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Purpose: To determine the utility, diagnostic accuracy, sensitivity, specificity, and negative predictive value of the
laboratory based Covid-19 antigen detection test (Coris Bio- Concept, Gembloux, Belgium) for the diagnosis of
SARS-CoV-2 in a tertiary care hospital among symptomatic and asymptomatic patients.
Methods: The nasopharyngeal swab samples were collected from the symptomatic patients and their contacts. The
diagnostic accuracy of this antigen kit was determined in comparison to SARS-CoV-2 real-time reverse tran-
scriptase (RT-PCR).
Results: A total of 825 patients fulfilling the inclusion criteria were included in the study; RT-PCR and antigen
detection was performed simultaneously for 484 samples to determine the sensitivity and specificity of the test.
The overall specificity and sensitivity was 99.32% and 71.96% respectively. Also, 3.7% of the asymptomatic
patients who were negative by RAT were detected positive by RT-PCR.
Conclusion: This rapid antigen test (RAT) was sensitive in the symptomatic patients presenting during the initial
phase of the illness. Since, majority of the SARS-CoV-2 patients are asymptomatic and considering the huge
population, the testing strategy formulated by Indian Council of Medical Research (ICMR) at the national level
was cost effective. Thus, Ag-RDTs could play a pivotal role in early diagnosis, policy making and surveillance of
the SARS-CoV-2.
Introduction

The Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
emerged in Wuhan, China, on December 31, 2019 and was declared
pandemic by World Health Organization (WHO) on March 11, 2020 [1,
2]. As updated on April 27, 2021, the WHO reports 147, 539, 302
confirmed cases with 3,116,444 deaths spanning across the globe [3].

The Real-time Reverse Trancriptase PCR (RT-PCR) is the main mo-
dality for diagnosis, and nasopharyngeal (NP) swab is recommended
sample for SARS-CoV-2. Although RT-PCR is sensitive, it requires skilled
laboratory personnel and dedicated molecular laboratory set-up. The
turn-around-time for RT-PCR process including nucleic-acid extraction is
long (6–7 h). which demands development of rapid and easy-to-perform
diagnostic methods. The major advantage of RAT is the availability of
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quick results, easy interpretation and suitability for use in field settings.
The RAT has been used for viral illnesses like Hepatitis B, Human Im-
munodeficiency Virus, and dengue (NS1 antigen) [4]. The influenza RAT
provides moderate sensitivity (50–70%) with high specificity. They are
not routinely used as they do not provide information about the circu-
lating types. Recently various RAT for SARS-CoV-2 diagnosis are avail-
able. These can detect viral antigen from the sample by the immobilized
SARS-CoV-2 antibody on the device [5,6]. Although these tests are quite
specific (80–100%) their sensitivity (29–93.9%) varies from kit to kit [7].
Due to this concern, the present study was planned to evaluate its utility
in tertiary care hospital.

Currently, two types of RAT are commercially available for SARS-
CoV-2 detection in nasopharyngeal samples; one can be performed
bed-side as the samples are collected in lysis buffer while other is
laboratory-based and has to be performed in biosafety level - II facility
1
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Abbreviation list

RAT Rapid antigen tests
SARS- CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2
ICMR Indian Council of Medical Research

Table 1
Demographic features of 484 patients for which both RT-PCR and RAT was done.

COVID-19 Result by Real-Time
PCR

COVID-19 result by Ag
Respi-Strip CORIS

Positive
(n)

Negative(n)

Gender Male Positive 84 28
Negative 1 148

Female Positive (n) 52 25
Negative (n) 1 145

Age Mean 35.5
Median 32
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and the samples are collected in viral transport media. The present study
evaluated the commercially available laboratory-based Coris Bio concept
COVID-19 ag Respi-strip test, (Coris Bio-Concept, Gembloux, Belgium)
for SARS-CoV-2 detection in nasopharyngeal samples. According to
ICMR guidelines and testing algorithm, it has been recommended that
results of antigen detection should be taken as confirmatory if the patient
is asymptomatic while in case of symptomatic patients, the testing by RT-
PCR is advised even if the RAT is negative [8]. However, in an institute
set up, an asymptomatic patient missed by RAT could be a potential super
spreader. Hence, we attempted to study the utility of rapid antigen
detection tests in a tertiary care hospital in North India in both symp-
tomatic subjects as well as their asymptomatic contacts.

Materials and methods

Study design and site

This was a prospective cross-sectional study conducted at the
communicable disease ward of a tertiary care North Indian Hospital.
Nasopharyngeal swab samples were collected from patients between
August 22, 2020 to September 18, 2020.

Sample collection and processing

The nasopharyngeal swab samples were collected by trained medical
personnel using appropriate biosafety measures. The samples were put in
a viral transport medium (VTM) and transported in a cold chain to the
Department of Virology. The testing was carried out within the BSL class
II facility according to the ICMR guidelines. The real-time PCR targeting
E (envelope), ORF (Open-reading frame), and RdRp (RNA dependent
RNA polymerase) genes were considered as a gold standard for
comparing the results of the RAT. Among the confirmatory genes, the Ct
value of ORF was used for comparison with the antigen positivity as it
correlates best with the viral load/antigen load [9].

Patient inclusion criteria

Adult patients with the following criteria were included in study i)
patients with influenza-like illness (ILI) which was defined as an acute
respiratory infection with the measured fever of�38 C�, cough, and with
onset within the last 10 days. ii) asymptomatic contacts of a known SARS-
CoV-2 positive case at least at day 5 of contact with lab confirmed case.

Exclusion criteria

Pediatric patients with symptoms suggestive of SARS-CoV-2 were
excluded from the study as this study was conducted in the adult
communicable disease ward of the institute.

Sample size

A total of 825 patients fulfilling the above inclusion criteria were
included in the study; RT-PCR and antigen detection was performed
simultaneously for 484 samples to determine the sensitivity and speci-
ficity of the test. The Coris bioconcept COVID-19 ag respi-strip test (Coris
Bio-Concept, Gembloux, Belgium) was used for rapid antigen detection
according to the manufacturer's protocol. The manufacturers of this kit
458
have claimed sensitivity of 57.6% and specificity of 99.5% [10].
Although the kit was already approved by the Indian Council of Medical
Research (ICMR) and sensitivity and specificity were documented in the
kit literature, we wanted to evaluate the efficacy of the kit in the tertiary
care-setting of our institute for further policy making. For carrying out
real-time PCR, the nucleic acid of the samples was extracted using the
Qiagen viral mini kit (Qiagen, Germany) according to the manufacturer's
protocol. The detection of SARS-CoV-2 by Real-Time PCR was performed
by NIV-Single tube probe-based commercial kit (NIV-Single tube kit) in
the Applied Biosystem 7500 real-time PCR machine (ABI, USA). Insti-
tutional ethical clearance and project approval was taken
(NK/6744/study/521). Informed consent was taken from all the patients.

Data analysis

The data were entered using Jamovi software (version 1.6.7, htt
ps://www.jamovi.org). To compare relevant clinical data, Pearson's
chi-squared and Fisher's exact test, (where appropriate) were used for
comparisons of proportions. The receiver operator curve (ROC) was
made by Excel spreadsheet (version 2019 16.0.6742.2048) and a cut-off
value of maximum sensitivity and specificity was derived. A p-value less
than or equal to 0.05 was considered statistically significant.

Results

Initially, RT-PCR and antigen detection was performed simulta-
neously for 484 samples to determine the sensitivity and specificity of the
test. The demographic analysis included 484 nasopharyngeal samples for
SARS-CoV-2 by RT-PCR and COVID-19 Ag Respi-Strip CORIS. The me-
dian age of the study population was 32 years (range: 13–90). The male
population dominated in the positive groups of both antigen detection
and RT-PCR detection (Table 1). Based on the results of the interim
analysis of 484 patients wherein 100% concordance was observed be-
tween both the tests, it was decided to further perform only antigen
testing in symptomatic patients as per ICMR guidelines. Thus, 341 pa-
tients were tested with RAT and if positive they were labeled as SARS-
CoV-2 positive. RT-PCR was done in case where RAT was negative.

Since, on total 825 patients were tested using antigen kits, their
clinical characteristics have been described in Table 2. The mean dura-
tion of onset of symptoms in patients positive for SARS-CoV-2 antigen
was 2 days. The most significant symptoms associated with the positivity
of antigen detection were fever at evaluation, cough, body ache, and
vomiting (p < 0.05).

Antigen detection and real-time PCR

Table 3 shows the sensitivity and specificity of the RAT test consid-
ering RT-PCR as the gold standard in 484 samples. The SARS-CoV-2
antigen was positive in 28% of subjects while RT-PCR was positive in
39% of subjects. However, RT-PCR could detect an additional 11% of
subjects who were reported negative by antigen test resulting in a
sensitivity of 71.96% (95 CI: 64.98%–78.24%). The 293 samples with a
negative result with the RT-PCR technique were also negative with the

https://www.jamovi.org
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Table 2
Clinical Characteristics of the 825 Patients in relation to COVID-19 result by Ag
Respi-Strip CORIS.

COVID-19 result by Ag Respi-Strip
CORIS

Positive Negative p-value

SYMPTOMS AT PRESENTATION Present 115 518 0.04
Absent 23 169

FEVER AT EVALUATION Present 93 268 0
Absent 45 419

COUGH Present 55 198 .01
Absent 83 489

BREATHLESSNESS Present 3 17 .83
Absent 135 670

SORE THROAT Present 53 256 .80
Absent 85 431

DIARRHOEA Present 1 15 .25
Absent 137 672

CHEST PAIN Present 1 3 .65
Absent 137 684

VOMITING Present 9 18 .01
Absent 129 669

HAEMOPTYSIS Present 2 2 .07
Absent 136 685

NASAL DISCHARGE Present 7 25 .42
Absent 131 662

BODY ACHE Present 29 49 0.0
Absent 109 638

SPUTUM Present 0 56 NA
Absent 138 631

MALAISE Present 0 1 NA
Absent 139 685
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rapid test, giving an overall specificity of 99.32% (95 CI: 97.57%–

99.92%). The accuracy of the test was 88.64% (95 CI: 85.47%–91.32%).
Relation of antigen positivity with Ct value

The 136 concordant positive samples (both antigen and RT PCR
positive) had a median Ct value of ORF gene 19.6, whereas the median Ct
value of the 94 discordant (positive RT-PCR with negative rapid test)
samples was 25.6 (P < 0.0001 (95% CI:4.8503 to 7.1497)). (Fig. 1). The
mean Ct value of the Open Reading Frame (ORF) of the antigen-positive
Table 3
Sensitivity, specificity, positive, and negative predictive values of COVID-19 Ag respi

COVID-19 Ag Respi-
Strip CORIS

Positive Samples on RT-
PCR (N ¼ 189)

Negative Samples on RT-
PCR (N ¼ 295)

Total
Samp
484)

Positive 136 2 138
Negative 53 293 346

Fig. 1. Median Ct value of antigen positive and negative sampl
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samples (19.9 vs 25.4) was significantly lower than that of the antigen-
negative samples (P < 0.0001 (95% CI: 4.3514 to 6.6486)).

Among 484 samples tested by both methods, the antigen and RT-PCR
was positive in 28.5% (138/484) and 39.0% (189/484) patients
respectively. 60.5% (293/484) patients were negative by both methods.
The RAT was not able to detect 3.7% of the asymptomatic patients who
were positive by RT-PCR (Supplement Table 1). The median Ct values of
the asymptomatic patients missed by RAT was 24.5.

In order to determine the cut off of CT-value of ORF gene beyond
which the RDT was not able to detect SARS-CoV-2 infection, ROC anal-
ysis was done. The Ag test achieved an area under the ROC curve (AUC)
value of 0.835. This suggest that the RAT can accurately detect SARS-
CoV-2 in nasopharyngeal samples (Fig. 2). The samples with Ct <

18,<20, <22; COVID-19 Ag Respi-Strip CORIS had a sensitivity of
96.81%, 91.49% and 82.98% respectively. In a few patients with low CT
values, only the test line was visible and the control line was barely seen.
This could be due to the presence of a high amount of virus antigen which
binds to the antibody attached to the rapid antigen strip. (Supplement
Figure 1).

Discussion

The rapid spread of SARS-CoV-2 demands the availability of a rapid,
accurate, and affordable diagnostic test. Rapid diagnosis can limit the
spread of the infection in the initial stages and can be very beneficial in
asymptomatic contacts of symptomatic patients and super-spreaders. In a
country with a huge population like India, SARS-CoV-2 testing by RT-
PCR is a challenging task. Thus, RAT can be utilized for rapid SARS-
CoV-2 detection as a point-of-care test. The nucleocapsid protein of the
virus is present in abundance in the nasopharyngeal samples; thus it is a
preferred target analyte for antigen detection.

Very few Ag-RDTs have undergone stringent regulatory review.
Currently, 13 kits have received United States Food and Drug Adminis-
tration (FDA) Emergency Use Authorization (EUA). Till now, only three
companies have submitted documents toward WHO's Emergency Use
Listing (EUL) procedure [5,6]. The Coris Bioconcept COVID-19 ag
respi-strip test was recently approved by the Indian Council of Medical
Research (ICMR) for in vitro diagnosis of SARS-CoV-2. Though this kit has
been approved and validated by ICMR, to the best of our knowledge, this
is the first report from India on its actual evaluation in a clinical set up
-strip CORIS for detection of SARS-CoV-2 in nasopharyngeal samples.

les (N ¼
Positive
Predictive
Value

Negative
Predictive
Value

Sensitivity Specificity Accuracy

98.55% 71.96% 88.64%
84.68% 99.32%

es. (19.6 vs 25.6) (P < 0.0001 (95%CI:4.8503 to 7.1497)).



Fig. 2. Receiver operating characteristic (ROC) curve analysis. The rapid anti-
gen test achieved an area under the ROC curve (AUC) value of 0.835.
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among both symptomatic as well as asymptomatic patients. Compared to
the RT-PCR test, this antigen test greatly reduces the turnaround time
from 6 h to 30 min and can be used as a routine in a high-throughput
setting, especially during a pandemic where infection control is the
highest priority and there is an urgent need to isolate positive cases.

In our scenario, the sensitivity of RAT was found to be 71.96% which
is higher than Scohy et al. where low sensitivity of 30.2% was observed
[11] and Niclot et al. where only 50.0% sensitivity was observed [12].
Scohy et al. performed tests on randomly selected samples and while
Niclot et al. collected samples randomly from the general population.
This could be the reason for the low sensitivity in their studies as in the
current study symptomatic patients and their known contacts were
tested. These Ag-RDTs are most likely to perform well in
pre-symptomatic and early symptomatic phases of the patient when the
viral load is high (Ct values � 25 or >106 genomic virus copies/mL) [13,
14] The manufacturers performed a retrospective study from symptom-
atic patients suspected of SARS-CoV-2 infections and derived the sensi-
tivity of 57.6% for samples positive with a Ct value under 22. In the
current study, based on the ROC analysis, the sensitivity of 82.98% was
achieved at Ct value under 22 [10]. Thus, this test is more sensitive in
patients with high viral loads and hence could be used for patients within
initial days of presentation, offering the chance for early diagnosis of
SARS-CoV-2 cases. This will aid in breaking the transmission of cases and
their close contacts. The patients presenting in the later part of disease
i.e. after 6–7 days onset of symptoms are more likely to have low level of
viral load. Hence, the probability of false-negative results is higher with
Ag-RDTs [15].

The current Indian guidelines [8] and the advisory bodies have rec-
ommended the initial testing by rapid antigen detection test alone in
asymptomatic patients and results may be considered as true positive or
true negative. In the present study only 3.7% of the asymptomatic pa-
tients who were negative by RAT were detected positive by RT-PCR.
Since, majority of the SARS-CoV-2 patients are asymptomatic and
considering the huge population, testing strategy at national level was
formulated which is cost effective and can break the transmission chain
by rapid diagnosis of those who are at high risk of transmission. How-
ever, among the symptomatic cases, RT-PCR has been advised in cases
with negative RAT results.

Based on experience with antigen-based RATs for other respiratory
diseases (influenza), in which affected patients have comparable
460
concentrations of influenza virus in respiratory samples as seen in SARS-
CoV-2, the sensitivity of these tests might be expected to vary from 34%
to 80% [16]. In the case of the SARS-CoV-2 diagnosis, the RAT offers
similar sensitivity but is more useful in the current pandemic situation.
The R0 of the disease varies from 1.45 to 3.5 and person-to-person
transmission is high. The RAT are advantageous in triage and emer-
gency areas demanding prompt diagnosis. Currently, RATs are not rec-
ommended by the WHO for patient management. However, due to their
potential of rapid diagnosis, its utility is highly encouraged in the clinical
setting [17]. They are cost-effective and can be performed with minimal
training. Also, in this kit, one nasopharyngeal sample is taken, which can
be utilized for both antigen detection and RT-PCR. It is unlike other kits
where different samples are required thus causing discomfort to the pa-
tient. The cost per test is approximately $7(INR 509) in comparison to the
$20(INR 1450) of RT-PCR (RT-PCR cost during study period Aug2021).

There are few limitations as Coris RAT is not point-of care and has to
be performed in BSL-II laboratory facilities thus limiting its utility in field
settings. In comparison to RT-PCR, it has low sensitivity. The RT-PCR can
amplify low viral load by the process of amplification. However, RAT
accurately detected SARS-CoV-2 in all samples with Ct values< 22 while
the sensitivity decreased in samples with high CT value. Thus, testing
with RAT in patients suspected of SARS-CoV-2 infection can produce
false-negative results. There were two false-positive samples for which
RT-PCR could not be repeated due to lack of sample adequacy. In a highly
viscous samples false-positive can occur although the degree of viscosity
cannot be accurately defined [18]. The risks of cross-contamination
when testing multiple patient specimens remains high and cannot be
ruled out, although samples were tested with recommended precautions.
Another limitation of the study is that we didn't compare the viral load
with CT values.

Conclusion

We could not assess for cross-reactions with other endemic corona-
viruses (OC43, NL63, 229E, and HKU1) and respiratory viruses. How-
ever, the manufacturers claim no cross-reactions with circulating other
coronavirus infections [9]. These tests can't be used as a stand-alone test
for the diagnosis. Despite these limitations, RAT has ability to play sig-
nificant role in guiding patient management, surveillance and policy
aking decision for public health in this pandemic. However, further
prospective studies are required for its implementation in the best clinical
setting.
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