranging from 57.7% to
100%2°28 and from 57.1% to 96.19%,%%27-2% respectively.
These differences may be attributed to the number of sam-
ples analyzed, which may impact the statistical results pre-
sented, to unknown clinical and epidemiologic histories,
because early primary syphilis can be missed due to the
lower sensitivity of NTTs,'" to cross-reactivity that decreases
the specificity due to antibodies produced in various autoim-
mune diseases or during pregnancy,’’ to the prozone phe-
nomenon, which causes false-negative results, and to the
use of the stained RPR (technical limitation). The samples
used in the present study were well characterized, thus
excluding the potential biases described above.

We also evaluated the performance of two TTs (ELISA and
FTA-ABS). For the ELISA, high sensitivity, specificity, and
accuracy values were obtained (100%). Other studies also
showed similar performance values. Using different ELISA

brands (Trep-Check IgG enzyme immunoassay [EIA] Trep-
Sure, ICE Syphilis detection pack, Trep-ID, TS-EIA, Cobas
Syphilis EIA, TP-ELISA, Enzywell TP, Murex ICE EIA, Vircell
Syphilis ELISA 1gG+IgM, DIALAB ELISA, RecomWell IgG,
Architect Syphilis Tp ELISA, Murex ICE, Chorus Syphilis
Screen Recombinant, Advia Centaur syphilis assay, and
Euroimmun Treponema pallidum Screen ELISA), sensitivity
was found to range from 83% to 100%, specificity ranged
from 80% to 100% 202226272939 gnq accuracy was
95.4%.26 However, other studies showed lower sensitivity
for the TS-EIA (52%)*® and the Vircell Syphilis ELISA
IgG+IgM (73.2%)%° and for the specificity of the ICE Syphilis
detection pack (61.5%), Enzywell TP (59%),%2 and Vircell
Syphilis ELISA 1gG+IgM (62.6%).3* Here, ELISA v. 4.0 was
100% accurate in diagnosing all clinical stages. However,
Murex ICE EIA showed 84%, 100%, 75%, and 100% sensi-
tivity for primary syphilis, secondary syphilis, early latent
syphilis, and syphilis of unknown duration, respectively.z2 In
another study, similar values (100%) were obtained for sec-
ondary and early latent syphilis, whereas sensitivity for pri-
mary syphilis was lower (80%).4° For Trep-Sure, recomWell,
Syphilis Screening ELISA, and Enzywell, values above 94%
were observed at all stages.?'394"

As with the ELISA, the FTA-ABS test showed high perfor-
mance. However, seven anti-T. pallidum-positive samples
from the FTA-ABS test were falsely diagnosed as negative,
with a sensitivity of 96.3%. These seven false-negative sam-
ples were correctly classified as positive by the ELISA, and
five of them were classified as positive by the VDRL test. Of
the anti-T. pallidum-negative samples, only one was positive
when assessed by the FTA-ABS test, with a specificity
of 99.5%. Our findings are consistent with those of other
studies that reported sensitivity values ranging from 86.1%
to 100%,'921:29.30.323437.39 anq gpecificity ranged from
92.5% to 100%.'819:29.30:34.37.39 |n contrast, our results are
not consistent with data from other studies, which reported
sensitivity and specificity values of 77.5%'® and 61.5%,%?

VDRL(+)/FTA-ABS(-)/

VDRL(+)/FTA-ABS(+) ELISA(-) VDRL(+)/FTA-ABS(-)
; JELISA(-) 2 JELISA(+) .
Kk =0.95 & 0 5 ________ \\A' Kk =098
178
VDRL(+)/FTA-ABS(+)/ELISA(+) \
0 \ 2
VDRL(-),’FTA-ABSH)E"-‘.\ 2 VDRL(-)/FTA-ABS(-}’:
JELISA(-) - [ELISA()  /
““ /// "’.
> FTA-ABS L ELISA
-

A.

VDRL(-)/FTA-ABS(+)/ELISA(+)

Kk =0.96

Ficure 2. Venn diagram evaluating the imprecision of three commercial IgG T. pallidum immunoassays for the diagnosis of syphilis using anti-

T. pallidum-positive samples (all clinical stages; n = 187).
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Traditional Algorithm

Reverse Algorithm

T. pallidum-positive samples
N =187

T. pallidum-negative
n=4(2.1%)

n =183 (97.9%)

FTA-ABS

[ |
T. pallidum-negative T. pallidum-positive
n=5(2.7%) n =177 (97.3%)

ELISA

T. pallidum-negative ‘ T. pallidum-positive

‘ T. pallidum-positive

n=0 n=>5(100%)

Sensitivity % (95% Cl): 97.9 (94.6 - 99.2)
Specificity % (95% Cl): 100 (98.0 - 100)
Accuracy % (95% Cl):  98.9 (97.3 - 99.6)

T. pallidum-positive samples
N =187

FTA-ABS

[ |
T. pallidum-negative T. pallidum-positive
n=7(3.7%) n =180 (96.3%)

VDRL

[ ]
T. pallidum-negative T. pallidum-positive
n=2(1.1%) n=178 (98.9%)

ELISA

[ |
T. pallidum-negative T. pallidum-positive
n=0 n=2(100%)

Sensitivity % (95% Cl): 96.3 (92.5 - 98.2)
Specificity % (95% Cl):  99.5 (97.1 - 99.9)
Accuracy % (95% CI): 97.9 (95.9 - 98.9)

Ficure 3. Comparison of performance parameters of the traditional and reverse algorithms considering anti-T. pallidum-positive (all clinical
stages; n = 187) and anti-T. pallidum-negative (n = 192) samples. All anti-T. pallidum-negative samples tested negative in the traditional algorithm
using the Venereal Disease Research Laboratory (VDRL) test, whereas one sample tested false-positive in the reverse algorithm using the fluores-

cent treponemal antibody absorption (FTA-ABS) test.

respectively. When the serum samples were stratified by
clinical stage of syphilis, we found that sensitivity ranged
from 93.7% for latent syphilis to 96.8% and 98.7% for pri-
mary and secondary syphilis. Other studies reached similar
results, except for those for primary syphilis, which had a
low value (~78%).3941

Considering Cohen’s kappa index (x), the highest degree
of agreement was observed between the recombinant ELISA
and the VDRL test (x = 0.98), followed by the recombinant
ELISA and the FTA-ABS test (x = 0.96) and by the FTA-ABS
and VDRL tests (x = 0.95). Indeed, almost perfect agree-
ment (x = 0.84) was also observed between other TTs
(CMIA) and the VDRL test'® and between the ELISA, the
RPR, and the RDT (Rapid diagnostic test) (x = 0.93).%8 Simi-
lar results (x = 0.90-0.96) were also observed for the ELISA
and the FTA-ABS test.212%34 |n contrast, a study reported a
Cohen’s kappa index between 0.31 and 0.73, depending on
the performance of the different ELISA brands and the type
of antibody detected (IgM or IgG).*° Finally, the FTA-ABS
and VDRL tests also achieved an almost perfect agreement
with results reported by Choi et al.'® (x = 0.83) and Park
et al."® (x = 0.85). It is important to note that despite the
strong agreement among these tests, the diagnosis of syphi-
lis should not rely on a single diagnostic test but rather on a
combination of tests.

No cross-reactivity to other infectious diseases tested with
the VDRL test was observed. On the other hand, we

observed cross-reactivity when samples were tested with
treponemal tests, especially with the FTA-ABS test. In fact,
the positivity of the samples tested with the FTA-ABS test
reached values of 14.7% for HCV, 12.5% for HIV, 8.8% for
HBV, and 7.4% for HTLV, whereas the values for the ELISA
were lower, i.e., 3.3% for HBV and 2.9% each for Chagas
disease, HCV, and HTLV. In general, the number of samples
testing positive in our study was low, which is consistent
with a study that reported positive test results for HSV,
Epstein-Barr virus, rheumatoid factor, heterophilic antibo-
dies, and pregnancy.®® According to the manufacturer, the
FTA-ABS test demonstrates a sensitivity and specificity of
99% and 95%, respectively. However, the manufacturer’s
cross-reactivity analysis included only 27 samples positive
for Borrelia and 27 samples from patients positive for Trepo-
nema phagedenis. This limited data set, as indicated in the
diagnostic kit leaflet, may not be sufficient to determine the
absence of cross-reactivity with other infectious-parasitic
diseases due to the sample size and the restriction to two
types of investigated diseases. Consequently, the results pre-
sented here suggest that the test can yield positive results for
samples from patients with conditions other than syphilis,
likely due to possible nonspecific reactions. Additionally, the
FTA-ABS test exhibits lower sensitivity and specificity than
other TTs,? as it employs bacteria as an antigenic matrix and
may occasionally produce false-positive (nonspecific fluores-
cence) and false-negative results.*! It is worth noting that
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using native proteins or crude extract in the ELISA rather
than recombinant proteins is disadvantageous, as it may
lead to reduced specificity and potentially increased cross-
reactivity.3%-42

No difference was found when assessing the sensitivity,
specificity, and accuracy of the traditional and reverse algo-
rithms. In contrast, Evren et al.*® found that the rate of
missed diagnoses of the traditional algorithm was 42.5%.
The reverse algorithm (99.85%) had a higher sensitivity than
that of the traditional algorithm (57.49%). The false-positivity
rate of the reverse algorithm was 0.02%. In fact, the discrep-
ancy between the two algorithms was large, demonstrating
the diagnostic performance of the reverse algorithm. A pos-
sible hypothesis for this finding is the large sample size used
by the study authors (n = 4,789), which allowed for a more
in-depth analysis. Furthermore, compared with this study,
the difference in sensitivity between the treponemal tests
may have been influenced by differences in the inherent
characteristics of each diagnostic platform used (CMIA,
ELISA, and FTA-ABS).

Buono et al.®® found that the reverse algorithm identified
38 additional seropositive individuals not detected by the
traditional algorithm (+3.7% of positivity), and Rourk et al.**
showed that the reverse algorithm detected 21 patients with
possible latent syphilis that were not detected by traditional
algorithms. As a result, many clinical laboratories have
adopted the reverse screening algorithm, in which samples
are first tested with a TT and then screening-reactive sam-
ples are confirmed by an NTT. Currently, the CDC and the
European Center for Disease Prevention and Control recom-
mend the use of the reverse algorithm. It allows identification
of patients with latent or early syphilis and increases the sen-
sitivity of a serologic diagnosis of syphilis.

The major limitation of this study was the lack of syphilis
samples from pregnant women and congenital syphilis for
evaluating the diagnostic performance of all three commer-
cial tests. Another limitation was the inability to obtain well-
defined serologic samples for cross-reactivity evaluation, so
only a small number of samples were analyzed in this study.

CONCLUSION

We conclude that all tests were able to discriminate positive
and negative samples, regardless of the diagnostic algorithm.
Based on the performance parameters, we demonstrated the
diagnostic suitability of the ELISA and VDRL test for the diag-
nosis of the different stages of syphilis (primary, latent, and
secondary). It is also important to emphasize that the tests
need to be improved in terms of eliminating false positives
(cross-reactivity) with treponemal tests (ELISA and FTA-ABS)
to achieve higher diagnostic accuracy.

Received April 21, 2023. Accepted for publication October 30, 2023.
Published online April 9, 2024.
Note: Supplemental material appears at www.ajtmh.org.

Acknowledgment: We thank the CEDAP team for their kind reception
and support in patient and sample selection.

Financial support: This research was supported by the Coordination
for the Improvement of Higher Education Personnel in Brazil (CAPES;
finance code 001 award to F. L. N. Santos, award number
88887.637869/2021-00 to L. C. M. Vasconcelos, and award number

88887.637758/2021-00 to N. E. M. de Freitas), the Research Support
Foundation of the State of Bahia (FAPESB; award number
BOL0543/2020 to A. A. O. Silva and award number BOL2173/2021
to A. A. Lima), and the National Council for Scientific and Technologi-
cal Development-Brazil (CNPqg; award number 128257/2021-0 to F.
L. Habib). I. C. de Siqueira and F. L. N. Santos are CNPq research
grantees (process numbers 316456/2021-7 and 309263/2020-4,
respectively). The funders had no influence on the study design, data
collection and analysis, decision to publish, or preparation of the
manuscript.

Disclosure: The present research protocol was approved by the Insti-
tutional Research Board for Human Research at the Gongalo Moniz
Institute of the Oswaldo Cruz Foundation (IGM-FIOCRUZ), Salvador,
Bahia, Brazil (CAAE number 42341121.0.0000.0040). All procedures
were performed in accordance with the principles of the Declaration
of Helsinki and its subsequent revisions.

Authors’ addresses: Angelo Antonio Oliveira Silva, Advanced Public
Health Laboratory, Institute Gongalo Moniz, Foundation Oswaldo
Cruz (FIOCRUZ-BA), Salvador, Brazil, and Salvador University
(UNIFACS), Salvador, Brazil, E-mail: angelo.oliveira@fiocruz.br. Ayla
Araujo Lima, Larissa de Carvalho Medrado Vasconcelos, Rosangela
Andrade de Almeida, Natdlia Erdens Maron de Freitas, and Fernanda
Lopes Habib, Advanced Public Health Laboratory, Institute Gongalo
Moniz, Foundation Oswaldo Cruz (FIOCRUZ-BA), Salvador, Brazil,
E-mails: aylaaraujo00@gmail.com, larissa.vasconcelos@fiocruz.br,
rosangelaandrade1@hotmail.com, natalia.erdens@fiocruz.br, and
flopeshabib@gmail.com. Talita Andrade Oliva and Miralba Freire de
Carvalho Ribeiro da Silva, State Center Specializing in Diagnosis,
Assistance, and Research (CEDAP), Salvador, Brazil, E-mails:
ta.andradeoliva@gmail.com and miralbafsilva@gmail.com. Isadora
Cristina de Siqueira, Laboratory of Experimental Pathology, Institute
Gongalo Moniz, Foundation Oswaldo Cruz (FIOCRUZ-BA), Salvador,
Brazil, E-mail: isadora.siqueira@fiocruz.br. Fred Luciano Neves
Santos, Advanced Public Health Laboratory, Institute Gongalo
Moniz, Foundation Oswaldo Cruz (FIOCRUZ-BA), Salvador, Brazil,
and Integrated Translational Program in Chagas Disease from
Fiocruz (Fio-Chagas), Rio de Janeiro, Brazil, E-mail: fred.santos@
fiocruz.br.

This is an open-access article distributed under the terms of the
Creative Commons Attribution (CC-BY) License, which permits
unrestricted use, distribution, and reproduction in any medium, pro-
vided the original author and source are credited.

REFERENCES

1. Rowley J et al., 2019. Chlamydia, gonorrhoea, trichomoniasis
and syphilis: global prevalence and incidence estimates, 2016.
Bull World Health Organ 97: 548-562P.

2. Gomez GB, Kamb ML, Newman LM, Mark J, Broutet N, Hawkes
SJ, 2013. Untreated maternal syphilis and adverse outcomes
of pregnancy: a systematic review and meta-analysis. Bull
World Health Organ 91: 217-226.

3. Lawn JE et al., 2016. Stillbirths: rates, risk factors, and accelera-
tion towards 2030. Lancet 387: 587-603.

4. Korenromp EL et al., 2019. Global burden of maternal and con-
genital syphilis and associated adverse birth outcomes — esti-
mates for 2016 and progress since 2012. PLoS One 14:
e€0211720.

5. Giacani L, Lukehart SA, 2014. The endemic treponematoses.
Clin Microbiol Rev 27: 89-115.

6. Singh AE, Romanowski B, 1999. Syphilis: review with emphasis
on clinical, epidemiologic, and some biologic features syphilis.
Clin Microbiol Rev 12: 187-209.

7. Eickhoff CA, Decker CF, 2016. Syphilis. Dis Mon 62: 280-286.

8. Workowski KA, Bachmann LH, Chan PA, Johnston CM, Muzny
CA, Park I, Reno H, Zenilman JM, Bolan GA, 2021. Sexually
transmitted infections treatment guidelines, 2021. MMWR
Recomm Rep 70: 1-187.

9. Loeffelholz MJ, Binnicker MJ, 2012. It is time to use Treponema-
specific antibody screening tests for diagnosis of syphilis.
J Clin Microbiol 50: 2-6.


http://www.ajtmh.org
mailto:angelo.oliveira@fiocruz.br
mailto:aylaaraujo00@gmail.com
mailto:larissa.vasconcelos@fiocruz.br
mailto:rosangelaandrade1@hotmail.com
mailto:natalia.erdens@fiocruz.br
mailto:flopeshabib@gmail.com
mailto:ta.andradeoliva@gmail.com
mailto:miralbafsilva@gmail.com
mailto:isadora.siqueira@fiocruz.br
mailto:fred.santos@fiocruz.br
mailto:fred.santos@fiocruz.br
https://creativecommons.org/licenses/by/4.0/

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

SILVA AND OTHERS

Clyne B, Jerrard DA, 2000. Syphilis testing. J Emerg Med 18:
361-367.

Larsen SA, Steiner BM, Rudolph AH, 1995. Laboratory diagnosis
and interpretation of tests for syphilis. Clin Microbiol Rev 8: 1-21.

Peeling RW, Mabey D, Kamb ML, Chen X-S, Radolf JD, Benza-
ken AS, 2017. Syphilis. Nat Rev Dis Primers 3: 17073.

Jiang C, Zhao F, Xiao J, Zeng T, Yu J, Ma X, Wu H, Wu Y,
2013. Evaluation of the recombinant protein TpF1 of Trepo-
nema pallidum for serodiagnosis of syphilis. Clin Vaccine
Immunol 20: 1563-1568.

Ratnam S, 2005. The laboratory diagnosis of syphilis. Can J
Infect Dis Med Microbiol 16: 45-51.

Dean AG, Sullivan KM, Soe MM, Mir RA, 2013. OpenEpi: Open
Source Epidemiologic Statistics for Public Health. Atlanta, GA:
CDC. Available at: www.OpenEpi.com. Accessed March 5, 2020.

Landis JR, Koch GG, 1977. The measurement of observer
agreement for categorical data. Biometrics 33: 159-174.

Cohen JF et al.,, 2016. STARD 2015 guidelines for reporting
diagnostic accuracy studies: explanation and elaboration.
BMdJ Open 6: e012799.

Park Y, Park Y, Joo SY, Park MH, Kim H-S, 2011. Evaluation of a
fully automated treponemal test and comparison with conven-
tional VDRL and FTA-ABS tests. Am J Clin Pathol 136: 705-710.

Choi SJ, Park Y, Lee EY, Kim S, Kim H-S, 2013. Comparisons
of fully automated syphilis tests with conventional VDRL and
FTA-ABS tests. Clin Biochem 46: 834-837.

Malm K, Andersson S, Fredlund H, Norrgren H, Biague A,
Mansson F, Ballard R, Unemo M, 2015. Analytical evaluation
of nine serological assays for diagnosis of syphilis. J Eur Acad
Dermatol Venereol 29: 2369-2376.

Young H, Aktas G, Moyes A, 2000. Enzywell recombinant
enzyme immunoassay for the serological diagnosis of syphilis.
Int J STD AIDS 11: 288-291.

Manavi K, Young H, McMillan A, 2006. The sensitivity of syphilis
assays in detecting different stages of early syphilis. Int J STD
AIDS 17: 768-771.

Midiller 1, Brade V, Hagedorn HJ, Straube E, Schorner C, Frosch
M, Hlobil H, Stanek G, Hunfeld KP, 2006. Is serological testing
a reliable tool in laboratory diagnosis of syphilis? Meta-
analysis of eight external quality control surveys performed by
the German infection serology proficiency testing program.
J Clin Microbiol 44: 1335-1341.

Tuddenham S, Katz SS, Ghanem KG, 2020. Syphilis laboratory
guidelines: performance characteristics of nontreponemal anti-
body tests. Clin Infect Dis 71: S21-S42.

Gratzer B, Pohl D, Hotton AL, 2014. Evaluation of diagnostic
serological results in cases of suspected primary syphilis
infection. Sex Transm Dis 41: 285-289.

Liu C, Ou Q, Chen H, Chen J, Lin S, Jiang L, Yang B, 2014. The
diagnostic value and performance evaluation of five serologi-
cal tests for the detection of Treponema pallidum. J Clin Lab
Anal 28: 204-209.

Negash M, Wondmagegn T, Geremew D, 2018. Comparison of
RPR and ELISA with TPHA for the diagnosis of syphilis: impli-
cation for updating syphilis point-of-care tests in Ethiopia.
J Immunol Res 2018: 2978419.

Sonmez C, Demir T, Sezen F, Kilig S, 2018. Investigation of
syphilis coinfection and performance of the Architect Syphilis

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Tp ELISA screening test in HIV positive patients. Turk J Med
Sci 48: 1129-1134.

Guinard J, Prazuck T, Péré H, Poirier C, LeGoff J, Boedec E,
Guigon A, Day N, Bélec L, 2013. Usefulness in clinical practice
of a point-of-care rapid test for simultaneous detection of non-
treponemal and Treponema pallidum-specific antibodies in
patients suffering from documented syphilis. Int J STD AIDS
24: 944-950.

Sambri V, Marangoni A, Simone MA, D’Antuono A, Negosanti M,
Cevenini R, 2001. Evaluation of recomWell Treponema, a novel
recombinant antigen-based enzyme-linked immunosorbent assay
for the diagnosis of syphilis. Clin Microbiol Infect 7: 200-205.

Aktas G, Young H, Moyes A, Badur S, 2007. Evaluation of the fluo-
rescent treponemal antibody absorption test for detection of
antibodies (immunoglobulins G and M) to Treponema pallidum
in serologic diagnosis of syphilis. Int J STD AIDS 18: 255-260.

Tsang RSW, Martin IE, Lau A, Sawatzky P, 2007. Serological
diagnosis of syphilis: comparison of the Trep-Chek IgG
enzyme immunoassay with other screening and confirmatory
tests. FEMS Immunol Med Microbiol 51: 118-124.

Binnicker MJ, Jespersen DJ, Rollins LO, 2011. Treponema-
specific tests for serodiagnosis of syphilis: comparative evalu-
ation of seven assays. J Clin Microbiol 49: 1313-1317.

Owusu-Edusei K, Peterman TA, Ballard RC, 2011. Serologic
testing for syphilis in the United States: a cost-effectiveness
analysis of two screening algorithms. Sex Transm Dis 38: 1-7.

Buono SA, Godwin HA, Green NM, 2017. Comparing three trep-
onemal tests for syphilis screening. Diagn Microbiol Infect Dis
89: 173-177.

Fakile YF, Jost H, Hoover KW, Gustafson KJ, Novak-Weekley
SM, Schapiro JM, Tran A, Chow JM, Park IU, 2018. Correla-
tion of treponemal immunoassay signal strength values with
reactivity of confirmatory treponemal testing. J Clin Microbiol
56: e01165-17.

Yi J, Choi W, Shin S, Choi J, Kim H, Chung HJ, Moon HW, Hur
M, Yun YM, 2019. Strategy for performing treponemal tests in
reverse-sequence algorithms of syphilis diagnosis. Clin Bio-
chem 63: 121-125.

Park IU et al., 2019. Performance of treponemal tests for the
diagnosis of syphilis. Clin Infect Dis 68: 913-918.

Sonmez C, Sezen F, Kilic S, 2019. Performance evaluation of
nine different syphilis serological tests in comparison with the
FTA-abs test. J Immunol Methods 464: 9-14.

Park IU, Tran A, Pereira L, Fakile Y, 2020. Sensitivity and specifi-
city of treponemal-specific tests for the diagnosis of syphilis.
Clin Infect Dis 71: S13-S20.

Morshed MG, Singhb AE, 2015. Recent trends in the serologic
diagnosis of syphilis. Clin Vaccine Immunol 22: 137-147.

Sena AC, White BL, Sparling PF, 2010. Novel Treponema palli-
dum serologic tests: a paradigm shift in syphilis screening for
the 21st century. Clin Infect Dis 51: 700-708.

Evren K, Berkem R, YUlcel M, 2022. Evaluation of the diagnostic
algorithms for serodiagnosis of syphilis. Jpn J Infect Dis 75:
70-75.

Rourk AR, Nolte FS, Litwin CM, 2016. Performance characteris-
tics of the reverse syphilis screening algorithm in a population
with a moderately high prevalence of syphilis. Am J Clin
Pathol 146: 572-577.


http://www.OpenEpi.com

