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Abstract

Background The Bioline™ HIV/Syphilis Duo rapid diagnostic test (RDT) is the first World Health Organization (WHO)
prequalified Duo RDT for the simultaneous detection of human immunodeficiency virus (HIV) and Treponema
pallidum antibodies in human blood samples. Several studies have shown the satisfactory diagnostic performance of
this test among vulnerable populations such as pregnant women. However, the diagnostic performance of this Duo
test is scarce in the general population in Cameroon. The present study aimed to assess the diagnostic performance
of the Abbot Bioline™ HIV/Syphilis Duo RDT in Cameroon.

Methods A laboratory based cross-sectional and comparative study was conducted from January, 6th to June, 19th
2024 on serum/plasma collected from adult individuals (aged: > 21 years), recruited consecutively in health facilities
in eight regions of Cameroon. The blood samples were received and stored at the National Public Health Laboratory
(NPHL). The Bioline™ HIV 1/2 test was performed following the national testing algorithm with Determine™ HIV 1/2
(first test) and KHB Shanghai HIV1/2 (second test). Meanwhile, the performance of the Bioline™ syphilis test was
compared with the Hightop RDT and Treponema pallidum hemagglutination assay (TPHA). The enzyme linked
immunosorbent assay (ELISA) was used as the reference assay. Sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), accuracy and Cohen'’s kappa (k) value were calculated for each marker against the
reference assay within a 95% confidence interval (Cl) using Epi-info version 7, MedCalc and QuickCalcs for online
statistical analysis.

*Correspondence:
Christian Taheu Ngounouh
taheuchristian@gmail.com

Full list of author information is available at the end of the article

© The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12879-026-12531-3
http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-026-12531-3&domain=pdf&date_stamp=2026-2-2

Nguwoh et al. BVIC Infectious Diseases _#i#t#############HHHH####_

Page 2 of 11

Results A total of 534 blood samples were tested at the NPHL with 70.97% (379/534) from females and 29.03%
(155/534) from males. For HIV diagnosis, the Bioline™ HIV1/2 test had a sensitivity of 99.70% (95% Cl: 98.30-99.9),
specificity of 98.5% (95% Cl: 95.58-99.5), PPV of 99.1% (95% Cl: 97.40-99.7), NPV of 99.5% (95% Cl: 97.3-99.9), accuracy
0f 99.1%(95% Cl: 97-99.7) and Cohen’s kappa of 98.4%(95% C1:96.7-99.9). For syphilis diagnosis, the Bioline™ test had

a sensitivity of 95% (95% Cl: 73.7-99.7), specificity of 100% (95% Cl: 99.1-100), PPV of 100% (95% Cl: 79.1-100), NPV of
99.8% (95% Cl: 98.7-100), accuracy of 99.9% (95% Cl: 99-100), and Cohen’s kappa of 97.39%(95% C1:92.1-100).

Conclusion The results of this study show that the Abbot Bioline™ HIV/Syphilis Duo RDT has a good performance.
Therefore, we suggest that this test could be suitable for use in the diagnosis of HIV and syphilis.

Keywords Bioline™ HIV/Syphilis, RDT, Sensitivity, Specificity, PPV, NPV, Accuracy

Background

HIV and syphilis are both sexually transmitted infections
(STIs) that persists as a significant public health prob-
lem despite the accessibility of an effective and afford-
able treatment for more than ten years [1-3]. These two
STIs share similar transmission routes including bodily
fluids of an infected person, blood transfusions, breast
milk, semen and vaginal secretions, from mother to
child [3-6]. The incidence of syphilis has been increasing
in several settings, singularly in countries with limited
resources and among vulnerable populations, includ-
ing pregnant women and people living with HIV [7-9].
WHO has recently called for the triple elimination of
mother-to-child transmission (MTCT) of HIV, syphilis
and hepatitis B virus, with new strategies and integrated
monitoring and evaluation activities [5]. Thus, screening
for HIV and syphilis in pregnant women is recommended
by the WHO to prevent MTCT, to reduce the morbid-
ity and mortality associated with these undiagnosed and
untreated infections [10].

In Cameroon, HIV and syphilis remain major pub-
lic health concerns for decades. The burden of both
infections varies widely across regions and population
groups [11-15]. While HIV prevalence has significantly
decreased in the general population from 5.5% in 2004
to 2.7% in 2018, it remains relatively stable among preg-
nant women, as reported in the 2017-2018 Cameroon
population-based HIV impact assessment (CAMPHIA)
survey [16]. Meanwhile, syphilis prevalence remains high
and shows an important upward trend among pregnant
women, increasing from 0.6% in 2009 to 5.7% in 2017
[17]. To strengthen early detection and improve preven-
tion of MTCT, the WHO recommends the use of HIV/
syphilis dual RDTs as the initial screening tool among
blood donors and pregnant women.

The Bioline™ HIV/Syphilis Duo rapid test, developed
by Standard Diagnostics (now Abbott), received WHO
prequalification in November 2015, becoming the first
dual HIV-syphilis point-of-care assay approved for
global use [18]. Since then, it has been widely imple-
mented in antenatal care (ANC) and prevention of
mother-to-child transmission (PMTCT) programs,

particularly in low-resource settings. In Cameroon, the
Duo test has been progressively introduced through pilot
initiatives and ANC programs led by the Ministry of Pub-
lic Health and implementing partners. Findings from
ministerial field evaluations conducted in Yaounde and
Douala indicated good feasibility but reported variations
in sensitivity under real-world conditions [19].

Several laboratory and field studies across Africa and
globally have demonstrated high diagnostic accuracy of
the Duo test, especially for HIV (sensitivity and speci-
ficity = 99%) and strong performance for syphilis detec-
tion [10, 20]. A meta-analysis by Gliddon et al. (2017),
including 18 evaluation studies, ranked the Bioline™ Duo
test among the best-performing dual HIV/syphilis RDTs
worldwide. The assay was also reported to be highly
acceptable for point-of-care use due to its short turn-
around time and reduced cost [21]. Further investigations
by Lodiongo et al. (2018) reported HIV sensitivity and
specificity of 100% and 99.5%, and syphilis sensitivity and
specificity of 97.6% and 96%, respectively [22]. Similarly,
a study in Ethiopia found both HIV sensitivity and speci-
ficity to be 100% and 99.5% [23]. These findings support
the Bioline™ HIV/Syphilis Duo test as a validated, robust
dual rapid diagnostic tool suitable for resource-limited
and point-of-care settings. However, despite its progres-
sive use, data on its diagnostic performance among preg-
nant women and the general population in Cameroon
remain limited.

Study objectives

The objectives of this study were: (i) to compare the diag-
nostic performance of the Bioline™ HIV/Syphilis Duo
RDT with Determine HIV 1/2 and the ELISA HIV 1/2
used as a reference assay, (ii) to compare the diagnostic
performance of the Bioline™ HIV/Syphilis Duo RDT with
Hightop RDT, TPHA and the ELISA syphilis used as a
reference assay. (iii) To compare the receiver operating
characteristic (ROC) curve of the Bioline™ HIV1/2 RDT
and Bioline Syphilis RDT.
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Materials and methods

Study design and setting

From January, 6th to June, 19th 2024 a laboratory based
cross-sectional and comparative study was conducted to
assess the diagnostic performance of the Bioline™ HIV/
Syphilis Duo RDT with blood samples obtained from
adult individuals (aged: >21 years) health facilities in the
eight zones geographical areas of Cameroon. The sam-
ples collected in health facilities were sent to the NPHL.
The laboratory is located behind the training schools
of the Ministry of Public Health, precisely in the Messa
neighborhood, rue Rudolph Douala Manga Bell, Cité-
verte health district, Mfoundi department, Yaounde two
sub-division, centre region of Cameroon.

Study population and data sources

The study included individuals of both sexes (male and
female) who were at least 21 years of age and had either
positive or negative HIV/Syphilis status. All participants
provided informed consent to participate in the study.
Exclusion criteria were (i) all individual with a non-com-
pliant biological sample (insufficient sample or hemoly-
sis), (ii) incomplete information questionnaire, and (iii)
individual who chose to withdraw from the study at any
time. Data were obtained from individuals aged 21 to 81
years, who were consecutively recruited from screen-
ing sites, treatment units and blood banks. Participants
characteristics were collected through a face-to-face
interview using structured questionnaire (supplement
information S1) that included both quantitative (e.g. age)
and qualitative (e.g. sex, HIV status...) variables. Data
collected were recorded in an MS Excel spreadsheet and
subsequently analysed using Epi-info v. 7 software.

Sampling technique and sample size determination

The sampling technique used in this study was non
probabilistic and the minimal sample size was deter-
mined using Kish Leslie formula: N = Z_?p (1-p)/d?* [24].
Using Z = the standard deviation of 1.96 (95% confidence
interval) and d = allowable error (5%). For the Sensitivity
(Se), Nposmve:Zan Se (1-Se)/d? and the Specificity (Sp),
Nnegative:Zazx Sp (1-Sp)/d* with Estimated Se = 99% and
Sp = 98%. Then, N, ogive = 15.21 and Ny gapive = 15.06.
Sample collection sites

Blood samples obtained from eight regions of the coun-
try: Littoral, West, South, South-West, North, Far-North,
North-West, and East. Samples were collected from indi-
viduals at the HIV diagnostic sites, blood banks, and care
units. The sites from which the samples were collected
included: Nkongsamba regional hospital for the Littoral
Region, Foumban district hospital for the West Region,
Ebolowa regional hospital for the South Region, Limbe
regional hospital for the South-West Region, Garoua
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regional hospital for the North Region, Maroua regional
hospital for the Far-North, Bamenda regional hospital
for the North-West and Bertoua regional hospital for the
East Region (Fig. 1).

Collection, packaging and transport of blood samples

A total of four milliliters (4 ml) of whole blood was
drawn from each participant by venipuncture using
ethylene diamine tetra acetate (EDTA) and dried vacu-
tainer tubes. The blood samples collected in both tubes
were identified by red and blue colours respectively. Each
sample was coded by a unique identifier number, which
included the abbreviation of the region from which it
was collected. The abbreviation used were: WT, SO, NO,
EN, LT, NW, SW, AD respectively for the West, South,
North, Far-North, Littoral, North-West, South-West,
and Adamawa regions. Blood samples were centrifuged,
to separate plasma and serum which was then collected
in 2 ml cryovials. Aliquots were stored at -20 °C before
being transported to trucking agencies. Each blood
sample was packaged using the triple packaging system
according to WHO recommendations with ice packs fro-
zen in coolers to maintain the cold chain until the place
of manipulation. All packaged samples were transported
to the NPHL by laboratory personnel within minutes of
packaging by road transport. The cold chain was main-
tained during transport to the NPHL. Each sample was
accompanied by the information of the study partici-
pants, including age, sex, HIV status.... Upon arrival at
the NPHL, samples were stored in the freezer at -20 °C
until analysis.

Sample analysis procedure at the NPHL

In the laboratory, all specimens collected from study par-
ticipants were initially tested for HIV using the Cameroo-
nian national testing algorithm. This algorithm involves
sequential testing with two RDTs, followed by an ELISA
assay for either confirmatory or additional testing (Fig.
2A). Each sample was initially tested using the Determine
HIV 1/2 assay (Test 1 [T1] from the Abbott Laboratory,
lot no. 0000736321, manufactured on 07/06/2023 and
expiry date 14/11/2024), followed by the KHB Shanghai
HIV 1/2 assay (Test 2 [T2] from Shanghai Kehua Bio-
engineering Co. Ltd., lot no. W401230511, manufac-
tured on 06/05/2023 and expiry date 25/05/2025) if T1
was positive. All specimens positive for the Determine
HIV1/2 assay were also positive for the KHB assay (i.e. no
discordant results were observed). All samples with nega-
tive or discordant RDT results, as well as all positive sam-
ples, underwent further testing using the Biorex ELISA
1/2 (Biorex Diagnostics Ltd, Lot: 2302-4, expiry date:
07/2024) [25]. This test was performed if T1 and T2 were
positive or negative. Each specimen was also tested inde-
pendently of the national algorithm using the Bioline™
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Fig. 1 A chart flow diagram illustrating the samples collection sites

HIV/Syphilis Duo RDT (Abbott Rapid Dx International
Limited; Lot No. 06ADH978REF06FK35; manufacture
date:22/12/2022; expiry date: 20/12/2024). All samples
were then confirmed using the Biorex HIV 1/2 (Fig. 2B).

For syphilis, each serum/plasma was tested using High-
top RDT (from Qingdao Hightop Biotech Co, Ltd, REF:
H133, Lot: TP1220904, manufacture date: 2022/09/15
and expiration date:2024/09/14), TPHA (from Fortress
Diagnostics Ltd, Lot: TH-2303-4, manufacture date:
2023/3 and expiration date: 2024/10), Bioline syphi-
lis (from Abbott Rapid Dx International Limited, Lot:
06ADH978REF06FK35, manufacture date: 20221222 and
expiration date: 20241220), and Biorex syphilis (from
Biorex Diagnostics Ltd, Lot: TP20210-1, manufacture
date: 2022/10 and expiration date: 2024/06) [25] accord-
ing to the manufactured instructions (Fig. 3).

Statistical analysis

Data collected from health facilities across the eight
regions of the country were received at the NPHL. The
data collected was verified and entered in a Microsoft
Excel (MS) version 97-2003 sheet. The data was then

=21 Name of tests performed
I Tests performed

[ Regions of the country

exported to the Epi-info version 7 statistical analysis soft-
ware. To assess diagnostic performances, 2 x 2 contin-
gency tables were created comparing the results of each
RDT to those of the reference assay (ELISA). Categori-
cal variables were analysed as proportions, calculated
by dividing the frequency of each response by the total
sample size, and expressed as percentages. Diagnostic
performance including sensitivity, specificity, PPV, NPV,
accuracy, and Cohen’s kappa coefficient were calculated
using validated online statistical tools such as MedCalc
and QuickCalcs [26, 27]. All results were presented with
95% confidence intervals (95% CI) to reflect the precision
of the estimates. Additionally, the ROC curve was plotted
for each test to evaluate its ability to distinguish between
positive and negative cases using MedCalc [27]. The Area
Under the Curve (AUC) was computed as a quantitative
measure of this discriminative capacity. An AUC value
close to 1.0 was interpreted as indicating excellent diag-
nostic performance.
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Fig. 2 A chart flow diagram illustrating the laboratory procedure HIV tests with 534 blood samples tested [Determine vs. KHB (A), Bioline™ HIV/Syphilis

Duo (B)]

Results

Characteristics of the study population

A total of 534 blood samples were analysed at the NPHL,
collected from individuals across eight regions of the
country. Among the participants, 70.97% (379/534) were
females and 29.03% (155/534) were males. Participant
ages ranged from 21 to 81 years, with a median age of 37
years and an interquartile range (IQR) of 28 to 47 years.

Assay results of the Bioline™ HIV/Syphilis duo and
determine HIV 1/2 RDT compared to the ELISA HIV 1/2

A total of 534 samples were tested using the Determine™
HIV1/2 RDT. All 328 HIV-positive samples were cor-
rectly identified by the Determine™ HIV1/2 RDT, yield-
ing a true positive (TP) rate of 100% (328/328) and no
false negatives (FN, 0/328). Among the 206 HIV-negative
samples, 97.08% (200/206) were correctly classified as
true negatives (TN), while 2.91% (6/206) were identified
as false positives (FP). For the Bioline™ HIV1/2 RDT, 327
out of 328 HIV-positive samples were correctly identi-
fied, resulting in a TP rate of 99.70%. One sample (0.30%)
was misclassified as a FN. Among the 206 HIV-negative
samples, 203 (98.54%) were correctly identified as TN,

while 3 samples (1.46%) were incorrectly classified as FP
(Table 1).

Diagnostic performance of the Bioline™ HIV/Syphilis duo
RDT and determine HIV 1/2

The diagnostic performance of the Determine™ HIV1/2
RDT revealed a sensitivity of 100% (95% CI: 98.8—100)
and a specificity of 97.10% (95% CI: 93.8-98.7). The PPV
was 98.2% (95% CIL: 96.1-99.2), and the NPV was 100%
(95% CI: 98.1-100). The test demonstrated an overall
accuracy of 99% (95% CI: 97-100), with a Cohen’s kappa
coefficient of 98.4% (95% CI: 96.7-99.9). For the Bioline™
HIV1/2 RDT, the sensitivity was 99.70% (95% CI: 98.3—
99.9), and the specificity was 98.5% (95% CI: 95.58—-99.5).
The PPV was 99.1% (95% CI. 97.4-99.7), and the NPV
was 99.5% (95% CIL: 97.3-99.9). The accuracy of the test
was 99.1% (95% CIL: 97-99.7), and the kappa coefficient
was 98.4% (95% CI: 96.7-99.9) (Table 2).

Assay results of the Bioline™ HIV/Syphilis duo RDT with
hightop RDT and TPHA compared to the ELISA syphilis
Out of 534 samples tested, the Hightop RDT identified
all 20 TP cases (100%), with no FN, 8 FP (1.56%), and
506 TN (98.44%). The TPHA test also detected all 20 TP
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Fig. 3 A chart flow diagram illustrating the laboratory procedure syphilis tests with 534 blood samples tested [Hightop RDT (a), TPHA (b), Bioline HIV/

Syphilis (c)]

cases (100%) with no FN (0%), 4 FP (0.78%), and 510 TN
(99.22%). For the Bioline™ Syphilis RDT, 19 out of 20 TP
cases were correctly identified (95%), with 1 FN (5%), no
FP (0%), and all 514 negative samples correctly classified
as TN (100%) (Table 3).

Diagnostic performance of the Bioline™ HIV/Syphilis duo
RDT with hightop and TPHA

The Hightop RDT demonstrated a diagnostic sensitivity
of 100% (95% CI: 83.9-100), and a specificity of 98.4%
(95% CI: 97.0-99.2), The PPV was 71.4% (95% CI: 52.9—
84.7), while the NPV reached 100% (95% CI: 99.2-100),
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Table 3 Assay results of the Bioline™ HIV/Syphilis duo RDT with
hightop RDT and TPHA compared to the ELISA syphilis

Reference assay

Reference assay

RDTs Results Positive Negative Total Tests Results Positive Negative Total
Determine HIV Positive 328 (TP) 6 (FP) 334 Hightop Positive 20 (TP) 8 (FP) 28
Negative 0 (FN) 200 (TN) 200 Negative 0 (FN) 506 (TN) 506
Total 328 206 534 Total 20 514 534
Bioline HIV Positive 327 (TP) 3(FP) 330 TPHA Positive 20 (TP) 4 (FP) 24
Negative 01 (FN) 203 (TN) 204 Negative 0 (FN) 510 (TN) 510
Total 328 206 534 Total 20 514 534
Legend: TP: True Positive, FP: False Positive, FN: False Negative, TN: True Negative Bioline syphilis Positive 19 (TP) 0 (FP) 19
Negative 1 (FN) 514 (TN) 515
Total 20 514 534

The overall diagnostic accuracy was 98.5% (95% CI:
97-100), with a Cohen’s kappa coefficient of 82% (95%
CI: 70.77-94.37). TPHA shows a sensitivity of 100% (95%
CI: 83.9-100) and a specificity of 99.2% (95% CI: 98.0—
99.7). The PPV and NPV were 83.3% (95% CI: 64.0-93.3)
and 100% (95% CI: 99.3-100), respectively. Diagnostic
accuracy was estimated at 99.4% (95% CI: 98—100), with a
kappa coefficient of 90.5% (81.3-99.7), The Bioline syphi-
lis exhibited a sensitivity of 95% (95% CI: 76.4—99.1) and
a specificity of 100% (95% CI: 99.3-100). The PPV was
100% (95% CI: 83.2—-100), and the NPV was 99.8% (95%
CI: 98.9-100). The overall accuracy was 99.9% (95% CI:
99-100) and the kappa coefficient was 0.9734 (95% CIL:
0.921-1.00) (Table 4).

Comparison between the ROC curve of the Bioline™ HIV1/2
RDT and Bioline Syphilis RDT

The ROC curve for the Bioline™ HIV1/2 RDT (Fig. 4A),
with a sensitivity of 99.7% and specificity of 98.5%, lies
near the upper-left corner, indicating excellent diagnos-
tic accuracy. The estimated AUC of 0.995 reflects a near-
perfect ability to distinguish between HIV-positive and
HIV-negative individuals, confirming the test’s strong

Legend: TP: True Positive, FP: False Positive, FN: False Negative, TN: True Negative

overall performance. With a sensitivity of 95.0% and
specificity of 100%, the ROC curve for the Bioline™ Syph-
ilis RDT (Fig. 4B) lies near the top-left corner, reflecting
excellent diagnostic performance. The estimated AUC of
0.975 indicates strong discriminatory power, meaning the
test can accurately distinguish between syphilis-positive
and negative individuals in 97.5% of cases (Fig. 4).

Discussion

This cross-sectional comparative study aimed to evaluate
the diagnostic performance of the Bioline™ HIV/Syphilis
Duo RDT, using 534 serum and plasma samples. For the
HIV detection, the Bioline™ test demonstrated a sensitiv-
ity of 99.7% (95% CI: 98.3-99.9) and a specificity of 98.5%
(95% CI: 95.6—99.5). By comparison, the Determine™ HIV
1/2 test demonstrated 100% sensitivity (95% CI: 98.8—
100) and 97.1% specificity (95% CI: 93.8-98.7). Therefore,
the Determine™ HIV 1/2 test was slightly more sensitive,
while the Bioline™ HIV/Syphilis Duo test showed bet-
ter specificity. These results are consistent with those of

Table 2 Diagnostic performance of the Bioline™ HIV/Syphilis duo RDT and determine HIV1/2

HIV1/2RDTs  Sensitivity Specificity PPV NPV Accuracy Kappa

95% Cl 95% Cl 95% ClI 95% ClI 95% ClI 95% Cl
Determine 100% 97.10% 98.2% 100% 99% 98%

(95% Cl: 98.8-100) (95% Cl: 93.8-98.7) (95% Cl: 96.1-99.2) (95% Cl:98.1-100)  (95% Cl: 97-100)  (95% Cl: 96.7-99.9)
Bioline HIV 99.70% 98.5% 99.1% 99.5% 99.1% 98%

(95% CI: 98.30-99.9)  (95% Cl: 95.58-99.5)

(95% Cl: 97.40-99.7)

(95% Cl:97.3-99.9)  (95% Cl: 97-99.7)  (95% Cl: 96.7-99.9)

Legend: PPV: positive predictive value, NPV: negative predictive value, Cl: Confidence Interval

Table 4 Diagnostic performance of the Bioline™ HIV/Syphilis duo RDT with hightop and TPHA

RDTs Sensitivity Specificity PPV NPV Accuracy Kappa

95% Cl 95% Cl 95% Cl 95% ClI 95% ClI 95% ClI
Hightop 100% 98.4% 714% 100% 98.5% 82%

(95% ClI:83.9-100)  (95% Cl:97.0-99.2)  (95% CI:52.9-84.7)  (95% Cl:99.2-100)  (95% Cl: 97-100)  (95% Cl: 70.77-94.37)
TPHA 100% 99.2% 83.3% 100% 99.4% 90.5%

(95% Cl:83.9-100)  (95% Cl: 98-99.7) (95% Cl:64.0-93.3)  (95% Cl:99.3-100)  (95% Cl:98-100)  (95% Cl: 81.3-99.7)
Bioline syphilis ~ 95% 100% 100% 99.8% 99.9% 97.34%

(95% Cl: 76.4-99.1)  (95% Cl:99.3-100)

(95% Cl: 83.2-100)

(95% Cl:98.9-100)  (95% Cl: 99-100)  (95% Cl: 92.1-100)

Legend: PPV: positive predictive value, NPV: negative predictive value, Cl: Confidence Interval
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ROC Curve for Bioline™ HIV1/2 RDT
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ROC Curve for Bioline Syphilis RDT
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Fig. 4 The ROC curve for the Bioline™ HIV1/2 RDT (A) and Bioline Syphilis RDT (B)

previous studies by Shakya et al. (2016) and Omoding et
al. (2014), which also confirmed the excellent accuracy of
the SD Bioline™ HIV/Syphilis Duo test [20, 28]. Taremwa
et al., (2019) observed that the sensitivity and specificity
of the Bioline™ HIV/Syphilis Duo assay were all 100.0%
(95% CIL: 99.5 to 100.0 and 98.6 to 100.0, respectively)
[29]. Furthermore, the study conducted by Withers et al.,
(2019) reported that for HIV antibody testing, sensitivity
and specificity were 100.0% (95% CI: 80.5-100.0%) and
100.0% (95% CI: 98.6—100.0), respectively [30]. Moreover,
the sensitivity and specificity for the HIV antibody test
component (n = 2336) were estimated at 99.91% (95%
CL, 99.51% and 100%) and 99.67% (95% CI, 99.16% and
99.91%), respectively according to the findings reported
by Bristow et al., (2014) [10]. The study conducted by
Olugbenga et al., (2018) observed a sensitivity of 100.0%
(95% CI 99.7-100.0) and specificity of 99.9% (95% CI
99.7-100.0) [31]. All these studies demonstrated a good
diagnostic performance of the Bioline HIV/Syphilis
Duo test for the HIV diagnostic. Our findings could be
explained by the population studied, as these studies have

worked with pregnant women. These results could also
be justified by the sample size.

The Bioline™ HIV/Syphilis Duo test is highly accurate,
with a PPV of 99.1% (95% CI: 97.4—99.7) and an NPV of
99.5% (95% CI: 97.3-99.9). The Determine™ HIV1/2 test
had a PPV of 98.2% (95% CI: 96.1-99.2) and an NPV of
100% (95% CI: 98.1-100). This proves that 98.2% of the
samples identified as positive were in fact positive, and
that 100% of the samples identified as negative were truly
negative. These tests also demonstrated notable accuracy
and kappa statistics. The Determine™ HIV1/2 test had an
accuracy of 99% (95% CI: 97-100) and a kappa of 98%
(95% CI: 96.7-99.9), demonstrating excellent agreement
with the reference assay. The Bioline™ HIV/Syphilis Duo
test is highly accurate, with an accuracy of 99.1% (95%
CL: 97-99.7) and a kappa of 98% (95% CI: 96.7-99.9).
This further supports its reliability. Our findings corrobo-
rate with the study conducted among pregnant women
attending routine antenatal care in Juba, South Sudan
[22].

For the syphilis antibody testing, Bioline” HIV/Syphilis
Duo test had a sensitivity of 95% (95% CI: 76.4-99.1) and
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a specificity of 100% (95% CIL: 99.3—-100). The test cor-
rectly identified 19 out of 20 samples positive for syphi-
lis (19 true positives), with one false negative. All 514
samples that tested negative for syphilis were correctly
identified as such, with no false positives. Similar findings
were found by Shakya et al., (2016) who reported that
the sensitivity of the kit for syphilis diagnosis was 95.45%
(95% CI 84.86-98.74%) and specificity was 99.87% (95%
CI; 99.78-99.92) [28]. Compared to several studies, the
study conducted by Withers et al., (2019) reported that
for syphilis diagnosis, sensitivity and specificity were
83.1% (95% CIL: 71.0-91.6) and 100.0% (95% CI: 98.3—
100.0), respectively [30]. Chiappe et al., (2013) demon-
strated that for syphilis diagnosis, Bioline™ HIV/Syphilis
had a sensitivity of 100% (198/198) and a specificity of
99.57% (465/467) [32]. Our findings could be explained
by the gold standard technique used such as ELISA com-
pared to TPHA. In this present study, the TPHA Syphi-
lis test had a sensitivity of 100% (95% CI: 83.9-100) and
a specificity of 99.2% (95% CI: 98-99.7), the PPV was
83.3% (95% CI: 64.0-93.3), the NPV was 100% (95% CIL:
99.3-100), an accuracy of 99.4% (95% CI: 98-100), and
a kappa of 90.5% (95% CI: 81.3—99.7). The test correctly
identified all 20 syphilis-positive samples and had four
false positives among the 514 negative samples. These
findings are consistent with recent data indicating vari-
ability in sensitivity among syphilis tests [22] reported
that while some RDTs had high specificity, their sensitiv-
ity varied significantly. The Bioline™ HIV/Syphilis Duo
RDT’s performance is consistent with other dual tests.
Several studies evaluating the Bioline™ HIV/Syphilis Duo
test in five countries reported a sensitivity of 99.3% and
specificity of 99.4% for HIV, supporting the utility of dual
RDTs for accurate HIV screening [10, 33].

The ROC curve analysis confirmed the excellent diag-
nostic performance of both the Bioline™ HIV1/2 and Bio-
line™ Syphilis RDTs. The Bioline™ HIV1/2 test achieved
an AUC of 0.995, along with a sensitivity of 99.7% and
specificity of 98.5%, indicating near-perfect ability to
distinguish HIV-positive from HIV-negative individu-
als. Similarly, the Bioline™ Syphilis RDT showed an AUC
of 0.975, with a sensitivity of 95.0% and specificity of
100%, reflecting excellent accuracy. The perfect specific-
ity is particularly valuable in syphilis screening, helping
to avoid false positives and unnecessary treatment. These
findings support the integration of both tests into routine
screening programs, especially in antenatal care, where
early detection of HIV and syphilis can significantly
reduce MTCT and improve pregnancy outcomes.

Study limitations

This study has several limitations. Firstly, participants
were recruited solely from health facilities, which
may have introduced selection bias. Those accessing
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healthcare services may differ from the general popula-
tion in terms of their health-seeking behaviour, aware-
ness of their infection status, access to testing and disease
stage. Consequently, the study population may be dispro-
portionately represented by individuals who are already
receiving care or have more advanced disease. This could
affect the accuracy of diagnostic estimates and limit the
applicability of the findings to community-based set-
tings. Secondly, as the study was conducted across eight
regions and only included adult participants, the results
may be limited in their applicability to other populations,
such as children and adolescents, or to adults in areas not
represented. Additionally, some participants were people
living with HIV who were on antiretroviral therapy and
were therefore likely to have well-controlled viral loads.
However, this could introduce bias, as immune status
and viral suppression may affect the outcome of diag-
nostic tests. Therefore, the findings may not accurately
reflect the performance of individuals with uncontrolled
HIV or of the general population. Thirdly, despite the
study including 534 samples, only 20 participants tested
positive for syphilis. This small number of positive cases
means that the precision of sensitivity estimates is lim-
ited, resulting in wide confidence intervals. This limi-
tation is due to the low prevalence of HIV and syphilis
in the general population, as well as the relatively short
data collection period. More precise and reliable esti-
mates of diagnostic performance could be obtained from
larger studies or studies designed to include more posi-
tive cases. Fourthly, ELISA was used as the sole reference
assay due to its high sensitivity and specificity, as well as
its ease of standardisation. However, misclassification
of some cases may have occurred due to the absence of
confirmatory treponemal tests, such as FTA-ABS or
polymerase chain reaction (PCR). Exclusive reliance on
ELISA could lead to an overestimation of syphilis preva-
lence or affect the accuracy with which the Bioline™ Duo
RDT measures. The inclusion of confirmatory assays is
considered a best practice for diagnostic accuracy stud-
ies. The presence of both false-positive and false-negative
results underlines the importance of confirmatory test-
ing for an accurate diagnosis. Although the Bioline™ Duo
RDT provides rapid results, confirmatory assays are cru-
cial for making clinical decisions. Furthermore, routine
clinical care relies on non-treponemal tests, such as the
Rapid Plasma Reagin (RPR), to stage the disease, initiate
treatment, and monitor the response to therapy. As this
study did not incorporate these steps, the rapid test alone
cannot provide information on disease activity or treat-
ment outcomes.
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Conclusion

The Bioline™ HIV/Syphilis Duo RDT performed excel-
lently in detecting HIV, confirming its effectiveness as
a screening tool. The syphilis component also demon-
strated acceptable diagnostic accuracy, albeit with slightly
lower sensitivity than the TPHA test. The high levels of
sensitivity, specificity, PPV and NPV observed, particu-
larly for HIV, reinforce the Duo RDT’s diagnostic value.
Further ROC curve analysis demonstrates that both the
HIV1/2 and syphilis components possess strong dis-
criminatory power and excellent overall diagnostic accu-
racy. Although only 20 of the study participants tested
positive for syphilis, these results still support the use of
Duo RDTs in settings with limited resources. The ability
to rapidly and simultaneously screen for both infections
could greatly improve diagnostic efficiency and patient
care in such settings. Nevertheless, confirmatory testing
for syphilis and ongoing quality assurance are essential
for optimal performance and clinical reliability.
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