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Comparison of a novel antigen detection test with reverse
transcription polymerase chain reaction assay for laboratory diagnosis
of SARS-CoV-2 infection
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Abstract

Molecular diagnosis of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by real-time reverse transcription
polymerase chain reaction (RT-PCR) in respiratory specimens is considered the gold standard method. This method is highly
sensitive and specific but it has some limitations such as being expensive and requiring special laboratory equipment and
skilled personnel. RapidFor™ Antigen Rapid Test Kit is a commercially available Ag-RDT which is produced in Turkey
and designed to detect the nucleocapsid antigen of SARS-CoV-2 in nasopharyngeal swab samples. The aim of this study
was to evaluate the performance of this novel SARS-CoV-2 antigen detection considering the RT-PCR method as the gold
standard. Four hundred forty-four nasopharyngeal swab samples which were collected from the patients who met clinical
criteria of COVID-19 from ten centers in Turkey between September 2020 and February 2021 were included in the study.
All the nasopharyngeal swab samples were tested for SARS-CoV-2 RNA using commercial RT-PCR kits (Bioeksen and
Al Lifesciences, Istanbul, Turkey) according to the manufacturer’s instructions. Viral loads were assessed according to the
cycle threshold (Ct) values. RapidFor™ SARS-CoV-2 antigen test (Vitrosens Biotechnology, Istanbul, Turkey) was used
to investigate the presence of SARS-CoV-2 antigen in all samples following the manufacturer’s instructions. Out of 444
nasopharyngeal swab samples tested, 346 (77.9%) were positive and 98 (22.1%) were negative for SARS-CoV-2 RNA by
RTPCR. Overall sensitivity of the RapidFor™. Antigen Rapid Test Kit was 80.3% whereas specificity was found to be 87.8%.
Positivity rate of rapid antigen test in samples with Ct values over 25 and below 30 was 82.7%, while it increased to 95.7%
in samples 20 < Ct < 25 and reached 100% in samples with Ct values below 20. RapidFor™ SARS-CoV-2 Ag test might be
a good choice in the screening of symptomatic and asymptomatic patients and their contacts for taking isolation measures
early, with advantages over RT-PCR as being rapid, easy and being applicable in every laboratory and even at point of care.
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Introduction

Molecular diagnosis of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) by real-time reverse transcrip-
tion polymerase chain reaction (RT-PCR) in respiratory
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specimens is considered gold standard method [1, 2]. This
method is highly sensitive and specific, but it has some
limitations such as being expensive and requiring special
laboratory equipments and skilled personnel. Although it
is normally possible to get results in less than 2 h, most test
results are usually delayed because of the huge number of
samples sent to molecular diagnostic laboratories, during
pandemics. This is important as it causes people wait for the
result and leads to a delay in isolation of patients who are
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found to be positive. Therefore, it is certain that rapid and
easy laboratory tests which give accurate results are needed
to control the spread of the virus.

Antigen-detection rapid diagnostic tests (Ag-RDTs) are
immunochromatic tests which are used to detect SARS-
CoV-2 antigen. They are known as less sensitive than SARS-
CoV-2 RT-PCR method, but seem advantageous as they do
not have the requirement of special laboratory facilities
and skilled personnel. They are easy to perform, cheap and
it is possible to get rapid results. Some of these tests are
approved by Food and Drug Administration FDA and is used
as first-line diagnostic tests in Belgium [3, 4].

RapidFor™ Antigen Rapid Test Kit is a commercially
available Ag-RDT which is produced in Turkey and designed
to detect the nucleocapsid antigen of SARS-CoV-2 in naso-
pharyngeal swab samples (NPS). Since the test determines
the nucleocapsid antigen it is expected to detect the variants
of the virus that emerge due to mutations seen in the genes
of spike antigen. The aim of this study was to evaluate the
performance of this novel SARS-CoV-2 antigen detection
considering the RT-PCR method as gold standard.

Patients and methods

Four hundred and forty-four NPS which were collected
from randomly selected patients over age of 13 who met
clinical criteria of COVID-19 from 10 centers located in
seven cities in six different regions between September
2020 and February 2021 were included in the study, for
representing general population in Turkey. The median age
of the patients was 49 (13-92), while 229 (51.9%) were
females. All the patients enrolled to the study acknowl-
edged understanding the aims of the study and signed an
informed consent prior to collection of clinical samples.

NPS were sent to laboratory in viral nucleic acid transport
medium (VNAT). Among 444 samples, 237 (53,4%) were
tested by RT-PCR and antigen testing soon after arrival to the
laboratory, while 207 (46,6%) were frozen and stored to be
tested later due to the laboratories’ working capacity.

All NPS were tested for SARS-CoV-2 RNA using
commercial RT-PCR kits (Bioeksen and A1 Lifesciences,
Istanbul, Turkey) according to the manufacturer’s instruc-
tions. Viral loads were assessed according to the cycle
threshold (Ct) values.

RapidFor™ SARS-CoV-2 antigen test (Vitrosens Bio-
technology, Istanbul, Turkey) was used to investigate the
presence of SARS-CoV-2 antigen in all samples follow-
ing the manufacturer’s instructions. Briefly, S00uL sam-
ple buffer was added to a tube. The swab was completely
immersed in the tube and rotated 10 times. The swab was
discarded after squeezing along the inner wall of the tube.
100uL (3 drops) of processed samples were added to the
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sample well. After 15 min the results were read visually.
Test cards which showed both control (C) and test (T) lines
were considered positive.

Statistical analysis

Categorical data were presented in numbers and percent-
ages and continuous data were presented as mean, median
and range. Statistical analyses was performed using a
statistical software, IBM SPSS Statistics (version 23).
SARS-CoV-2 RT-PCR was considered as the gold stand-
ard method and Cohen’s kappa coefficient (x) was used to
evaluate the agreement between tests. p value less than or
equal to 0.05 was considered significant.

Results

A total of 444 NPS samples were studied. The median
age of the patients was 49 (13-92), while 229 (51.9%)
were females. Among the 444 samples, 53.4% were tested
directly after arrival to the laboratory, while 46.6% were
frozen and stored before testing.

Out of 444 nasopharyngeal swab samples tested, 346
(77.9%) were positive and 98 (22.1%) were negative
for SARS-CoV-2 RNA by RT-PCR. Median Ct value
of SARS-CoV-2 PCR positive NPS samples was 25.15
(mean;35.42; range: 11.96-42.19). Two hundred and
ninety (65.3%) of all NPS samples were positive by rapid
antigen test while 154 (34.7%) were negative.

Overall sensitivity of the RapidFor TM Antigen Rapid
Test Kit was 80.3%, whereas specificity was found to be
87.8%. Agreement of this Ag-RDT with PCR was found
moderate (x=0.565, p <0.001). Median Ct value of the
Ag-RDT positive samples was 23.67 (mean: 23.81; range:
11.96-37.20). Out of 98 RT-PCR negative samples, 12
(12.2%) were positive by the rapid antigen test.

Positivity rate of rapid antigen test in samples with Ct
values over 25 and below 30 was 82.7%, while it increased
to 95.7% in samples 20 < Ct <25 and reached 100% in
samples with Ct values below 20. Out of RT-PCR positive
92 samples with Ct values between 20 and 25, 4 samples
(4.3%) were negative by rapid antigen test. Detailed com-
parison of NPS Ag-RDT results according to the Ct values
of NPS RT-PCR test is given in Table 1.

Rapid antigen test positivity rates of RT-PCR positive NPS
differed amongst the centers, ranging from 40% to 97.1%.

Positivity rates according to age groups and gender are
shown in Table 2. One hundred twenty five out of 207
(60.4%) frozen NPS samples were positive by Ag-RDT
while 165 of 237 (69.6%) fresh NPS samples gave posi-
tive result.
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Table 1 Comparison of NPS Ag-RDT results according to the Ct values of NPS RT-PCR test

Ct value Antigen test NPS RT-PCR positive
number ; - i i

Antigen positive Antigen negative

n % Median Ct  Lowest Ct  HighestCt n % Median Ct  Lowest Ct  Highest Ct
Ct<20 74 74 100 18.36 11.96 19.96 - - - - -
20<Ct<25 92 88 95.7 2237 20 24.99 4 43 2319 21.47 24.07
25<Ct<30 104 86 82.7 27.26 25 25.99 18 173  28.16 25.66 29.90
30<Ct<35 52 25 48.1 3193 30 34.57 27 519 31 30 3491
Ct>35 24 5 20.8  36.50 35.31 37.20 19 792  37.96 35 42.19
Total 346 278  80.3  23.67 11.96 37.20 68 19.7 30.74 21.47 42.1

NPS RT-PCR negative

Antigen positive Antigen negative
PCR negative 98 12 12.2 - - - 86 87.8 - N -

Table 2 Positivity rates

. Antigen  Antigen
according to age groups and positive negative
gender

n % n %

Age groups

13-25 40 645 22 355

2640 61 61 39 39

41-60 85 69.1 38 30.9

>61 99 70,2 42 115
Gender

Female 149 65.1 80 34.9

Male 140 66.0 72 34

Discussion

In this study, we evaluated the performance of an Ag-RDT,
RapidFor™ in comparison to RT-PCR method for detec-
tion of SARS-CoV-2 in nasopharyngeal swab samples.
To the best of our knowledge, this is the first multicenter
study evaluating the performance of a rapid antigen test
which is produced in Turkey.

Considering the laboratory diagnosis of SARS-CoV2
infection, needs of molecular diagnostics laboratories
such as expensive and special equipment, skilled person-
nel and disadvantages like long turnaround times and high
workload of the laboratory, led to development of various
Ag-RDTs which are inexpensive and easy to use. Many
studies were conducted to evaluate these tests and reported
variable performances for them [3, 5-12].

Some studies reported very low sensitivities and suggested
that use of these tests was not suitable in clinical settings
because of the false negative results [3, 7]. In one of these
studies, the Coris COVID-19 Ag Respi-Strip test was reported

to have a low (30.2%) overall sensitivity, but it achieved a high
sensitivity (100%) for the samples with Ct values under 25. In
this study, median Ct of the 74 discordant samples (positive
RT-qPCR with negative rapid test) was 35 (25-38) [3].

In another study, two Ag-RDTs (detecting SARS-CoV-2
nucleoprotein antigens), Panbio and SD-Biosensor, were
proven to have excellent agreement for samples with high
viral loads and for samples which were obtained within
7 days after the onset of the disease [6]. In this study, 186
RT-PCR negative and 170 RT-PCR positive samples were
included to test the sensitivity and specificity of these tests.
Although overall sensitivities of Panbio and SD-Biosensor
were 60.0% and 66.5%, respectively, both tests had high-
est sensitivity (100%) for the samples of which viral loads
were high with Ct values under 20. The specificities of the
two tests were high [6]. They were reported to be100% for
Panbio and 97.3% for SD-Biosensor.

Common conclusion of many studies was that Ag-RDTs
showed higher sensitivity especially in samples which 6.

853had high viral loads [3, 6, 9, 10, 13] and within the first
days of onset of the disease [6, 9, 12, 14]. Some Ag-RDTs were
even recommended to be used as a first line diagnostic tool in
some countries [2, 3, 15—17]. In one study, an Ag-RDT, Panbio
COVID-19 was tested as a point-of-care testing (POCT) method
in primary healthcare centers. Overall sensitivity and specificity
of the test was found as 79.6% and 100%, respectively, suggest-
ing it as a good point-of-care testing (POC) tool [14].

Previously, it had been shown that higher viral loads in naso-
pharyngeal swab samples were associated with higher risk of
transmission and developing symptomatic COVID-19 with
shorter incubation periods [18]. In addition, viral loads of the
patients were shown to be high especially within the 3 days before
the onset of the symptoms and 5-7 days after the symptoms
appear [19-21]. Therefore, it is important to determine patients
with high viral loads as early as possible in order to take isolation
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precautions. As these tests are inexpensive and easy to use, fre-
quent screening of asymptomatic and symptomatic patients and
people in contact with these patients might give the advantage of
detecting patients in their short incubation periods before having
symptoms. In our study, information of sample timing is lacking
for many of the centers, therefore we couldn’t examine the positiv-
ity rates according to the days of sample collection.

On the other hand, the correlation between Ct values and
infectivity was not proven. It was shown that virus could still
be cultured in specimens with Ct values over 30 [20, 22] or
after 10" day of the onset of the symptoms [23]. According
to these studies, there might not be any correlation between
Ct values and infectivity.

According to the data obtained in Germany where
Ag-RDTs were used widely in diagnosis of SARS-CoV2
infection, one of the main disadvantages of Ag-RDTs was
reported as false positives (Kretschmer A). It was suggested
that false positive results might have led to high economic
burden and unnecessary isolation precautions. Considering
that prevalence of SARS-CoV2 infection changes at differ-
ent times and regions, relying on only Ag-RDT when the
prevalence is low might not be safe.

Our results were comparable to the results of other stud-
ies. Overall sensitivity of our test was 80.3% and fulfilled the
criteria reported by WHO (Ag-2). Sensitivities increased with
the higher viral loads, reaching 95.7% and 100% in samples
with Ct values between 20-25 and under 20, respectively.

In our study, positivity rates showed differences in centers
(40-97.1%). We think that overall sensitivity was affected by
the heterogeneous distribution of the samples with different
viral loads in different centers. In the center with the lowest
sensitivity rate, Ct values of the 91% of samples were above
25. Efficiency of nasopharyngeal swab collection, transport
medium used, storage or directly testing of the sample might
have been the other factors responsible from different sensitivi-
ties in centers. Sample collection might not have been efficient
enough in some centers as it was performed in different condi-
tions like emergency departments, several clinics or outpatient
clinics. In centers which reported sensitivities over 80%, most
samples were tested directly but the center with highest sen-
sitivity had 52.3% of samples with Ct values above 25, but
samples were tested directly in this center. In two centers with
lowest sensitivities, samples were mostly frozen and stored
(91.5% and 99.3%, respectively). This may indicate that testing
the sample freshly maybe more effective than testing frozen
samples although the percentages of detection of SARS-CoV
antigen were 60.4% and 69.6% in frozen and fresh samples
respectively, we didn’t find statistically difference between fro-
zen and fresh samples collected from all centers”.

Processing of samples might have also affected the sensitiv-
ity of the Ag-RDT result. One Ag-RDT, Standard Q COVID-19
Antigen kit was found to have very high sensitivity and specific-
ity rates which were 98.33 and 98.73, respectively [5]. In this
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study, for highly viscous samples, more VTM were added to
reduce the viscosity and vortexed using glass beads to disrupt
the thick mucus before testing. Scohy et al. [3] tried ultracen-
trifugation of the samples with discordant results (RT-PCR
positive, Ag-RDT negative), only two of 24 samples became
weakly positive. We did not perform any additional procedures
for viscous samples or samples with discordant results.

Although the Ag-RDTs have good sensitivity in labora-
tory conditions, it was shown that sensitivity was lower
under field conditions [24]. Similar field study for Rapid-
For™ Ag-RDT will be beneficial.

Our study presents some limitations. As the 46.6% per-
centage of the samples were frozen and stored before testing,
studying of frozen samples might have led to degradation
of the antigen. Manufacturer of the kit recommended that
samples should be tested freshly, but in our study, workload
in some centers did not allow to test the samples immedi-
ately. Another limitation is that processing of samples before
testing had some differences in centers. Samples were trans-
ported to the laboratory in viral transport medium. Some
centers tested the samples transported in VNAT directly
without using buffer provided in the kit while some added
buffer to the sample before testing. We assume that testing
the sample directly without using any viral transport medium
as a POC test might improve the sensitivity. According to
these, new prospective studies with larger sample cases are
needed. Another limitation of our study is that we do not
have the information about timing of taking samples from
patients for most of the centers and we did not classify the
patients according to their signs and symptoms.

RapidFor™ Ag-RDT proved to be a useful, inexpensive and
easy test showing a sensitivity of 100% in samples with high
viral loads which have a Ct value lower than 20 by RT-PCR and
a comparable sensitivity for samples with Ct values up to 30 by
RT-PCR. It might play an important role in breaking the chain
of transmission by rapid identification and isolation of Covid19
patients with high loads of virus in their respiratory system.

According to WHO, the sensitivity of the Ag-RDTs
should be 80% and specificity should be minimum 97% [16,
25]. Sensitivity of RapidForTM SARS-CoV-2 Ag Test meets
these criteria.

Conclusions

RapidFor™ SARS-CoV-2 Ag Test might be a good choice in
screening of symptomatic and asymptomatic patients and their
contacts for taking isolation measures early, especially when
the prevalence is high, with advantages as being rapid, easy
and applicable in every laboratory and even at point of care.
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