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Abstract
Background: In Turkey, prior to transfusion and apheresis, it is mandatory to screen blood for HBsAg, anti-HCV, 
anti-HIV 1/2, and syphilis. In recent years, efforts have been made to create effective diagnostic algorithms for 
screening, and as a screening strategy, many countries have switched from traditional algorithms to reverse al-
gorithms. This study was carried out to evaluate the results we obtained after changing to chemiluminescence 
immunoassay (CLIA) based reverse algorithm, which is more sensitive and specific than the traditional algorithm 
and VDRL test we currently use for syphilis screening. Methods: The screening algorithm was initiated with the 
treponemal CLIA method. The reactive samples were tested using a nontreponemal test VDRL and a second trepo-
nemal test TPHA. In the descriptive analyses, the averages, numbers, and percentage distributions were calculated. 
The group comparisons were undertaken with the chi-square test, accepting p < 0.05 as statistically significant. 
Results:  Of the 5,053 samples that were tested with  CLIA syphilis TPA assay 5,043 were negative (99.802%) and 
10 were positive reactive (0.198%), and the difference between the two was statistically significant (p < 0.001). Ten 
samples that were recurrently reactive were analyzed by VDRL and TPHA tests simultaneously. VDRL was negative 
in all 10 samples, whereas TPHA was negative in one sample, but positive in nine samples at a titer of ≥1/160. 
Conclusion: Based on the results of this study, we decided to use the CLIA method and reverse algorithm instead 
of using the traditional algorithm and VDRL as the initial screening method.
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Introduction

The World Health Organization (WHO) recom-
mends the use of HBsAg, anti-HCV, anti-HIV 
½, and syphilis tests as pre-transfusion infection 
screening tests prior to blood and apheresis do-
nations in all countries (1, 2). In Turkey, these 
screening tests are mandatory for blood donors.

WHO reported that there are 12 million new 
syphilis cases worldwide every year and recom-
mends that donor screening should be undertak-
en with extremely sensitive methods to reduce 
the risk of syphilis transmission by transfusion 
(1, 2).
For the screening of syphilis (Treponema pall-
idum), methods that can detect the presence of 
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nonspecific antibodies or specific treponemal 
antibodies are used. The techniques commonly 
used for syphilis screening include the Venereal 
Disease Research Laboratory (VDRL) test that 
employs a nonspecific antigen containing lec-
ithin and cardiolipin; the highly sensitive and 
specific T. pallidum hemagglutination (TPHA) 
test involving the use of rapid plasma reagin 
(RPR) and/or treponemal antibodies; the T. pall-
idum particle agglutination test (TPPA); and the 
enzyme immunoassay (EIA) test (1, 3-6).
Recent studies on transfusion medicine focused 
on the creation of effective diagnostic algorithms 
for the screening of blood donors (1, 4, 5). This 
study was conducted to evaluate the results of 
the chemiluminescence immunoassay (CLIA) 
method based on a reverse algorithm, which is 
more sensitive and specific than currently used 
traditional algorithm and VDRL test for syphilis 
screening.

Materials and methods

This study had a prospective design. The volun-
teer blood donors that applied to the blood cen-
ter over a year were informed by the “Informed 
Consent Form” and they provided their written 
consent. Subsequently, they were asked to com-
plete the “Blood Donor Registration Form” and 
the “Blood Donation Form”. Medical evalu-
ations including the donors’ risk/behavior as-
sessment were performed. Blood samples were 
taken for microbiological screening tests from 
the volunteers who were found to be suitable for 
blood donation, without exhibiting risky behav-
ior or signs of infection. The prospective donors 
were tested for hepatitis B, hepatitis C, human 
immunodeficiency virus (HIV), and syphilis in-
fections, which are mandatory for the screening 
of all blood and blood components in Turkey. 
Syphilis screening was performed using the 
Immunodiagnostic Products Syphilis TPA As-
say (Ortho-Clinical Diagnostics, Vitros 3600) 

based on the CLIA method, which qualitative-
ly investigates the IgG and IgM antibodies that 
form against T. pallidum-specific antigens (sen-
sitivity 100%, specificity 99.98%), TPHA (Plas-
matec microhemagglutination, UK; specificity 
99.5%, sensitivity 100%), and VDRL (sensitiv-
ity 88.5%, specificity 98.9%) (Immutrep VDRL 
Antigen, Omega Diagnostics, UK). The tests 
were conducted and interpreted according to the 
manufacturer’s recommendations. The results of 
the syphilis TPA assay were interpreted based on 
the S/Co values ​​(Table 1).
The reverse algorithm was applied as the syph-
ilis screening strategy: First, the syphilis TPA 
assay was run; then, tittered VDRL and TPHA 
tests were simultaneously performed on the re-
current reactive samples (Figure 1).
For statistical evaluation, descriptive data, in-
cluding the averages, numbers and percentage 
distributions were calculated. The chi-square 

Table 1. Interpretation of the syphilis TPA assay 
based on the S/Co values

VITROS Syphilis  
TPA Test Result (S/Co)
< 0.80 Negative
≥ 0.80 to < 1.20 Borderline
≥ 1.20 Reactive

S/Co: Signal/Cut Off

Fig. 1. Reverse syphilis screening algorithm
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test was applied for the group comparisons, and 
p < 0.05 was considered statistically significant.

Results

Of the 5,053 blood donors aged 18 to 65 years, 
4,951 were male (98%) and 102 (2%) were fe-
male. The serum samples were first tested using 
the CLIA syphilis TPA assay, which revealed that 
5,043 samples (99.802%) were negative and 10 
samples (0.198%) were reactive, with a statisti-
cally significant difference between the two (p < 
0.001). For the 10 samples found to be recurrent 
reactive, the VDRL and TPHA tests were per-
formed simultaneously. All these 10 samples had 
VDRL negativity, whereas according to TPHA, 
only one sample was negative, and nine samples 
were positive at a titer of ≥1/160. TPHA was re-
peated on the negative sample and the result was 
the same. Table 2 presents the results of the S/Co 

ratios of the CLIA syphilis TPA assay, and the 
results of the VDRL and TPHA tests.
Of the blood donors with reactive CLIA syphilis 
TPA assay results, nine were male and one was 
female, with the mean age of 41.5 years, ranging 
from 28 to 52 years. Blood products that were 
found positive in any of the three tests were not 
used for donation and were destroyed. 
Attempts were made to inform the ten blood do-
nors with syphilis positivity about the results of 
the tests, and three of them returned to the blood 
center for the collection of a new blood sam-
ple. The remaining seven donors could not be 
reached due to inaccurate contact information. 
The blood samples of the three individuals were 
retested one month after the first evaluation, and 
the TPHA titers were observed to double, but 
the VDRL test was still negative (Table 3). The 
three blood donors with repeated samples and 
test results were referred to the infectious diseas-

Table 2. The results of the syphilis TPA assay, VDRL and TPHA tests
Sample 
Number

VITROS Syphilis TPA S/Co
Reactive VDRL TPHA

1 87.4 Negative 1/160     Positive
2 216 Negative 1/320     Positive
3 4.08 Negative Negative
4 86.6 Negative 1/320     Positive
5 32.1 Negative 1/640     Positive
6 284 Negative 1/1280    Positive
7 9.05 Negative 1/160     Positive
8 26.0 Negative 1/640     Positive
9 147 Negative 1/320     Positive
10 17.2 Negative 1/160     Positive

TPA S/Co: Treponema Pallidum Signal/Cut Off

Table 3. The results of the VDRL and TPHA tests on initial and second visits for the returning donors

Sample 
Number Syphilis TPA S/Co

VDRL TPHA
Initial Visit Second Visit Initial Visit Second Visit

2 216 Negative Negative 1/320 1/1280
7 9.05 Negative Negative 1/160 1/640
9 147 Negative Negative 1/320 1/1280

TPA S/Co: Treponema Pallidum Signal/Cut Off
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es department of the hospital, were diagnosed as 
the early phase of sphylitic infection, and were 
treated medically.

Discussion

Syphilis remains a public health problem 
around the world. According to the WHO esti-
mates, there are 12 million new syphilis cases 
each year, of which approximately 90% occur 
in developing countries (1). Over the past three 
decades, with the increased risk of human im-
munodeficiency virus (HIV) infection, syphilis 
has acquired a new potential for morbidity and 
mortality (1).
WHO recommends that all countries should test 
blood and blood components for hepatitis B, 
hepatitis C, HIV and syphilis infections (2). In 
Turkey, all blood and blood components are test-
ed for these infections. 
WHO also cautions that syphilis screening 
should be undertaken in a highly sensitive man-
ner to minimize the risk of infection via transfu-
sion. Treponemal antibody-specific TPHA or the 
enzyme immunoassay method are recommended 
for the screening of syphilis, and for populations 
with high syphilis incidence, a nontreponemal 
test, such as VDRL or RPR (2) is usually indi-
cated for screening. In syphilis screening, the 
traditional methods are nontreponemal RPR or 
VDRL tests. The samples found to be reactive 
are then confirmed using treponemal assays; 
e.g., TPHA and TPPA or fluorescent trepone-
mal antibody absorption (FTA-Abs). However, 
today, many expert committees and organiza-
tions recommend the use of treponemal tests for 
syphilis screening[1-5]. In this reverse algorithm 
approach, a reactive treponemal screening test is 
followed by a quantitative nontreponemal test to 
diagnose the active disease and monitor the re-
sponse to treatment. This reverse algorithm con-
sists of a second and different treponemal test 
used to validate all reactive screening results and 

identify and resolve nonconforming screening 
and nontreponemal test results (1, 3-6).
Nontreponemal VDRL and RPR tests produce 
false negative results in 30% to 50% syphilis 
cases in the primary stage (1, 3-5). Studies have 
shown that the reverse algorithm is highly spe-
cific in screening low-risk populations, such as 
blood donors (1, 4). Beginning the screening 
process with a treponemal test can help detect 
infection at the same time as or slightly earlier 
than nonspecific antibody tests (1-4). 
Syphilis threatens public health, especially in 
populations at risk. In many countries, it occurs 
as a transfusion-transmitted infection. Recent 
studies in transfusion medicine have focused on 
the establishment of effective diagnostic algo-
rithms for the screening of blood donors (1, 4). 
There is a clear need for new diagnostic methods 
and effective diagnostic algorithms for screening 
(1, 4-6). Many comparative studies on this sub-
ject have suggested that there are many advan-
tages of using a reverse algorithm, in which the 
screening starts with a treponemal test (7-11). 
The use of treponemal immunoassays for syph-
ilis screening eliminates biologically false pos-
itives due to the presence of anticardiolipin an-
tibodies in certain diseases (12-14). In addition, 
immunoassays can be automated, their results 
are objective, and they reduce labor costs and in-
crease laboratory efficiency (3, 7-10). However, 
despite excellent specificity, any test may have a 
poor predictive value when performed in popula-
tions with low disease prevalence, such as blood 
donors (1, 4). Therefore, the reverse algorithm 
guidelines recommend retesting all samples that 
are found reactive in a treponemal immunoassay 
using a nontreponemal test and/or a second, dif-
ferent treponemal test, such as TPPA or TPHA 
(1, 3-6).
In two different studies reported from Brazil (15, 
16), the reverse algorithm involving the use of 
the CLIA method improved the results of blood 
bank serologic screening, but still resulted in a 
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high rate of false positive results in a healthy 
population, such as blood donors, which contin-
ues to be a problem. 
In comparative studies conducted with the CLIA 
method, it is stated that having high sensitivity 
and specificity, lower labor costs and faster re-
sults, CLIA can be effectively used for screening 
in laboratories with high sample counts, and it 
is emphasized that false positive CLIA results 
can be confirmed by a treponemal test, such as 
TPHA and TPPA (7, 8, 10, 11). 
In the current study, ten samples were found 
reactive using the CLIA method. Nine of these 
samples were positive and the remaining one 
was negative according to the TPHA test. We 
were not able to repeat the test on the negative 
sample; therefore, we could not evaluate whether 
the result was a false positive. Studies show that 
if the second treponemal test is not reactive, this 
indicates that the first treponemal test is proba-
bly a false screening result and that the donor is 
less likely to have been exposed to syphilis (17, 
18). In this study, the VDRL test was negative 
for all 10 CLIA-reactive samples, and this result 
was statistically significant (p < 0.001).
We were able to repeat the tests on new blood 
samples collected from three prospective donors 
one month after the initial evaluation. The retest-
ed samples were found to have negative VDRL 
results, but their titers doubled in the TPHA test. 
These individuals were referred to the infectious 
diseases clinic for medical evaluation, diagnosis, 
treatment, and follow-up. 

Conclusion

WHO emphasizes that the sensitivity and speci-
ficity of the tests used in donor screening should 
be high and have a sensitivity limit of at least 
99.5%. The sensitivity of nonspecific RPR/
VDRL tests used in syphilis screening is very 
low compared to specific treponemal tests. In 
nonspecific tests, false negativity can also be 

seen especially in early and late syphilis cases.
The CLIA method has many advantages, such 
as high sensitivity and specificity, lower labor 
costs, and faster results. Of our ten CLIA posi-
tive blood donors only three replied to our call 
which is a limitation of our study. In spite of this, 
the results of the tests on the initial blood sam-
ples revealed high agreement between the two 
treponemal tests, namely CLIA and TPHA 
Of the three blood donors from whom a second 
blood sample was collected and tested, there 
were no false positive results for the CLIA  and 
the results were in  agreement with the second 
treponemal test (TPHA) which suggests that 
CLIA is suitable for syphilis screening. Based 
on these results, we determined that the use of 
the CLIA method and reverse algorithm is effi-
cient and sensitive for the syphilis screening of 
blood donors. Yet, blood centers need to validate 
this algorithm to evaluate the performance char-
acteristics before replacing it with the present 
algorithm.   
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