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Modified TPPA combined with western 2
blotting facilitates syphilis diagnosis

in isolated reactive treponemal
chemiluminescence immunoassay sera:

a prospective cohort study

Xia Luo'", Hua Xiao®", Yanfang Lu***%, Weiming Gu’, Ziyong Sun', Jing Peng'” and Liming Cheng"

Abstract

Background The challenge of dealing with isolated reactive treponemal chemiluminescence immunoassay (CIA)
results in clinical practice has prompted the development of a more efficient algorithm for distinguishing true
infection from false reactivity in isolated CIA sera.

Methods A prospective cohort study was conducted at Wuhan Tongji Hospital, involving 119,002 individuals
screened for syphilis using CIA from January 1, 2015, to January 6, 2017. Samples with reactive CIA results underwent
simultaneous testing with the T. pallidum passive particle agglutination assay (TPPA) and the rapid plasma reagin
test (RPR). Additionally, a subgroup of 189 individuals with differing TPPA statuses was selected for further analysis
using Western blotting (WB) and a modified TPPA assay (titer, 1:20). To identify the optimal serological approach for
distinguishing true from false reactivity in sera with isolated reactive CIAs (CIA*TPPA"RPR™), two distinct algorithms
were developed and evaluated. The first algorithm involved reflexively testing CIA"TPPA™RPR™ sera with the modified
TPPA, followed by WB if nonreactive. The second algorithm began with WB, followed by the modified TPPA if
nonreactive or indeterminate.

Results WB demonstrated lower sensitivity compared to TPPA, but it identified six syphilis cases among the 89
CIA*TPPA™ samples. Both WB and modified TPPA exhibited a specificity of 100%. The two supplementary confirmatory
algorithms detected 12 additional syphilis cases, with the first algorithm being more cost-effective and labor-saving.

Conclusion A combination of a modified TPPA (titer, 1:20) and WB can serve as a reliable algorithm for distinguishing
true syphilis infection from false reactive signals in isolated reactive CIA sera.
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Introduction

Syphilis, caused by the spirochete bacterium Treponema
pallidum, is a sexually transmitted infection that is re-
emerging as a global health concern, affecting millions
of people worldwide [1-4]. While most infected indi-
viduals do not exhibit symptoms, without early diagnosis
and proper treatment, the infection can progress to more
severe stages and lead to serious complications [5].

The diagnosis of syphilis primarily relies on clinical his-
tory and serologic tests, including non-treponemal and
treponemal tests. Treponemal tests detect antibodies
specific to T. pallidum proteins, utilizing various tech-
niques such as enzyme and chemiluminescence immu-
noassays (EIA/CIA), T. pallidum particle agglutination
(TPPA), Western blotting (WB), and others. Treponemal
antibodies generally remain reactive throughout a per-
son’s life, regardless of treatment. However, it has been
observed that up to 24% of syphilis patients treated in
the early stage may revert to nonreactive years after ther-
apy [6]. On the other hand, non-treponemal tests, such
as rapid plasma reagin (RPR), venereal disease research
laboratory (VDRL), and toluidine red unheated serum
(TRUST) assays, are used to evaluate disease activity
and monitor therapeutic response. These tests may yield
nonreactive results in the early or late stages of syphilis,
and their titers often decrease after adequate treatment,
eventually becoming nonreactive over time. However, in
some cases, despite an appropriate decline in non-trepo-
nemal titers, they may persistently remain reactive for a
prolonged period [5].

In recent years, the implementation of various reverse
syphilis screening algorithms (treponemal, then non-
treponemal or another treponemal test) in high-volume
laboratories has facilitated the identification of indi-
viduals previously treated for syphilis and those without
treatment. However, this approach has also resulted in
11.3-20.8% of initially reactive EIA/CIA samples show-
ing reactivity only on the EIA/CIA (referred to as iso-
lated reactive EIA/CIA) [7, 8, 15]. The isolated reactive
EIA/CIA result may occur during the incubation or early
stage of syphilis, as the EIA/CIA test is generally more
sensitive than other treponemal or non-treponemal tests.
Additionally, it has been observed that isolated reac-
tive CIA results can still occur even after seroreversion
of traditional treponemal assays like TPPA and FTA Abs
assays, indicating the presence of true T. pallidum infec-
tion [7]. Isolated reactive EIA/CIAs may indicate early
syphilis, prior infection, or false reactivity, posing signifi-
cant diagnostic and treatment challenges for clinicians,

particularly in the absence of documented recent syphi-
lis exposure or prior treatment. As a result, patients with
isolated reactive EIA/CIA results may undergo unneces-
sary investigations, additional therapy, or require sero-
logic follow-up. To address this issue, it is crucial to
conduct further analysis of the isolated reactive EIA/CIA
specimens using an additional confirmatory test. This
will help improve our understanding and interpretation
of discrepant results in specific situations and provide
better guidance for patient management.

The dilemma arises regarding the optimal treponemal
test for confirming or ruling out a suspicion of syphilis
in cases with isolated treponemal EIA/CIAs results. The
U.S. Centers for Disease Control and Prevention (CDC)
once planned to conduct a study to characterize isolated
reactive treponemal CIA sera through immunoblotting
to define their reactivities with T. pallidum antigens and
identify the causes of unconfirmed reactive treponemal
tests [8]. The UK national guidelines recommend using
an IgG immunoblot as an additional confirmatory test
when reactive screening results are not confirmed by the
standard confirmatory test [9]. Numerous other stud-
ies have also emphasized the necessity of using WB as
the confirmation method for samples with inconsistent
results [10-12]. However, the European guideline sug-
gests that WB does not provide significant additional
value compared to other treponemal tests [13]. In this
study, our objective is to evaluate the performance of WB
and assess the necessity of combining WB with a modi-
fied TPPA (titer, 1:20) for unconfirmed CIA sera in a low-
prevalence population in China.

Materials and methods

Study design and population

We prospectively enrolled participants who underwent
a treponemal CIA screening test (Abbott Diagnostics,
Abbott Park, Illinois) at the Department of Laboratory
Medicine, Tongji Hospital, between January 1, 2015,
and January 6, 2017, in our study. All reactive CIA sera
were tested simultaneously with RPR (KHB, Shanghai,
China) and TPPA (Fujirebio, Tokyo, Japan) at a dilution
of 1:80, as recommended by the manufacturer (here-
after referred to as TPPA), to confirm the true syphilis
infection and disease activity. Additionally, sera from
189 individuals in the prospective component of the
study were collected to evaluate the performance of a
treponemal WB assay (EUROLineMaster Plus, Euro-
immun Medizinische Labordiagostika AG, Germany).
These included 61 samples reactive for both CIA and
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TPPA, 39 samples nonreactive for both CIA and TPPA,
and 89 samples reactive for CIA but nonreactive for
TPPA (including four cases reactive on RPR). The first
two groups of sera were collected consecutively over a
short period, while the last group—excluding the four
CIA*TPPA RPR' sera—was collected consecutively over
a more extended period. These sera represent the most
commonly observed serological patterns for syphilis
detection, facilitating a precise evaluation of the perfor-
mance of the Western blot assay. Given that samples with
CIA*TPPA RPR' results indicate a true syphilis infection
[14], only 85 specimens with isolated reactive CIA results
were retested using a modified TPPA assay at a titer of
1:20 (hereafter referred to as modified TPPA) to assess
its complementary utility for cases with isolated reactive
CIA results. The above-mentioned 39 samples that were
nonreactive for both CIA and TPPA were also used to
assess the specificity of the modified TPPA. Data regard-
ing previous syphilis diagnoses, follow-up testing, and
clinical management were retrospectively reviewed from
electronic medical records for the recruited patients. This
study was approved by the Ethics Committee of Tongji
Hospital, Tongji Medical College, Huazhong University
of Science and Technology (T]-IRB20231172).

Clinical diagnosis of syphilis

According to the guidelines outlined in the Sexually
Transmitted Infections Treatment 2021 guidelines [14],
a reactive result in the initial screening CIA, followed by
a reactive result in either the RPR, TPPA, or WB tests,
is considered indicative of syphilis infection. Results that
are reactive on the initial CIA but are not confirmed by
either RPR or TPPA should be interpreted within the
clinical context. Cases with a reactive CIA but nonre-
active RPR and TPPA results may still be considered as
having syphilis if there is supporting prior or subsequent
clinical or serological evidence.

Statistical analysis

Statistical analysis was conducted using GraphPad Prism
(version 5.0; GraphPad Software Inc., San Diego, CA,
USA). The Kolmogorov—Smirnov test was used to assess
whether or not a variable was normally distributed. Nor-
mally distributed data were analyzed using the unpaired
t—test and expressed as means*standard deviations.
Non-normally distributed data were compared using
the Mann—Whitney U test and expressed as medians and
interquartile ranges (IQRs).

Results

Characteristics of the study population

A total of 119,002 participants aged from 0 to 102 years
(median, 42.0; IQR: 28.0-56.0 years) were included in this
hospital-based prospective study, with males accounting
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for 50.1% of the cohort. Among the participants, 2,385
(2.0%) were reactive on the screening CIA, and 20.0% of
the CIA-reactive cases were demonstrated to be isolated
CIA reactive when reflexively tested by TPPA and RPR.

Distribution of CIA signal/cutoff (S/CO) values across
different serological patterns

Among the 2,385 CIA-reactive sera, the median S/CO
value of CIA*TPPA™RPR™ sera (median=1.52; IQR:
1.20-2.32) was significantly lower than that of the RPR-
nonreactive confirmed-syphilis sera (CIA*TPPA'RPR",
median=9.80; IQR: 4.41-17.9) (P<0.0001). This indi-
cates that isolated reactive CIAs were associated with
lower S/CO ratios. Additionally, the S/CO value of RPR-
reactive confirmed-syphilis sera (CIA*TPPA'RPRY,
median=26.2; IQR: 18.4-31.8) was significantly higher
than that of CIA"TPPA"RPR" sera (P<0.0001) (Fig. 1A).
Among individuals with CIA*TPPA*RPR*, the CIA ratios
increased gradually with higher RPR titers (Fig. 1B).

WB compared to TPPA as a confirmatory test for syphilis
Among the 61 CIA*TPPA" sera, WB was reactive in 41
samples (67.2%), indeterminate in 11 samples (18.0%),
and nonreactive in nine samples (14.8%) (Fig. 2A). In
the 89 CIA*TPPA™ sera, six samples (6.74%) were reac-
tive, eight samples (8.99%) were indeterminate, and
75 samples (84.3%) were nonreactive to WB (Fig. 2B).
Among the six WB-reactive subjects in the CIA*TPPA”~
group, two (Patients 24—25) had reactive RPR results, one
(Patient 26) had prior serological evidence of syphilis,
and two (Patients 22-23) remained isolated CIA reac-
tive during follow-up. The remaining subject (Patient
21) was not retested during the follow-up period (Sup-
plementary Table S1). Additionally, among the eight
CIA*TPPA"WB* cases, only one (Patient 28) exhibited
evidence of prior syphilis. In the group of 75 cases with
nonreactive WB results within the CIA*TPPA™ cat-
egory, two were RPR reactive while 73 remained nonre-
active. Notably, five subjects (Patients 35, 37-40) among
the CIA*TPPA"RPR™WB™ subgroup had prior sero-
logical evidence of syphilis, one (Patient 46) had latent
syphilis (subsequently seroconverted to TPPA reactive
but remained persistently RPR nonreactive), and two
(Patients 36, 45) had a documented history of syphi-
lis (Table 1). Overall, 32.3% (61) of the 189 individu-
als evaluated were TPPA reactive, while only 24.9% (47)
were WB reactive, suggesting that TPPA may have higher
sensitivity than WB. The specificity of the WB test was
evaluated against the TPPA test in a panel of 39 sera from
individuals without evidence of syphilis (Fig. 2C), where
both tests demonstrated a specificity of 100%. The overall
agreement between TPPA and WB was 82.0%, with the
details of discordant results provided in Supplementary
Table S1.
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Fig. 1 Distribution of CIA signal/cutoff values in different serum groups. (A) Signal/cutoff value distribution in CIA*TPPA"RPR™ (n=478), CIATTPPA*RPR™
(n=1034) and CIATTPPA*RPR" (n=791) groups. (B) RPR titers versus signal/cutoff values in CIA*TPPA*RPR" sera. +, reactive; —, nonreactive; RPR (titer, 1:1),
n=477;RPR (titer, 1:2), n=128; RPR (titer, 1:4), n=76; RPR (titer, 1:8), n=33; RPR (titer, 1:16), n=34; RPR (titer, 1:32), n=19; RPR (titer, > 1:32), n=24. Abbrevia-
tions: CIA, chemiluminescence immunoassay; TPPA, Treponema pallidum particle agglutination assay; RPR, rapid plasma reagin test
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Fig.2 TPPA compared to WB as a confirmatory test for syphilis. (A) WB results of samples with CIA*TPPA* (n=61). (B) WB results of samples with CIA*TPPA~
(n=89). (C) WB results of samples with CIATPPA™ (n=39). Abbreviations: TPPA, Treponema pallidum particle agglutination assay; WB, Western blotting; +,

reactive; —, nonreactive; +, indeterminate

Modified TPPA combined with WB as a new supplementary
confirmatory algorithm for isolated CIA results

Among the 85 cases with isolated reactive CIA serology,
the majority were elderly individuals aged 60 years and
over (n=24), followed by patients with tumors (n=17)
and pregnant women (n=11). Among them, nine patients
had a documented history of syphilis, 43 had only one
set of serological test results, and 42 underwent repeat
serological testing for syphilis. Among those who under-
went repeat testing, 23 exhibited persistently isolated
CIA-reactive serology, while 13 ultimately converted to
a CIA-nonreactive status during the follow-up period.
Notably, one subject (Patient 46) became TPPA reactive
while remaining nonreactive for RPR, despite lacking any

prior history of syphilis infection or treatment. Addition-
ally, three cases were confirmed as syphilis through WB
testing. In summary, 15.3% (13 out of 85) of subjects with
isolated reactive CIA results exhibited clinical or serolog-
ical evidence of syphilis infection (Table 1).

To address the management of isolated reactive CIA
results, we developed two serological algorithms. The
first algorithm employed the modified TPPA as the sup-
plementary confirmatory test (Fig. 3A). Among the 22
cases that tested reactive for modified TPPA, 10 patients
(45.5%) had clinical or serological evidence of syphilis,
including seven (Patients 35, 37-40, 44, 47) with prior
Treponema pallidum infections, one (Patient 46) with
latent syphilis, one (Patient 45) with a documented
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6 m history of syphilis, and one (Patient 41) with confirmed
§~§ g, " syphilis based on a reactive WB test. Further analysis
a4 @ > of the 63 cases with nonreactive modified TPPA results
5 revealed two additional syphilis cases confirmed by reac-
= v w @ tive WB tests (patients 42—43). Moreover, 39 sera that
gegso ° were nonreactive for CIA, TPPA, and RPR were also
evaluated using the modified TPPA assay, all returning
R o nonreactive results, indicating high specificity for syphilis
2 :‘:"f’- 5 o £ diagnosis.
To 3 % X = g Tie second algorithm initiated with WB testing, which
K % s % 5 & v § § 2 identified four confirmed syphilis cases based on reac-
E‘ 5 g é § %é g EJ s E tive WB results (Patients 41-44) (Fig. 3B). Cases that
s § g § g é‘;i qci I &Cc % were nonreactive or indeterminate on WB (WB*/") were
£ VIR § S s g assessed using the modified TPPA. Among these WB*/~
qg’_ % |5f5fs5eUs E |z cases, 20 exhibited reactivity on the modified TPPA, and
g £ i E g E 5 %é g g % = eight of these (Patients 35, 37—40, 45—47) presented evi-
28 |S25:3€2ez ~_% dence of previous or subsequent syphilis infection. How-
- o -g ever, one subject (Patient 36) with a documente:d history
= s gO=Jg |8 of syphilis was not identified by either algorithm and
§ = GEEE DU:J g later showed seroreversion to nonreactive CIA serology
% = < @% 8% °l% two years later.
] g &L VUm B
g g EJ % g g Et_( v g Discussion
g 3 % §¢5¢ g E In the current prospective study, 2.0% (2385/119002) of
8 = <z 2xcScld sera tested reactive by the treponemal screening CIA
e = Ve e oo test, and among those, 20.0% (478/2385) showed isolated
R % CIA reactivity in our low-prevalence population. The
s |, ° S proportion of patients with isolated reactive CIA serol-
£ E 5 = £ = ogy in our healthcare setting was higher compared to the
2a 3 3 § rates reported by the five US laboratories (17.9%) [8] and
g another study from Australia (11.3%) [7], but similar to
2 2 & the proportion reported by Birmingham Whittall Street
§ é g Clinic (20.8%) [15]. The observed discrepancies may be
& 5 5 e attributed to variations in the study population, the prev-
© - i B alence of Treponema pallidum, and the performance of
v 5 § both screening and confirmatory tests. However, addi-
3 £ e tional studies are required to validate these findings.
% 3 % Our study analyzed 2,385 CIA-reactive sera and iden-
= = 2 tified significant differences in median CIA S/CO values
. " " S across various serological patterns. Notably, a positive
_.g £ £ ‘% correlation was observed between CIA S/CO ratios and
<35 g g z RPR titers in RPR-reactive individuals, suggesting that
a® |2 ° 5 elevated S/CO ratios may indicate true Treponema pal-
E lidum infection and could correlate with syphilis stages
o g and disease activity. However, it is important to empha-
o % size that the current study lacks robust data from diverse
g E § £ clinical settings. Therefore, at present, S/CO ratios
= 2 should not be regarded as direct surrogates for titers.
§ g’ § § é The implementation of the WB technique has been
% N < proposed to identify both false-reactive CIA results and
S é u likely false-nonreactive TPPA results [10, 12]. However,
-8 w = 2 the lack of validated data on the diagnosis and manage-
% £ E ment of syphilis limits its utility in clinical settings. In our
Sls28 © s 2 study, among the recruited patients, 32.3% individuals
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Fig. 3 Working algorithms for isolated reactive CIA sera. (A) The algorithm starting with the modified TPPA (titer, 1:20). (B) The algorithm starting with
WB. Abbreviations: TPPA, Treponema pallidum particle agglutination assay; RPR, rapid plasma reagin test; WB, Western blotting; +, reactive; —, nonreactive;

+, indeterminate

were TPPA reactive compared to only 24.9% who were
WB reactive. This finding suggests that WB is less sen-
sitive than TPPA as a confirmatory test, which supports
the current guideline recommending TPPA as the opti-
mal confirmatory test for initial reactive treponemal CIA
results [14]. However, we identified six WB-reactive cases
among 89 subjects with CIA*TPPA~ serology, including
two with CIA*TPPA"RPRY, one with CIA*TPPA RPR™
(seroreverted from CIA*TPPA* to CIA*TPPA”), and
three with CIA"TPPA™RPR™ serology. According to the
European guideline, the six (6/89, 6.74%) TPPA-nonre-
active but CIA-reactive and WB-reactive cases would be
classified as true T. pallidum infection, and the TPPA-
nonreactive results should be considered as false nega-
tive. This finding indicates that WB may be helpful in
identifying syphilis in cases with conflicting serological
results. Furthermore, previous studies have also demon-
strated the utility of WB in discordant syphilis serologi-
cal tests [11, 12]. Overall, the available evidence suggests
that WB could be a valuable supplementary confirmatory
test for discordant syphilis serological results. However,
it should not be used as a substitute for TPPA.

In our study, we found that a modified TPPA with a
titer of 1:20 demonstrated increased sensitivity compared
to the original TPPA, while maintaining a high specific-
ity. This was supported by the absence of false-reactive
modified TPPA results in non-syphilis subjects. However,
the analytical and clinical performance of the modified
assay must be thoroughly validated in multicenter studies
with large sample sizes to ensure reliable results in rou-
tine clinical testing.

To address the challenges in syphilis diagnosis and
management related to isolated treponemal CIA results,
we developed two distinct syphilis detection algorithms.
In this research, based on the hypothesis that a reac-
tive modified TPPA or WB indicates a true Treponema
pallidum infection due to their high specificities, both
algorithms successfully identified 24 additional syphilis
cases among the 85 CIA*RPR™TPPA™ cases, including
12 confirmed syphilis cases supported by clinical and/or
serological evidence. However, the first algorithm, which
commenced with the modified TPPA followed by WB,
was considered more suitable for clinical practice due to
its cost-effectiveness and labor-saving.
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Based on the aforementioned findings, we recommend
implementing a supplementary confirmatory algorithm
for isolated reactive CIA sera. This algorithm should
initially utilize a more sensitive modified TPPA test at a
dilution of 1:20 for confirmation of isolated reactive CIA
samples. If the modified TPPA results are nonreactive, a
treponemal WB test should be conducted. In instances
where sera are nonreactive for CIA, RPR, TPPA, modi-
fied TPPA, and WB, the likelihood of syphilis is minimal.
However, clinical findings should always be considered
when interpreting serological results, as a comprehensive
diagnosis involves both clinical evaluation and laboratory
data. This algorithm is currently suitable for populations
with a low prevalence of syphilis. Further research is
needed to develop appropriate strategies for populations
in regions or settings with a high syphilis prevalence.

The significance of isolated reactive treponemal CIA
results remains uncertain. A previous study by Hunter
MG etc [7]. indicated that isolated reactive CIA speci-
mens may represent true 7. pallidum infection and were
associated with “inactive” syphilis cases, as none of the
patients developed clinical signs or symptoms of the dis-
ease. In our study, the majority of isolated reactive CIA
results were observed in elderly patients, followed by
individuals undergoing cancer therapies and pregnant
women. This suggests that these populations may either
have a historical syphilis infection from decades ago or
may present with false-positive CIA results due to under-
lying medical conditions. Notably, we identified a patient
with no previous history of syphilis or related treatment
who was confirmed to have syphilis during follow-up
testing, indicating the necessity for treatment [9, 13, 14].
Given the small sample size of our study, further longi-
tudinal studies with a larger cohort over an extended
period are necessary to fully elucidate the significance of
isolated reactive treponemal CIA results. Nonetheless,
distinguishing true infection from false reactivity among
isolated treponemal CIA cases remains a critical priority,
as it enables clinicians to make accurate diagnostic and
treatment decisions.

Our study has several strengths. Most importantly, to
the best of my knowledge, this is the first study to evalu-
ate the performance of a modified TPPA in conjunction
with WB for distinguishing true syphilis from false-
reactive CIAs in individuals with isolated CIA results
at a tertiary referral hospital. Our findings indicate that
isolated treponemal CIA sera that present with either a
reactive modified TPPA or a nonreactive modified TPPA
accompanied by a reactive WB are indicative of a true
Treponema pallidum infection. Conversely, a sample
exhibiting CIA*RPR"TPPA"WB modified TPPA™ serol-
ogy, in the absence of pertinent clinical history, is more
likely to signify a false-positive CIA result. These novel
findings provide a basis for future clinical management of

Page 8 of 9

isolated treponemal CIA sera. Additionally, participants
in this study were followed up for up to 7.6 years, and
individuals with reactive CIA sera were tested simultane-
ously with TPPA and RPR, ensuring the reliability of the
conclusions.

However, we also acknowledge some study limitations.
Firstly, the study focused on a population with a low
prevalence of syphilis, limiting the generalizability of the
findings to high-prevalence populations. Further studies
are warranted to validate these findings in regions or set-
tings with high syphilis prevalence. Secondly, there exists
a potential for misclassification of patients with unrecog-
nized prior syphilis history due to incomplete or missing
documentation. Consequently, the true syphilis history
of individuals with isolated reactive CIAs in our study
remains uncertain. Thirdly, there was an insufficient
clinical follow-up for patients with discordant results,
leading to a significant rate of loss to follow-up. This may
introduce bias in the results of subsequent testing and
management, potentially favoring patients at higher risk.
Lastly, it is important to acknowledge that the sample
size in this study was limited. Therefore, further research
with a larger sample size and extended follow-up is war-
ranted to yield more robust and reliable findings.

Conclusions

In conclusion, isolated CIA results in low-risk individuals
may not necessarily be false reactive and should be inter-
preted cautiously. It is advisable to further test sera with
isolated treponemal CIA results using a modified TPPA
test in combination with WB to confirm or rule out the
suspicion of syphilis.
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