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Abstract

A diagnostic performance study comparing the only Food and Drug Administration (FDA)-
approved, point-of-care (POC) treponemal test (Syphilis Health Check) and the World Health
organization (WHO)-pre-qualified SD Bioline POC treponemal test against a treponemal
hemagglutination test (TPHA) and a sequential algorithm of non-treponemal rapid plasma reagin
(RPR) and TPHA found both POC tests had >85% sensitivity compared with the TPHA and >85%
sensitivity and >95% specificity compared with the RPR and TPHA standards.

Single-step, rapid, point-of-care (POC) tests provide results in under 30 minutes and
improves access to care for many infectious diseases including syphilis [1]. Development
and validation of newer POC tests may accelerate timely treatment since RPR testing
requires a working laboratory with electricity. Syphilis testing is especially important for
pregnant women where 53.4-81.8% had adverse outcomes including stillbirth and
congenital syphilis in a recent meta-analysis.[2] The WHO has recommended the use of
POC rapid tests for syphilis [3, 4]; in countries with a high prevalence (3-5%) as in Uganda,
syphilis tests should be more than 85% sensitive and more than 95% specific. [4].

A number of POC rapid tests for syphilis are now available in Uganda on the open market
including the WHO pre-qualified SD Bioline (Yonghi Cho, Korea Kyogghi Do, Korea), the
ABON Syphilis Ultra Rapid test strip (Wellkang Ltd, London UK), rapid chromatographic
immunoassays for the qualitative detection of treponemal antibodies (1gG and IgM) in whole
blood, serum or plasma. The recently FDA-approved, CLIA-waived Syphilis Health Check
(Trinity Biotech, USA) is a qualitative, rapid treponemal membrane immuno-
chromatographic lateral flow assay. Prior evaluations of the Syphilis Health Check have only
been done in US populations, so more data on the performance of this syphilis POC test in
African populations with higher prevalence is needed.
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We sought to investigate the performance of the FDA-approved Syphilis Health Check and
the SD Bioline test compared to TPHA (Syphilis TPHA liquid Test Human GmbH
Wiesbaden, Germany) reference standard and also compared to the sequential diagnostic
algorithm (non-treponemal RPR followed by treponemal testing) recommended for use by
the Uganda National STD Treatment Guidelines in sexually transmitted disease (STD) and
antenatal clinic (ANC) attendees where syphilis testing is conducted routinely.

From February 2012 to June 2013, we conducted a cross-sectional study among outpatient
attendees =18 years of age at the STD and the ANC clinics of Mulago National Tertiary
Referral Hospital to compare the performance of the Syphilis Health Check and SD Bioline
POC tests for the diagnosis of syphilis. Using trained research assistants, we approached the
directors in the respective clinics and obtained their consent for involvement of their clinics
in the recruitment of study participants. Written informed consent was sought and given by
all participants. Persons who either presented with signs and symptoms suggestive of genital
ulcer disease to the two clinics or women who were pregnant were tested for syphilis and
screened using a standard of care testing algorithm of an non-treponemal rapid plasma
reagin (RPR) test (Carbon, Cypress Diagnostics, Langdorp Belgium) and treponemal
antibody (TPAb, ABON Syphilis Ultra Rapid Test)[5] confirmation. Participants received
pre- and post-test counseling for syphilis. A standardized pretested questionnaire was used
to collect basic socio-demographic data including age, sex and a history of symptoms related
to genital ulcer disease and other sexually transmitted infections. Data were transmitted to a
central data base using the DataFax data management system. Participants consented to
syphilis testing using all the tests under evaluation, but received a clinical syndromic
diagnosis as per national guidelines which was confirmed by a laboratory result based on the
RPR test and ABON TPAb confirmatory test in the clinic. Participants with a positive
confirmed test were provided treatment according to National Treatment Guidelines at the
STD clinic. They were also asked to bring in their partners for treatment. Partner and
subsequent treatment follow-up was conducted at the STD clinic. Pregnant participants were
treated according to guidelines specific for pregnancy in the National Treatment guidelines.
The study was reviewed by the Joint Clinical Research Center (JCRC) Internal Review
Board (IRB), the Johns Hopkins University IRB, and the Uganda National Council of
Science and Technology. Participants received compensation for their time as approved by
the IRBs.

The first 100 persons negative for syphilis as per testing protocol were consecutively
enrolled and confirmed by TPHA. Persons who tested positive by RPR and ABON TPAb
confirmatory test from each of the clinics were also consecutively enrolled in an effort to
reach a target of 100 positive participants. Blood samples from the enrolled participants
were also sent to the Makerere University Medical Microbiology Laboratory for the TPHA
test and to the Infectious Diseases Institute Translational Laboratory for the Syphilis Health
Check and the SD Bioline test, the syphilis POC tests. The tests were performed by
laboratory technologists who were blinded to the results from the other syphilis tests. All
participants were assigned a unique participant identified that was used to match the routine
STD lab testing with the testing done in the reference labs.
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Data were analyzed using the STATA statistical package (STATACorp. 2011. Stata Statistical
Software: Release 12. College Station, TX: StataCorp LP). Demographic characteristics
were presented as proportions or medians with interquartile ranges. Sensitivity and
specificity of the 2 POC syphilis lateral flow treponemal tests (SD Bioline and the Syphilis
Health Check) were calculated and compared with the TPHA test result and also against the
sequential algorithm.

A total of 215 persons were enrolled at the STD or ANC clinics who provided both
questionnaire data and blood samples for the tests; 144 participants (66.9%) were women.
The median age of participants was 26 years (IQR 22, 32). The majority of participants
(59%) had signs and symptoms of genital ulcers, 24% were referred by a medical worker
and 9% had come for a clinical check-up visit.

The sensitivity of the Syphilis Health Check (Trinity Biotech) against the TPHA reference
standard was 89.8% (95% CI; 82.0-95.0) and the specificity of the test was 92.3% (95% Cl;
85.9-96.4). The sensitivity of the SD Bioline rapid test compared to the TPHA Gold
standard was 91.8% (95%Cl; 84.6 — 96.4) and the specificity of the test was 82.9% (95% CI.
74.8 - 89.2) (Table 1)

The sensitivity of the Syphilis Health Check and the SD Bioline against the clinical
diagnostic algorithm of the sequential RPR and TPHA test was 95.3% (95% ClI; 88.4 — 98.7)
and 98.8% (95% ClI; 93.6 — 99.9), respectively. The specificity of the Syphilis Health Check
and the SD Bioline against the RPR/TPHA testing algorithm was 98.1% (95% ClI; 93.3 -
99.8) and 91.4% (95% CI; 84.3 — 96.0), respectively (Table 2). The sensitivity and
specificity of each test stratified by genitourinary symptoms against the TPHA, and the
TPHA+RPR reference standards are shown in the Supplemental Tables.

In our study, we found that the Syphilis Health Check (Trinity Biocheck), a rapid FDA
approved POC test for syphilis, had an acceptable sensitivity of 89.8% and specificity of
92.3% compared to the TPHA treponemal reference standard in this population in a
resource-limited setting and met the standard set by the WHO for acceptable performance of
a test (>85% sensitivity) [4]. Our data support the use of these tests as a screening tool in
this environment. We found that the SD Bioline rapid test, a WHO pre-qualified POC
treponemal syphilis test, had a higher sensitivity than the Syphilis Health Check test of
91.8% but had a lower specificity of 82.9% compared to the Syphilis Health Check when the
TPHA test was used as a reference standard. Similar sensitivities were found in several
previous studies of the SD Bioline test of 88% in whole blood and 99% in serum samples
[6-8], however, they found higher specificities of 98.5-99.4%. Specificity of only 90% was
found in another study from KwaZulu Natal, South Africa [9]. The Syphilis Health Check
had higher sensitivity than the RPR test. Earlier studies had found sensitivity of RPR at
77.5% in a rural population in Africa.[10] In our study, both tests showed acceptable
sensitivity, but lower specificity than the WHO recommended standard.

When compared to a sequential diagnostic algorithm, the recommended testing algorithm in
the National STD treatment guidelines in Uganda, both the Syphilis Health Check and the
SD Bioline met the WHO standards for sensitivity and specificity set by the WHO (>85%
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sensitivity and >95% specificity)[4]. Further analysis showed that both tests had higher
specificity when used among symptomatic patients compared to asymptomatic patients in
this sample. Among symptomatic patients, the Syphilis Health Check showed high
specificity compared to the SD Bioline when used against the RPR and TPHA algorithm
though the estimate is quite unstable due to small sample size. Further studies need to be
done for confirmation of this finding. Both tests performed well against the sequential RPR/
TPHA syphilis testing algorithm in this environment [1] and would, therefore, provide an
accurate and rapid alternative to this recommended diagnostic algorithm. This data could
inform the potential use of the Syphilis Health Check test alongside such tests as the SD
Bioline as rapid POC tests for syphilis in sub-Saharan Africa especially in pregnant women
and STD clinic attendees. Use of these tests could contribute greatly to easier screening and
treatment of syphilis in pregnancy and to the prevention of neonatal syphilis.

Limitations of the study include the fact that the study only used serological tests as a
reference standard and did not include dark field microscopy which is not available in our
setting. Therefore, we could have missed early infections and under reported true positives.
Further studies to look at symptoms among individuals with a positive RPR and a negative
TPHA are warranted. Our study only included positives consecutively sampled after the first
100 consecutively samples negatives of the antenatal and STD clinic populations. Therefore
we cannot make generalizable conclusions on the performance of the tests in larger
populations or on associated risk factors for syphilis in the population under study. In
addition we are unable to report results by study clinic.

In conclusion, both the rapid tests, Trinity Syphilis Health Check and SD Bioline, met
acceptable standards for use as a diagnostic test among at-risk populations such as STD
clinic attendees and pregnant mothers in Uganda. Rapid POC tests could improve access to
rapid diagnosis and treatment of syphilis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

All Sources of Support

Funding support for this study was obtained from the US4EB007958 National Institute of Biomedical Imaging and
Bioengineering at the National Institutes of Health for the Johns Hopkins Center for Point of Care Technologies
Research Network.

References

1. Peeling RW, Holmes KK, Mabey D, Ronald A. Rapid tests for sexually transmitted infections
(STIs): the way forward. Sex Transm Infect. 2006; 82(Suppl 5):v1-6. [PubMed: 17151023]

2. Gomez GB, Kamb ML, Newman LM, Mark J, Broutet N, Hawkes SJ. Untreated maternal syphilis
and adverse outcomes of pregnancy: a systematic review and meta-analysis. Bull World Health
Organ. 2013; 91:217-226. [PubMed: 23476094]

3. Mabey D, Peeling RW, Ballard R, Benzaken AS, Galban E, Changalucha J, et al. Prospective, multi-
centre clinic-based evaluation of four rapid diagnostic tests for syphilis. Sex Transm Infect. 2006;
82(Suppl 5):v13-16. [PubMed: 17215274]

Sex Transm Dis. Author manuscript; available in PMC 2017 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nakku-Joloba et al.

Page 5

. WHO, TDR. Evaluation of rapid diagnostic tests: syphilis. In; WHO/TDR report : Sexually

Transmitted Diseases Diagnostics Initiative. 2006. p. S33-S40.http://apps.who.int/iris/bitstream/
10665/43590/1/TDR_SDI_06.1_eng.pdf

. Nessa K, Alam A, Chawdhury FA. Field evaluation of simple rapid tests in the diagnosis of syphilis.

Int J STD AIDS. 2008; 19:316-320. [PubMed: 18482961]

. LiJ, Zheng HY, Wang LN, Liu YX, Wang XF, Liu XR. Clinical evaluation of four recombinant

Treponema pallidum antigen-based rapid diagnostic tests for syphilis. J Eur Acad Dermatol
Venereol. 2009; 23:648-650. [PubMed: 19470078]

. Wang LN, Yang L, Zheng HY. Clinical evaluation of four recombinant Treponema pallidum antigen-

based rapid tests in the diagnosis of syphilis. Chin Med Sci J. 2007; 22:250-253. [PubMed:
18246673]

. Causer LM, Kaldor JM, Fairley CK, Donovan B, Karapanagiotidis T, Leslie DE, et al. A laboratory-

based evaluation of four rapid point-of-care tests for syphilis. PLoS One. 2014; 9:91504. [PubMed:
24618681]

. Dlamini NR, Phili R, Connolly C. Evaluation of rapid syphilis tests in KwaZulu-Natal. J Clin Lab

Anal. 2014; 28:77-81. [PubMed: 24395488]

10. West B, Walraven G, Morison L, Brouwers J, Bailey R. Performance of the rapid plasma reagin

and the rapid syphilis screening tests in the diagnosis of syphilis in field conditions in rural Africa.
Sex Transm Infect. 2002; 78:282-285. [PubMed: 12181468]

Sex Transm Dis. Author manuscript; available in PMC 2017 October 01.


http://apps.who.int/iris/bitstream/10665/43590/1/TDR_SDI_06.1_eng.pdf
http://apps.who.int/iris/bitstream/10665/43590/1/TDR_SDI_06.1_eng.pdf

Page 6

Nakku-Joloba et al.

pJepuels adualajal WHJL ay1 01 pasedwod $1s81 %23y YijeaH sijiydAs pue auljorg @s syl Buisn aanisod palsal oym syuedioned Jo (N) JsquinN

Author Manuscript

STC LTT 86 [e10L 12 LTT 86 [e10L
81T 80T 0T | annebaN GOT 16 8 | anneloN
16 6 88 | enmisod 01T 0z 06 | @Amsod
[eloL | aAnoess-UON | anncesy #9UD YleaH sIliydAS | [eloL | SAIESI -UON | BANdESY aulolg as
VHdL VHdL

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Sex Transm Dis. Author manuscript; available in PMC 2017 October 01.



Page 7

Nakku-Joloba et al.

Author Manuscript

S8 06T S0T 58 06T S0T 58 [eloL
L0T €01 v | aniebaN L6 96 T | annefaN
€8 [4 18 | 8Alisod €6 6 ¥8 | anlIsod
[EI0L | ®AI0ES1 -UON | 8AI0ESY Y98UD YiESH SIIYdAS | [elol | 9A10eal -UON | 9AI0esY aulolg as
VHd1+ddd VHd1+ ddd

¢ 9lqeL

Author Manuscript

Author Manuscript

wyiiobe Bunsey
30UdJ3J8) WHJL pue 1531 Hd¥ ayl 01 pasedwod $1sa] ¥9ayD YljeaH sijiydAS pue auljoig as ayr Buisn aanisod palss) oym siuedioned Jo (N) JaquinN

Author Manuscript

Sex Transm Dis. Author manuscript; available in PMC 2017 October 01.



	Abstract
	References
	Table 1
	Table 2

