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Abstract

In December 2019, the World Health Organization (WHO) reported that China had accumulated
pneumonia of unclear etiology in Wuhan. According to WHO recommendations, in strictly defined
situations, antigen tests can be implemented into the diagnostic algorithm to reduce the number of
molecular tests performed and support the rapid identification and treatment of COVID-19 patients. Ac-
cording to WHO recommendations, the antigen test for diagnostic use should have a sensitivity of > 80%
and a specificity of =2 97% compared to molecular tests (NAAT). Based on the comparative analy-
sis, the sensitivity and specificity of the SARS-CoV-2 Antigen ELISA test were determined concerning
the RT-PCR reference method. The sensitivity of the SARS-CoV-2 Antigen ELISA was 100% (51/51)
and the specificity was 98.84%. The obtained data demonstrate that the analyzed antigen test meets both

the WHO and the Ministry of Health criteria.
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Introduction

Human coronaviruses are primarily responsible for
mild respiratory infections. In the past, only two viruses
belonging to the Coronaviridae family (SARS-CoV(-1)
and MERS-CoV) caused epidemics, but their effects did
not profoundly impact public health and medical infra-
structure worldwide [1, 2].

In December 2019, the World Health Organization
(WHO) reported that China had accumulated pneumonia
of unclear etiology in Wuhan [3]. Shortly after that, a new
etiological agent belonging to human coronaviruses, SARS-
CoV-2, was identified as the source of the infection [4]. It is
responsible for the COVID-19 (coronavirus disease 2019)
pandemic announced in March by the WHO, which unex-
pectedly changed the lives of millions of people around the
world [5]. The COVID-19 pandemic is a rapidly spreading,
extremely contagious disease much more serious than the
seasonal flu [6]. By January 17, 2020, 330 million cases had
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been confirmed worldwide; more than 5.5 million people
have died from COVID-19 disease [7]. Vaccinations have
had the greatest hope in limiting the spread of the virus,
reducing hospitalizations and deaths since the epidemic’s
outbreak [8]. While the global effects of COVID-19 were
already catastrophic, there was another, fourth wave of the
pandemic in autumn 2021. In the current epidemiological sit-
uation, the overriding goal of the health care system is to stop
the spread of the SARS-CoV-2 virus. The therapeutic op-
tions for patients are still limited; hence laboratory diagnos-
tics remains the primary tool in the fight against COVID-19.

Due to the rapidly growing knowledge about SARS-
-CoV-2 and COVID-19 pathogenesis, diagnostic improve-
ments have undergone significant modifications several
times. Initially, only molecular tests could diagnose this
disease, which was relevant to important research areas
for the genetic detection of SARS-CoV-2: the time-con-
suming procedure and high cost of determination [9-11].
The dramatically growing number of new cases in the
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world has prompted specialists in infectious diseases and
epidemiology to look for solutions that will improve the
existing diagnostic algorithm and allow for the rapid isola-
tion of SARS-CoV-2 infected viruses. According to WHO
recommendations, in strictly defined situations, antigen
tests can be implemented into the diagnostic algorithm to
reduce the number of molecular tests performed and sup-
port the rapid identification and treatment of COVID-19
patients. According to WHO recommendations, the antigen
test for diagnostic use should have a sensitivity of > 80%
and a specificity of > 97% compared to molecular tests
(NAAT) [12]. In the document published on November 3,
2020 by the Ministry of Health (Ministry of Health), “Pos-
sibility of using SARS-CoV-2 antigen detection tests in
the COVID-19 diagnosis in Poland — Coordination Team
for COVID laboratory network statement”, it was empha-
sized that due to the severe consequences of false-negative
results, the recommendation is to use antigen tests for di-
agnostics with a diagnostic sensitivity > of 90% and diag-
nostic specificity > of 97% concerning the validation data
declared by the manufacturer [13].

Antigen tests available on the diagnostic market show
significant diversity in terms of the most critical parame-
ters, which indicate their potential usefulness in routine
laboratory diagnostics. The most important international
organizations, institutions, and agencies responsible for
public health emphasize that when selecting an antigen
test its quality should be taken into account [14, 15]. How-
ever, knowledge of the tests for detecting SARS-CoV-2
virus antigens is still limited due to there being only a few
published independent comparative studies. Therefore, the
research aimed to independently evaluate the commercially
available antigen test (SARS-CoV-2 Antigen ELISA) in
comparison to the reference method — RT-PCR.

Material and methods

Patients samples

One hundred thirty-seven samples of patients suspected
of SARS-CoV-2 infection were collected from 17 Novem-
ber to 20 November 2020. Patients were swabbed from
the nasopharynx using a swab set. In order to protect the
material, swabs were placed in the transport buffer and
stored at +4°C for a maximum of 48 hours.

Ninety six patients (70.07%) had a fever, cough, run-
ny nose, muscle pain, and general weaknesses. Thirty-five
(25.54%) were asymptomatic; they were from contact with
positive PCR SARS-CoV-2 patients. Six patients (4.39%)
were unknown.

The residual material after RT-PCR testing was used
to validate the EUROIMMUN antigen test. All procedures
related to collecting and analyzing samples obtained from
patients were carried out in a diagnostic laboratory with an
ISO 15189 accreditation certificate.

Diagnostic kits
RT-PCR

The instructions provided by the manufacturer
were followed to carry out extraction of SARS-CoV-2,
RT-PCR genetic material and analysis of the results. RNA
was extracted and purified using the RNA isolation kit
(RNeasy Plus Mini, Qiagen). Reverse transcription, am-
plification and detection of RNA isolated from the sam-
ple and analysis of the results were performed using the
EURORealTime SARS-CoV-2 test kit (EUROIMMUN)
and EURORealTime software Analysis (EUROIMMUN).
The EURORealTime PCR SARS-CoV-2 assay enables the
parallel detection in a single reaction of two particular gene
sequences: ORF1lab and N-Gen. The test kit includes the
Internal Amplification Control, which also serves as an
inhibition control, and the SARS-CoV-2 Positive Control
serves as an external control for each test run. RT-PCR
was performed for 45 cycles on a Rotor-Gene Q thermal
cycler, Qiagen. A cycle threshold (Ct) was assigned to each
PCR reaction, and the amplification curve was evaluated.
Based on the internal validation of the EURORealTime
PCR SARS-CoV-2 test and literature data, samples with
Ct < 31 were considered positive.

Antigen test

The transport media with the swabs were placed after the
material was collected were used in parallel for testing for
SARS-CoV-2 virus antigens. For this purpose, the SARS-
-CoV-2 Antigen ELISA test kit (EUROIMMUN) was used,
in which the 96-well microplate was coated with monoclonal
antibodies against the SARS-CoV-2 virus protein. The test
was performed using a device enabling full automation of
incubation — Analyzer [-2P (EUROIMMUN). The incuba-
tion procedure was followed according to the manufacturer’s
instructions included with the test kit. Before testing, the
samples were diluted (1 : 1.5) in the lysis buffer supplied
with the kit, then mixed and incubated (5 min). The results
were read spectrophotometrically at 450 nm and a reference
wavelength between 620 nm and 650 nm. The results were
assessed semi-quantitatively by calculating the value of the
so-called ratio coefficient, i.e. the ratio of extinction of the
analyzed sample to the extinction of the “cut-off” calibrator.
Interpretation of the results: ratio < 0.5 — negative result,
ratio > 0.5 and < 0.6 — borderline result, ratio > 0.6 — positive
result. As part of the validation analysis, the samples located
in the border zone were classified as positive.

Results

Comparative analysis of the antigen test
with RT-PCR

The study was carried out on 137 nasopharyngeal
swabs, of which 51 (37.2%) samples were positive and
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Fig. 1. Level of SARS-CoV-2 antigen in the tested sam-
ple plotted against the result obtained with the reference
method (RT-PCR). According to the RT-PCR evaluation
criteria adopted in the laboratory, the results for which
Ct < 31 are considered positive

86 (62.8%) negative, as determined by the RT-PCR refer-
ence method. Samples for which Ct < 31 were considered
positive. The median Ct of the positive samples was 23.77
(range 15.31-30.54).

In parallel, all samples were analyzed by the antigen
test. Fifty-two samples were considered positive, 85 sam-
ples were negative. One false positive was obtained (ratio
0.54, Ct 31.65). The median ratio in the positive samples
for RT-PCR was 15.90 (range: 0.54-40.91), and negative
samples were 0.25 (range: 0.13-0.54). The mean level of
antigen in the positive samples (concerning RT-PCR) was
significantly higher than in the negative samples (Fig. 1).

Table 2. Sensitivity and specificity of the antigen test de-
pending on the Ct cut-off in RT-PCR
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Fig. 2. Correlation of the SARS-CoV-2 antigen test Anti-
gen ELISA (EUROIMMUN) (ratio) with the results ob-
tained by the reference RT-PCR method depending on
the Ct value. Ct = 29 — dotted line, Ct = 31 — dashed line,
Ct =33 —solid line

Table 1. Parameters of the SARS-CoV-2 Antigen ELISA
test

RT-PCR (Ct <31)

Positive Negative >
SARS- Positive 51 1 52
gz:;;n Negative 0 85 85
ELISA 2 51 86 137
Sensitivity ~ Specificity Compatibility
100% 98.84% 99.27%

Parameters of the SARS-CoV-2 Antigen ELISA test depending on the Ct cut-off
point in RT-PCR

Sensitivity and specificity of the SARS-CoV-2
ELISA antigen test

Based on the comparative analysis, the sensitivity and
specificity of the SARS-CoV-2 Antigen ELISA test were
determined concerning the RT-PCR reference method.
Sensitivity was determined based on the ratio of positive
results determined with the antigen test compared to all
positive results obtained with RT-PCR. Specificity was
determined based on the ratio of the negative results de-
termined with the antigen test compared to all negative
results obtained with RT-PCR. The sensitivity of the
SARS-CoV-2 Antigen ELISA was 100% (51/51) and the
specificity was 98.84% (85/86) (Table 1).

Based on the results of the comparative study, the sen-
sitivity and specificity of the antigen test were determined
depending on the cut-off point of the Ct value in the refer-
ence test (RT-PCR) (Table 2, Fig. 2).

Discussion

As part of this work, comparative studies of the antigen
test, i.e. SARS-CoV-2 Antigen ELISA with the RT-PCR
genetic test, i.e. EURORealTime SARS-CoV-2, were
performed. To our knowledge, this is the first report of
this type on the clinical validation of an ELISA-based an-
tigen test conducted in Poland. The SARS-CoV-2 Antigen
ELISA test was one of the first in Europe to receive the
CE-1VD certificate, which is awarded to medical products
that meet the safety standards established by the Europe-
an Union. Therefore, it is commercially available on the
medical market and can be used for in vitro diagnosis of
COVID-19.

According to data provided by the manufacturer, the
test is characterized by sensitivity of 93.6% and specific-
ity of 100%, which was determined based on a series of
carefully characterized samples. An independent analysis
carried out as part of this study showed that the sensitiv-
ity of the SARS-CoV-2 Antigen ELISA test is 100% and
specificity if 98.84% for the RT-PCR reference method.

60 Central European Journal of Immunology 2022; 47(1)



Validation of the test for detecting SARS-CoV-2 antigens in the Polish population in patients with suspected SARS-CoV-2 infection

The obtained data confirm that the analyzed antigen test
meets both the WHO and the Ministry of Health criteria.

Available antigen tests detect proteins that are crit-
ical structural elements of the virus and are involved in
the pathogenesis of infection. The SARS-CoV-2 Antigen
ELISA test was used to detect the N protein in the tested
sample, which is part of the nucleocapsid structure. As a re-
sult of the analysis, it was shown that the level of viral anti-
gen in the tested sample depended on the Ct value obtained
in the RT-PCR test. It has been observed that the lower
the Ct value, the higher the antigen level. Moreover, the
antigen test has been shown to have the highest sensitivity
for samples with a low Ct value. A high Ct value indicates
a low viral load in the epithelium of the upper respiratory
tract, which may occur at a very early stage of infection
(immediately after contact with the virus, before the onset of
clinical symptoms) or in the late stage of the disease when
the replicative activity of the virus is reduced [16]. There-
fore, antigen tests are most applicable in the symptomatic
phase of COVID-19, as the viral load in the epithelium of
the upper respiratory tract is then the highest [17]. Accord-
ing to the current knowledge about the SARS-CoV-2 virus
transmission routes, the viral load in the respiratory tract
correlates with infectivity [18]. In the current epidemio-
logical situation, antigen tests are the optimal diagnostic
solution enabling early isolation of infected people and in-
hibition of further spread of SARS-CoV-2 in the population.

The antigen test used in the comparative study is based
on the ELISA method, which has been used for years as
a reliable diagnostic tool for the detection of antigens
or specific antibodies in many infectious diseases [19].
The use of the well-known and proven ELISA method in
the context of a new pathogen is the optimal solution en-
suring repeatability of the obtained results and high preci-
sion of the test. Automatic, objective spectrophotometric
reading of the result eliminates the risk of human error.
In addition, in the face of the pandemic and the enormous
scale of tests for SARS-CoV-2 infection, the possibility
of fully automating the incubation process is an undoubt-
ed advantage. The high throughput of automatic systems
makes the SARS-CoV-2 Antigen ELISA test a suitable
tool for testing large groups of patients suspected of
COVID-19 - this allows for natural relief of genetic labo-
ratories in large-scale research.

Complementing the diagnosis of COVID-19 in symp-
tomatic patients with SARS-CoV-2 antigen detection tests
reduces the waiting time for the test result and improves
the process of referring patients for isolation [14]. As the
number of COVID-19 cases increases exponentially, the
rapid isolation of patients is key to limiting further SARS-
CoV-2 virus transmission and then gradually normalizes
the health system. Antigen testing seems to be the missing
link in the fight against the COVID-19 pandemic. Accord-
ing to the manufacturer’s assurances, the test should detect
patients infected with the Omicron variant. Preliminary

studies on the sequence of the new variant show that the
most changes can be observed within the S gene [20].

In an era when the SARS-CoV-2 virus spreads un-
predictably and rapidly, countries are looking for testing
strategies that will ensure maximum detection, taking into
account places with limited availability of health care and
lower testing costs. India has proposed a solution in which
diagnostics begins with the RAT (rapid antigen test). If
the result is positive, infection is reported, and if the re-
sult is negative and the patient symptomatic, RT-PCR is
performed. The solution allowed for broader testing in ru-
ral areas and a significant reduction in the cost and time
of diagnostics [21]. When proposing this approach, one
should bear in mind that the highest possible sensitivity
should characterize the selected RAT test because it gives
the possibility of obtaining a negative result; otherwise this
approach will generate a significant false-negative rate in
individuals who may be asymptomatic. At this point, we can
use an analogy with the principles of diagnosing Lyme dis-
ease. In the case of Borrelia infection, a two-stage diagno-
sis is obligatory — first, a highly sensitive screening ELISA
test should be performed, which gives factual information
with a negative result. A particular confirmation test, LINE
BLOT, is recommended if the screening test is positive.

The authors declare no conflict of interest.
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