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Abstract

Background: Syphilis has serious consequences for human health and poses challenges for biological diagnosis.
Techniques such as chemiluminescence are still poorly known in our context. Our objective was to compare
chemiluminescence and hemagglutination assays with immunoblot as a reference test for detecting anti-Treponema

pallidum antibodies.
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Methods: Anti-Treponema pallidum antibodies were detected in serum samples. Comparison of chemiluminescence

and hemagglutination assays was carried out with immunoblot as the reference test, based on sensitivity, specificity,
positive and negative predictive values, and kappa statistic, using IBM-SPSS version 24 software. The significance

level was set at 5%.

Results: A total of 600 participants were recruited, with a prevalence of syphilis infection of 3%. Sensitivity and
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specificity were 100% and 96.2% for chemiluminescence, and 93.8% and 100% for hemagglutination, respectively.

Cohen's kappa statistic between the two tests showed satisfactory agreement (0.768). Cohen's kappa agreements
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between chemiluminescence/immunoblot and plate hemagglutination assay/immunoblot were greater than 0.8,

indicating excellent agreement with the reference test (p<0.0001).

Conclusion: Chemiluminescence is more sensitive but less specific than hemagglutination. The use of
chemiluminescence as a first-line test for the diagnosis of syphilis should be considered.

Introduction

According to the World Health Organization (WHO), every year, 357 million
people worldwide contract one of the four sexually transmitted infections (STIs):
chlamydia, gonorrhea, syphilis, or trichomoniasis (1). These infections can have
serious consequences for reproductive health, including infertility and mother-to-
child transmission (1). Among these STIs, syphilis, known as the "great
simulator," had almost disappeared following the use of penicillin but has been
resurgent since 2000 (2). Since then, the WHO estimates that 5.6 million people
are infected with Treponema pallidum each year (1), with sub-Saharan Africa
having by far the highest regional prevalence (3). Early detection and treatment
of syphilis are crucial for preventing late complications in the infected person and
transmission to sexual partners (4). However, syphilis poses a diagnostic problem
because Treponema pallidum, the causative agent of this infection, is not
cultivable in vitro (5). Reliable diagnostic tests are widely used in high-income
countries but are rarely available in low- and middle-income countries (1). In our
context, the commonly used test for anti-treponemal antibodies is the Treponema
pallidum hemagglutination assay (TPHA). This assay can yield false-negative
results in individuals tested during primary syphilis and false-positive results
associated with various medical conditions (6). Other methods for the diagnosis
of syphilis, such as chemiluminescence, are also available. The results of the
evaluation of this technique are contradictory in the literature. Some studies show
that chemiluminescence is less sensitive and specific than other techniques for
detecting anti-Treponema pallidum antibodies (7-9), while others indicate that it
is more sensitive and specific (10-12). In addition, some studies show that the
performance of chemiluminescence is influenced by certain factors (12,13). The
general objective of our study was to compare chemiluminescence and
hemagglutination assays in detecting anti-Treponema pallidum antibodies in our
context.

Methods

We conducted a cross-sectional, analytical, and comparative study at the
Gynaecological Endoscopic Surgery and Human Reproductive Teaching
Hospital (GESHRTH). This study was conducted from November 1, 2018, to
April 1, 2019, for a total duration of 6 months.

The blood samples were taken from couples being followed for infertility, a
population with a high prevalence of STls that may be the cause of their
infertility.
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The participants signed an informed consent form and then completed a
questionnaire including sociodemographic data. Subsequently, 10 ml of blood
were collected in sterile, pre-labeled tubes under aseptic conditions. The blood
was processed, and the serum was decanted into cryotubes and stored in a freezer
at -20°C. Hemagglutination assay, chemiluminescence assay, and immunoblot
tests were performed in the GESHRTH laboratory. All discordant sera, as well
as 20 negative and 20 positive sera for the two tests, were sent to the CERBA
laboratory in Saint-Ouen-I'Aumbéne (France) for immunoblot testing (For anti-
Treponema pallidum IgG and IgM antibodies). The study population was
predominantly female, with a sex ratio of 0.83. The most represented age group
was 25-35 years (252; 42.0%).

The TPHA is an indirect hemagglutination test for the determination of
Treponema pallidum antibodies in human serum or plasma. Stabilized avian
erythrocytes are sensitized with antigenic components of pathogenic Treponema
pallidum (Nichol's strain). These "test" cells agglutinate in the presence of
Treponema pallidum-specific antibodies and form a characteristic image (Haze)
in the wells of a microtiter plate. Any non-specific reaction is detected using
"Control" cells, which are non-sensitized avian erythrocytes. Non-pathogenic
treponemal antibodies are absorbed by Reiter's treponemal extract, included in
the test cell suspension. The test result is obtained within 45 to 60 minutes. At
this time, the characteristic haze of cell agglutination is easily readable and
persistent (1). Indeterminate results, as well as positives, were retested in a
double-blind fashion.

Chemiluminescence was performed using the COBAS e 411, a fully
automated analyzer employing patented electrogenerated chemiluminescence
technology for immunoassay. It is designed for the quantitative and qualitative
determination of in vitro assays for a wide range of applications, including
infectious diseases. For detecting anti-Treponema pallidum antibodies, it is a
one-step dual antigen sandwich assay. The assay detects total IgG and IgM
antibodies to bacterial TpN15, TpN17, and TpN47.

The Western blot (Protein blot or immunoblot) is a rapid and sensitive test
for the detection and characterization of proteins. It is based on the principle of
immunochromatography, in which proteins are separated in polyacrylamide gel
according to their molecular weight. The separated proteins are then transferred
or electrotransferred onto a nitrocellulose membrane and are detected using an
antibody and a substrate labeled with a primary antibody and a secondary
enzyme.

The data obtained were entered and recorded using Excel and Word
software, and were analyzed using IBM-SPSS version 24 software for Windows
with a statistically significant value set at p<0.05. Qualitative data will be
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expressed in terms of numbers and frequency. Quantitative data will be
represented by their mean (+ standard deviation) or median (Interquartile range),
depending on the type of distribution. The following performance parameters
were determined: The agreement was determined by Cohen's kappa coefficient
(Table 1).

Table 1. Interpretation of Cohen's kappa coefficient

<0 Large disagreement

0.00 - 0.20

Very low agreement

0.21-0.40 Low agreement
0.41 - 0.60 Average agreement
0.61 - 0.80 Satisfactory agreement
0.81 - 1.00 Excellent agreement

- Sensitivity (Se) was determined on a population of patients whose "disease" status is

known from the reference test. It is the probability of a positive test result in subjects with

the disease, as defined by the gold standard.

- Specificity (Sp) was determined on a population of patients whose disease-free status is

known. It is the probability of a negative test result in patients defined as not ill.

- The negative predictive value (NPV) is the probability of being truly disease-free if the

test is negative.

- The positive predictive value (PPV) is the probability of actually being ill if the test is

nositive

To carry out this work, we obtained administrative authorization for research

from the GESHRTH and ethical clearance from the Institutional Research Ethics
Committee of the Faculty of Medicine and Biomedical Sciences of the University
of Yaoundé 1. The information collected was used exclusively within the
framework of this study and in strict compliance with medical confidentiality.
The screening tests were performed free of charge for the participants.

Results

After serological testing, 48 participants tested positive for either IgG and/or
IgM, resulting in an exposure prevalence of 8.0%. Moreover, 18 samples were
positive for IgM, indicating a syphilis prevalence of 3.0%. Women were the most
represented group, with 33 (68.8%) cases. The age group most commonly found
was 35-45 years (27/48; 56.3%) (Table 2).

Table 2. Distribution of Treponema Pallidum

Variables | Effective | Percentage (%)

Ab-anti-Treponema pallidum (N = 600)
Non-reactive | 552 | 92.0
Reactive | 48 | 8.0

1gM anti- Treponema pallidum (N = 600)
Non-reactive | 582 | 97.0
Reactive [ 18 | 3.0

Gender (N = 48)
Female [ 33 [ 68.8
Male | 15 | 31.2
Age group (years) (N = 48)

15-25 0 0.0
25-35 9 18.8
35-45 27 56.2
> 45 12 25.0

All 45 samples reactive by the hemagglutination assay were also reactive by
chemiluminescence, resulting in 100% agreement. However, 555 samples were
non-reactive by hemagglutination, while chemiluminescence identified 531 of
these as non-reactive, resulting in 24 mismatches, or 95.7% agreement.
Therefore, the Kappa agreement of 0.768 falls between 0.61 and 0.80, indicating
significantly satisfactory agreement (p<0.0001) (Table 3).

Table 3. Agreement measure between chemiluminescence and hemagglutination assay

Chemiluminescence
Hemagglutination assay Total
Non-reactive Reactive
Non-reactive (% per line) 531 (95.7) 24 (4.3) 555
Reagent (% per line) 0(0) 45 (100) 45

The sensitivity and specificity of chemiluminescence were higher (100% and
100%, respectively) compared to hemagglutination (93.8% and 96.2%,
respectively). The PPV was higher with hemagglutination (100%) than with
chemiluminescence (69.6%), while the NPVs were almost identical for
chemiluminescence (100%) and hemagglutination (99.5%). Cohen's kappa
agreements between chemiluminescence/immunoblot and hemagglutination
/immunoblot were greater than 0.8, indicating excellent agreement with the
reference test (p<0.0001) (Table 4).
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Table 4. Comparison of the tests according to the reference test

Index Chemiluminescence Hemagglutination assay
Sensitivity 48/48 (100%) 45/48 (93.8%)
Specificity 531/552 (96.2%) 552/552 (100%)

PPV 48/69 (69.6%) 45/45 (100%)

VPN 531/531 (100%) 552/555 (99.5%)

Kappa (Agreement) 0.802 0.965
p (Agreement) <0.0001 <0.0001

Discussion

Our study compared chemiluminescence and hemagglutination assays for
detecting anti-Treponema pallidum antibodies. Results showed that
chemiluminescence is more sensitive but less specific than hemagglutination.
The prevalence of syphilis was 3%, and the prevalence of exposure was 8%. The
participants were predominantly female (54.5%). Since our population consisted
of individuals being followed for infertility, the predominance of females may be
due to the ostracism of women in cases where a child is desired in a couple. The
seroprevalence of syphilis in our sample was 3%, differing from the findings of
Jary et al. (14) and Koksal et al. (15), who respectively reported prevalences of
0.04% and 19.3%. These disparate prevalences could be due to the different
methodologies used. Indeed, Jary et al. worked on the seroprevalence among
blood donors, while Koksal et al. studied men with HIV. Blood donors are
generally volunteers in apparent good health, and initial medical screening
eliminates those with a risk of STIs upon interrogation. This would explain the
low prevalence in this population. On the other hand, people living with HIV, due
to similar modes of transmission, have an increased risk of contracting other STIs
such as syphilis; hence, the prevalence is high in this population. For our target
population, the prevalence was not very high in patients followed for couple
infertility, where STIs are a main cause in our context. However, the data
highlighted the non-negligible impact of syphilis on couple fertility, as indicated
by the exposure prevalence of 8.0% defined by the presence of IgG anti-
Treponema pallidum. To compare chemiluminescence and hemagglutination, we
used immunoblot as a reference test. We evaluated the intrinsic characteristics of
chemiluminescence, including sensitivity and specificity, as well as its extrinsic
characteristics, including predictive values and concordance. The sensitivity and
specificity of chemiluminescence were 100% and 96.2%, respectively. In the
study by Wang et al., this sensitivity is identical to ours, but the specificity is
greater (99.6%) (13). This difference may be attributed to factors such as sex,
pregnancy, history of syphilis, and other STIs, as found by Bopage et al. in their
study in Australia (12). Comparing the two techniques, we noted that the
sensitivity of chemiluminescence was higher than that of hemagglutination
(100% vs. 93.8%). Moreover, the specificity of hemagglutination was higher than
that of chemiluminescence (100% vs. 96.2%). The PPV was higher with
hemagglutination than with chemiluminescence (100% vs. 69.6%), while the
NPVs were almost identical between the two techniques. With excellent
agreement between the two techniques and the reference test, these tests provide
comparable results and could be considered in a diagnostic algorithm in our
context.

Conclusion

The prevalence of syphilis and the prevalence of exposure to syphilis are not
negligible in infertile couples. Both hemagglutination and chemiluminescence
demonstrated good performance for detecting anti-Treponema pallidum
antibodies, in accordance with the WHO standards. Chemiluminescence had
better sensitivity than plate hemagglutination for detecting anti-Treponema
pallidum antibodies but lower specificity compared to hemagglutination.
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