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Abstract

There is a great demand for more rapid tests for SARS-CoV-2 detection to reduce
waiting time, boost public health strategies for combating disease, decrease costs,
and prevent overwhelming laboratory capacities. This study was conducted to assess
the performance of 10 lateral flow device viral antigen immunoassays for the de-
tection of SARS-CoV-2 in nasopharyngeal swab specimens. We analyzed 231 na-
sopharyngeal samples collected from October 2020 to December 2020, from
suspected COVID-19 cases and contacts of positive cases at Biotechnology Re-
search Center laboratories, Tripoli, Libya. The performance of 10 COVID-19 Antigen
(Ag) rapid test devices for the detection of SARS-CoV-2 antigen was compared to a
quantitative reverse transcription-polymerase chain reaction (RT-qPCR). In this
study, 161 cases had symptoms consistent with COVID-19. The mean duration from
symptom onset was 6.6+4.3 days. The median cycle threshold (C;) of positive
samples was 25. Among the 108 positive samples detected by RT-gPCR, the COVID-
19 antigen (Ag) tests detected 83 cases correctly. All rapid Ag test devices used in
this study showed 100% specificity. While tests from six manufacturers had an
overall sensitivity range from 75% to 100%, the remaining four tests had a sensitivity
of 50%-71.43%. Sensitivity during the first 6 days of symptoms and in samples with
high viral loads (C; < 25), was 100% in all but two of the test platforms. False-
negative samples had a median C; of 34 and an average duration of onset of
symptoms of 11.3 days (range = 5-20 days). Antigen test diagnosis has high sensi-
tivity and specificity in early disease when patients present less than 7 days of
symptom onset. Patients are encouraged to test as soon as they get COVID-19-
related symptoms within 1 week and to seek medical advice within 24 h if they
develop disturbed smell/taste. The use of rapid antigen tests is important for con-
trolling the COVID-19 pandemic and reducing the burden on molecular diagnostic

laboratories.
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1 | INTRODUCTION

Nucleic acid amplification test using quantitative reverse transcription-
polymerase chain reaction (RT-gPCR) assay is currently the mainstay di-
agnostic test for COVID-19 in most laboratories. However, results of RT-
gPCR assays can take several days to deliver, hampering the disease
containment efforts. Consequently, there is an emerging demand for
more rapid and easier tests to reduce waiting time, boost public health
strategies for combating disease, decrease costs, and prevent over-
whelming laboratory capacities.

SARS-CoV-2-rapid antigen tests have been largely developed
and many countries have adopted them for diagnosis in triage and
hospital settings and at points of entry.! However, many of these
tests have not been independently validated. The World Health Or-
ganization (WHO) encourages laboratories to evaluate the perfor-
mance of commercial rapid antigen assays to update the current
evidence and recommend specific test kits.”

According to previous studies, rapid antigen tests could be used
in high-risk populations to quickly identify patients with infection and
prevent disease transmission by repeat testing.® Evaluation of these
tests showed also diagnostic performance in screening mass
population.*

Libyan health authorities have approved the use of rapid antigen
tests in triage, isolation centers, and hospitals.” This study was con-
ducted to assess the performance of 10 antigen-based rapid assays
for the detection of SARS-CoV-2 in nasopharyngeal swab specimens

from suspected COVID-19 cases and contacts.

2 | MATERIALS AND METHODS

2.1 | Study population

This was a prospective single-center study. A total of 231 patients
with clinical features suggestive of COVID-19 or a history of close
contact with COVID-19 positive patients were enrolled in this study
from October 10 to December 31, 2020. However, there were fi-
nancial difficulties to obtain adequate quantities of the antigen test
device to study a larger sample size for each type during the pan-
demic, and hence the number of samples tested was between 15 and
39 depending on the kit contents. The majority of patients were
having symptoms suggestive of COVID-19 (70%). A quarter of par-
ticipants were asymptomatic and were in contact with the COVID-19
positive case. Few patients were asymptomatic but had no history of
contact. Duration since symptom onset was variable among the cases

with an average of 7 days (Table 1).

2.2 | Antigen test procedure

We evaluated the performance of 10 rapid antigen tests for SARS-CoV-2.
These lateral flow tests are a qualitative membrane-based colloidal gold
chromatography immunoassay (Fluorecare SARS-CoV-2 spike protein

MEDICAL VIROLOGY

test, Shenzhen Microprofit Biotech Co; ESPLINE SARS-CoV-2, Fuijirbio;
RapiGen Covid-19 Ag Detection Kit, Biocredit; Abbott Panbio™ COVID-
19 Ag Rapid Test; Flowflex™ SARS-CoV-2 Antigen Rapid Test, Acon;
Assut Europe antigen testing COVID-19; Coronavirus antigen rapid test
cassette, Orient Gene; CerTest SARS-CoV-2 one step card test; CerTest
Biotech, Bioperfectus SARS-CoV-2 Antigen Rapid Test Kit; Bioperfectus
technologies; AMP Rapid Test SARS-CoV-2 Ag; AMP Diagnostics). All
assays detect SARS-CoV-2 nucleoprotein except Fluorecare assay which
detects spike protein. Tests were performed according to the manu-
facturer's protocol; briefly, nasopharyngeal swabs were placed in ex-
traction solution, swirled 10 times, and squeezed against the collection
tube wall. Extracted sample was applied on a cassette with an appropriate
time allowed for a monoclonal anti- SARS-CoV-2 antibody reaction. The
required duration for the test to be interpreted is between 15- and 30-
min depending on the test manufacturer. There are two lines on the
cassette, control line (C) which should always appear as a colored line
after adding a proper sample volume. A positive result was defined by the
clear colored intense band at the T (test) mark on the cassette, weak
positive was defined by faint to the moderately intense band. Negative
results indicate no visible band. If the control reaction failed the test was
considered invalid test and repeated. The results were read by two in-

dependent observers.

2.3 | RT-qPCR assay
RNA was extracted from viral transport media (VTM) using magnetic
bead NuActor Automatic Extractor (Boditech Med). Patient samples
were also analyzed by RT-gqPCR within 24 h after collection to de-
termine false negatives and positives (Xpert Xpress SARS-CoV-2
GeneXpert or DAAN GENE RT-PCR COVID-19 detection kit). Both
assays target nucleocapsid (N) gene for which cycle threshold (C;) was
considered in this study.

We had also analyzed 31 samples out of the total number of 231
to evaluate the reliability of reusing swabs after rapid Ag testing for
RT-gPCR. There is an additional step in rapid Ag testing in which

TABLE 1 Characteristics of study patients
Characteristics No. (%)
Gender
Male 130 (56.2)
Female 101 (43.7)
Age (mean * SD) 40.8+15.23
Asymptomatic patients with close contact 58 (25)
Days since close contact (mean + SD) 71+3
Asymptomatic no contact 12 (5)
Symptomatic patients 161 (69.6)
Days from symptom onset (mean + SD) 7t6
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swabs are placed in lysis buffer before being transported into VTM.
Results were compared to those obtained from swabs used directly
for the standard RT-gqPCR procedure.

2.4 | Statistical analysis

Sensitivity, specificity, positive, and negative predictive values and
accuracy were calculated using MedCalc online statistical software.®
Laboratory COVID-19 prevalence data were obtained from the Bio-
technology Research Center case registry for the study period
(unpublished).

Sensitivity was calculated as: (true positives)/(true positives +
false negatives) x 100. Specificity was calculated as: (true negatives)/
(true negatives + false positives) x 100.

Positive predictive value:

Sensitivity x prevalence/sensitivity x prevalence + (1 - specificity) x
(1 - prevalence).

Negative predictive value:

Specificity x (1 - prevalence)/(1 - sensitivity) x prevalence +
(specificity) x (1 - prevalence).

Accuracy: Sensitivity x prevalence + specificity x (1 - Prevalence).

3 | RESULTS

A total of 108 nasopharyngeal samples tested positive for SARS-CoV-2
by RT-PCR accounting for 46.75% of cases. The mean duration from
symptom onset was 6.6 +4.3. In this study, 161 cases had symptoms
consistent with COVID-19. The median cycle threshold (Cy) of positive
samples was 25. Among the 108 positive samples detected by RT-gPCR,
the COVID-19 Ag tests detected 83 cases correctly. Among negative
samples, the COVID-19 Ag test detected all 123 samples as negative. All
rapid Ag test devices used in this study showed 100% specificity. While
tests from six manufacturers had an overall sensitivity range from 75% to
100%, the remaining four tests had a sensitivity of 50%-71.43% (Table 2).
False-negative samples had a median C; of 34 and an average duration of
onset of symptoms of 11.3 days (range = 5-20 days).

The prevalence of positive samples calculated from the Bio-
technology Research Center lab database during the study period
was 27%. At this prevalence rate, estimated positive predictive values
were 100% and the negative predictive value ranged between
84.39% and 100% for the different rapid antigen test devices.

We evaluated the sensitivity of each antigen test from the first
day of symptoms up to 6, >7, 7-9, 10-12, and >12 days (Figure 1).
Sensitivity during the first 6 days of symptoms and in samples with
high viral loads (C; < 25), was 100% in all but two (Assut and AMP) of
the test platforms (Table 3). The median RT-gPCR cycle threshold
value of positive samples was 25. The majority of antigen test plat-
forms had excellent performance during the first 6 days of symptoms
with sensitivity ranging between 75% and 100% (Table 3).

It is worth mentioning that three participants (3/58, 5.2%) who
were asymptomatic at the time of testing with a history of close

contact with a confirmed SARS-CoV-2 case tested positive by anti-
gen test (Espline & Rapigen rapid Ag tests). The C;s of their RT-qgPCR
assay were 23, 24, and 25, and the duration since contact was 5, 6,
and 10 days, respectively. All other asymptomatic cases with ex-
posure were correctly diagnosed as negative. All asymptomatic cases
with no history of exposure were also tested negative by the Ag test.
Among symptomatic patients, the sensitivity was 77%.

Patients who experienced a change in smell/taste were 41. More
than a third of them (15/41, 36.5%) were not detected by rapid Ag
tests; Abbott (no=3, mean C;=36), Assut (no=1, C;=29), Bio-
perfectus (no=1, C;=33), CerTest (no=2, mean C;=34.5), Orient
Gene (no =3, mean C; = 32.3), Espline (no =1, C;=36), and Rapigen
(no=4, mean C;=35). In this subgroup, the mean duration since
symptoms onset was 12 days and the mean C; was 34. However,
those who had altered smell/taste and tested positive had a mean of
6.6 days since symptoms onset, and the mean C; was 25. Loss of
smell/taste was the only symptom in few patients (3/41, 7.3%).

Although the recommended time for interpretation ranges be-
tween 10 and 30 min, in all samples with C; < 25 the test line was
clearly visible within 2 min of application which gave a rough esti-
mation of viral load. When interpreting results after or before the
time set by the manufacturer, it was observed that the positive test
line either faded or became unreadable in most cassette assays. Also,
the result interpretation before the end of recommended time was
unreliable in cases with low viral load (C; > 25).

The cycle threshold for nasopharyngeal swab positive samples
used for antigen testing and then transferred to VTM for RT-qPCR
was increased three to six cycles in comparison with other direct

swabs.

4 | DISCUSSION

Rapid antigen testing is cost-effective, easy to use, and can be
manufactured in large quantities. The timeliness of the results they
provided will reduce the load on the diagnostic laboratories. The FDA
has authorized 14 SARS-CoV-2 antigen diagnostic tests for emer-
gency use as of March 19, 2021.” Most of these tests are lateral flow
assays that can be visually read. We aimed to study rapid antigen
tests from different manufacturers to evaluate their performance
using time since the onset of symptoms as criteria for testing. This
study was also part of preimplementation evaluation to confirm the
performance of the tests by RT-qPCR.

Our study showed that most Ag rapid tests examined were re-
liable to diagnose SARS-CoV-2 infection. They demonstrated ex-
cellent performance in samples with high viral load C; < 25 which are
usually samples taken within the first 6 days after the onset of
symptoms. CerTest Biotech, Panbio, Rapigen, Acon Ag rapid tests
demonstrated similar results to studies reported by other authors
during the first week.® *° The WHO recommended the use of SARS-
CoV-2 Ag rapid tests that meet a minimum sensitivity of 280% and
297% specificity compared to a nucleic acid amplification test re-
ference assay.” All tests showed a specificity of 100% and sensitivity
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FIGURE 1 (A) Mirror chart showing percentage sensitivity of rapid antigen tests by symptoms onset against corresponding mean C;.

(B) Scatter plot of C; values of samples in each commercial test (red line = median). (C) SARS-CoV-2 antigen test results according to viral load

TABLE 3 Diagnostic performance of SARS-COV-2 rapid antigen
detection tests according to symptoms duration and cycle threshold

Antigen test Sensitivity, % (<7 days) Sensitivity, % (C; < 25)

Fluorecare 100 100
Espline 100 100
Rapigen 100 100
Assut 80 83.3
Orient gene 100 100
AMP 75 85.7
Acon 100 100
Abbott 100 100
Certest biotec 100 100
Bioperfectus 100 100

over 90% for high viral load samples, with excellent levels of agree-
ment with PCR in 8 of 10 tests (Fluorecare, Espline, Rapigen, Orient
Gene, Acon, Abbott, CerTest Biotec, and Bioperfectus). Two rapid Ag
tests showed sensitivity below the WHO recommended value
namely, Assut and AMP; 80% and 75%, respectively.

It is worth emphasizing that interpretation time should not suc-
ceed nor exceed the manufacturer's recommended time to avoid
false interpretation of the test result. The intensity of test line color is
proportionally correlated with viral load. The test line in low viral load
samples may appear weak or faint which may not be clearly visible to
the reader. Therefore, an additional independent reader is re-
commended when low viral loads are expected to reduce subjectivity
and confirm the diagnosis but for most cases, one reader is sufficient
for interpreting the results. We also do not recommend placing the
same nasopharyngeal swab used for antigen test in VTM for RT-gPCR
analysis as the viral material will be diluted and may give false-
negative results.

Since SARS-CoV-2 cases have been increasing with the emer-
gence of new variants,** and numerous antigen tests were manu-
factured, it is important to evaluate them before implementation.
Although there is more risk of developing false-negative results after
7 days of symptom onset, this is largely counterbalanced by the

rapidity of the test especially when used in the targeted population.
Our study shows that all COVID-19 Ag tests had good specificity for
SARS-CoV-2 detection in nasopharyngeal swab samples but had a
good sensitivity only for cases within 7 days of developing symptoms
(higher viral loads).

We proposed a strategy for use of rapid antigen tests in symp-
tomatic patients according to our results and experience as shown in
the flowcharts (Figure 2A,B). Although the procedure is relatively
easy to perform, testing with Ag rapid tests should be conducted by
trained operators following the manufacturer's instructions. Inter-
pretation of the results of rapid Ag tests should consider the pre-
valence of the disease in the community because positive and
negative predictive value of any diagnostic test is affected by disease
prevalence in the population tested.”

In our medical departments, triage, and isolation centers, we
have trained medical staff on how to use the antigen test properly,
developed criteria for testing (Figure 2), and audited the procedure. It
is important to note that the use of rapid antigen tests requires
careful respiratory sample management, waste disposal, and biosaf-
ety considerations.

The incubation period of SARS-CoV-2 infection was estimated
between 3 and 6 days with a median incubation of 4 days.'>*® Pa-
tients may only present to the hospital 6-10 days following symptom
onset,** therefore, missing the opportunity for rapid detection using
antigen tests. We consequently emphasize the importance of en-
couraging patients to seek medical advice and immediate testing as
soon as they develop any COVID-19-related symptoms. In particular,
when patients lose the sense of smell, they should be tested im-
mediately, preferably within 24 h. because this symptom usually oc-
curs after the onset of other COVID-19 symptoms.’>® We also
observed in our study that most patients present with loss of smell a
few days after symptoms onset and in some patients, it was the sole
symptom (12 patients with loss of smell came late). We believe that
Ag testing would encourage patients to come earlier for testing be-
cause of a reduction in waiting time.

Viral culture studies in cell lines showed that samples with C;
value 234, 224, or 238, and more than 8 days of symptoms onset had
no growth and thus might indicate the person is less infectious.’” *?
Thus, there is no agreement about the cut-off C; value. A positive
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(A) Flowchart of the proposed use of rapid antigen tests in suspected COVID-19 cases with symptoms duration less than 7 days.

*Vulnerable cases and elderly. (B) Flowchart of the proposed use of rapid antigen tests in suspected COVID-19 cases with symptoms duration of

more than 7 days

PCR result reflects only the detection of viral RNA and does not
necessarily indicate the presence of the viable viruses. Therefore,
false-negative results could potentially be noninfectious, increasing
the safety margin in the utility of rapid antigen test in cases more
than 7 days after the start of symptoms and asymptomatic patients.

This study has some limitations. First, the sample size was small
for each individual antigen rapid test kit. Second, because the data
was collected prospectively based on the presence of symptoms or
history of contact with an infected patient, it was difficult to select
patients with different C; values in enough size. However, if we as-
sumed that the performance of all antigen rapid test devices was
similar, the data would be reliable enough to give credible results.

Rapid Ag testing performance is mostly affected by symptoms
duration, viral load, manufacturing company, operator experience,
and qualification. In addition, new SARS-COV-2 variants may alter
the performance especially with spike proteins targeted rapid ag
tests, 202

In conclusion, rapid Ag tests have high sensitivity and spe-
cificity in early disease when patients present before 7 days of
symptom onset. Patients are encouraged to test as soon as they
get COVID-19-related symptoms within 1 week and to seek
medical advice within 24 h if they develop disturbed smell/taste.
The use of rapid antigen tests is important for controlling the
COVID-19 pandemic and reducing the burden on molecular di-

agnostic laboratories.
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