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Objectives: PCR on nasopharyngeal exudates, the cornerstone of the detection of SARS-CoV-2, is time-
consuming and commonly unavailable at primary health care centres. Detection of viral nucleocapsid
antigens using lateral flow point-of-care tests is helpful for the early triage of patients who attend health
care facilities.
Methods: This was a prospective study carried out in clinically suspected cases and close asymptomatic
contacts who attended a primary care centre (Madrid, Spain) for SARS-CoV-2 detection. Patients were
divided into three 300-patient cohorts (n ¼ 200 symptomatic cases and n ¼ 100 close asymptomatic
contacts per cohort). Three antigen detection tests (SGTI-Flex COVID-19 Ag, Panbio COVID-19 Ag Rapid
Test Device, and GSD NovaGen SARS-CoV-2 Ag Rapid Test) were used and compared. Paired nasopha-
ryngeal exudates were obtained, one swab for PCR and the other for antigen detection. Each antigen
detection test was evaluated on one cohort.
Results: All tests showed invariably 100% specificity. Sensitivity was 68.9% (95% CI: 55.7e80; SGTI-Flex),
71.1% (95% CI: 55.6e83.6; Panbio), and 84.6% (95% CI: 72e93.1; NovaGen) in clinically suspected patients
and 84.6% (95% CI: 54.5e98.1), 33.3% (95% CI: 11.8e61.6), and 55.6% (95% CI: 30.7e78.4) in close
asymptomatic contacts, respectively. Sensitivity was systematically higher in samples yielding positive
PCR results with Ct � 20.
Discussion: We found considerable test-to-test antigen detection variations among patients with clinical
suspicion of COVID-19 and close asymptomatic contacts. Negative antigen results, regardless of the test
used, should be confirmed by PCR. Pilar Escribano, Clin Microbiol Infect 2022;28:865
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
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Introduction

The clinical presentation of COVID-19 ranges from asymptom-
atic or nonspecific mild illness to severe pneumonia with acute
respiratory distress syndrome, progression to severe and fatal
respiratory failure, and death [1]. COVID-19 spreads easily, and
quick laboratory testing is key in helping halt the disease by rec-
ommending that infected patients self-isolate.
ublished by Elsevier Ltd. All rights reserved.
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Detection of SARS-CoV-2 viral RNA in nasopharyngeal exudate
samples is the cornerstone of COVID-19 diagnosis [2]. However, PCR
is a time-consuming procedure commonly unavailable at primary
health care centres; it alters laboratory routine by increasing the
workload [3]. Detection of viral nucleocapsid antigens using im-
munoassays based on lateral flow point-of-care tests is helpful for
the early triage of patients who attend health care facilities. The
WHO supports antigen testing for the detection of SARS-CoV-2 in
areas where PCR is not available, when PCR implies long turn-
around times in reporting results, in the context of outbreak in-
vestigations or areas where prevalence is high, or for screening of
asymptomatic positive contacts [4].

Few studies have evaluated and compared antigen detection in
symptomatic patients and close asymptomatic contacts who attend
hospital facilities andmostly have been conducted using the Panbio
test [5e9]; furthermore, studies that have evaluated different tests
in these two groups are insufficient [10,11].

It is thus unknown if the performance of antigen detection
differs in patients with mild disease who attend primary care
centres. Here, we report a real-life study in which we assessed the
performance of three antigen detection tests in both patients with
clinical suspicion of mild forms of COVID-19 and close asymp-
tomatic contacts who attended a primary health care centre for
SARS-CoV-2 detection.

Methods

Study patients and definitions

This was a prospective study carried out with patients who
attended the Pavones primary care centre (Madrid, Spain) between 3
February and 14 April 2021, for either a COVID-19 diagnosis or
screening of SARS-CoV-2 in close asymptomatic contacts. Patients
with suspected COVID-19 were those with mild symptoms compat-
ible with the disease. Close asymptomatic contacts were individuals
for whom household or social contact with one (or more) in-
dividual(s) with positive SARS-CoV-2 PCR detection occurred in the
absence of protection measures such as social distancing or wearing
masks.Aproven caseof COVID-19wasapatientwithmild compatible
symptoms and a positive PCR detection of SARS-CoV-2. An asymp-
tomatic carrierwas a patientwithout any symptoms compatiblewith
COVID-19 and with a positive SARS-CoV-2 PCR detection.

Consecutive patients who attended the health facility were
interviewed by a study investigator and invited to participate if the
onset of symptoms/close contact and samplingwaswithin the prior
8 days. Patients who agreed to participate (n ¼ 900) were inter-
viewed by the aforementioned investigator and classified as clini-
cally suspected COVID-19 cases (n ¼ 600) or close asymptomatic
contacts (n ¼ 300).

Antigen and SARS-CoV-2 viral RNA detection in nasopharyngeal
samples

Patients were divided into three 300-patient cohorts (200
symptomatic cases and 100 close asymptomatic contacts per
cohort). The total number of patients was chosen based on the
following criteria: sufficient patients in each cohort to avoid
inconclusive results due to small sample size, and capacity of the
research team to carry out the study in a scenario of high health
care pressure. Each of the three antigen detection tests was eval-
uated in one cohort. Paired nasopharyngeal exudates were
collected from the participating patients, one swab to detect the
presence of viral SARS-CoV-2 RNA (TaqPath COVID-19-RT-PCR kit;
Applied Biosystems, Pleasanton, CA, USA) and another for antigen
detection. The nurses in charge of collecting samples performed
antigen detection onsite, and results were interpreted following the
manufacturer's instructions. PCR viral detection was carried out in
the clinical microbiology department of Gregorio Mara~n�on hospi-
tal; the latter samples were kept at 4�C upon sample reception (no
later than 12 hours since sample collection).

The three evaluated point-of-care antigen detection tests were
the SGTI-Flex COVID-19 Ag (Sugentech, Inc, Daejeon, Republic of
Korea), the Panbio COVID-19 Ag Rapid Test Device (Abbott, Abbott
Rapid Diagnostic, Jena GmbH, Jena, Germany), and the GSD Nova-
Gen SARS-CoV-2 Ag Rapid Test (Eurofins-INGENASA, Daejeon).
Sample processing for antigen detection was carried out.

Clinical information and data analysis

The following demographic and clinical data were collected:
age, sex, presence of symptoms compatible with COVID-19 (fever
>38�C, headache, cough, asthenia, myalgia, sore throat, runny nose,
dyspnoea, anosmia, dysgeusia, abdominal pain, or diarrhoea), and
number of days from the onset of symptoms (for symptomatic
cases) or from close contact with a SARS-CoV-2 PCR positive case
(for close asymptomatic contacts). The amplification cycle
threshold (Ct) was obtained for samples with positive PCR results.
Clinical data were collected in a pre-established protocol filled out
during patient interview, and the staff of the health care centre
carried out sample collection. The study did not interfere with
routine clinical practice of the health centre, and PCR results were
reported following the ordinary workflow. As part of the study,
patients were informed about their antigen detection results and
invited to follow the following recommendations: A positive result
should be interpreted as a positive SARS-CoV-2 detection, and the
patient was invited to comply with self-isolation without waiting
for the PCR result; a negative detection should be interpreted with
caution until confirmatory PCR result is reported.

Clinical categorical variables were described and compared us-
ing the c2 or Fisher exact tests; continuous variables were
compared using the nonparametric Mann-Whitney U test (for
comparisons between two groups) and the Kruskal-Wallis test (for
comparisons among three groups) (IBM SPSS Statistics for Win-
dows, version 21.0; Armonk, NY, USA). The prevalence of in-
dividuals with SARS-CoV-2 (proportion of patients with positive
PCR results), sensitivity, specificity, positive predictive value, and
negative predictive value (95% CI) were calculated separately for
each of the three antigen detection tests using PCR as the reference
standard. Viral load analyzed is based on median Ct values, and
differences were compared using the nonparametric Mann-
Whitney U test; sensitivity was reassessed based on Ct results
(Ct � 20 or Ct > 20). Scatter plots were used to represent Ct values
(Graph Pad Prism 5.02 statistical software; GraphPad, La Jolla, CA,
USA).

Ethical considerations

This study was approved by the Ethics Committee of Hospital
GregorioMara~n�on (CEIm; study no.MICRO.HGUGM.2020-033). The
research was performed in accordance with relevant guidelines/
regulations. Informed consent was obtained from all participating
patients.

Results

Comparisons of three SARS-CoV-2 antigen detection diagnostic tests
in patients with clinical suspicion of infection

Of the 600 patients with symptoms compatible with COVID-19
included in the study, 63%were female withmedian age of 44 (IQR,



Table 1
Clinical characteristics of the 600 study participants suspected of having active COVID-19

COVID-19 suspected cases (%) PCR result (%) Antigen detection result (%) Positive PCR result (%)

Positive Negative Positive Negative Positive antigen Negative antigen

Fever (>38�C) 33.2 46.2a 28.5a 50a 29a 41a 23.3a

Cough 44.3 51.3a 41.9a 53.4a 42.1a 43.8a 30a

Dyspnoea 10.5 3.8a 12.9a 4.2a 12a 3.5 1.7
Sore throat 33.7 25.9a 36.4a 27.1 35.3 22.2 15
Anosmia 7.3 19a 3.2a 18.6a 4.6a 15.3 13.3
Ageusia 6.3 16.5a 2.7a 16.9a 3.7a 13.9 10
Arthromyalgia 32.5 40.5a 29.6a 40.7a 30.5a 33.3 26.7
Diarrhoea 18.7 17.7 19 16.1 19.3 13.2 15
Thoracic pain 9.3 4.4a 11.1a 2.5a 11a 2.1 6.7
Headache 56.7 55.1 57.2 57.6 56.4 47.2a 31.7a

Frequencies of symptoms are shown, with comparisons of frequencies between patients with detectable and undetectable SARS-CoV-2 RNA, patients with detectable and
undetectable antigen, and patients with positive PCR and detectable and undetectable antigen results.
aStatistically significant difference (p < 0.05).

Table 2
Comparison of patients suspected of having COVID-19 assorted by the studied test

SGTI-Flex Panbio NovaGen

Cough 38% 41% 54%
Dyspnoea 7.5% 9% 15%
Headache 51.5% 49.5% 69%
Time since symptom onset (d), median (IQR) 2 (1e4) 3 (1e4) 2 (1e3)

Only variables with statistically significant differences are shown.
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30e58) years. Fever (>38�C), headache, sore throat, arthromyalgia,
and cough were the most frequent symptoms (Table 1). Patients
with positive test results (PCR, antigen detection, or both) had
fever significantly more frequently and more cough, anosmia,
ageusia, and arthromyalgia than patients with negative de-
terminations (p < 0.05); in contrast, they had less dyspnoea, sore
throat, and thoracic pain (p < 0.05) (Table 1). Variables in patients
in the three groups of tests were comparable, with the exception of
cough, dyspnoea, headache, and number of days from symptom
onset to sampling, which showed intergroup variations (Table 2).
The median number of days for the collection of nasopharyngeal
exudates after the onset of symptoms was 2 (IQR, 1e4), with sta-
tistically significant differences among tests: SGTI-Flex test (2, IQR
Table 3
Sensitivity, specificity, and negative predictive values of antigen detection on nasophary
tomatic contacts

Patients tested Antigen detection kit Prevalence (% patients with

COVID-19 suspected cases SGTI-Flex 30.5

Panbio 22.5

NovaGen 26

Close asymptomatic contacts SGTI-Flex 13

Panbio 15

NovaGen 18

Ct, cycle threshold; ND, not done; NPV, negative predictive value.
1e4) compared with the Panbio (3, IQR 1e4) and the NovaGen
tests (2, IQR 1e3) (p < 0.05) (Table 2). Samples for antigen detec-
tion were collected within the recommended period from the
onset of symptoms or close contact.

SARS-CoV-2 positive detection prevalence was 26.3%, ranging
from 22.5% (Panbio) to 30.5% (SGTI-Flex) (p > 0.05) among the
cohorts. The sensitivity of the SGTI-Flex, Panbio, and NovaGen
tests was 68.9% (95% CI: 55.7e80), 71.1% (95% CI: 55.6e83.6), and
84.6% (95% CI: 72e93.1), respectively. All tests invariably showed
100% specificity and positive predictive values. Sensitivity was
systematically higher in samples yielding positive PCR results
with Ct � 20 (Table 3).

Comparisons of three SARS-CoV-2 antigen detection tests in close
asymptomatic contacts

Of the 300 close asymptomatic contacts, 53.7%were femalewith
median age of 47 (IQR, 29e60) years. Nasopharyngeal exudates
were obtained within a median of 5 days (IQR, 3e7) from close
contact with a proven case. Statistically significant differences
among the tests were seen: SGTI-Flex test (4.5, IQR 2.25e6)
compared with the Panbio (5, IQR 4e7) and the NovaGen tests (5,
IQR 3e7) (p < 0.05).
ngeal exudates for the detection of SARS-CoV-2 in suspected cases or close asymp-

positive PCR) PCR Ct analysis SARS-CoV-2 detection performance

Sensitivity (95% CI) NPV (95% CI)

Overall 68.8 (55.7e80) 88 (81.8e92.6)
PCR Ct � 20 (67.2%) 87.8 (73.8e96) ND
PCR Ct > 20 30 (11.9e54.3) ND
Overall 71.1 (55.6e83.6) 92.2 (87.1e95.8)
PCR Ct � 20 (46.7%) 100 (100e100) ND
PCR Ct > 20 45.8 (25.5e67.2) ND
Overall 84.6 (72e93.1) 95 (90.1e97.8)
PCR Ct � 20 (61.5%) 93.7 (79.2 e 99.2) ND
PCR Ct > 20 70 (45.7e88.1) ND
Overall 84.6 (54.5e98.1) 97.7 (92.1e99.7)
PCR Ct � 20 (61.5%) 100 (100e100) ND
PCR Ct > 20 60 (14.6e94.7) ND
Overall 33.3 (11.8e61.6) 89.5 (81.4e94.8)
PCR Ct � 20 (20%) 100 (100e100) ND
PCR Ct > 20 16.7 (2.1e48.4) ND
Overall 55.5 (30.7e78.4) 91.1 (83.2e96)
PCR Ct � 20 (33.3%) 83.3 (35.9e99.6) ND
PCR Ct > 20 41.7 (15.2e72.2) ND
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SARS-CoV-2 positive detection prevalence (asymptomatic car-
riers) was 15.3%, ranging from 13% (SGTI-Flex test) to 18% (NovaGen
test) (p > 0.05) among the cohorts. The sensitivity of SGTI-Flex,
Panbio, and NovaGen was 84.6% (95% CI: 54.5e98.1), 33.3% (95%
CI: 11.8e61.6), and 55.6% (95% CI: 30.7e78.4), respectively. All tests
invariably showed 100% specificity and positive predictive values.
Sensitivity was systematically higher in samples yielding positive
PCR results with Ct � 20 (Table 3).

Analysis of samples with false negative antigen detection results

We observed that the lower the viral load of SARS-CoV-2 in
nasopharyngeal exudate, the higher the probability of obtaining a
false antigen result. Comparisons of median Ct values in PCR-
positive samples and grouped by positive antigen detection
Fig. 1. Scatter plots representing cycle threshold (Ct) values (median and interquartile rang
having COVID-19 and close asymptomatic contacts using SGTI-Flex (1), Panbio (b), and NovaG
patients with positive (green) and negative antigen results (red). *Statistically significant d

Fig. 2. Comparisons of the number of samples with positive PCR results and positive ant
NovaGen (c) or close asymptomatic contacts using SGTI-Flex (d), Panbio (e), or NovaGen (f
versus negative antigen detection were assessed. Differences
reached statistical significance (p < 0.05) in the following com-
parisons: clinically suspected cases (SGTI-Flex test, 16 vs 26; Panbio
test, 18 vs 30; and NovaGen test, 18 vs 23) and close asymptomatic
contacts (Panbio test, 20 vs 29.5) (Fig. 1). Moreover, the number of
samples with positive antigen or positive PCR results trended
higher in the first 3 to 4 days from the onset of clinical symptoms to
sample collection, regardless of the test used. There was also a
tendency of false negative antigen determinations to cluster in the
first days (Fig. 2). In contrast, no such pattern was found for the
close asymptomatic contacts group (Fig. 2).

No statistically significant differences were found in median Ct
values of positive PCR samples for symptomatic patients (SGTI-Flex
test, 18 (IQR 15.5e22); Panbio test, 21 (IQR, 17e26.5); NovaGen test,
20 (IQR, 15e24); p > 0.05) or close asymptomatic contacts (SGTI-
e) obtained in SARS-CoV-2 PCR positive samples from patients clinically suspected of
en (c). Samples are grouped by antigen results; plots indicate Ct values of samples from
ifference (p < 0.05).

igen detection from clinically suspected patients using SGTI-Flex (a), Panbio (b), and
).
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Flex, 19 (IQR, 18.5e25); Panbio, 26 (IQR, 22e31); NovaGen, 24 (IQR,
18e30); p > 0.05).

False negatives grouped by test were as follows: SGTI-Flex test
(n ¼ 21 (66.6% female); n ¼ 19 cases, 1e7 days of symptoms, Ct
values 18e33; n ¼ 2 close asymptomatic contacts, 0e5 days from
contact, Ct values 28e34); Panbio test (n ¼ 23 (30.4% female);
n ¼ 13 cases, 1e7 days of symptoms, Ct values 24e36; n ¼ 10 close
asymptomatic contacts, 2e8 days from contact, Ct values 23e36);
and NovaGen test (n ¼ 16 (81% female); n ¼ 8 cases, 1e6 days of
symptoms, Ct values 18e33; n ¼ 8 close asymptomatic contacts,
1e8 days from contact, Ct values 15e35) (Fig. 3).

Discussion

Our study shows that the three evaluated SARS-CoV-2 antigen
detection tests do not perform equally in patients with clinical
suspicion of infection or close asymptomatic contacts. Two of the
three tests showed higher sensitivity in symptomatic patients,
whereas the third performed better in close asymptomatic con-
tacts. Differences are not attributable to dissimilarities in preva-
lence among cohorts or viral load quantified by Ct values.

A recent systematic review conducted by the Cochrane Library
reports that the sensitivity of antigen detection for COVID-19
diagnosis is higher in symptomatic patients (72.0%, 95% CI 63.7%e
79.0%) than in asymptomatic patients (58.1%, 95% CI 40.2%e74.1%).
Sensitivity was higher over the first week after symptom onset and/
or in patients with positive PCR determinations with higher viral
loads [5,12,13]. Low sensitivity may be due to the high heteroge-
neity found among studies, populations studied, prevalence of
COVID-19 in the population studied, or timing of sample collection
[12], among other factors.

Here, we confirm the high specificity of antigen detectiondit
did not detect any case undetected by PCRdfor the detection of
SARS-CoV-2 [6,13e15]. Antigen detection alleviates theworkload in
the microbiology laboratory in settings with a high prevalence of
the disease, given that with positive results there is no need for PCR
confirmation. However, negative results in antigen determinations
do require PCR confirmation, given that sensitivity values are not
100%. Data on the performance of antigen detection in close
asymptomatic contacts are scarce, despite being of great impor-
tance in epidemiology. Studies conducted in primary care facilities
also report higher sensitivity values (72%e92%) in patients with a
Fig. 3. Representation of patients with positive PCR results and their corresponding Ct, gro
clinically suspected of having COVID-19 and close asymptomatic contacts are indicated, as
clinical suspicion of COVID-19 [6,16e19] in comparison to close
asymptomatic contacts (54%e76%) [6,17]. However, the aforemen-
tioned studies evaluated one test each, Panbio, widely used for
SARS-CoV-2 screening.

Another very important point is the time since the contact
occurred or symptoms appeared. We preselected patients in whom
symptom onset or close contact with a SARS-CoV-2 positive case
had occurred within the prior 8 days and evaluated three antigen
detection tests in three cohorts of patients. One of the most
important observations drawn from our study is that not all antigen
detection tests perform equally well in patients with clinically
suspected COVID-19 and in close asymptomatic contacts. NovaGen
shows the highest sensitivity values in clinically suspected cases,
whereas the SGTI-Flex test shows the highest sensitivity in close
asymptomatic contacts. Being aware of the differences in test-to-
test performance is key when screening for SARS-CoV-2, particu-
larly in close asymptomatic contacts and symptomatic patients, for
whom antigen-negative determinations must be confirmed by PCR.

We do not have a clear explanation for the test-to-test variations
observed. Patients tested with NovaGen, which performed better in
clinically suspected cases, had fever, headache, and dyspnoea more
frequently than patients in the other two cohorts. Better perfor-
mance of the three tests was seen when positive PCR samples were
grouped by Ct values (Ct � 20), although these differences among
samples within each cohort of patients do not explain performance
dissimilarities. An alternative explanation for the discrepancies be-
tween PCR and antigen detection may be poor quality of the sample
collected for antigen detection, given that both swabs were not
dipped into viral transport medium. However, had this been the
case, the three tests would have been equally affected. The SARS-
CoV-2 nucleocapside protein is a large 419eamino acid protein
with three conserved domains: an N-terminal RNA-binding domain,
a C-terminal dimerization domain, and an intrinsically disordered
central Ser/Arg (SR)-rich linker [20,21]. Differences in sensitivity
results among tests may be due to detection of antigens sourced
from different parts of the nucleocapsid protein. Expression of an-
tigens may be affected by infection stage or even by some viral
variants. Previous studies have showed that the higher sensitivity of
antigen detection in samples with low Ct may be a good system for
detecting individuals who are contagious [7,22]. In light of our re-
sults, we cannot hold with certainty that negative antigen detection
can be automatically translated as either a negative PCR result or a
uped into the cohorts of patients tested with SGTI-Flex, Panbio, and NovaGen. Patients
well as the antigen result for each patient.
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positive low viral load PCR, as some of the false antigen detections
occurred in samples with positive PCR and low Ct values.

Our study is limited by the fact that we did not study the per-
formance of the three tests in the same pool of samples. However,
we opted for such an approach to preserve the sensitivity of antigen
detection, as testing the three tests simultaneously would have
required dilution of samples upon discharge into a broth viral
transport medium. Furthermore, we do not know whether
asymptomatic carriers could have developed symptoms in the days
after sample collection.

We conclude there are considerable test-to-test antigen detec-
tion variations among patients with clinical suspicion of COVID-19
and close asymptomatic contacts. Such differences should be taken
into account when choosing tests for SARS-CoV-2 screening in
patients attending primary care. Negative antigen results, even
when the test with the highest sensitivity in detecting infected
individuals is used, do not preclude PCR confirmation.
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