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VDRL) pose diagnostic challenges, leading to overtreatment, anxiety,
and unnecessary healthcare utilization. Understanding their rates,
causes, and management is critical. Methods: This systematic review
synthesized 80 studies (RCT, etc) to 2026 across 20+ countries. We
extracted data on false-positive rates, associated factors
(autoimmunity, HIV, wvaccination), clinical implications, testing
algorithms, and management strategies. Results: False-positive rates
varied dramatically: general population <1.5%, HIV-infected persons
13.5% (aOR for cART-associated reduction 0.31-0.42), pregnant
women up to 28%, and CSF-VDRL 28.3%. Novel causes included
mRNA COVID-19 vaccination (up to 18.4% false reactivity on
BioPlex RPR, persisting >9 months) and autoimmune diseases (anti-
dsDNA, ANA, anti-SSA). Low titers (<1:4) characterized 96.7% of
false-positives. Clinical consequences included unnecessary penicillin
treatment (15% of low-risk neonates), provider misinterpretation
(11.1% of positive results, predominantly family medicine, p=0.003),
and inflated surveillance (PPV for ICD-coded syphilis only 0.42). The
reverse algorithm produced more discordant results (false-positive
rates 46.5-88.2% for treponemal immunoassays) but automated triage
removed 64.9% of reactive records (specificity 27.5%—72.9%).
Discussion: False-positive non-treponemal tests are population-,
platform-, and context-dependent. HIV-associated BFP is reduced by
cART, suggesting B-cell modulation. COVID-19 mRNA vaccines
induce transient anticardiolipin-like reactivity, likely wvia lipid
nanoparticles. Low titers reliably discriminate BFP from active
infection. Management requires confirmatory treponemal testing,
detailed history (vaccination, autoimmunity, HIV), and algorithm-
based triage. Conclusion: False-positive non-treponemal tests are
common in specific populations and increasingly linked to
vaccination. Confirmatory algorithms, provider education (especially
family medicine), and automated surveillance tools are essential to
reduce harm. Future research should validate platform-specific false-
positive rates and develop real-time decision support.

Keywords: False-positive syphilis tests, non-treponemal tests, RPR,
VDRL, biological false positive, COVID-19 vaccination, HIV,
autoimmune diseases, reverse algorithm, overtreatment

INTRODUCTION

Syphilis remains a global public health challenge, with
resurgent rates in high-income and low-income
settings alike (1). Serologic diagnosis relies on a two-
step process: non-treponemal tests (rapid plasma

reagin [RPR] or Venereal Disease Research
Laboratory [VDRL]) detect antibodies against
cardiolipin-lecithin-cholesterol =~ antigens, = while

treponemal tests (e.g., FTA-ABS, TP-PA) confirm
specific treponemal antibodies (1,17,61). However,

non-treponemal tests are not specific for Treponema
pallidum; they can be biologically false-positive (BFP)
in numerous conditions (4,66,71).

Background: BFP reactions occur in autoimmune
diseases (systemic lupus erythematosus,
antiphospholipid syndrome), chronic infections (HIV,
hepatitis C, malaria), pregnancy, and increasingly
after vaccination (1,4,7,8). The reported false-positive
rate ranges from <1% in low-risk populations to >28%
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in selected cohorts (3,34). Despite decades of
recognition, no systematic synthesis has focused
specifically on  the clinical  implications  and
management of these false-positive results, including
overtreatment, psychological harm, and healthcare
system burden.

Problem statement: Clinicians face three critical
dilemmas: (1) what is the true burden of false-positive
non-treponemal tests across different populations and
testing platforms? (2) what clinical harms
(unnecessary treatment, delayed diagnosis, anxiety)
are documented? and (3) what management strategies
effectively reduce these harms?

Research gap: Prior systematic reviews have
examined test accuracy (25,28,37) or laboratory
performance (1,17) but have not comprehensively
extracted clinical outcomes, provider errors, or health
system costs associated with false-positive results.
Furthermore, emerging causes (COVID-19
vaccination, modern automated platforms) have not
been integrated into management guidance.

Novelty: This review is the first to: (a) quantify false-
positive rates across 80 studies with detailed clinical

MATERIALS AND METHODS
Protocol

correlation; (b) document overtreatment rates,
surveillance inaccuracies, and provider
misinterpretation; (c) synthesize evidence on vaccine-
induced false positivity; and (d) propose a tiered
management algorithm based on titer magnitude and
clinical context.

Objectives: (1) To determine the range and
determinants of false-positive non-treponemal test
rates; (2) to describe clinical implications including
unnecessary treatment, healthcare utilization, and
psychological impact; (3) to evaluate management
strategies  (confirmatory  algorithms, provider
education, point-of-care tests, automated triage); and
(4) to identify research gaps.

Hypothesis: False-positive non-treponemal tests are
more frequent than commonly appreciated in specific
populations (HIV, pregnancy, autoimmune disease,
recent mRNA vaccination) and lead to measurable
clinical harm that can be mitigated by algorithmic
confirmatory testing and provider education.
Benefits: This review informs CDC/WHO guideline
development, laboratory algorithm selection, and
clinician training priorities, particularly for family
medicine and emergency settings.

The study strictly adhered to the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
2020 guidelines to ensure methodological rigor and accuracy. This approach was chosen to enhance the precision
and reliability of the conclusions drawn from the investigation.

Criteria for Eligibility

This systematic review aims to evaluate False-Positive Non-Treponemal Tests: Clinical Implications and

Management.

Screening

We screened in sources based on their abstracts that met these criteria:

o False-Positive Non-Treponemal Tests: Does this study involve patients with confirmed false-positive non-
treponemal syphilis tests (RPR, VDRL, TRUST, or similar)?

e (Clinical Implications or Management: Does this study report clinical implications of false-positive results (e.g.,
diagnostic delays, psychological impact, unnecessary treatments, healthcare utilization) OR describe
management strategies for patients with false-positive non-treponemal tests?

e Appropriate Study Design: Is this study an observational study (cohort, case-control, cross-sectional), case series
with >5 patients, systematic review, or meta-analysis?

e C(Clinical Data and Outcomes: Does this study include clinical correlation and patient outcomes data (not a
laboratory-only study)?

o Non-Treponemal Test Focus: Does this study include non-treponemal test data (not exclusively examining
treponemal tests like FTA-ABS, TP-PA, EIA without non-treponemal test data)?

o False-Positive Relevance: Does this study address false-positive results through comparison or discussion (not
focusing exclusively on true-positive syphilis cases without reference to false-positives)?

e Human Clinical Study: Does this study include human clinical data (not exclusively animal studies or in-vitro
studies without human clinical data)?

We considered all screening questions together and made a holistic judgement about whether to screen in
each paper.

Search Strategy
The keywords used for this research based PICO :
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Element . I C
G ) (Intervention/Exposure) | (Comparison/Context) e
Patients with ..
false-positive False-positive non- True-positive syphilis Clinical
el L non-treponemal treponemal tests (RPR, cases implications
teg o VDRL, TRUST) P
Individuals with
. . . . Healthcare
biological false- Confirmatory testing Negative treponemal e
Keyword 2 g o . utilization and
positive syphilis algorithms test results costs
serology
. . False-positive
Keyword 3 HIV-infected Management strategies Different testing rates and titer
platforms ST
distribution
Diagnostic
Keyword 4 Pregnant women Clinical decision-making Different populations accuracy and
Y & and provider education pop algorithm
performance

The Boolean MeSH keywords inputted on databases for this research are: ("Patients with false-positive non-treponemal
tests" OR "Individuals with biological false-positive syphilis serology"” OR "HIV-infected women" OR "Pregnant women'") AND
(""False-positive non-treponemal tests (RPR, VDRL, TRUST)" OR "Confirmatory testing algorithms" OR "Management
strategies" OR "Clinical decision-making and provider education") AND (" True-positive syphilis cases” OR "Negative treponemal
test results” OR "Different testing platforms" OR "Different populations") AND ("Clinical implications" OR "Healthcare
utilization and costs" OR "False-positive rates and titer distribution" OR "Diagnostic accuracy and algorithm performance")

Data extraction
e Study Population:
Extract the specific population studied for false-positive non-treponemal syphilis testing, including:
o Patient demographics (age, sex, risk factors)
o Clinical setting (primary care, STD clinics, prenatal care, etc.)
o Prevalence of syphilis in the population
o Sample size
o Geographic location and healthcare system context
o Testing Algorithm:
Extract details about the syphilis testing approach and specific tests involved in false-positive results, including:
o Traditional vs reverse screening algorithm used
o Specific non-treponemal tests (RPR, VDRL, etc.)
o Specific treponemal tests used for confirmation
o Laboratory automation and platform details
o Testing sequence and reflexive testing protocols
o False Positive Characteristics:
Extract quantitative data about false-positive non-treponemal test results, including:
o False positive rates with confidence intervals
How false positives were defined/confirmed
Patient characteristics associated with false positives
Causes or contributing factors for false positives
Comparison of false positive rates between different testing approaches
e  Clinical Implications:
Extract all clinical consequences and impacts of false-positive non-treponemal tests, including:
o Patient overtreatment rates and unnecessary antibiotic use
Increased healthcare utilization (follow-up visits, additional testing)
Patient psychological impact and anxiety
Healthcare costs and economic burden
Provider confusion or inappropriate clinical decision-making
o Impact on partner notification and contact tracing
e Management Strategies:
Extract approaches for managing false-positive non-treponemal test results, including:
o Confirmatory testing protocols and algorithms
o Provider education and guidance strategies

O O O O

O O O O
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O O O O

Patient counseling approaches

Criteria for treatment vs observation

Follow-up recommendations and monitoring
Quality improvement interventions implemented

o Effectiveness of different management approaches
e Study Design:
Extract study methodology details to assess evidence quality, including:
o Study design (RCT, etc.)

O O O O

Study duration and follow-up period

Primary and secondary outcomes measured

Data sources (electronic records, surveys, clinical data)
Statistical methods used for analysis

Table 1. Article Search Strategy

Database

Keywords

Hits

Pubmed

("Patients with false-positive non-treponemal tests” OR "Individuals with biological false-
positive syphilis serology” OR "HIV-infected women" OR "Pregnant women") AND
("False-positive non-treponemal tests (RPR, VDRL, TRUST)" OR "Confirmatory testing
algorithms" OR "Management strategies” OR "Clinical decision-making and provider
education”) AND ("'Clinical implications” OR "Healthcare utilization and costs" OR
"False-positive rates and titer distribution” OR "Diagnostic accuracy and algorithm
performance")

10

Semantic
Scholar

("Patients with false-positive non-treponemal tests” OR "Individuals with biological false-
positive syphilis serology” OR "HIV-infected women" OR "Pregnant women") AND
("False-positive non-treponemal tests (RPR, VDRL, TRUST)" OR "Confirmatory testing
algorithms" OR "Management strategies” OR "Clinical decision-making and provider
education") AND ("' True-positive syphilis cases" OR "Negative treponemal test results” OR
"Different testing platforms" OR "Different populations') AND ("Clinical implications"
OR "Healthcare utilization and costs" OR "False-positive rates and titer distribution” OR
"Diagnostic accuracy and algorithm performance”)

250

Springer

("'Patients with false-positive non-treponemal tests” OR "Individuals with biological false-
positive syphilis serology” OR "HIV-infected women" OR "Pregnant women") AND
("'False-positive non-treponemal tests (RPR, VDRL, TRUST)" OR "Confirmatory testing
algorithms" OR "Management strategies" OR "Clinical decision-making and provider
education") AND (" True-positive syphilis cases" OR "Negative treponemal test results" OR
"Different testing platforms" OR "Different populations') AND ("Clinical implications"
OR "Healthcare utilization and costs" OR "False-positive rates and titer distribution” OR
"Diagnostic accuracy and algorithm performance”)

123

Google
Scholar

("'Patients with false-positive non-treponemal tests” OR "Individuals with biological false-
positive syphilis serology” OR "HIV-infected women" OR "Pregnant women") AND
("'False-positive non-treponemal tests (RPR, VDRL, TRUST)" OR "Confirmatory testing
algorithms" OR "Management strategies" OR "Clinical decision-making and provider
education") AND (" True-positive syphilis cases”" OR "Negative treponemal test results" OR
"Different testing platforms" OR "Different populations") AND ("Clinical implications"
OR "Healthcare utilization and costs" OR "False-positive rates and titer distribution” OR
"Diagnostic accuracy and algorithm performance”)

20,600
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Records removed before screening:
Duplicate records removed (n = 27)
Records marked as ineligible by
automation tools (n=15,632)

Records excluded**
(n=1,836)

Reports not retrieved
(n= 2,135)

Reports excluded:
Wrong study design (n = 1,273)

M)
= Records identified from*:
= PubMed (n = 10)
0 Springer (n = 123) >
b5 Semantic Scholar (n = 250)
é Google Scholar (n = 20,600)
( \ \ 4
Records screened >
(n =5,324)
\ 4
Reports sought for retrieval
—_—
o (n =3,488)
[=
‘S
[}
"~’ '
O
(2]
Reports assessed for eligibility
S
(n=1,353)
———
\4
3
= Studies included in systematic review
© (n=280)
=
Figure 1. Article search flowchart
RESULTS

Characteristics of Included Studies
The 80 sources span a wide range of study designs, populations, and geographic settings. They include RCT, etc.
The table below summarizes the key characteristics of each included source.

Study

Population / Setting

Primary Focus

E. Williams et al., 2023

SARS-CoV-2 cohort [7]

119 participants, University of Miami

COVID-19 vaccine-induced false-
positive RPR [7]

Terin T. Sytsma et al., 2020

8,553 negative and 60 positive CSF-
VDRL results, Mayo Clinic [10]

CSF-VDRL utilization and false
positivity in neurosyphilis diagnosis [10]

M. Forsythe et al., 2023 108 patients with positive serology Provider accuracy in syphilis serology
[11] interpretation [11]
I. Oboho et al., 2013 711 HIV-infected patients, Johns Impact of cART on biologic false-
Hopkins [2] positive RPR [2]
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Study

Population / Setting

Primary Focus

1. Oboho et al., 2013a

711 HIV-infected patients, Johns
Hopkins [5]

Factors associated with BFP RPR in
HIV [5]

Brandon Chatani et al., 2021

202 newborns, reverse screening
setting [9]

Reverse screening consequences for
congenital syphilis management [9]

Audrey C. Martin et al., 2025

212 pregnant women with reactive
RPR, Indiana [22]

COVID-19 vaccination and false-
positive RPR in pregnancy [22]

Amanda C. Zofkie et al., 2020

144 pregnant women with reactive
CIA [23]

CIA signal strength and false-positive
classification in pregnancy [23]

M. Binnicker, 2012

Not specified [24]

Comparison of traditional and reverse
syphilis screening algorithms [24]

A. Cantor et al., 2016

High-risk populations including HIV-
positive men and MSM [25]

Screening effectiveness and test accuracy
for USPSTF [25]

R. Naesens et al., 2011

6 patients with false-positive Lyme
serology [26]

Cross-reactivity between syphilis and
Lyme serology [26]

Dimitrios Korentzelos et al., 2022

38 participants, pre- and post-COVID
vaccination [8]

COVID-19 mRNA vaccine-induced
false RPR reactivity [8]

Sage W R Geher et al., 2025

1,072 transgender persons tested for
syphilis [27]

Syphilis trends in transgender and
gender diverse adults [27]

Jennifer S. Lin et al., 2018

2,441,237 women (China) and
multiple study populations [28]

Screening for syphilis in pregnancy for
USPSTF [28]

Bin Chen et al., 2025

35,995 individuals, Guangzhou,
China [4]

Autoimmune diseases and biological
false-positive syphilis serology [4]

K. Ghanem, 2015

MSM, pregnant women,
heterosexuals; US [29]

CDC STD treatment guidelines for
syphilis management [29]

V. S. Sandes, 2017

28,158 (VDRL) and 25,577 (ChLIA)
blood donors, Brazil [12]

Treponemal ChLIA vs. VDRL in blood
donor screening [12]

Hana Shabrina Purnama & Gema
Putra Bangsa, 2026

159 studies; pregnant women, STI
clinic attendees, high-risk groups [20]

Diagnostic accuracy of rapid POCTs for
syphilis [20]

M. Bukar et al., 2009

18,101 pregnant women, Maiduguri,
Nigeria [30]

Cost-effectiveness of antenatal syphilis
screening [30]

Judah K Gruen et al., 2021

148 patients with reactive RPR,
Atlanta safety-net ED [31]

ED recognition and treatment of
syphilis [31]

Jeannette Guarner et al., 2025

51 patients with reactive RPR [32]

Correlation of treponemal antibody
quantitative results with RPR titers [32]

B. D. Nelson et al., 2026

43 infants at risk for congenital
syphilis, Utah [33]

Evaluation of infants for congenital
syphilis [33]

Tracy A. Wolff et al., 2009

Studies in pregnant women; Vienna
(>300,000) and Bolivia (8,892) [34]

USPSTF reaffirmation on syphilis
screening in pregnancy [34]

Ying Zhang et al., 2022

Key populations including sex
workers, MSM [35]

Improved RDTs to detect syphilis and
yaws [35]

Richard Watkins & J. O'donnell,
2008

1 AIDS patient [36]

False-positive CSF VDRL from
varicella-zoster virus [36]

Michelle L. Henninger et al., 2022

Nonpregnant adults and adolescents
at increased risk [37]

Screening for syphilis in nonpregnant
adults for USPSTF [37]

Gary N. Asher et al., 2025

Pregnant women [38]

Screening for syphilis in pregnancy for

USPSTF [38]
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Study

Population / Setting

Primary Focus

Jillian T Henderson et al., 2018

2,441,237 women (China) and other
study populations [39]

Syphilis screening in pregnancy and
false-positive treponemal tests [39]

Chinami Fujimori et al., 2009

Routine clinical samples [40]

Evaluation of TP-LAIA vs. VDRL false-
positive rates [40]

Patrick O'Byrne et al., 2025

600 participants, STI clinic, Ottawa,
Canada [21]

Evaluation of MedMira Multiplo POCT
for syphilis [21]

S. Tuddenham et al., 2015

Persons with serodiscordant syphilis
test results [41]

Neurosyphilis and ophthalmic syphilis
in serodiscordant patients [41]

J. Matthias et al., 2018

372,902 reactive nontreponemal tests,
Florida surveillance [19]

Automated algorithm for triaging
reactive nontreponemal tests [19]

Tamara Audrey Kadarusman et al.,
2021

Pregnant women [42]

Sensitivity and specificity of VDRL and
RPR in pregnancy [42]

G. Lazenby et al., 2025

12,959 pregnant women, South
Carolina [43]

EHR as a tool for maternal and
congenital syphilis surveillance [43]

Katherine Soreng et al., 2014

Laboratories offering syphilis testing,
US [15]

Benefits and challenges of reverse
syphilis screening algorithm [15]

M. Morshed & A. Singh, 2014

General syphilis diagnostic
populations [17]

Trends in serologic diagnosis of syphilis
[17]

E. Dassah et al., 2016

2,214 samples from pregnant women,
Ghana [6]

Syphilis sentinel surveillance in endemic
treponematoses [6]

S. Sethi et al., 2015

28,920 serum samples, tertiary care
center, North India [44]

Rising trends of syphilis prevalence [44]

E. Angel-Miiller et al., 2021

9,666 participants, field conditions
[45]

Diagnostic accuracy of rapid POC tests
for syphilis [45]

Jeeyong Kim et al., 2008

1,357 serum samples, university
hospital, Japan [46]

Evaluation of Architect Syphilis TP as
screening test [46]

Daniel A. Ortiz & M. Loeffelholz,
2017

4,134 routine and HIV samples,
University of Texas [47]

Lumipulse G TP-N ChIA as syphilis
screening test [47]

Eric W Tang et al., 2020

293 samples, tertiary medical center,
high-prevalence setting [48]

BioPlex 2200 Syphilis Total with
automated RPR [48]

E. Larsen et al., 2019

500 cases from Military Health
System [14]

Syphilis surveillance case finding in
DoD [14]

Y. Saral et al., 2012

117 patients suspected of syphilis [49]

Comparison of RPR, CMIA, and TPHA
diagnostic performance [49]

T. Krasnoselskikh et al., 2018

HIV-syphilis co-infected patients [50]

Diagnosis and treatment of syphilis in
HIV co-infection [50]

N. Uthayakumar & E. Jungmann,
2016

4,584 heterosexual patients, Inner
London clinics [51]

Routine re-screening for HIV and
syphilis in heterosexuals [51]

N. Sherriff et al., 2024

2,577 MSM in Italy, Malta, Peru, UK
[52]

Dual POCT evaluation for HIV and
syphilis in MSM [52]

S. Tuddenham et al., 2020

Literature from 1940-2017 [1]

Performance characteristics of
nontreponemal antibody tests [1]

R. Peeling & Htun Ye, 2004

Pregnant women, developing
countries [3]

Diagnostic tools for maternal and
congenital syphilis [3]

R. Bronzan et al., 2007

1,250 pregnant women, rural South
Africa [53]

Onsite rapid syphilis screening strategies
in rural clinics [53]
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Study

Population / Setting

Primary Focus

E. Mathai et al., 2001

Pregnant women, Vellore, India [54]

Audit of VDRL-positive pregnancy
management [54]

Elizabeth A. Gilliams et al., 2023

Primary care clinicians [55]

Practical approach to syphilis serology
for clinicians [55]

T. Menza et al., 2019

HIV-positive MSM in primary care
[56]

Algorithms to identify incident syphilis
[56]

Fatima Johari & Michelle Ordoveza
Cho, 2024

General syphilis diagnostic
populations [16]

Operating characteristics of diagnostic
tests for syphilis [16]

K. Osbak et al., 2017

120 syphilis cases and 30 controls,
Antwerp, Belgium [57]

Evaluation of automated RPR
immunoturbidimetric assay [57]

Marla Victoria Ardila Pefa, 2024

Neonates with congenital syphilis [58]

Congenital syphilis diagnosis and
evaluation [58]

David Kriegel et al., 2024

Family medicine residents and faculty
[18]

Educational intervention on syphilis
screening interpretation [18]

M. Drozhdina, 2019

5,460 syphilis patients, Zhongshan
Hospital, China [59]

Serological non-responsiveness after
syphilis treatment [59]

TaTbsAHa BajiepreBHa
KpacHocenbckux et al., 2018

HIV-syphilis co-infected patients [60]

Syphilis diagnosis and treatment in HIV
co-infection [60]

Molly E Kent & F. Romanelli, 2008

General syphilis populations, US [61]

Epidemiology, diagnosis, and treatment
of syphilis [61]

J. Tucker et al., 2010

>22,000 tests at STT and antenatal
clinics, low-income countries [62]

Rapid treponemal test screening for
syphilis [62]

W. Ngan et al., 2014

76-year-old Chinese woman, Hong
Kong [13]

Primary Sjogren syndrome causing
false-positive VDRL and FTA-ABS [13]

Michael G Hunter et al., 2013

28,261 specimens, high-prevalence
populations [63]

Significance of isolated reactive
treponemal CIA results [63]

Ferris Satyaputra et al., 2021

Australian syphilis diagnostic
populations [64]

Laboratory diagnosis of syphilis [64]

N. Zetola et al., 2007

MSM, HIV-coinfected populations,
US [65]

Syphilis update with emphasis on HIV
co-infection [65]

James R. Roberts, 2022

Emergency department patients, US
[66]

Syphilis diagnosis and management in
ED setting [66]

T. T. Chao et al., 2011

47,794 pregnant women, Parkland
Hospital, US [67]

Risk factors for false-positive HIV EIA
at delivery [67]

P. Zarakolu, 2023

Global; specific data from Turkey [68]

Recent advances in laboratory diagnosis
of syphilis [68]

Harriet Wallace et al., 2016

54 infants born to syphilis-seropositive
mothers, UK [69]

Serological follow-up of infants exposed
to maternal syphilis [69]

M. Lopez-Zambrano et al., 2009

140,336 pregnant women, Aragua
state, Venezuela [70]

Trends in HIV and syphilis among
antenatal women [70]

Michael E. Tsimis & J. Sheffield,
2017

Pregnant women, US [71]

Syphilis and pregnancy: epidemiology,
diagnosis, treatment [71]

I. Miiller et al., 2006

Diagnostic laboratories, Germany [72]

Reliability of syphilis serology in
proficiency testing [72]

T. Herremans et al., 2010

Neonates at risk for congenital

Diagnostic tests for congenital syphilis

syphilis [73]

[73]
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Study

Population / Setting

Primary Focus

G. Kaur & P. Kaur, 2015

Blood donors [74]

Syphilis testing in blood donors [74]

. Kersh & K. Workowski, 2020

CDC guideline populations [75]

CDC guidance on laboratory testing for
syphilis [75]

J. Tucker et al., 2010a

101 HIV-infected individuals with
ocular syphilis [76]

Ocular syphilis among HIV-infected
patients [76]

Vicky Jespers et al., 2023

General populations [77]

Diagnosis and management of
gonorrhoea and syphilis [77]

C. Tipple & G. Taylor, 2015

General syphilis populations [78]

Syphilis testing, typing, and treatment
follow-up [78]

Weiping Cao et al., 2023

General syphilis and congenital
syphilis populations [79]

Advantages and limitations of syphilis
diagnostic approaches [79]

E. Adhikari, 2026

Pregnant women, US [80]

Syphilis diagnosis and management in
pregnancy [80]

Study populations ranged from general hospital patients and blood donors to targeted groups such as pregnant
women, HIV-infected individuals, MSM, transgender adults, neonates, and military personnel. Geographic settings
spanned the United States, Canada, Europe, South America, Africa, and Asia.

False-Positive Rates of Non-Treponemal Tests
The following table summarizes quantitative data on false-positive rates of non-treponemal tests (RPR, VDRL)
across studies that reported these figures.

Study Population Non- False-Positive Confirmatory Key Associated
Treponemal Rate Method Factors
Test
E. Williams et COVID-19 RPR 1.7% (2/119) [7] | Non-reactive FTA- mRNA
al., 2023 vaccine cohort ABS [7] COVID-19
(n=119) booster
vaccination [7]
Terin T. CSF-VDRL CSF-VDRL 28.3% (17/60) Absence of prior Neoplastic
Sytsma et al., positive cases [10] positive serologic meningitis [10]
2020 (n=60) syphilis testing [10]
I. Oboho et al., HIV-infected RPR 13.5% (96/711) | Non-reactive FTA- Lower RPR
2013 (n=711) [2] ABS [2] titers, younger
age, injection
drug use [2]
I. Oboho et al., HIV-infected RPR 13.5% [5] Non-reactive FTA- Lower RPR
2013a (n=711) ABS [5] titers, injection
drug use,
hepatitis B [5]
Audrey C. Pregnant RPR 48.1% had prior Negative COVID
Martin et al., women (n=59 COVID treponemal test vaccination
2025 false-positive) vaccination [22] [22] within 300 days
[22]
Amanda C. Pregnant RPR (via CIA 12% (17/144) CIA+/RPR—/TP | Low CIA S/CO
Zofkie et al., women (n=144) screen) [23] PA— [23] ratio (1.9 + 0.8)
2020 [23]
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Study Population Non- False-Positive Confirmatory Key Associated
Treponemal Rate Method Factors
Test
Dimitrios Vaccinated BioPlex RPR 18.4% (7/38) Treponemal Moderna
Korentzelos et adults (n=38) BioPlex; 5.3% negative at vaccine; lipid
al., 2022 (2/38) Sure- baseline [8] nanoparticle
Vue; 2.6% carriers [8]
(1/38) Macro-
Vue [8]
Bin Chen et al., Hospital Not specified 0.78% [4] Clinical and Autoimmune
2025 patients autoantibody diseases;
(n=35,995) assessment [4] specific
autoantibodies
(ANA, ds-
DNA, SSA) [4]
V. S. Sandes, Blood donors VDRL 40.5% of Second sample Elderly, lower
2017 (n=28,158 reactive results collection [12] education [12]
VDRL; 25,577 [12]
ChLIA)
M. Bukar et al., Pregnant VDRL 25% of positives TPHA [30] Not specified
2009 women (3/12) [30] [30]
(n=18,101)
Judah K Gruen ED patients RPR 8% (12/148) Chart review with Not specified
et al., 2021 with reactive [31] treponemal [31]
RPR (n=148) antibodies [31]
Tracy A. Wolff Hospitalized VDRL; RPR VDRL: 0.26%; Negative Autoimmune
et al., 2009 women, Vienna RPR: 0.91% treponemal test conditions, HIV
(>300,000); [34] [34] [34]
pregnant
women, Bolivia
(n=8,892)

Tamara Audrey Pregnant VDRL; RPR VDRL: 10.5%; TPHA [42] Biological false
Kadarusman et women RPR: 9.6% [42] positives (26—
al., 2021 (literature 56% of

review) positives) [42]
S. Sethi et al., Tertiary care VDRL 0.27% [44] TPPA [44] Not specified
2015 patients [44]
(n=28,920)
E. Dassah et Pregnant RPR 0.9% (21/2,214) RPR+/TPHA—- Endemic yaws
al., 2016 women [6] confirmed with DS | cross-reactivity
(n=2,214), [6] [6]
Ghana
Chinami Routine clinical VDRL; TP- VDRL: 13.5%; Case history Not specified
Fujimori et al., samples LATA TP-LAIA: review [40] [40]
2009 0.64% [40]
S. Tuddenham General RPR/VDRL <1.5% in Negative Older age,
et al., 2020 populations general treponemal test [1] autoimmune
(systematic populations [1] diseases,
review) leprosy, yaws,
HIV [1]
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Study Population Non- False-Positive Confirmatory Key Associated
Treponemal Rate Method Factors
Test
R. Peeling & Pregnant RPR Up to 28% [3] Reference Not specified [3]
Htun Ye, 2004 women, laboratory
developing treponemal test [3]
countries
1. Miiller et al., German VDRL 4.1% of negative | Proficiency testing Laboratory
2006 proficiency samples standards [72] error [72]
testing reported as
laboratories false-positive
[72]
A. Cantor et Low-prevalence RPR (reverse 0.6% vs 0.0% Treponemal Reverse
al., 2016 US; higher- algorithm) (US, p=0.03); confirmatory tests screening
prevalence 0.26% vs 0.13% [25] algorithm [25]
Canada (Canada) [25]

False-positive rates of non-treponemal tests vary dramatically depending on the population, clinical setting, and how
the denominator is defined. In general population screening, the rate is typically low at <1.5% [1], and in large
hospital-based cohorts it was reported at 0.78% [4] and 0.27% [44]. However, among specific populations the rate is
substantially higher: 13.5% among HIV-infected persons [2, 5], up to 28% among pregnant women in developing
countries [3], and 28.3% among all positive CSF-VDRL results in a large tertiary care cohort [10]. Among blood
donors, 40.5% of initially reactive VDRL results were ultimately classified as false positives [12]. Almost all false-
positive results occurred at low titers; in the large Chinese cohort, 96.7% of biological false-positive cases exhibited
titers <1:4 [4]. A newer and clinically significant finding is that mRNA COVID-19 vaccines can induce false RPR
reactivity: 1.7% of a longitudinal cohort developed false-positive RPR following booster vaccination [7], with
reactivity persisting for up to 9 months [7], and a pilot study found up to 18.4% false reactivity on the BioPlex RPR
platform after Moderna vaccination [8].

Thematic Analysis
Causes and Contributing Factors for False-Positive Non-Treponemal Tests
The causes of biological false-positive (BFP) non-treponemal tests fall into several overlapping categories.

Autoimmune and inflammatory conditions are among the most well-characterized drivers. A large retrospective
cohort of 35,995 individuals found that autoimmune diseases and specific autoantibodies—including anti-dsDNA,
anti-Sm, ANA, anti-ribosomal antibodies, and anti-SSA—were significantly more prevalent among individuals with
BFP reactions compared to those with negative screening results [4]. A case report illustrated this when a 76-year-
old woman with primary Sjogren syndrome was found to have false-positive VDRL (and initially false-positive FTA-
ABS), ultimately attributable to high ANA titers, anti-Ro, anti-La, and anticardiolipin IgM [13]. Multiple reviews
confirm that connective tissue diseases, malignancy, pregnancy, hepatitis C, and advanced age are established
contributors to BFP nontreponemal results [1, 17, 66, 68, 71].

HIV infection substantially increases false-positive risk. The BFP rate among HIV-infected persons ranges from 4—
15% [5], with 13.5% observed in the Johns Hopkins HIV Clinical Cohort [2]. Interestingly, combination antiretroviral
therapy (cART) was associated with decreased odds of BFP tests (adjusted OR 0.31 compared to syphilis group; 0.42
compared to non-syphilis group) and dramatically decreased odds of persistent BFP (OR 0.07) [2, 5]. Neither CD4
count nor HIV RNA independently predicted BFP status, suggesting that cART's effect on B-cell function, rather
than T-cell immunosuppression alone, may mediate the reduction in false positivity [5]. Injection drug use and
hepatitis B were independently associated with increased BFP risk in this population [5].

Vaccination has emerged as a novel cause. Two studies directly examined mRNA COVID-19 vaccine-induced RPR
false reactivity. In a pilot longitudinal cohort, 7 of 38 participants (18.4%) developed false-reactive BioPlex RPR
results following vaccination, all among Moderna recipients [8]. The false reactivity was more pronounced on the
automated BioPlex platform than on manual Sure-Vue (2/38) or Macro-Vue (1/38) RPR card tests [8], potentially
attributable to lipid nanoparticle carriers generating cross-reactive antibodies [8]. In a study of 59 pregnant women
with false-positive RPR, 48.1% had received COVID-19 vaccination prior to the test, with the majority occurring
within 300 days of vaccination and 30% within 100 days [22]. A longitudinal study confirmed that two individuals
exhibited chronic, vaccine-induced RPR reactivity for up to 9 months following booster vaccination, and both were
ANA-negative, ruling out autoimmune confounding [7].
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Endemic treponematoses can confound screening in certain geographic contexts. In Ghana, where yaws is endemic,
retesting of 2,214 samples from HIV sentinel surveillance found that the existing two-treponemal-test strategy
overestimated the seroprevalence of active syphilis by a third (6.0% vs. 4.5%, p < 0.001), with more than half of
positive cases actually representing past or treated treponemal infections, possibly from prior yaws exposure [6]. The
positive predictive value for active syphilis was only 16.8% [6].

Other infections documented as causes include varicella-zoster virus (producing a false-positive CSF VDRL in an
AIDS patient) [36], neoplastic meningitis (the most common cause of false-positive CSF-VDRL) [10], and cross-
reactivity between Treponema pallidum antibodies and Lyme disease assays [26]. Additional reported contributors
include malaria, tuberculosis, Chagas disease, leprosy, bacterial or viral infections, drug use, and pregnancy itself
[17, 66, 71].

Clinical Implications of False-Positive Non-Treponemal Tests

Unnecessary treatment and overtreatment. False-positive non-treponemal results can lead directly to inappropriate
antibiotic therapy. In a study of newborns evaluated via the reverse screening algorithm, 15% of babies in the
"unlikely" congenital syphilis group were treated with intramuscular penicillin, which did not follow established AAP
guidelines [9]. Up to 28% of positive RPR results in pregnant women in developing countries are biological false
positives, indicating a substantial potential for unnecessary penicillin administration [3]. In rural South Africa,
approximately 1% of women screened with an immunochromatographic strip test may have received penicillin
unnecessarily [53]. In the military health system, a full one-third of surveillance-identified syphilis cases were not
true cases, reflecting systematic overdiagnosis [14]. German proficiency testing found that 10.2% of laboratories
incorrectly reported serological evidence for active infection in samples from patients with past syphilis or from
seronegative donors [72].

Increased healthcare utilization. False-positive results generate cascades of additional testing and follow-up. The
CSF-VDRL was inappropriately ordered in 98.2% of cases in a large tertiary cohort, and every false-positive CSF-
VDRL occurred in inappropriately tested patients [10]. The reverse screening algorithm, while advantageous for
detecting latent disease, yields more discordant results requiring follow-up with a second treponemal assay [15, 24].
In the reverse algorithm, false-positive rates with treponemal-specific enzyme or chemiluminescent immunoassays
ranged from 46.5% to 88.2%, necessitating reflexive confirmatory testing for all positive results [28, 39].
Economically, one UK study estimated potential savings of £42,083 if routine syphilis rescreening of low-risk
heterosexual patients within 12 months were eliminated, as no new syphilis infections were found in that population
[51]. In Nigeria, US$37,424 was spent on VDRL testing over 10 years to detect only 9 confirmed cases
(seroprevalence 0.05%) [30].

Provider confusion and misinterpretation. A retrospective review of 108 patients with positive syphilis serology
found that 11.1% of results were interpreted incorrectly, with family medicine providers accounting for
approximately 50% of misinterpretations (p = 0.003) [11]. By contrast, infectious disease, internal medicine, and
OB/GYN providers had very high accuracy, contributing only one interpretation error among 54.3% of the study
cohort [11]. An educational intervention targeting family medicine residents showed no statistically significant
improvement in appropriate interpretation and management of syphilis results, though post-hoc power was very low
(2.7% and 31.8%) [18]. Syphilis serology interpretation is one of the most frequently asked questions received by
pathology laboratories [11].

Psychological impact. Although few studies measured patient distress directly, several noted the potential for anxiety
from false-positive results. In blood banks, false-positive syphilis tests cause discomfort in the donor relationship [12].
In clinical settings, false-positive results may lead to stress, labeling, and further invasive workups [34]. A case report
described a 76-year-old woman who "firmly rejected" a presumed latent syphilis diagnosis that proved to be a false
positive attributable to Sjogren syndrome [13].

Impact on surveillance and public health. In public health surveillance, the reliance on ICD codes for syphilis case
identification had a positive predictive value of only 0.42, compared to 0.82 for reportable medical events [14].
Clinical staging of syphilis cases within the surveillance period was grossly inaccurate regardless of method (PPV
0.30 for ICD-9 codes, 0.49 for reportable medical events) [14]. These findings indicate that false positives and coding
errors introduce substantial noise into syphilis surveillance systems.

Testing Algorithm Considerations and False Positivity

The choice between the traditional algorithm (nontreponemal test first, treponemal confirmation) and the reverse
algorithm (treponemal test first, nontreponemal quantification) has significant implications for false-positive
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management. The CDC continues to recommend the traditional RPR-based screening algorithm [29], though an
increasing number of laboratories have adopted reverse screening due to the availability of automated treponemal
assays [15, 24].

The reverse algorithm detects more individuals with reactive treponemal tests, including those with past treated
infections, latent syphilis, and false-positive treponemal results [15, 24]. In a low-prevalence US population, reverse
sequence screening yielded a false-positive rate of 0.6% compared to 0.0% for RPR (p = 0.03) [25]. A key
disadvantage is the high rate of discordant results (treponemal-positive/nontreponemal-negative), which may
represent past treated infection, early primary syphilis, late latent syphilis, or a false-positive treponemal screen [15,
17]. The positive predictive value of an isolated unconfirmed reactive treponemal chemiluminescence assay or
enzyme immunoassay is low when epidemiological risk and clinical probability for syphilis are low [29]. Among
pregnant women with serodiscordant serologies, the risk of vertical transmission is low [29].

Different automated platforms demonstrate variable performance. The Lumipulse G TP-N produced 27 fewer falsely
reactive results than the Bioplex 2200 Syphilis IgG in a head-to-head comparison (NPA 77.3% vs 15.9% against
TP-PA) [47]. The BioPlex RPR missed early syphilis reinfections at low titers, with 91% of BD RPR 1:1 results being
BioPlex RPR-negative [48]. These platform-dependent differences underscore the importance of local validation.

For non-treponemal tests specifically, RPR and VDRL have broadly similar performance. In pregnant women,
VDRL had a sensitivity of 71.6% and specificity of 89.5%, while RPR had a sensitivity of 73.5% and specificity of
90.5% [42]. A Japanese study found that the VDRL had a false-positive rate of 13.5% compared to 0.64% for the
newer TP-LAIA assay [40]. The ECDC algorithm offers a third approach, recommending screening with a
treponemal test followed by a reflex confirmatory treponemal test, with nontreponemal testing used for disease
activity assessment [68].

Management Strategies for False-Positive Non-Treponemal Tests

Confirmatory testing protocols. The cornerstone of managing a reactive non-treponemal test is confirmatory
treponemal testing. In the traditional algorithm, this involves performing an FTA-ABS or TPPA on reactive
RPR/VDRL samples [61, 66]. In the reverse algorithm, reactive treponemal screens are followed by quantitative
RPR, with a second different treponemal test (preferably TPPA) used to resolve discordant results [16, 17, 68].
Reflexive (automatic confirmatory) testing for all positive findings is recommended by USPSTF-supporting reviews
[28, 39]. For CSF-VDRL, following established algorithms requiring positive serologic syphilis testing before
ordering CSF testing would prevent unnecessary testing and minimize false positives [10].

Detailed clinical history. Multiple sources emphasize the importance of obtaining a comprehensive medical history,
including recent vaccinations [7], prior syphilis diagnosis and treatment [17], sexual history [17], and underlying
autoimmune conditions [4]. For pregnant women, effective communication of maternal history at delivery is critical
to avoid unnecessary workups and overtreatment of neonates [9]. The CDC recommends reviewing the clinical
context before proceeding with invasive workups [7].

Provider education. Given the documented high rate of misinterpretation among family medicine providers [11],
targeted education is warranted. One quasi-experimental study of an educational lecture for family medicine residents
and faculty found improvements in confidence but no statistically significant improvement in knowledge or practice,
likely limited by small sample size [18]. The study authors recommended implementing additional resources linked
to syphilis results within the electronic medical record [11]. Guidance documents emphasize that clinicians should
be aware of the testing algorithm employed by their laboratory [78] and that a single positive nontreponemal test is
insufficient for diagnosis [66].

Use of point-of-care tests. POCTSs that detect both treponemal and non-treponemal antibodies can facilitate same-
day clinical decisions. The MedMira Multiplo POCT demonstrated 82.5% sensitivity for RPR-positive samples and
94.1% sensitivity for RPR >1:8 [21], and its use in an STI clinic allowed clinicians to both initiate treatment when
appropriate and withhold unnecessary antibiotics [21]. Dual POCTs evaluated in MSM across four countries
detected greater than 90% of probable active syphilis cases [52]. However, the non-treponemal component of dual
rapid tests showed substantially lower sensitivity (42.9-94.2%), particularly at low RPR titers [20].

Algorithmic triage of surveillance data. A novel automated algorithm for public health surveillance that begins by
comparing reactive nontreponemal tests to prior test results and current treponemal findings removed 64.9% of
reactive nontreponemal test records while maintaining adjusted sensitivity of 98.4%, nearly tripling specificity from
27.5% to 72.9% compared to the existing reactor grid [19]. This approach represents a scalable strategy for reducing
the burden of false-positive follow-up in surveillance systems.
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Follow-up and monitoring. For patients with confirmed BFP results, repeat testing may be warranted to assess
persistence. In the HIV cohort, 23% of patients with BFP had persistent false-positive results across multiple visits
[2], and cART was associated with dramatically decreased odds of persistence (OR 0.07) [2]. For vaccine-associated
false positivity, effects can persist for more than 5 months [8], and clinicians should consider repeat testing at a later
interval. Nontreponemal antibody titers should be monitored at 1, 3, 6, 12, and 24 months post-treatment to assess
therapeutic response and distinguish true infection from false positivity [71]. Using nontreponemal tests alone for
infant follow-up could reduce required tests by at least 50%, concentrating resources on high-risk infants [69].

Synthesis

The observed heterogeneity in false-positive rates—ranging from <1% in general population screening to >28% in
certain contexts—can be systematically explained by three primary factors: population characteristics, test platform,
and clinical setting.

Population-driven variation. The highest false-positive rates consistently occur in populations enriched for
immunological perturbation. Among HIV-infected persons not on cART, polyclonal B-cell activation drives BFP
rates of 13.5% [2, 5], a mechanism supported by the finding that cCART substantially reduces BFP odds independent
of CD4 count [5]. Among patients with autoimmune diseases, the generation of anti-cardiolipin and other cross-
reactive antibodies produces BFP reactions, with significantly higher rates of anti-dsDNA, ANA, and anti-SSA
positivity in the BFP group [4]. In pregnant women, physiological immunological changes contribute to false
positivity, with rates reported from 0.91% in developed-country settings [34] to 10.5% for VDRL in the literature
review [42] and up to 28% in developing-country antenatal populations [3]. The higher rates in developing countries
likely reflect the combined contribution of endemic infections (malaria, tuberculosis, yaws), younger maternal age,
and co-existing immunological challenges. In Ghana, yaws endemicity specifically inflated the apparent syphilis
seroprevalence by one-third [6].

Platform and assay-driven variation. The choice of RPR platform significantly affects false-positive detection. The
automated BioPlex RPR showed 18.4% false reactivity following COVID-19 vaccination, while manual Sure-Vue
and Macro-Vue RPR card tests showed only 5.3% and 2.6%, respectively [8]. This disparity may reflect differences
in antigen composition and detection thresholds across platforms. Similarly, the VDRL showed a false-positive rate
of 13.5% compared to 0.64% for the TP-LAIA in routine testing [40]. The Lumipulse G TP-N produced 27 fewer
false-reactive results than the Bioplex 2200 Syphilis IgG [47]. These findings indicate that a single "false-positive rate"
for non-treponemal tests is an oversimplification; the rate is assay-specific and should be validated locally.

Clinical context determines impact. The consequences of false positivity are most severe in contexts where
confirmatory testing is delayed or unavailable. In developing-country antenatal settings, where the WHO
recommends same-day treatment for reactive screening tests, up to 28% of treated women may not have syphilis [3,
53]. In emergency departments, 8% of reactive RPR results were false positives, and a majority of patients discharged
without empiric treatment were not successfully followed up [31, 31]. In contrast, in settings with established reflexive
testing protocols, the clinical impact of false positives is mitigated because automated confirmatory algorithms
identify discordant results before treatment decisions are made [28, 39].

The titer at which false positivity occurs provides a practical discriminator. Across studies, BFP reactions almost
universally occur at low titers (<1:4) [4], while higher titers (>1:8) are strongly associated with true active infection
[9]. This pattern holds across populations: in the congenital syphilis evaluation, RPR titers >1:4 were almost three
times more likely in infants with probable congenital syphilis (OR 2.91, p < 0.05) [9], and POCT non-treponemal
sensitivity jumped to 94.1% at RPR dilutions >1:8 [21]. Clinicians encountering low-titer reactive results in patients
without clear risk factors should maintain a high index of suspicion for BFP, particularly in the presence of
autoimmune conditions, recent vaccination, or HIV infection.

Across all settings, the management consensus converges on a multi-step approach: (1) confirm all reactive non-
treponemal tests with a treponemal assay [15, 16, 66]; (2) obtain detailed clinical history including treatment history,
vaccination status, and autoimmune conditions [7, 17]; (3) use titer magnitude and clinical context to guide treatment
decisions, recognizing that low-titer reactive results in low-risk patients are disproportionately likely to be false
positives [1, 4]; and (4) invest in provider education, particularly for non-specialist clinicians who interpret syphilis
serology less frequently [11, 18]. The implementation of electronic health record—based decision support and
algorithmic triage tools [11, 19] represents a promising systems-level intervention to reduce the clinical burden of
false-positive non-treponemal tests.

DISCUSSION This systematic review of 80 studies provides the most
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comprehensive synthesis to date of false-positive non-
treponemal syphilis tests, emphasizing clinical
implications and management. Four major findings
emerge: (1) false-positive rates vary by >40-fold
depending on population, test platform, and
geographic context; (2) HIV infection and
autoimmune diseases remain classical causes, but
mRNA COVID-19 vaccination is a novel and
important contributor; (3) low titers (<1:4) are highly
characteristic of false-positives, offering a practical
discriminator; (4) clinical  harm—including
overtreatment, provider error, and surveillance
noise—is substantial and underrecognized.

Population-Specific False-Positive Rates and
Mechanisms

In general population screening, false-positive non-
treponemal tests are rare (<1.5%) (1). However, in
HIV-infected persons, the BFP rate reaches 13.5%
(2,5). This is not simply due to immunosuppression:
combination  antiretroviral  therapy = (cART)
dramatically reduced BFP odds (adjusted OR 0.31
compared to syphilis group) independent of CD4
count or HIV RNA (2,5). The mechanism likely
involves cART-mediated normalization of polyclonal
B-cell activation rather than T-cell recovery alone (5).
Clinically, this means that HIV patients on effective
cART have lower false-positive risk, but those off
therapy or with ongoing B-cell dysregulation remain
at high risk.

Autoimmune diseases drive BFP through cross-
reactive anti-cardiolipin and anti-phospholipid
antibodies. In a large Chinese cohort (n=35,995),
patients with BFP had significantly higher prevalence
of anti-dsDNA, anti-Sm, ANA, anti-ribosomal, and
anti-SSA antibodies (4). A striking case report
documented a 76-year-old woman with primary
Sjogren syndrome whose false-positive VDRL and
FTA-ABS resolved after immunosuppressive therapy
(13). These findings underscore that BFP non-
treponemal tests can be a sentinel marker for
undiagnosed autoimmune disease, particularly in
older adults without sexual risk factors.

Pregnancy is a special context: physiological
immunological shifts produce BFP rates from 0.91%
in developed countries to 28% in developing-country
antenatal settings (3,34,42). The higher rates in low-
income  countries  likely  reflect  endemic
treponematoses (yaws) and coinfections (malaria,
tuberculosis). In Ghana, yaws endemicity inflated
syphilis seroprevalence estimates by one-third, with
positive predictive value for active syphilis only 16.8%
(6). This has major implications for WHQO's same-day
treatment policy: up to 28% of treated pregnant
women may not have syphilis (3,53).

Novel Cause: mRNA COVID-19 Vaccination
The most clinically significant novel finding is that

mRNA COVID-19 vaccines induce false-positive
RPR reactivity. In a longitudinal cohort, 1.7%
developed chronic false-positive RPR following
booster vaccination, persisting up to 9 months (7). A
pilot study found even higher rates on automated
platforms: 18.4% false reactivity on BioPlex RPR after
Moderna vaccination, compared to 5.3% on manual
Sure-Vue and 2.6% on Macro-Vue (8). The proposed
mechanism is lipid nanoparticle carriers generating
cross-reactive antibodies against cardiolipin (8). In
pregnant women with false-positive RPR, 48.1% had
received COVID-19 vaccination within 300 days (22).
Clinicians must now obtain vaccination history for
any patient with unexpected low-titer RPR reactivity,
especially if autoimmune workup is negative.

Titer as a Practical Discriminator

Across 80 studies, false-positive non-treponemal tests
almost universally occur at low titers (<1:4). In the
large Chinese cohort, 96.7% of BFP cases had titers
<1:4 (4). In congenital syphilis evaluation, RPR titers
>1:4 were almost three times more likely in infants
with probable congenital syphilis (OR 2.91, p<0.05)
(9). For point-of-care tests, sensitivity for active
syphilis jumped from 42.9-82.5% at low titers to
94.1% at RPR >1:8 (20,21). This provides a simple,
actionable rule: low-titer (<1:4) reactivity in a low-risk
patient (no HIV, no symptoms, no known exposure)
is highly likely to be false-positive, especially if there
is recent vaccination or autoimmune history. High-
titer (>1:8) reactivity strongly suggests true infection
and warrants treatment.

Clinical Implications: Overtreatment, Provider
Error, and Surveillance Noise

Unnecessary treatment is the most direct harm. In the
reverse screening algorithm for congenital syphilis,
15% of infants in the "unlikely" group received
intramuscular penicillin despite AAP guidelines
recommending observation (9). In developing-country
antenatal clinics using same-day treatment
algorithms, 1% of all screened women received
unnecessary penicillin (53). In the US military health
system, one-third of surveillance-identified syphilis
cases were not true cases (14). German proficiency
testing found 10.2% of laboratories incorrectly
reported active infection in seronegative donors (72).
These data suggest that false-positive non-treponemal
tests drive substantial antibiotic overuse, with
attendant risks of allergic reactions, injection pain,
and resource diversion.

Provider confusionis endemic. A retrospective
review of 108 positive syphilis serologies found 11.1%
misinterpreted, with family medicine providers
accounting for approximately 50% of errors (p=0.003)
(11). Infectious disease and OB/GYN providers had
near-perfect accuracy (1 error among 54.3% of
cohort). Syphilis serology interpretation is one of the
most frequently asked questions received by
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pathology laboratories (11). An educational
intervention for family medicine residents showed no
statistically significant improvement (post-hoc power
2.7-31.8%), suggesting that passive lectures are
insufficient (18). Electronic medical record decision
support and algorithmic result formatting may be
more effective.

Surveillance and public health impactis
underappreciated. ICD-9 codes for syphilis had a
positive predictive value of only 0.42, compared to
0.82 for reportable medical events (14). Clinical
staging was grossly inaccurate regardless of method
(PPV 0.30 for ICD-9, 0.49 for reportable events) (14).
False-positive non-treponemal tests thus introduce
substantial noise into syphilis surveillance systems,
potentially distorting epidemic trends and resource
allocation.

Healthcare utilization and costs. Inappropriate CSF-
VDRL testing occurred in 98.2% of cases, and every
false-positive CSF-VDRL occurred in inappropriately
tested patients (10). The reverse algorithm generates
more discordant results requiring follow-up
treponemal testing (15,24). In the UK, eliminating
routine rescreening of low-risk heterosexual patients
would save £42,083 with no missed infections (51). In
Nigeria, US$37,424 was spent over 10 years to detect
9 confirmed syphilis cases (seroprevalence 0.05%)
(30). False-positive non-treponemal tests are not
merely laboratory curiosities—they have measurable
economic consequences.

Testing Algorithm Considerations

The traditional algorithm (non-treponemal test first,
then treponemal confirmation) has lower false-
positive rates in low-prevalence populations: reverse
screening yielded 0.6% false-positives vs. 0.0% for
RPR (p=0.03) (25). However, the reverse algorithm
detects more latent and past infections, which is
advantageous for public health but problematic for
individual management because discordant results
(treponemal-positive/non-treponemal-negative) are
common (15,17,24). In pregnant women, the risk of
vertical transmission with isolated reactive
treponemal test is low (29). The CDC continues to
recommend the traditional algorithm, but many
laboratories have adopted reverse screening due to
automation (24,29).

Platform-specific differences matter. The Lumipulse
G TP-N produced 27 fewer false-reactive results than
Bioplex 2200 Syphilis IgG (NPA 77.3% vs 15.9%
against TP-PA) (47). The BioPlex RPR missed 91% of
low-titer (1:1) infections (48). Laboratories should
validate their specific platforms and report false-
positive rates to clinicians.

Management Strategies
Confirmatory testingis the cornerstone. Every

reactive non-treponemal test must be confirmed with
a treponemal assay (FTA-ABS or TP-PA) (16,61,66).
In the reverse algorithm, a second treponemal test
(preferably TP-PA) resolves discordant results (17,68).
Reflexive confirmatory testing (automatically
performed by the laboratory) reduces delays and
provider error (28,39).

Detailed clinical historyis essential: recent
vaccination (7), prior syphilis treatment (17), sexual
history (17), and autoimmune conditions (4). For
pregnant women, effective communication at delivery
prevents unnecessary neonatal workups (9).

Algorithmic triage is promising. An automated
public health algorithm that compared reactive non-
treponemal tests to prior results and current
treponemal findings removed 64.9% of reactive
records while maintaining 98.4% sensitivity, tripling
specificity from 27.5% to 72.9% (19). This approach is
scalable.

Point-of-care tests (POCTs) that detect both
treponemal and non-treponemal antibodies enable
same-day decisions. The MedMira Multiplo POCT
had 82.5% sensitivity for RPR-positive samples and
94.1% for RPR >1:8, allowing clinicians to initiate or
withhold treatment appropriately (21). However, the
non-treponemal component of dual POCTs has lower
sensitivity at low titers (20).

Provider education should target family medicine
and emergency medicine clinicians (11,18). Electronic
health record—based decision support (11) and
automated result interpretation (19) may be more
effective than lectures.

Future Research Directions

(1) Prospective studies measuring patient anxiety and
quality of life after false-positive results. (2) Platform-
specific false-positive rate validation in local
populations. (3) Randomized trials of electronic
decision support vs. traditional education for provider
interpretation. (4) Cost-effectiveness analysis of
automated algorithmic triage in public health
surveillance. (5) Mechanistic studies of vaccine-
induced anticardiolipin antibodies.

CONCLUSION

False-positive non-treponemal syphilis tests are not
rare laboratory curiosities but common clinical events
in specific populations: HIV-infected persons (13.5%),
pregnant women (up to 28%), and increasingly after
mRNA COVID-19 vaccination (up to 18.4%). They
cause measurable harm, including unnecessary
penicillin treatment (15% of low-risk neonates),
provider misinterpretation (11% of positive results,
especially by family medicine), and surveillance
inaccuracies (PPV for ICD-coded syphilis 0.42). Low
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titers (<1:4) characterize 96.7% of false-positives,
providing a simple discriminator: low-titer results in
low-risk patients are highly likely false-positive, while
high-titer (>1:8) results warrant treatment.

REFERENCES

1. S. Tuddenham, Samantha S. Katz, K.
Ghanem (2020) Syphilis Laboratory Guidelines:
Performance Characteristics of Nontreponemal
Antibody Tests. Clinical Infectious Diseases.
https://doi.org/10.1093/cid/ciaa306

2. I. Oboho, K. Gebo, Richard D. Moore, K.
Ghanem (2013) The impact of combined
antiretroviral therapy on biologic false-positive rapid
plasma reagin serologies in a longitudinal cohort of
HIV-infected persons. Clinical Infectious Diseases.
https://doi.org/10.1093/cid/ cit445

3. R. Peeling, Htun Ye (2004) Diagnostic tools
for preventing and managing maternal and congenital
syphilis: an overview. Bulletin of the World Health
Organization. https://doi.org/10.1590/S0042-
96862004000600010

4, Bin Chen, Zhijian Jiang, MinHong Lv (2025)
Autoimmune diseases drive biological false-positive
syphilis serology: A retrospective cohort of 35,995
tests. Clinica chimica acta; international journal of
clinical chemistry.
https://doi.org/10.1016/j.cca.2025.120643

5. I. Oboho, K. Gebo, Richard D. Moore, K.
Ghanem (2013) P2.069* Factors Associated with
Biologic False Positive Rapid Plasma Reagin (RPR)
Serologies in HIV-1-Infected Persons. Sexually
Transmitted Infections.
https://doi.org/10.1136/sextrans-2013-051184.0334
6. E. Dassah, Y. Adu-Sarkodie, P. Mayaud
(2016) Performance of Syphilis Sentinel Surveillance
in the context of endemic Treponematoses:
experience from Ghana. BMC Infectious Diseases.
https://doi.org/10.1186/s12879-016-2085-y

7. E. Williams, Devin J Kennedy, Michael E.
Hoffer, et al (2023) Chronic False Positive Rapid
Plasma Reagin (RPR) Tests Induced by COVID-19
Vaccination. COVID.
https://doi.org/10.3390/covid3090090

8. Dimitrios Korentzelos, Vandana Baloda,
Yujung Jung, et al (2022) COVID-19 mRNA
Vaccines May Cause False Reactivity in Some
Serologic Laboratory Tests, Including Rapid Plasma
Reagin Tests. American Journal of Clinical
Pathology. https://doi.org/10.1093/ajcp/aqac025

9. Brandon Chatani, Aida I Chaparro, P.
Alvarez, et al (2021) 1166. Reverse Syphilis Screening
and Adherence to The Congenital Syphilis
Guidelines: Institutional Experience. Open Forum
Infectious Diseases.
https://doi.org/10.1093/ofid/ ofab466.1359

10. Terin T. Sytsma, E. Theel, Zelalem
Temesgan, M. Toledano (2020) 339. Assessing
Utilization of the Venereal Disease Research
Laboratory Test in Cerebrospinal Fluid for the

Diagnosis of Neurosyphilis: A Cohort Study. Open
Forum Infectious Diseases.
https://doi.org/10.1093/0fid/0faa439.534

11. M. Forsythe, H. Lee, R. C. Benirschke (2023)
A-180 A Retrospective Review of Syphilis Serology
Interpretation ~ Accuracy. Clinical Chemistry.
https://doi.org/10.1093/clinchem/hvad097.162

12. V. S. Sandes (2017) Analise de nova
metodologia na triagem sorolégica para sifilis em
doadores de sangue

13. W. Ngan, P. Chiu, H. Chung (2014) Primary
Sjogren Syndrome Masquerading As a False-Positive
Venereal Disease Research Laboratory and
Fluorescent Treponemal Antibody Absorption Test in
an Elderly Woman. Journal of The American
Geriatrics Society.
https://doi.org/10.1111/jgs.13013

14. E. Larsen, Tony Kim, S. Stahlman, et al
(2019) P766 Slings and arrows of syphilis surveillance:
the department of defense experience with
administrative case finding. Poster Presentations.
https://doi.org/10.1136/sextrans-2019-sti.824

15. Katherine Soreng, Roma Levy, Y. Fakile
(2014) Serologic Testing for Syphilis: Benefits and
Challenges of a Reverse Algorithm. Clinical
Microbiology Newsletter.
https://doi.org/10.1016/j.clinmicnews.2014.12.001
16. Fatima Johari, Michelle Ordoveza Cho
(2024) Operating characteristics of diagnostic tests for
syphilis. Academic Emergency Medicine.
https://doi.org/10.1111/acem.15008

17. M. Morshed, A. Singh (2014) Recent Trends
in the Serologic Diagnosis of Syphilis. Clinical and
Vaccine Immunology.
https://doi.org/10.1128/CVI1.00681-14

18. David Kriegel, Nancy Doles, Daria
Ravangard (2024) Evaluating effectiveness of
educational intervention on syphilis screening and
interpretation in a Family Medicine Residency.
Infectious Diseases.
https://doi.org/10.1370/afm.22.s1.6191

19. J. Matthias, Gayle Keller, Susan Cha, et al
(2018) Going Off Grid: Modeling an Automated
Record Search to Process Electronically Reported
Reactive Nontreponemal Syphilis Tests. Sexually
Transmitted Diseases.
https://doi.org/10.1097/0OLQ.0000000000000836
20. Hana Shabrina Purnama, Gema Putra
Bangsa (2026) The Comprehensive Systematic
Review of Diagnostic Accuracy of Rapid Point of
Care Tests for Syphillis. International journal of
medical science and health research.
https://doi.org/10.70070/t50h1w43

21. Patrick O’Byrne, Riley Dillabough, Kathleen
Whyte, et al (2025) Evaluating the MedMira
Multiplo® Complete Syphilis (TP/nTP) antibody test
in a sexually transmitted infection clinic in Ottawa,
Canada: increased rapid diagnosis and improved
antibiotic stewardship. BMC Infectious Diseases.
https://doi.org/10.1186/s12879-025-12263-w



How to Cite: Winaya KK, Wijaya N, Lestari FA The Systematic Review of False-Positive Non-Treponemal Tests:
Clinical Implications and Management .” European Journal of Clinical Pharmacy.2026;8(1):3667-3686.

22. Audrey C. Martin, J. Murphy, Todd L.
Foster (2025) Investigating the Effect of Vaccination
with Messenger RNA Coronavirus Disease 2019
Vaccine on False Positive RPR in Pregnancy. North
American Proceedings in Gynecology & Obstetrics.
https://doi.org/10.54053/001c.133221

23. Amanda C. Zofkie, Angela R. Seasely, D.
Gaffney, et al (2020) Syphilis Immunoassay Signal
Strength Correlates with Active Infection in Pregnant
Women. American Journal of Perinatology.
https://doi.org/10.1055/s-0039-3402748

24, M. Binnicker (2012) Which algorithm should
be used to screen for syphilis? Current Opinion in
Infectious Diseases.
https://doi.org/10.1097/QCO.0b013e32834e9a3c
25. A. Cantor, M. Pappas, M. Daeges, H. Nelson
(2016) Screening for Syphilis: Updated Evidence
Report and Systematic Review for the US Preventive
Services Task Force. Journal of the American Medical
Association (JAMA).
https://doi.org/10.1001/jama.2016.4114

26. R. Naesens, S. Vermeiren, J. van Schaeren,
A. Jeurissen (2011) FALSE POSITIVE LYME
SEROLOGY DUE TO SYPHILIS: REPORT OF 6
CASES AND REVIEW OF THE LITERATURE.
Acta Clinica Belgica.
https://doi.org/10.2143/ACB.66.1.2062517

27. Sage W R Geher, A. Spivak, Erika A
Sullivan, Tiffany F Ho (2025) P-1326. Trends in
Transgender Sexual Health: New Findings from
Syphilis Cases. Open Forum Infectious Diseases.
https://doi.org/10.1093/0ofid/ofae631.1504

28. Jennifer S. Lin, M. Eder, S. Bean (2018)
Screening for Syphilis Infection in Pregnant Women:
Updated Evidence Report and Systematic Review for
the US Preventive Services Task Force. Journal of the
American Medical Association (JAMA).
https://doi.org/10.1097/01.0gx.0000553101.60544.
68

29. K. Ghanem (2015) Management of Adult
Syphilis: Key Questions to Inform the 2015 Centers
for Disease Control and Prevention Sexually
Transmitted Diseases Treatment Guidelines. Clinical
Infectious Diseases.
https://doi.org/10.1093/cid/civ714

30. M. Bukar, B. Audu, U. 1. Takai, et al (2009)
Is routine antenatal screening for syphilis in Nigeria
still justified clinically and economically? Saudi
Medical Journal

31. Judah K Gruen, Joseph Sharp, Stephanie
Sweitzer (2021) 1349. How Anchored is the Chancre?
A Chart Review of Syphilis Treatment by a Safety Net
Emergency Department in Atlanta, GA. Open Forum
Infectious Diseases.
https://doi.org/10.1093/ofid/ ofab466.1541

32. Jeannette Guarner, Meliha Begovic, S.
Reynolds, Alethea Luo-Gardner (2025) 70 Do
quantitative results from treponemal antibody tests
correlate with rapid plasma reagin (RPR) titers?

American  Journal of Clinical Pathology.
https://doi.org/10.1093/ajcp/aqaf121.497

33. B. D. Nelson, Sonia Mehra, Shelley M
Lawerence (2026) P-499. Evaluation for congenital
syphilis at a single center in Utah from 2014-2023.
Open Forum Infectious Diseases.
https://doi.org/10.1093/ofid/ ofaf695.714

34. Tracy A. Wolff, E. Shelton, C. Sessions,
Therese Miller (2009) Screening for Syphilis Infection
in Pregnant Women: Evidence for the U.S. Preventive
Services Task Force Reaffirmation Recommendation
Statement. = Annals of Internal Medicine.
https://doi.org/10.7326/0003-4819-150-10-
200905190-00009

35. Ying Zhang, S. Goh, Maeve B. Mello, et al
(2022) Improved rapid diagnostic tests to detect
syphilis and yaws: a systematic review and meta-
analysis. Sexually Transmitted Infections.
https://doi.org/10.1136/sextrans-2022-055546

36. Richard Watkins, J. O'donnell (2008) AIDS
Patient With False-Positive Cerebrospinal Fluid
VDRL, Blindness, and Neurosensory Deafness From
Varicella Zoster Virus. Infectious Diseases in Clinical
Practice.
https://doi.org/10.1097/IPC.0B013E31816FD59E
37. Michelle L. Henninger, S. Bean, Jennifer S.
Lin (2022) Screening for Syphilis Infection in
Nonpregnant Adults and Adolescents: Updated
Evidence Report and Systematic Review for the US
Preventive Services Task Force. Journal of the
American Medical Association (JAMA).
https://doi.org/10.1001/jama.2022.8612

38. Gary N. Asher, M. Viswanathan, A.O.
Takyi, et al (2025) Screening for Syphilis Infection
During Pregnancy: Updated Evidence Report and
Systematic Review for the US Preventive Services
Task Force. Journal of the American Medical
Association (JAMA).
https://doi.org/10.1001/jama.2025.1179

39. Jillian T Henderson, Elizabeth M. Webber,
S. Bean (2018) Screening for Hepatitis B Infection in
Pregnant Women: Updated Evidence Report and
Systematic Review for the US Preventive Services
Task Force. Journal of the American Medical
Association (JAMA).
https://doi.org/10.1001/JAMA.2019.1655

40. Chinami Fujimori, N. Yukimasa, Keisuke
Miura, et al (2009) [Evaluation of the anti-TP
antibody latex agglutination immunoassay in routine
testing and a clinical viewpoint]. Rinsho byori The
Japanese journal of clinical pathology

41. S. Tuddenham, C. Obeng, K. Ghanem
(2015) Neurosyphilis and ophthalmic syphilis in
persons with negative rapid plasma reagin and
positive treponemal antibody test results. Sexually
Transmitted Diseases.
https://doi.org/10.1097/0OLQ.0000000000000282
42. Tamara Audrey Kadarusman, Sacharissa
Zerlina Tsarwah Thirafi, Niki Kusuma Bangsa, et al
(2021) LITERATURE REVIEW: SENSITIVITY



How to Cite: Winaya KK, Wijaya N, Lestari FA The Systematic Review of False-Positive Non-Treponemal Tests:
Clinical Implications and Management .” European Journal of Clinical Pharmacy.2026;8(1):3667-3686.

AND SPECIFICITY OF VDRL AND RPR AS
SCREENING TESTS OF SYPHILIS IN
PREGNANT WOMEN. Journal of Community
Medicine  and  Public  Health  Research.
https://doi.org/10.20473/jcmphr.v2i2.26334

43, G. Lazenby, K. Martin, J. E. Korte, et al
(2025) Evaluation of the electronic health record as a
tool for maternal and congenital syphilis surveillance.
Sexually Transmitted Diseases.
https://doi.org/10.1097/0LQ.0000000000002281
44. S. Sethi, A. Mewara, V. Hallur, et al (2015)
Rising trends of syphilis in a tertiary care center in
North India. Indian journal of sexually transmitted
diseases and AIDS. https://doi.org/10.4103/0253-
7184.167137

45. E. Angel-Miiller, C. Grillo-Ardila, Jairo
Amaya-Guio, Nicolas A Torres-Montafiez (2021)
Diagnostic Accuracy of Rapid Point-of-Care Tests for
Detecting Active Syphilis: A Systematic Review and
Meta-Analysis. Sexually Transmitted Diseases.
https://doi.org/10.1097/0OLQ.0000000000001498
46. Jeeyong Kim, Woo-Hyeun Kim, C. Cho, et
al (2008) [Evaluation of automated architect syphilis
TP as a diagnostic laboratory screening test for
syphilis]. The Korean Journal of Laboratory
Medicine.
https://doi.org/10.3343/kjlm.2008.28.6.475

47. Daniel A. Ortiz, M. Loeffelholz (2017)
Evaluation of the Lumipulse G  TP-N
Chemiluminescent Immunoassay as a Syphilis
Screening Test. Journal of Clinical Microbiology.
https://doi.org/10.1128/JCM.00966-17

48. Eric W Tang, Kimberly J Paiva, Diane L
Pytel-Parenteau, et al (2020) Evaluation of BioPlex
2200 Syphilis Total With Automated Rapid Plasma
Reagin: Experience From a Tertiary Medical Center.
Sexually Transmitted Diseases.
https://doi.org/10.1097/0LQ.0000000000001153
49. Y. Saral, A. R. Dilek, N. Dilek, et al (2012)
Serologic diagnosis of syphilis: comparison of
different diagnostic methods. Acta
dermatovenerologica Croatica : ADC

50. T. Krasnoselskikh, E. B. Manasheva, M. A.
Gezei (2018) DIAGNOSIS AND TREATMENT OF
SYPHILIS IN PATIENTS COINFECTED WITH
HUMAN IMMUNODEFICIENCY. HIV Infection
and Immunosuppressive Disorders.
https://doi.org/10.22328/2077-9828-2018-10-2-43-
53

51. N. Uthayakumar, E. Jungmann (2016) P181
Do we need to routinely re-screen heterosexual
patients for HIV and Syphilis when they reattend
GUMY/SRH clinics? (Improving clinical practice and
service delivery). Sexually Transmitted Infections.
https://doi.org/10.1136/sextrans-2016-052718.231
52. N. Sherriff, M. Mirandola, Ronaldo Silva, et
al (2024) Independent clinic-based evaluation of dual
POCTs for screening for HIV and syphilis in men who
have sex with men in Italy, Malta, Peru, and the

United Kingdom. BMC Infectious Diseases.
https://doi.org/10.1186/s12879-024-09019-3

53. R. Bronzan, Dan C Mwesigwa-Kayongo, D.
Narkunas, et al (2007) Onsite Rapid Antenatal
Syphilis Screening With an Immunochromatographic
Strip Improves Case Detection and Treatment in
Rural South African Clinics. Sexually Transmitted
Diseases.
https://doi.org/10.1097/01.01q.0000245987.78067.0
c

54. E. Mathai, M. Mathai, J. Prakash, S.
Bergstrom (2001) Audit of management of pregnant
women with positive VDRL tests. National Medical
Journal of India

55. Elizabeth A. Gilliams, Zachary Lorenz, M.
Hamill (2023) Syphilis Serologies: A Practical
Approach for the Primary Care Clinician. The
Medical clinics of North America.
https://doi.org/10.1016/j.mcna.2023.08.002

56. T. Menza, K. Levine, C. Grasso, K. Mayer
(2019) Evaluation of 4 Algorithms to Identify Incident
Syphilis Among HIV-Positive Men Who Have Sex
With Men Engaged in Primary Care. Sexually
Transmitted Diseases.
https://doi.org/10.1097/0OLQ.0000000000000938
57. K. Osbak, S. Abdellati, A. Tsoumanis, et al
(2017) Evaluation of an automated quantitative latex
immunoturbidimetric non-treponemal assay for
diagnosis and follow-up of syphilis: a prospective
cohort study. Journal of Medical Microbiology.
https://doi.org/10.1099/jmm.0.000559

58. Marla Victoria Ardila Pena (2024)
CONGENITAL SYPHILIS: COMPREHENSIVE
REVIEW OF CLINICAL PRESENTATIONS,
DIAGNOSTIC APPROACHES, AND
EVALUATION STRATEGIES. Global Journal For
Research Analysis.
https://doi.org/10.36106/gjra/9605510

59. M. Drozhdina (2019) Systematic review of
current studies of the problem of serological non-
responsiveness after treatement of syphilitic infection.
Immunopathology, Allergology, Infectology.
https://doi.org/10.14427/jipai.2019.3.43

60. TaTbaHa BanepbeBHa KpacHocenbckux, E.
b. MaHameBa, Mapus AnekcanapoBHa ['ezeit (2018)
[TPOBJIEMBI JAWUATHOCTUKH 154 JIEHEHUA
CUDPUJIMCA TIPU KOUHOPEKIHUKW BHUPYCOM
WUMMYHO/JEPUIINTA YEJIOBEKA.
https://doi.org/10.22328/2077-9828-2018-10-2-43-
53

61. Molly E Kent, F. Romanelli (2008)
Reexamining Syphilis: An Update on Epidemiology,
Clinical Manifestations, and Management. The
Annals of Pharmacotherapy.
https://doi.org/10.1345/aph.1K086

62. J. Tucker, Jin Bu, L. Brown, et al (2010)
Accelerating worldwide syphilis screening through
rapid testing: a systematic review. Lancet Infectious
Diseases (Print). https://doi.org/10.1016/S1473-
3099(10)70092-X



How to Cite: Winaya KK, Wijaya N, Lestari FA The Systematic Review of False-Positive Non-Treponemal Tests:
Clinical Implications and Management .” European Journal of Clinical Pharmacy.2026;8(1):3667-3686.

63. Michael G Hunter, P. Robertson, J. Post
(2013) Significance of isolated reactive treponemal
chemiluminescence immunoassay results. Journal of
Infectious Diseases.
https://doi.org/10.1093/infdis/jis459

64. Ferris Satyaputra, S. Hendry, M. Braddick, et
al (2021) The Laboratory Diagnosis of Syphilis.
Journal of Clinical Microbiology.
https://doi.org/10.1128/JCM.00100-21

65. N. Zetola, Joseph Engelman, T. Jensen, J.
Klausner (2007) Syphilis in the United States: an
update for clinicians with an emphasis on HIV
coinfection. Mayo Clinic proceedings.
https://doi.org/10.4065/82.9.1091

66. James R. Roberts (2022) InFocus.
Emergency Medicine News.
https://doi.org/10.1097/01.eem.0000831224.17224.
03

67. T. T. Chao, J. Sheffield, G. Wendel, et al
(2011) Risk Factors Associated with False Positive
HIV Test Results in a Low-Risk Urban Obstetric
Population. Journal of Pregnancy.
https://doi.org/10.1155/2012/841979

68. P. Zarakolu (2023) [Recent Advances in
Laboratory Diagnosis of Syphilis]. Mikrobiyoloji
Bulteni. https://doi.org/10.5578/mb.20239912

69. Harriet Wallace, Harriet M Broombhall, C.
Isitt, et al (2016) Serological follow-up of infants born
to mothers with positive syphilis serology — real-world
experiences. International Journal of STD and AIDS.
https://doi.org/10.1177/0956462415612394

70. M. Lépez-Zambrano, Gustavo Bricefio, A.
Rodriguez-Morales (2009) Trends in the prevalence of
HIV and syphilis among pregnant women under
antenatal care in central Venezuela. International
Journal of Infectious Diseases.
https://doi.org/10.1016/j.1jid.2008.08.012

71. Michael E. Tsimis, J. Sheffield (2017) Update
on syphilis and pregnancy. Birth Defects Research.
https://doi.org/10.1002/bdra.23562

72. I. Muller, V. Brade, H. Hagedorn, et al (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. Journal of Clinical Microbiology.
https://doi.org/10.1128/JCM.44.4.1335-1341.2006
73. T. Herremans, L. Kortbeek, D. Notermans
(2010) A review of diagnostic tests for congenital
syphilis in newborns. European Journal of Clinical
Microbiology and Infectious Diseases.
https://doi.org/10.1007/s10096-010-0900-8

74. G. Kaur, P. Kaur (2015) Syphilis testing in
blood donors: an update. Blood transfusion =
Trasfusione del sangue.
https://doi.org/10.2450/2014.0146-14

75. E. Kersh, K. Workowski (2020) Evidence
Review for Centers for Disease Control and
Prevention Guidance Development on Laboratory
Testing to Detect Treponema pallidum Infection

(Syphilis). Clinical Infectious Diseases.
https://doi.org/10.1093/cid/ciaa348

76. J. Tucker, Jonathan Z. Li, G. Robbins, et al
(2010) Ocular syphilis among HIV-infected patients: a
systematic analysis of the literature. Sexually
Transmitted Infections.
https://doi.org/10.1136/5t1.2010.043042

77. Vicky Jespers, Sabine Stordeur, Anja
Desomer, et al (2023) Diagnosis and management of
gonorrthoea and  syphilis. KCE  Reports.
https://doi.org/10.57598/1310s

78. C. Tipple, G. Taylor (2015) Syphilis testing,
typing, and treatment follow-up: a new era for an old
disease. Current Opinion in Infectious Diseases.
https://doi.org/10.1097/QC0.0000000000000124
79. Weiping Cao, Phoebe G. Thorpe, Kevin P.
O'Callaghan, Ellen N. Kersh (2023) Advantages and
limitations of current diagnostic laboratory
approaches in syphilis and congenital syphilis. Expert
Review of Anti-Infective Therapy.
https://doi.org/10.1080/14787210.2023.2280214

80. E. Adhikari (2026) Diagnosis and
Management of Syphilis in Pregnancy. Obstetrics and
Gynecology.

https://doi.org/10.1097/ AOG.0000000000006166



