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1 Research Article

Evaluation of syphilis screening results in donors applying to a
transfusion center of a tertiary hospital

Uctincii Basamak Bir Hastanenin Transfiizyon Merkezine Basgvuran
Dondorlerde Sifiliz Tarama Sonuclarinin Degerlendirilmesi
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Abstract

Aim: In blood banking, the significance of diagnosing syphilis, a condition caused by Treponema pallidum, cannot be
overstated. It necessitates the adoption of the most appropriate algorithm for catching possible cases among donors,
thereby minimizing donor loss. The World Health Organization in 2003, and the European Centre for Disease Prevention
and Control in 2010, advised starting syphilis screenings with Treponemal tests. This study aimed to investigate the
outcomes of confirmatory tests conducted on blood donor candidates with reactive Enzyme-Linked Immunosorbent
Assay (ELISA) test results in syphilis screening.

Material and Methods: In this retrospective study, 69,127 donors who applied as blood donors to the blood bank of Ankara
Gulhane Training and Research Hospital between 2014 and 2021 were examined. Specimens from donor candidates who
tested reactive in the syphilis screening test were dispatched to the Microbiology Reference Laboratory of the Turkey
Public Health Institution for verification tests. The Fluorescent Treponemal Antibody Absorption (FTA-ABS) or Treponema
Pallidum Hemagglutination Assay (TPHA) tests were utilized as the verification tests.

Results: Reactive test results were obtained repeatedly in 128 donors (0.18%). As a confirmatory test, TPHA was administered
to 32donors, resultingin 11 positive outcomes (34.3%) (False positivity ratio = 65.7%). FTA-ABS was performed as a verification
test on 96 donors, with 59 (61.4%) testing positive (False positivity ratio = 38.6%). Out of 48 donors with an ELISA signal-to-
cutoff ratio above five, the FTA-ABS test was conducted on 42, yielding 41 positive and one negative result.

Conclusion: The transmission of Treponema pallidum through blood transfusion is a significant adverse event, so the most

suitable tests should be used for the screening of blood donors. This study suggests that using FTA-ABS as a confirmatory
test for ELISA-reactive donors improves syphilis detection accuracy.
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Amag: Kan bankaciliginda Treponema pallidum'un neden oldudus sifiliz tanisi halk saghg agisindan énemlidir. Donorler
arasindaki olasi vakalarin yakalanmasi ve bdylece donér kaybinin en aza indirilmesi icin en uygun algoritmanin
benimsenmesi gerekmektedir. 2003 yilinda Diinya Saglk Orgiiti ve 2010 yilinda Avrupa Hastalik Onleme ve Kontrol
Merkezi, sifiliz taramalarina Treponemal testlerle baslanmasini tavsiye etti. Bu calismada, kan bagdiscisi adaylarinda sifiliz
taramasinda reaktif Enzime Bagli immiinosorbent Test (ELISA) sonuclari ile yapilan dogrulayici testlerin sonuclarinin
arastirlmasi amaclandi.

Gereg ve Yontemler: Retrospektif olarak yapilan bu calismada, 2014-2021 yillari arasinda Ankara Gilhane Egitim ve
Arastirma Hastanesinin kan bankasina kan bagiscisi olarak basvuran 69.127 badisci incelendi. Sifiliz tarama testinde reaktif
¢ikan donor adaylarindan alinan ornekler, dogrulama testleri icin Tirkiye Halk Saghgi Kurumu Mikrobiyoloji Referans
Laboratuvari'na gonderildi. Dogrulama testleri olarak Floresan Treponemal Antikor Emilimi (FTA-ABS) veya Treponema
Pallidum Hemaglitinasyon Testi (TPHA) testleri kullanild.

Bulgular: 128 dondrde (%0,18) tekrar tekrar reaktif test sonuglar elde edildi. Dogrulayici bir test olarak 32 donore
TPHA uygulandi ve 11 pozitif sonug (%34,3) elde edildi (Yanlis pozitiflik orani = %65,7). FTA-ABS, dogrulama testi olarak
96 donorde yapildi ve 59'unun (%61,4) testi pozitif ¢cikti (Yanlis pozitiflik orani = %38,6). ELISA sinyal-kesme orani besin
Uzerinde olan 48 dondrden 42'sinde FTA-ABS testi yapildi ve 41 pozitif ve bir negatif sonuc elde edildi.

Sonuclar: Kan transflizyonu ile iliskili Treponema pallidum bulasmasi énemli bir istenmeyen olay oldugundan, kan
dondrlerinin taranmasi icin en uygun testlerin kullaniimasi gerekmektedir. Bu ¢alisma, FTA-ABS'nin ELISA-reaktif donorler

Introduction

Syphilis remains a significant public health issue worldwide.
The disease is caused by Treponema pallidum (T. pallidum), a
spirochete bacterium, transmitted either sexually or from mother
to infant [1]. According to data from the Centers for Disease
Control and Prevention (CDC), there were 133,495 new cases of
syphilis reported in the United States in 2020. The number of
patients in the primary and secondary stages, which are highly
infectious, rose by 6.8% in 2020 compared to the figures from
the 2000s [2]. In our country, there were a total of 3,533 reported
cases in 2022, marking an increase of approximately 7.7 times
compared to the numbers from 2010 [3].

Serologic tests for diagnosing syphilis fall into two categories:
treponemal and non-treponemal tests. These serologic tests
are currently the most effective tools for screening and
diagnosing syphilis; they can indicate the disease's stage,
monitor treatment response, and may be the sole evidence
of disease in cases of latent infection [4]. Non-treponemal
tests detect immunoglobulin M (IgM) and immunoglobulin
G (IgG) antibodies produced against lipid antigens, such as
cardiolipin and lecithins, that are released due to cell damage
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icin dogrulayici bir test olarak kullanilmasinin, sifiliz tespit dogrulanmasini arttirdigini géstermektedir.

Anahtar Kelimeler: Kan donor taramasi; dogrulama testleri; sifiliz; Treponema pallidum

from both the host and the bacterium. These antibodies are
typically detectable from the sixth week of infection [5]. The
tests, which can provide quantitative results, include the
Rapid Plasma Reagin (RPR) and the Venereal Disease Research
Laboratory (VDRL) tests. A fourfold decrease in titers in these
tests is interpreted as a successful treatment response [6].

The ability to detect antibodies against T. pallidum antigens
using automated methods such as the Enzyme Immunoassay
(EIA) and the Chemiluminescence Immunoassay (CLIA) has
highlighted the importance of treponemal tests as a primary
screening tool. Consequently, the World Health Organization
(WHO) in 2003 and the European Center for Disease Prevention
and Control (ECDC) in 2010 recommended initiating syphilis
screening with treponemal tests [7, 8]. There are three different
diagnostic algorithms for syphilis: the classical algorithm, the
reverse algorithm, and the ECDC algorithm, each selected based
on the tests used in screening and confirmation. Since each
algorithm has its own set of advantages and disadvantages,
there is no definitive guidance on which one should be
universally applied. Therefore, this study aimed to investigate
the outcomes of confirmatory tests conducted on blood donor
candidates with reactive ELISA test results in syphilis screening.



Material and Methods

This retrospective study was conducted on patients who
admitted to the Blood Center of the Ankara Giilhane Training
and Research Hospital, between January 2014 and December
2021.The study was approved by the Ankara Gilhane Training
and Research Hospital Ethics Committee (Date: 16.05.2023,
Decision No: 2023-213) and was carried out in accordance with
the relevant ethical guidelines and the Helsinki Declaration
(2013 Brazil revision). Due to the retrospective design of the
study, the local ethics committee waived the necessity for
informed consent.

In this study, 69,127 donors under the age of 18 who admitted
to the Blood Center of the hospital during the aforementioned
years were retrospectively evaluated. The Architect i2000SR
EIA test was used as a routine screening test for HIV Ag/Ab
complex, anti-HCV, syphilis ELISA, HBsAg, and anti-HBc in
serum samples from all individuals applying to the blood bank
as donors. A concentration of = 1 mIU/ml in serum samples
was considered reactive for the syphilis antibody.

According to the National Guidelines for the Preparation,
Use, and Quality Assurance of Blood and Blood Components,
donors with reactive results from syphilis screening tests were
classified under "recurrent reactivity" if any of the repeated
tests remained reactive after two additional tests using
the same method. According to the definition in the same
guideline, results that corresponded to 10% of the threshold
and the specimen's
screening test result was recorded as 'reactive’. Donor samples
that exhibited recurrent reactive results were forwarded to

were considered 'indeterminate!

the Microbiology Reference Laboratory of the Public Health
Agency of Turkey for confirmatory testing. Confirmatory tests
were conducted using either FTA-ABS 1gG/IgM (Euroimmun,
Germany) or TPHA (Plasmatec, UK).

Statistical analysis

All data were analyzed with IBM SPSS Statistics for Windows
20.0 (IBM Corp., Armonk, NY, USA). Numerical data determined
to be normally distributed based on the results of Kolmogorov-
Smirnov tests are given as mean + standard deviation while non-
normally distributed variables are given as median (min - max).
Categorical variables are given as numbers and percentages.
Results

Between 2014 and 2021, all 69,127 donors screened for
syphilis using ELISA were first-time donors, and 0.18% of
them (n=128) had recurrent reactive test results. The annual
numbers of positive syphilis screening tests, as part of the
conducted microbiological screening tests, are shown in
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Figure 1. The mean age of these donors was 41.8+8.6 years,
and the vast majority were male (93.7%, n=120). Additionally,
the majority of the donors were married (89.8%) and had an
education level of high school or below (64.8%) (Table 1).
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Figure 1. The annual numbers of positive syphilis screening tests.

TPHA was conducted as a confirmatory test on 32 donors,
with 11 donors (34.3%) yielding positive results. The ELISA
test result for 65.7% of the donors who underwent TPHA as a
confirmatory test was assessed as false positive. Additionally,
FTA-ABS was administered as a confirmatory test to 96 donors,
of which 59 donors (61.4%) received positive results. The ELISA
test result for 38.6% of the donors who underwent FTA-ABS as
a confirmatory test was considered false positive.
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The FTA-ABS IgM result was negative in all 37 donors with a

negative FTA-ABS IgG. Among the 58 donors with a positive
FTA-ABS IgG, the FTA-ABS IgM result was positive in 5 donors.
Additionally, the FTA-ABS IgM result was positive in 1 donor
whose FTA-ABS IgG was at the limit value (Table 2).

Among the donors, 10 had screening test results classified
as "indeterminate” according to the national guideline. For
confirmatory testing, 5 of these donors were tested with FTA-
ABS and the remaining 5 with TPHA. Among the 5 donors who
underwent FTA-ABS, 3 tested positive and 2 tested negative. Of the
5 donors tested with TPHA, 2 were positive and 3 were negative.

There were 48 donors with an ELISA signal-to-cutoff value
above 5. Of these, 42 were tested with FTA-ABS, resulting in 41
positive and 1 negative outcome. Among the same group of
48 donors, 6 were tested for TPHA, with 5 testing positive and
1 testing negative.

Discussion

In the traditional approach to syphilis diagnosis, a non-
treponemal test is initially employed for screening purposes.
This method, however, is susceptible to a range of factors
that can lead to false-positive results. Such factors include the
presence of other infections (for instance, HIV), autoimmune
disorders, recent vaccinations, intravenous drug use,
pregnancy, and older age [9]. Despite these challenges, the
classical algorithm dictates that a positive result from a non-
treponemal test should be followed up with a treponemal test
for confirmation. A diagnosis of syphilis is considered when
both tests return positive results. Over time, the prevalence of
the classical algorithm's use has waned. This decline can be
attributed to several reasons: non-treponemal tests demand
interpretative expertise that is not universally available, the
process is time-consuming, which limits its utility in rapid
screening scenarios [10]. Moreover, the sensitivity of non-
treponemal tests may diminish in patients at the very early
or late stages of syphilis, thereby reducing their effectiveness

in accurately diagnosing the disease [11]. These limitations
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underscore the need for alternative diagnostic strategies that
can overcome the shortcomings of the classical algorithm.

The reverse algorithm, increasingly adopted in recent years,
inverts the traditional approach to syphilis screening. This
methodology initiates with a treponemal test to screen for
syphilis. Upon obtaining a positive result, a non-treponemal
test is then conducted to confirm the diagnosis. The
integration of treponemal tests into automated systems has
significantly streamlined the screening process, particularly
in facilities handling large volumes of samples, such as blood
banks. In 2011, the CDC reported the reverse algorithm as
a complementary method to the classical algorithm for
diagnosing syphilis in the United States [12]. The reverse
algorithm is a valuable diagnostic tool for detecting both
early and latent infections. However, it has some limitations.
One major drawback is that treponemal tests, integral to this
algorithm, are unable to distinguish between current and past
infections. This ambiguity necessitates the administration of
an additional treponemal test when results from treponemal
and non-treponemal tests do not align [13]. Following a
positive outcome on the second treponemal test, healthcare
professionals may consider initiating treatment for individuals
without a history of prior treatment. Conversely, for those with
a documented history of treatment and no a new history of
suspicious sexual contact, it is not recommended to proceed
with a new course of treatment [14].

The ECDC recommends the use of treponemal tests for
both screening and confirmation of syphilis [15]. Follow-
up treatment of patients diagnosed with this algorithm is
conducted according to non-treponemal tests. In our study,
syphilis testing using ELISA was conducted on 69,127 blood
donors, and 0.18% of the donors had recurrent reactive test
results. Compared to reports from other countries, our result
was lower than Ethiopia (1,820 per 100,000) [16], India (1,623.7
per 100,000) [17], China (326.8 per 100,000) [18], and Eritrea
China (600 per 100,000) [19], but higher than Brazil (140 per
100,000) [20], USA (54.6 per 100,000) [21], and Israel (47 per
100,000) [22]. The discrepancy among various studies may
be attributed to variations in the total sample size, the study
period, the seroprevalence of syphilis in the local general
population, and the test kits used. We attributed the lower
syphilis screening positivity in our center to the fact that
sexually transmitted disease prevention methods are well
implemented in our country and access to treatment is easy.
In a study in which 27,365 blood donors were examined in



Turkey, 32 (0.12%) syphilis screening test positive donors were
detected and a similar result was obtained in our center [23].

In the study conducted by Lee et al. [24], which involved
samples collected from 4,771 individuals, the seroprevalence
according to the traditional algorithm was 1.1%, while it
was 4.2% with other algorithms. It was noted that the lower
seroprevalence achieved through the classical algorithm
might pose a threat to public health [24]. Peng et al. reported
that the sensitivity and specificity of the classical algorithm
were low. They found that the reverse algorithm and ECDC
algorithms had a 99.99% concordance and suggested that
it was more appropriate to use Enzyme Immunoassay or
CLIA tests instead of T. Pallidum Particle Agglutination for
screening purposes [25]. At our center, syphilis screening for
donor candidates applying for blood donation is conducted
using the treponemal test with the ELISA method. For the
confirmation of patients whose treponemal test results are
recurrently reactive, a second treponemal test is performed
on serum samples in the Microbiology Reference Laboratory.
TPHA or FTA-ABS was used as a confirmatory test. FTA-ABS
demonstrates higher sensitivity in the diagnosis of syphilis
compared to TPHA and is often the first test to return positive
results [26]. In our study, the rate of false positivity in ELISA
tests among donors with reactive screening test results was
65.7% when confirmation was performed with TPHA, and
36.4% when confirmation was performed with FTA-ABS.
There is no specific standardization for employing TPHA or
FTA-ABS as confirmatory tests across different periods. This
lack of standardization hinders effective interpretation of the
differences in false positive rates observed in donors who
underwent confirmation with TPHA and FTA-ABS in our study.

In our study, the positivity rate in the group confirmed with
FTA-ABS was higher compared to the group confirmed with
TPHA. The selection of confirmatory tests for patients with
positive or indeterminate ELISA test results can vary. Among
the donors, 10 had indeterminate syphilis screening results; of
these, 3 positive donors were confirmed with FTA-ABS and 2
positive donors were confirmed with TPHA. Simultaneously,
antibody detection of 1 mIU/mL and above is regarded as
a reactive result, yet the positivity rate of the confirmation
test varies according to the antibody titer. In the group of 48
donors who exhibited an ELISA signal cut-off value greater
than 5, 95.8% received positive results in their confirmatory
tests, whereas 4.2% received negative results. While the false
positive rate in the group with an ELISA signal cut-off value
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of 5 and above was low, further research is needed for more
accurate and precise results.

This study had some significant limitations. This study
utilized a single-center, retrospective design, which may
lead to variations in syphilis seroprevalence across different
geographic areas. Furthermore, the results of Enzyme
Immunoassay and CLIA were compared across various
populations.

Conclusions

Our study indicates that while the initial reactive ELISA tests for
syphilis in blood donors at our tertiary hospital transfusion center
show a relatively low incidence rate (0.18%), the subsequent
confirmatory tests reveal significant differences in false positivity
rates between TPHA and FTA-ABS. Specifically, TPHA showed
a higher false positivity ratio compared to FTA-ABS, suggesting
that FTA-ABS may be a more accurate confirmatory test,
especially for cases with an ELISA signal-to-cutoff ratio above
five. These findings underscore the importance of using more
specific verification tests to reduce the number of healthy
donors incorrectly excluded from blood donation due to false
positive syphilis screening results. Implementing FTA-ABS as a
primary confirmatory test could enhance blood safety and donor
retention rates, aligning with global health recommendations for
syphilis testing in blood banks.

Conflict of Interest/ Funding

The study received no financial support from any individual or
organization, and the authors declare no conflict of interest.
Ethics Approval

The study was performed in accordance with the Declaration
of Helsinki, and was approved by the Ankara Gilhane Training
and Research Hospital Ethics Committee (Date: 16.05.2023,
Decision No: 2023-213).

Informed Consent

The need for informed consent was waived under the approval
of the Local Ethics Committee due to the retrospective design.

Availability of Data and Material: The data that support
the findings of this study are available on request from the
corresponding author, [Y.C.].
Authors’ contribution
Concept - Y.C., Design- Y.C., Data collection and/or processing
- Y.C., Analysis and/or interpretation - Y.C., Writing - Y.C. All

authors read and approved the final version of the manuscript.

121



VAEN

TJCL Volume 15 Number 1 p: 117-122

References

1.

10.

11.

12.

13.

14.

122

Tsimis ME, Sheffield JS. Update on syphilis and pregnancy. Birth
defects research. 2017;109:347-352.

Centers for Disease Control and Prevention. Sexually Transmitted
Disease Surveillance 2020. Access address: https://www.cdc.gov/
std/statistics/2020/2020-SR-4-10-2023.pdf, Access date: 10.01.2024.

T.C. Saghk Bakanhgr Halk Saghgr Genel Midurlugl Bulasic
Hastaliklar ve Erken Uyari Dairesi Baskanligi. Sifiliz istatistik.
2022. Access address: https://hsgm.saglik.gov.tr/depo/birimler/
bulasici-hastaliklar-ve-erken-uyari-db/Dokumanlar/Istatistikler/
sifiliz_istatistikleri.pdf, Access date: 10.01.2024.

Singh AE, Romanowski B. Syphilis: review with emphasis on
clinical, epidemiologic, and some biologic features. Clinical
microbiology reviews. 1999;12:187-209.

Soreng K, Levy R, Fakile Y. Serologic testing for syphilis: benefits
and challenges of a reverse algorithm. Clinical microbiology
newsletter. 2014;36:195-202.

WorkowskiKA, Bolan GA.Sexually transmitted diseases treatment
guidelines, 2015. MMWR. Recommendations and reports:
Morbidity and mortality weekly report. Recommendations and
reports. 2015;64:1.

World Health Organization. Guidelines for the management
of sexually transmitted infections. Switzerland 2003. Access
address: https://applications.emro.who.int/aiecf/web79.pdf,
Date of access: 20.02.2024

French P, Gomberg M, Janier M, Schmidt B, van Voorst Vader
PYoung H. [USTI: 2008 European guidelines on the management
of syphilis. International journal of STD & AIDS. 2009;20:300-309.

Tuddenham S, Katz SS, Ghanem KG. Syphilis laboratory
guidelines: performance characteristics of nontreponemal
antibody tests. Clinical Infectious Diseases. 2020;71:21-42.

Huh HJ, Chung J-W, Park SY, Chae SL. Comparison of automated
treponemal and nontreponemal test algorithms as first-line
syphilis screening assays. Annals of laboratory medicine.
2016;36:23.

Binder SR, Theel ES. Syphilis testing algorithms: A review. World
Journal of Immunology. 2016;6:1-8.

Control CfD, Prevention. Discordant results from
sequence syphilis screening--five laboratories, United States,
2006-2010. MMWR. Morbidity and mortality weekly report.

2011;60:133-137.

reverse

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

Ghanem KG. Management of adult syphilis: key questions to
inform the 2015 centers for disease control and prevention
sexually transmitted diseases treatment guidelines. Clinical
Infectious Diseases. 2015;61:5818-5836.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Janier M, Unemo M, Dupin N, Tiplica G, Poto¢nik MPatel R. 2020
European guideline on the management of syphilis. Journal
of the European Academy of Dermatology and Venereology.
2021;35:574-588.

Kebede E, Getnet G, Enyew G, Gebretsadik D. Transfusion
Transmissible Infections Among Voluntary Blood Donors at
Dessie Blood Bank, Northeast Ethiopia: Cross-Sectional Study.
Infect Drug Resist. 2020;13:4569-4576.

Kumari S. Prevalence and trends of hepatitis B virus, Hepatitis C
virus, Human immunodeficiency virus 1, 2 and syphilis infections
among blood donors in a regional transfusion center in Punjab,
India: A 3 years study. Indian J Sex Transm Dis AIDS. 2020;41:22-29.

Chen X, Liu Q, Sun P, Yuan S, Liao HZhang X. Prevalence of
Syphilis Infections Among Volunteer Blood Donors in Jinan
Blood Center, China: A 15-Year Retrospective Study. Infect Drug
Resist. 2022;15:6431-6440.

Siraj N, Achila OO, Issac J, et al. Seroprevalence of transfusion-
transmissible infections among blood donors at National Blood
Transfusion Service, Eritrea: a seven-year retrospective study.
BMC infectious diseases. 2018;18:1-9.

Baiao AM, Kupek E, Petry A. Syphilis seroprevalence estimates
of Santa Catarina blood donors in 2010. Rev Soc Bras Med Trop.
2014;47:179-185.

Kane MA, Bloch EM, Bruhn R, Kaidarova Z, Murphy EL.
Demographic determinants of syphilis seroprevalence among
U.S. blood donors, 2011-2012. BMC Infect Dis. 2015;15:63.

Vera L, Milka D, Nurith SL, Eilat S. Prevalence and Incidence

of Syphilis among Volunteer Blood Donors in Israel. J Blood
Transfus. 2014;2014:154048.

PARLAK M, OZLUK S, DEMIR C, RAGBETLI C. Kan Dondrlerinde
HBsAg, Anti-HCV, Anti-HIV ve Sifiliz Seroprevalansi. Kirikkale
Universitesi Tip Fakdiltesi Dergisi. 2015;17:1-6.

Lee S, Yu H-J, Lim S, Park H, Kwon M-JWoo H-Y. Evaluation of the
Elecsys syphilis electrochemiluminescence immunoassay as
a first-line screening test in the reverse algorithms for syphilis
serodiagnosis. International Journal of Infectious Diseases.
2019;80:98-104.

Peng J, Lu Y, Yu H, et al. Analysis of 2 reverse syphilis testing
algorithms in diagnosis of syphilis: a large-cohort prospective
study. Clinical Infectious Diseases. 2018;67:947-953.

Morshed MG, Singh AE. Recent trends in the serologic diagnosis
of syphilis. Clinical and vaccine immunology. 2015;22:137-147.



