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ABSTRACT The COVID-19 pandemic has highlighted the critical need for accurate and
efficient diagnostic tools for detecting severe acute respiratory coronavirus 2 (SARS-
CoV-2) infections. This study presents a comparison of two diagnostic tests: RT-PCR
and antigen detection rapid diagnostic tests (Ag-RDTs). This study focused on their
performance, variant specificity, and their clinical implications. A simultaneous testing
of 268 samples was carried out for SARS-CoV-2 using RT-PCR and Ag-RDTs [flourescence
immunoassay (FIA) and lateral flow immunoassay (LFIA)]. Viral load was quantified, and
variant identification was performed using a PCR-based assay. The prevalence was found
to be 30.2% using reverse transcription PCR (RT-PCR), 26.5% using FIA, and 25% using
LFIA. When comparing the FIA and LFIA, the overall diagnostic performance was found
to be 80.25% vs 76.54%, 96.79% vs 97.33%, 91.55% vs 90.51%, and 91.88% vs 92.56%
for sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV), respectively. Both Ag-RDTs showed a strong agreement with RT-PCR (k = 0.78-
0.80). The overall accuracies of the FIA and LFIA were 92.41% and 92.13%, respectively.
The FIA showed higher sensitivity (73.68%) and PPV (92.08%) than the LFIA (65.79% and
90.56%, respectively) in asymptomatic patients. At low Ct values (<25), both Ag-RDTs
had 100% sensitivity, but the sensitivity reduced to 31.82% for FIA and 27.27% for LFIA
at Ct values > 30. The diagnostic sensitivity of FIA compared to LFIA for detecting
the Alpha variant was 78.85% vs. 69.23% and 72.22% vs. 83.33% for the Delta variant.
Both Ag-RDTs had 100% sensitivity for detecting Omicron. Both Ag-RDTs performed
well in patients with high viral loads and Omicron variant infections compared to those
infected with Alpha and Delta variants. This study confirms the comparable performance
of RT-PCR and Ag-RDTs, specifically FIA and LFIA, for SARS-CoV-2 detection. The FIA
showed higher sensitivity and PPV in asymptomatic cases, while both Ag-RDTs exhibi-
ted strong agreement with RT-PCR results. Notably, Ag-RDTs, particularly FIA, proved
effective in detecting the Omicron variant and cases with high viral loads, highlighting

their potential clinical utility in managing the COVID-19 pandemic.
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settings. Ultimately, the study’s impact extends to global healthcare, providing valuable
information for policymakers, clinicians, and public health officials as they work together
for mitigating the impact of the pandemic.
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evere acute respiratory coronavirus 2 (SARS-CoV-2), the causative agent of COVID-19,

has been the cause of a global pandemic, which has challenged healthcare systems
worldwide since the reporting of its first case in Wuhan, China (1). COVID-19 is a
respiratory disease with symptoms similar to those of influenza, including dry cough,
fever, severe headache, and tiredness (2). COVID-19 symptoms range from mild to
severe respiratory diseases. Critically ill cases can result in organ dysfunction, including
hepatic, renal, and cardiac injury (3). This can lead to impaired lung function, arrhythmia,
and death (4). Elderly individuals, immunocompromised patients, and factors such as
diabetes and hypertension have all been linked to severe illnesses and death (5, 6).

During a pandemic, the only way to control the pathogen spread is to identify
affected people and isolate them as soon as possible (7). Accurate diagnosis of suspected
COVID-19 through controlled testing and performance data from clinical settings is
crucial in preventing the spread of the coronavirus outbreak. Unreliable tests may not
detect active COVID-19 infections or can wrongly show negative results, hampering
healthcare efforts.

For the identification and confirmation of COVID-19 cases, only molecular quantita-
tive reverse transcription PCR (RT-qPCR) testing of respiratory tract samples is recom-
mended (8). The current RT-PCR test for detecting SARS-CoV-2 is not only expensive,
but it also requires skilled personnel for its execution. Additionally, the analysis process
takes around 4-6 hours, resulting in a turnaround time that exceeds 24 hours. Further-
more, molecular diagnostics are not easily accessible to end-users. They are designated
exclusively for skilled clinical laboratory professionals and restricted to laboratories that
exhibit a medium or high level of complexity (8). Unfortunately, these resources are often
in short supply in rural and remote regions of Ghana.

The COVID-19 pandemic has spread rapidly, and laboratory-based molecular testing
has limited capacity. To support PCR testing, new point-of-care (POC) scaled rapid
diagnostic tests have been developed. These simple diagnostic tools can diagnose
COVID-19 within 30 minutes, providing immunodiagnostics that play an essential role
in assessing the prevalence of the disease at the population level. Most antigen
detection rapid diagnostic tests (Ag-RDTs) rely on viral nucleocapsid recognition to
detect SARS-CoV-2 infection because it is the most abundant viral protein. However,
the emergence of new variants of concern (VOCs) with specific nucleocapsid variations
could impact the lower detection limit of these tests (9). There is a need to validate the
clinical performance of rapid diagnostic tests. This study, therefore, sought to evaluate
the diagnostic performance of two antigen rapid diagnostic test kits used in Ghana.

MATERIALS AND METHODS
Study design and sample collection

This cross-sectional study was conducted between July and December 2022 using
a convenience sampling technique. Nasopharyngeal samples were taken from 286
consenting participants following the sample collection procedure described by Islam
and Igbal (10). The swabs were transported in a viral transport medium (Shanghai
Focusgen Biotechnology Co., Ltd, China) to the COVID-19 Laboratory of the MDS Lancet
Laboratories Ghana, East Legon, for analysis.
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Laboratory analysis
RNA extraction and real-time polymerase chain reaction (RT-PCR)

The Zymo Quick Viral RNA Extraction kit (Zymo Research Cooperation, USA) was used
to extract RNA from each sample, as described by Aboagye and Acquah (11). Following
nucleic acid isolation, SARS-CoV-2 RNA was amplified in a 25-pL reaction on CFX 96 1000
series Thermocycler (Bio-Rad, USA) with thermal conditions specific to the Allplex 2019
nCoV amplification kit (Seegene Inc., Korea) in a 0.2-mL 96-well qPCR plate, as described
by Aboagye and Acquah (11). All samples with a cycle threshold (Ct) of 40 and above
were considered negative for SARS-CoV-2 infection.

Screening for SARS-CoV-2 variants

The study screened all positive samples for the SARS-CoV-2 variants in Ghana using the
Allplex SARS-CoV-2 Variant Il Assay following the manufacturer’s instructions. The results
are automatically analyzed using the SARS-CoV-2 Viewer V1 Trial Variant Il Software
(Seegene Inc., Republic of Korea) and interpreted as described by Lotti et al. (12).

Fluorescence immunoassay (FIA)

This machine-based rapid diagnostic test uses fluorescence to detect and relatively
quantify the titers of the SARS-CoV-2 antigen in the nasopharyngeal specimen. The
COVID-19 antigen test was performed using the STANDARD F COVID-19 FIA Ag test
kit (SD Biosensor Inc., Korea) following the manufacturer’s instructions. Nasopharyngeal
specimens were transferred to the buffer tube provided in the kit and sealed with a
nozzle. The test kit was inserted into the fluorescence immunoassay analyzer, four drops
of buffer and sample mixture were dispensed into the sample well, and the start button
on the analyzer was pressed to initiate the analysis. The test kit was incubated for 15
minutes inside the analyzer (F2400), and fluorescence was measured and read as a cutoff
index (COI). A COI value less than 1.00 was considered a negative result, and a COI value
greater than or equal to 1.00 was considered positive for SARS-CoV-2 infection .

Lateral flow immunoassay (LFIA)

The LFIA for each participant was carried out using the Sure Status COVID-19 Antigen
Card Test Kit (Premier Medical Corporation Ltd., India). The test kit was labeled with the
participant ID on a flat surface. Ten drops (350 pL) of the buffer were added to 350 pL
of the specimen in an applicator tube. The applicator tube was sealed with a nozzle
and inverted ten times to homogenize the solution. Four drops of the solution were
dispensed into the sample well of the test kit and incubated at room temperature for
15 minutes. The test results were read at 15 minutes and interpreted according to the
manufacturer’s protocol. A test band and control band appearing together indicated a
positive test for SARS-CoV-2 infection, and the presence of only the control band meant a
negative result for SARS-CoV-2 infection.

Statistical analysis

Statistical Package for the Social Sciences (SPSS) version 27 (IBM Corp., Armonk, NY, USA)
and GraphPad Prism 9.0 (GraphPad Software Inc., Boston, USA) were used for analysis
after data were entered into Microsoft Excel 2019 (Microsoft Corp., Washington, USA).
For continuous and categorical variables, descriptive statistics were computed. For data
that do not follow a normal distribution, median and interquartile range (IQR) were
computed, while means with 95% Cl were computed for normally distributed data. For
categorical variables, proportions were also calculated. Statistical comparison between
subgroups of categories was evaluated by the Mann-Whitney test, Kruskal-Wallis test
distribution, and ¥* test where appropriate. The study classified the viral load as high
(Ct <25), moderate (25 < Ct < 3 0), and low (Ct >30), as described elsewhere (13).
Sensitivity, specificity, positive predictive value (PPV), and negative predictive value
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(NPV) were computed using MedCalc Statistical Software version 22.001 (MedCalc
Software Ltd, Ostend, Belgium) according to different SARS-CoV-2 prevalence rates. The
Cohen’s kappa (k) value was used to assess the comparability of the overall diagnostic
performance of the Ag RDT kits: poor for values between 0.0 and 0.20, fair for values
between 0.21 and 0.40, moderate for values between 0.41 and 0.60, strong for values
between 0.61 and 0.80, and nearly perfect for values between 0.81 and 1.00 (14).
More so, the area under curve (AUC) for the receiver operator curve (ROC) analysis was
classified as unsatisfactory if AUC <0.7, acceptable if 0.7 < AUC < .8, excellent if 0.8 < AUC
<.9, and outstanding if AUC >0.9 (15).

RESULTS
Study population characteristics and disease prevalence

The majority of the 268 participants were men (51.5%, 213/268), and the overall
median age was 39 years (IQR: 25.0-53.8). Most participants were asymptomatic (79.5%,
213/268). Of the 268 participants, RT-PCR detected 81 (30.2%, Clgs: 24.0-37.6) cases of
SARS-CoV-2 infection. Regarding the Ag-RDTs, 71 (26.5%, Clgs: 20.7-33.4), and 67 (25.0%,
Clgs: 19.4-31.8) cases of SARS-CoV-2 infections were diagnosed using the FIA and LFIA,
respectively, as shown in Fig. 1. There was a statistically significant difference (p < 0.001)
in the reported prevalence of SARS-CoV-2 between RT-PCR and the antigen tests.

Diagnostic performance of Ag-RDTs

Out of the 81 RT-PCR-positive cases, the FIA test correctly classified 65 participants
as positive for SARS-CoV-2 infection. The LFIA also correctly classified 62 samples as
positive. Considering RT-PCR as the index test, the FIA reported 6 false positives and 16
false negatives. Similarly, 5 false positives and 19 false negatives were obtained using the
LFIA (Table 1).

The diagnostic performance of the FIA and LFIA is described in detail in Table 2. The
sensitivity and specificity of the FIA test kit were 80.25% (Clgs: 70.30-87.46) and 96.79%
(Clgs: 9.18-98.52), respectively. The LFIA shows a sensitivity of 76.54% (Clgs: 65.82-85.25)
and a specificity of 97.33% (Clgs: 93.87-99.13). The PPV recorded in this study is 91.55%
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FIG 1 Prevalence of SARS-CoV-2 infection determined with RT-PCR and Ag-RDTs.
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TABLE 1 Overall RT-PCR and Ag-RDT results in contingency table

Antigen tests RT-PCR Total antigen results
Positive Negative
FIA (SD-Biosensor) Positive 65 6 71
Negative 16 181 197
Total RT-PCR results 81 187 268
LFIA (Sure Status) Positive 62 5 67
Negative 19 182 201
Total RT-PCR results 81 187 268

(Clgs: 82.76-94.94) and 90.51% (Clgs: 779.94-95.81) for FIA and LFIA, respectively (Table
2). The FIA shows a 91.88% (Clgs: 87.22-94.94) NPV, while the LFIA shows an NPV of
92.56% (Clgs: 89.35-94.56). The Kappa (k) coefficient measure of agreement between
RT-PCR and Ag-RDTs was 0.80 (Clgs: 0.72-0.88, P < 0.001) for the FIA and 0.78 (Clgs:
0.69-0.86, P < 0.001) for the LFIA.

As shown in Fig. 2, ROC curve analysis was performed to determine the AUC of the
antigen level, allowing the distinction of the SARS-CoV-2 infection status. The AUC for FIA
was 0.89 (Clg5:0.83-0.94, P < 0.001), and that of LFIA was 0.87 (Clgs: 0.82-0.91, P < 0.001).
Comparatively, no significant difference was observed between the AUCs of FIA and LFIA
(P=0.397).

SARS-CoV-2 viral load and Ag-RDT diagnostic performance

The study tested the diagnostic performance of the Ag-RDTs concerning the severity
of the disease. To understand the analytical performance, we analyzed the results by
correlating RT-PCR Ct-values with the outcomes of the Ag-RDT results (Fig. 3). The RT-PCR
targets three genes: the nucleocapsid gene (N-gene), envelope gene (E-gene), and the
RNA-dependent RNA polymerase (RdRP). The median N-gene Ct-value for FIA-positive
cases was 23.00 (IQR: 20.34-26.74), and for FIA-negative cases, the median N-gene
Ct-value was 34.33 (IQR: 30.83-38.71). RdRP gene median values in FIA-positive and
FIA-negative cases were 22.31 (IQR: 19.93-25.54) and 34.70 (IQR: 30.59-36.70), respec-
tively. The median E-gene Ct-value for FIA-positive cases was 20.91 (IQR: 18.26-23.83)
and 32.92 (IQR: 28.52-35.19) for FIA-negative cases (Fig. 3). The N-gene, RdRP-gene, and
E-gene median Ct-values for LFIA-positive cases were 22.79 (IQR: 20.25-25.48), 22.09
(IQR: 19.78-25.17), and 20.64 (IQR: 18.22-23.31), respectively. In LFIA-negative cases, the
N-gene median Ct-value was 33.78 (IQR: 30.38-36.15) and the RdRP-gene and E-gene
median Ct-values were 34.57 (IQR: 29.56-36.70) and 31.71 (IQR: 26.91-35.71), respec-
tively (Fig. 3). A statistically significant difference (P < 0.001) was observed between the
RT-PCR*/Ag-RDTs" and RT-PCR*/Ag-RDTs.

The COI range for the positive RT-PCR samples was 0.02-130.7, with a median value
of 5.32 (IQR: 1.23-23.38). Figure 4 shows an inverse relationship between the RT-PCR

TABLE 2 Overall diagnostic performance of Ag-RDTs using RT-PCR as the gold standard”

FIA LFIA
Sensitivity 80.25 (70.30-87.46) 76.54 (65.82-85.25)
Specificity 96.79 (93.18-98.52) 97.33 (93.87-99.13)
LR+ 25.01(11.30-55.36) 28.63 (11.96-68.54)
LR- 0.20 (0.13-0.32) 0.24 (0.16-0.36)
PPV 91.55 (82.76-96.07) 90.51 (79.94-95.81)
NPV 91.88 (87.22-94.94) 92.56 (89.35-94.86)
Accuracy 92.41 (88.57-95.28) 92.13 (88.23-95.06)
Cohen’s kappa (k) 0.80 (0.72-0.88) 0.78 (0.69-0.86)

standard error (P-value)

0.041 (<0.001)

0.043 (<0.001)

9LR+/-: positive and negative likelihood ratio; PPV: positive predictive value, NPV: negative predictive value; AUC=
area under the curve; FIA = SD Biosensor Standard F COVID-19 Ag Test; LFIA = Sure Status COVID-19 Antigen Card
Test.
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FIG 2 ROC analysis to evaluate the diagnostic value of the (A) FIA and (B) LFIA for SARS-CoV-2 detection.

Ct-values (a proxy for viral load) and the COI of the FIA (which represents the titer of
the antigen detected). The relationship between Ct-value and COI in this study was
statistically significant (P < 0.001).

We further analyzed the diagnostic performance of the Ag-RDTs against viral load
using Ct-values as a proxy for viral load. As shown in Table 3, the FIA sensitivity in clinical
samples with Ct-values < 25, 25-30, and >30 was 100.00% (Clgs: 92.29-100.00), 92.31%
(Clgs: 66.69-99.61), and 31.82% (Clgs: 13.87-54.87), respectively. The specificity for the
FIA in samples with a Ct-value <25 was 88.74% (Clgs: 83.90-92.25). At Ct-values between
25 and 30 and Ct-values > 30, the FIA shows a specificity of 76.86% (Clgs: 71.31-81.62)
and 73.98% (Clgs: 68.03-79.35), respectively. The PPV and NPV for FIA were high in
samples with a Ct-value <25. Table 3 summarizes the diagnostic performance of the FIA
with respect to viral load (Ct-values).

Table 4 gives a detailed description of the diagnostic performance of the LFIA across
the Ct-value groups. For the LFIA, the sensitivity in samples with Ct <25 was 100.00%
(Clgs: 92.29-100.00). For samples with Ct-values 25-30 and >30, the LFIA shows a
sensitivity of 76.92% (Clgs: 46.19-94.96) and 27.27% (Clgs: 10.27-50.22), respectively.
Similarly, the LFIA shows a decline in specificity with decrease in viral load decreases
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FIG 3 Ct values for SARS-CoV-2 N-gene, RdRP gene, and E-gene in FIA- (A) and LFIA-(B) positive and negative cases. The
horizontal central line inside the box represents the median. The boxes represent the interquartile range (lower, 25th, and
upper, 75th percentile). The lower and upper whiskers represent minimum and maximum Ct-values, respectively. FIA = SD
Biosensor Standard F COVID-19 Ag Test; LFIA = Sure Status COVID-19 Antigen Card Test.
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TABLE 3 Performance of the FIA across groups of RT-PCR Ct-values®

Ct-value
<25 25-30 >30
Sensitivity 100.00 (92.29-100.00) 92.31 (66.69-99.61) 31.82(13.87-54.87)
Specificity 88.74 (83.90-92.25) 76.86 (71.31-81.62) 73.98 (68.03-79.35)
LR+ 8.88 (6.14-12.85) 3.99 (3.04-5.24) 1.22 (0.64-2.34)
LR- 0.00 0.10 (0.02-0.66) 0.92 (0.69-1.24)
PPV 77.11 (69.96-82.97) 16.90 (9.94-27.26) 31.69 (19.54-46.98)
NPV 100 (98.09-100.00) 99.49 (97.18-99.97) 74.15 (68.74-78.91)
Accuracy 91.72 (87.76-94.73) 80.96 (75.74-85.48) 62.81 (56.72-68.61)
AUC 0.94 (0.91-0.97) 0.85 (0.80-0.89) 0.53(0.47-0.59)

Microbiology Spectrum

9LR+/-: positive and negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; AUC=
area under the curve; FIA = SD Biosensor Standard F COVID-19 Ag Test.

(Table 4). PPV [77.90% (Clgs: 70.11-84.11)] and NPV [100.00% (Clgs: 98.12-100.00)] are
high in samples with Ct-values <25.

Clinical status and Ag-RDT performance

The study further analyzed the influence of participants’ clinical status (symptomatic
or asymptomatic) on the diagnostic capacity of the Ag-RDTs. Table 5 gives a detailed
description of the diagnostic performance of Ag-RDTs in detecting SARS-CoV-2 infection
in symptomatic and asymptomatic participants. In symptomatic participants, the FIA and
LFIA show the same sensitivity of 86.05% (Clgs: 72.07-94.70). However, the sensitivity of
the FIA (73.68%, Clgs: 56.90-86.60) varied from that of LFIA (65.79%, Clgs: 48.64-80.37) in
asymptomatic participants (Table 5). The specificity of the FIA in detecting SARS-CoV-2
infection in symptomatic participants was 83.33% (Clgs: 51.58-97.91), and that of the
LFIA was 91.67% (Clgs: 61.52-99.79). The PPV and NPV of the FIA in symptomatic
participants were 65.05% (Clgs: 34.31-86.90) and 94.31% (Clgs: 88.32-97.32), respectively.
The LFIA shows a PPV and an NPV of 77.49% (Clgs: 34.43-95.76) and 95.17% (Clgs: 90.20-
97.69), respectively, in symptomatic participants, as shown in Table 5.

SARS-CoV-2 variants and Ag-RDT performance

The study further sought to determine the impact of SARS-CoV-2 variants (Alpha, Delta,
and Omicron) on the diagnostic capacity of the Ag-RDTs. As shown in Table 6, the
sensitivity of the FIA in detecting Alpha variants in participants was 78.85% (Clgs: 65.30-
88.94), and in detecting the Delta and Omicron variants, the sensitivity of FIA was 72.22%
(Clgs: 46.52-90.31) and 100.00% (Clg5:71.51-100.00), respectively. In addition, the PPV
and NPV of the FIA in detecting infections associated with the Alpha variant were 29.19%
(Clgs: 24.90-33.88) and 65.32% (Clgs: 42.04-83.03), respectively. In infections associated
with the Delta and Omicron variants, the PPV of the FIA was 27.46% (Clgs: 21.76-34.00)

TABLE 4 Performance of the LFIA across groups of RT-PCR Ct-values®

Ct-value
<25 25-30 >30
Sensitivity 100.00 (92.29-100.00) 76.92 (46.19-94.96) 27.27 (10.27-50.22)
Specificity 90.54 (85.90-94.05) 77.65(72.03-82.61) 75.20 (69.32-80.47)
LR+ 10.57 (7.04-15.88) 3.44 (2.36-5.01) 1.10 (0.54-2.25)
LR- 0 0.30(0.11-0.80) 0.97 (0.74-1.26)
PPV 77.90 (70.11-84.11) 53.43 (44.07-62.54) 28.40 (16.23-44.80)
NPV 100 (98.12-100.00) 90.99 (78.87-96.47) 74.15 (68.74-78.91)
Accuracy 92.91 (89.14-95.67) 77.46 (71.98-82.32) 62.50 (56.41-68.32)
AUC 0.95 (0.92-0.98) 0.77 (0.72-0.82) 0.51(0.45-0.57)

9LR+/-: positive and negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; AUC=

area under the curve; LFIA = Sure Status COVID-19 Antigen Card Test.
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TABLE 5 Performance of Ag-RDTs in diagnosing SARS-CoV-2 in symptomatic and asymptomatic
participants®

FIA LFIA

Asymptomatic

Symptomatic
Sensitivity  86.05 (72.07-94.70) 73.68 (56.90-86.60) 86.05 (72.07-94.70) 65.79 (48.64-80.37)
Specificity  83.33 (51.58-97.91) 97.71(94.25-99.37) 91.67 (61.52-99.79) 97.71 (94.25-99.37)

Symptomatic Asymptomatic

LR+ 5.16 (1.45-18.40) 32.24(12.01-86.51) 10.33(1.58-67.69)  28.78 (10.64-77.89)
LR- 0.17 (0.08-0.37) 0.27 (0.16-0.46) 0.15(0.07-0.33) 0.35(0.23-0.54)

PPV 65.05 (34.31-86.90) 92.08 (81.24-96.89) 77.49 (34.43-95.76) 90.56 (78.00-96.29)
NPV 94.31(88.32-97.32) 91.15(85.81-94.61) 95.17(90.20-97.69) 89.55 (84.64-93.02)
Accuracy  84.05(71.68-92.53) 91.35(86.73-94.76) 90.26 (79.22-96.60) 89.73 (84.85-93.46)

AUC 0.85(71.68-92.53)  0.86 (0.80-0.90)

9LR+/-: positive and negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; AUC=
area under the curve; FIA = SD Biosensor Standard F COVID-19 Ag Test; LFIA = Sure Status COVID-19 Antigen Card
Test.

0.89 (0.78-0.96) 0.82(0.76-0.87)

and 35.93% (Clgs: 33.05-38.92), respectively, and NPV values of 59.23% (Clgs: 36.71-
78.44) and 100.00% (Clgs: 79.41-100.00) also, respectively Table 6.

Under the conditions of variant-specific SARS-CoV-2 infections, the sensitivity of the
LFIA in detecting infection associated with Alpha, Delta, and Omicron variants was
69.23% (Clgs: 54.90-81.28), 83.33% (Clgs: 58.58-96.42) and 100.00% (Clgs: 71.51-100.00),
respectively. The LFIA was 10.35% (Clgs: 2.19-27.35) specific in detecting SARS-CoV-2
infection associated with the Alpha variant; for the detection of Delta and Omicron
variants, the specificity of the LFIA was 25.40% (Clgs: 15.27-37.94) and 27.14% (Clgs:
17.20-39.10), respectively. Table 7 gives a detailed description of the diagnostic capacity
of the LFIA under variant-specific SARS-CoV-2 infections.

DISCUSSION

In the wake of the global spread of COVID-19, the “test-trace-isolate” mantra remains
the best strategy for controlling the spread of the virus and possibly its complete
eradication. In light of this, reliable diagnostic tools are required in the testing. Ag-
RDTs are the plausible options as they are less expensive, available, and less laborious
compared to RT-PCR. This study evaluated two Ag-RDTs: the STANDARD F COVID-19
Test (FIA, from SD Biosensor Inc., Korea) and the Sure Status COVID-19 Card Test (LFIA,
from Premier Medical Corporation Ltd., India). The prevalence of SARS-CoV-2 infection
reported using the FIA was higher than that of the LFIA. Nonetheless, both Ag-RDTs
differed significantly from RT-PCR regarding the reported prevalence (Fig. 1). In Uganda,
the reported prevalence of SARS-CoV-2 using the LFIA was 15.7% (16), lower than the
25% reported in this study; however, similar to this study, the prevalence reported using
RT-PCR (36.1%) was higher than that using the LFIA (15.77%).

TABLE 6 Diagnostic performance of the FIA under variant-specific SARS-CoV-2 infection?

SARS-CoV-2 variants

Alpha Delta Omicron
Sensitivity 78.85 (65.30-88.94) 72.22 (46.52-90.31) 100.00 (71.51-100.00)
Specificity 17.24 (5.85-35.76) 17.46 (9.05-29.10) 22.86 (13.67-34.45)
LR+ 0.95(0.77-1.19) 0.88 (0.64-1.19) 1.27 (1.14-1.47)
LR- 1.23(0.47-3.19) 1.59 (0.64-3.99) 0.00
PPV 29.19 (24.90-33.88) 27.46 (21.76-34.00) 35.93(33.05-38.92)
NPV 65.32 (42.04-83.03) 59.23 (36.71-78.44) 100.00 (79.41-100.00)
Accuracy 35.85(25.49-47.27) 34.00 (23.84-45.37) 46.15 (35.01-57.59)
AUC 0.48 (0.37-0.59) 0.45 (0.34-0.56) 0.61(0.50-0.72)

9LR+/-: positive and negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; AUC=

area under the curve; FIA = SD Biosensor Standard F COVID-19 Ag Test.
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TABLE 7 Diagnostic performance of the LFIA under variant-specific SARS-CoV-2 infection®

SARS-CoV-2 variants

Alpha Delta Omicron
Sensitivity 69.23 (54.90-81.28) 83.33 (58.58-96.42) 100.00 (71.51-100.00)
Specificity 10.35 (2.19-27.35) 25.40 (15.27-37.94) 27.14(17.20-39.10)
LR+ 0.77 (0.62-0.96) 1.12(0.87-1.44) 1.37(1.19-1.58)
LR- 2.97 (0.95-9.36) 0.66 (0.22-2.00) 0
PPV 25.04 (21.15-29.38) 32.58 (27.31-38.34) 37.26 (33.98-40.66)
NPV 43.73 (19.80-70.98) 77.89 (53.56-91.49) 100.00 (82.35-100.00)
Accuracy 28.13 (18.70-39.22) 42.89 (31.95-54.38) 49.15 (37.86-60.50)
AUC 0.40 (0.29-0.51) 0.54 (0.43-0.66) 0.64 (0.52-0.74)

9LR+/-: positive and negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value; AUC=
area under the curve; LFIA = Sure Status COVID-19 Antigen Card Test.

Overall diagnostic performance of Ag-RDTs

The Ag-RDTs showed varying performance levels in this evaluation relative to the
reference method. The FIA and LFIA present a nearly perfect agreement (k) with RT-PCR
(Table 2). Nonetheless, the FIA (sensitivity: 80.25% and specificity: 96.79%) shows a
higher sensitivity than the LFIA (sensitivity: 76.54% and specificity: 97.33%) but a lower
specificity in detecting SARS-CoV-2 infections. In its preliminary guidelines on using
SARS-CoV-2 rapid antigen kits, the WHO recommends using kits with a sensitivity
of >80% and specificity of >97% (8). The findings of this study show that the FIA
demonstrates better clinical performance, consistent with results reported by similar
independent evaluations (17-20).

Participants who tested positive using the Ag-RDTs had a significant likelihood of
having COVID-19, with the PPV of both the LFIA and FIA above 90% in a 25% and
26% prevalence setting, respectively (Table 2). Furthermore, there was a generally strong
agreement between the Ag-RDTs and RT-PCR, considering the kappa values reported
(Table 2). Furthermore, this study reported an excellent discriminatory ability of the
Ag-RDTs (Fig. 2). The FIA and LFIA have AUC values above 0.80, indicating excellent ability
to distinguish between positive and negative COVID-19 cases using Ag-RDTs.

Loggy COI

FIG 4 Relationship between the COI of the FIA and Ct-values of RT-PCR of PCR-positive nasopharyngeal
specimens. The diagonal blue line is the linear regression fit to Ct values for logjo-transformed antigen
COls. The red dots above and below the blue line indicate the mean error.
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Disease severity and Ag-RDT diagnostic performance

We present a significant and linear inverse relationship between COI and Ct-values
in this study (Fig. 4). This denotes that when the Ct-value decreases, the outcome of
the FIA test, measured as the COI, will increase. To our knowledge, this is the first
report showing a linear correlation between viral loads in nasopharyngeal specimens
(proxied by Ct-values) and the relative quantity of viral antigen detection (measured as
COlI values) in Ghana. Other studies have reported a statistically significant correlation
between the COIl and Ct-value (21, 22).

The study further shows a significant difference in Ct-values between positive and
negative samples tested using Ag-RDTs, considering viral load influence (Fig. 3), which
is consistent with previous studies (9, 23). This study indicates that both Ag-RDTs
showed 100% sensitivity under high viral load conditions (Ct <25) but a decrease in
sensitivity with a decrease in viral load (Tables 3 and 4). In accordance with this study,
several independent evaluations have indicated similar results (20, 24-27) and further
support the manufacturer’s assertion. On the contrary, other studies have reported
lower sensitivity for LFIA samples of Ct <25 (28-30). Similar to the pattern observed for
sensitivity, the specificity, PPV, NPV, and accuracy of the Ag-RDTs decline as the viral load
decreases.

Impact of clinical status on Ag-RDT diagnostic performance

The containment of COVID-19 became a challenge because of the presence of asympto-
matic infected persons globally. The ability of a diagnostic test to accurately diagnose
SARS-CoV-2 infection in asymptomatic patients is crucial as this category of patients is
known to be the source of infection spread in Ghana. In this study, the FIA showed better
sensitivity with a higher PPV in asymptomatic participants than the LFIA (Table 5). The
diagnostic performance of Ag-RDTs was affected by symptomatic status. Several studies
have shown that Ag-RDTs have lower sensitivity in asymptomatic individuals than in
symptomatic patients. For example, a study by Kiyasu et al. (31) found that the sensitivity
of the QuickNavi-COVID19 Ag test was significantly lower for asymptomatic individuals
than for symptomatic patients. Similarly, other studies have reported that false-negative
results were detected in asymptomatic individuals with Ag-RDTs and later underwent
PCR testing (32, 33). When used for universal screening of asymptomatic individuals,
the FIA Ag-RDT has a high diagnostic yield with limited false-positives (34). Therefore,
the combination of silver amplification technology and specific monoclonal antibodies
against SARS-CoV-2 NP contributed to the better performance of FIA Ag-RDT in terms of
sensitivity and PPV for SARS-CoV-2 diagnosis in asymptomatic patients.

Ag-RDT diagnostic capacity for SARS-CoV-2 variants

Most Ag-RDT validation studies were conducted before the emergence of different
concern variants. Both Ag-RDTs showed a higher sensitivity for detecting Omicron than
for the Alpha and Delta variants. However, the FIA had a better sensitivity for detecting
the Alpha variant than the Delta variant (Table 6) and vice versa for the LFIA (Table 7). In
support of the findings of this study, Raich-Regué et al. (9) reported a reduced diagnostic
performance of Ag-RDTs for the detection of the Alpha and Delta variants compared to
the detection of the Omicron variant. Bekliz et al. (35) observed a higher sensitivity of the
Sure Status COVID-19 Antigen Card Test Kit (Premier Medical Corporation Ltd., India) to
the Alpha variant than to the Delta variant, which varies with the findings of this study.
However, the Flowflex SARS-CoV-2 Antigen Rapid Test (ACON Laboratories) in the same
study showed a higher sensitivity to the Delta variant than to the Alpha variant (35).
Contrary to the findings of this assessment, Bekliz et al. (36) reported a lower sensitivity
of Ag-RDTs for detecting Omicron compared to the earlier variants. The difference in
sensitivity of the Ag-RDTs to the different variants can be attributed to the difference in
viral load and number of infectious viral particles.
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The study emphasizes the proposition of Raich-Regué et al. (9) that the perform-
ance of Ag-RDTs for various VOCs depends on the specific antibodies used by each
test and viral mutations alone cannot accurately predict their performance. As a
result, understanding the viral epitopes recognized by the capture antibodies used
by each commercial test is critical to ensuring their efficacy in detecting different
VOCs. The sensitivity of Ag-RDTs is exceptionally high when testing is conducted
in the first week from symptom onset, resulting in substantially higher sensitivity
than testing after 1 week (37). Additionally, Ag-RDTs perform better on samples with
lower RT-PCR cycle threshold (Ct) values, indicating a higher viral load (33). These
factors contribute to the higher sensitivity of Ag-RDTs in detecting Omicron variant
infection, as the variant is known to have a shorter incubation period and higher
viral loads than previous variants.

Conclusion

Antigen detection rapid diagnostic tests are a more affordable and faster alternative to
RT-PCR for detecting SARS-CoV-2, making them especially valuable in resource-limited
settings. A recent study compared two types of Ag-RDTs, FIA and LFIA and found that the
FIA had higher sensitivity, positive predictive value, and accuracy compared to the LFIA.
However, the LFIA had a higher specificity and negative predictive value. Both Ag-RDTs
showed a strong agreement with RT-PCR, with the FIA performing better in asympto-
matic cases and infections associated with the Alpha variant, while the LFIA performed
better in infections related to the Delta variant. Notably, both Ag-RDTs demonstrated
100% sensitivity in detecting Omicron infections.

ACKNOWLEDGMENTS

The authors would like to acknowledge Mr. Mawutor Kwame Ahiabu for his immerse
support and the authorities of MDS-Lancet for allowing the researchers to use their
facility for laboratory analysis. Also, the study is grateful to all the participants for their
consent and participation.

This study was funded by the individual contributions of authors.

Conceptualization: FT.A, M.EA, B.CE, YA, and L. A. Data curation: FTA, B.CEE,
M.E.A., and L.A. Formal analysis: FT.A,, S.A.,, and LA. Investigation: FT.A.,, M.E.A,, B.CE,,
and L.A. Methodology: FTA. M.EA,, 1.O-F, and L.A. Project administration: L.A.,, H.K.H,
and B.C.E. Validation: FT.A, L.A., and S.A-B. Visualization: FT.A. Writing-original draft: FT.A,
M.E.A., and L.A. Writing-review and editing: FT.A,, M.EA,, S.A,, HKH, G.O-A, and L.A.
Supervision: L.A,, G.O-A., and S.A-B.

AUTHOR AFFILIATIONS

'Department of Medical Laboratory Technology, Faculty of Applied Sciences, Accra
Technical University, Accra, Ghana

2Biomedical and Public Health Research Unit, Council for Scientific and Industrial
Research — Water Research Institute, Accra, Ghana

*West African Centre for Cell Biology of Infectious Pathogens, College of Basic and
Applied Sciences, University of Ghana, Accra, Ghana

“‘Department of Parasitology, Noguchi Memorial Institute of Medical Research, College of
Medical Sciences, University of Ghana, Accra, Ghana

*Department of Molecular Biology, MDS Lancet Laboratories Ghana Limited, Accra,
Ghana

®Department of Epidemiology and Disease Control, School of Public Health, University of
Ghana, Accra, Ghana

"Department of Medical Laboratory Sciences, School of Biomedical and Allied Health
Sciences, College of Health Sciences, University of Ghana, Accra, Ghana

June 2024 Volume 12 Issue 6

Microbiology Spectrum

10.1128/spectrum.00073-2411


https://doi.org/10.1128/spectrum.00073-24

Research Article Microbiology Spectrum

AUTHOR ORCIDs

Frank T. Aboagye (& http://orcid.org/0000-0002-3881-9789
Lawrence Annison & http://orcid.org/0000-0002-1485-8580
Henry Kwadwo Hackman 2 http://orcid.org/0000-0003-1330-1622
Maame E. Acquah & http://orcid.org/0009-0005-6578-201X

Yvonne Ashong 2 http://orcid.org/0000-0003-3305-223X

Isaac Owusu-Frimpong  http://orcid.org/0000-0002-1185-3514
Bill C. Egyam @ http://orcid.org/0009-0003-4884-4835

Sharon Annison & http://orcid.org/0009-0000-3767-5421
George Osei-Adjei 2 http://orcid.org/0000-0001-5819-6606
Samuel Antwi-Baffour (2 http://orcid.org/0000-0002-7653-1129

DATA AVAILABILITY

All relevant data are within the paper and at https://zenodo.org/doi/10.5281/zen-
0do.10915740.

ETHICS APPROVAL

The study protocol (Protocol No.: ATU/MLT/ET/01192304B/2021-2022) was approved
by the Ethical Review Committee of the Medical Laboratory Technology Department,
Accra Technical University. Informed and written consent was obtained from participants
aged 18 years and above. Assent was obtained from parents or guardians on behalf
of participants below the age of 18 years. Study participants were assured of the strict

confidentiality and safety of any information they provided for the study.

REFERENCES

1.

Wang W, Tang J, Wei F. 2020. Updated understanding of the outbreak of
2019 novel coronavirus (2019 - nCoV) in Wuhan, China. J Med Virol
92:441-447. https://doi.org/10.1002/jmv.25689

Clotet B, Blanco J, Izquierdo-Useros N. 2022. Performance of SARS-CoV-2
antigen-detecting rapid diagnostic tests for Omicron and other variants
of concern. Front Microbiol 13:810576. https://doi.org/10.3389/fmicb.
2022.810576

2. Zayet S, Kadiane-Oussou NJ, Royer PY, Toko L, Gendrin V, Klopfenstein T.
2020. Coronavirus disease 2019: new things to know! J Med Virol 10. Islam KU, Igbal J. 2020. An update on molecular diagnostics for
92:1767-1768. https://doi.org/10.1002/jmv.25874 COVID-19. Front Cell Infect Microbiol 10:560616. https://doi.org/10.
3. Liu BM, Martins TB, Peterson LK, Hill HR. 2021. Clinical significance of 3389/fcimb.2020.560616
measuring serum cytokine levels as inflammatory biomarkers in adult ~ 11-  Aboagye FT, Acquah ME. 2023. Isolation and amplification of SARS-
and pediatric COVID-19 cases: a review. Cytokine 142:155478. https:/ CoV-2 RNA from nasopharyngeal specimen. Protocol.lo. https://doi.org/
doi.org/10.1016/j.cyt0.2021.155478 10.17504/protocols.io.q26g7y32kgwz/v1
4. Quashie PK, Mutungi JK, Dzabeng F, Oduro-Mensah D, Opurum PC, 12.  Liotti FM, De Maio F, Ippoliti C, Santarelli G, Monzo FR, Sali M, Santangelo
Tapela K, Udoakang AJ, Asante |, Paemka L, Kumi-Ansah F, Quaye O, R, Ceccherini-Silberstein F, Sanguinetti M, Posteraro B. 2022. Two-period
Amoako E, Armah R, Kilba C, Boateng NA, Ofori M, Kyei GB, Bediako Y, study results from a large Italian hospital laboratory attesting SARS-
Ndam N, Abugri J, Ansah P, Ampofo WK, Mutapi F, Awandare GA, CoV-2 variant PCR assay evolution. Microbiol Spectr 10:0292222. https:/
WACCBIP COVID-19 Team. 2021. Trends of severe acute respiratory /doi.org/10.1128/spectrum.02922-22
syndrome coronavirus 2 (SARS-CoV-2) antibody prevalence in selected ~ 13.  Mishra B, Ranjan J, Purushotham P, Kar P, Payal P, Saha S, Deshmukh V,
regions across Ghana. Wellcome Open Res 6:173. https://doi.org/10. Das S. 2022. Comparison of cycle threshold and clinical status among
12688/wellcomeopenres.16890.1 different age groups of COVID-19 cases. Cureus 14:e24194. https://doi.
5. Minotti C, Tirelli F, Barbieri E, Giaquinto C, Dona D. 2020. How is org/10.7759/cureus.24194
immunosuppressive status affecting children and adults in SARS-CoV-2 14.  McHugh ML. 2012. Interrater reliability: the kappa statistic. Biochem Med
infection? A systematic review. J Infect 81:e61-e66. https://doi.org/10. (Zagreb) 22:276-282. https://doi.org/10.11613/BM.2012.031
1016/j.,jinf.2020.04.026 15. Hosmer DW, Lemeshow S, Sturdivant RX. 2013. Applied logistic
6. Zaki N, Alashwal H, lbrahim S. 2020. Association of hypertension, regression. 3rd ed. John Wiley & Sons, USA.
diabetes, stroke, cancer, kidney disease, and high-cholesterol with 16. Bwogi J, Lutalo T, Tushabe P, Bukenya H, Eliku JP, Ssewanyana |,
COVID-19 disease severity and fatality: a systematic review. Diabetes Nabadda S, Nsereko C, Cotten M, Downing R, Lutwama J, Kaleebu P, EPI
Metab Syndr 14:1133-1142. https://doi.org/10.1016/j.dsx.2020.07.005 Laboratory team, UVRI -COVID 19 Technical team. 2022. Field evaluation
7. Ramdas K, Darzi A, Jain S. 2020. 'Test, re-test, re-test”: using inaccurate of the performance of seven antigen rapid diagnostic tests for the
tests to greatly increase the accuracy of COVID-19 testing. Nat Med diagnosis of SARS-CoV-2 virus infection in Uganda. PLOS ONE
26:810-811. https://doi.org/10.1038/541591-020-0891-7 17:€0265334. https://doi.org/10.1371/journal.pone.0265334
8. WHO. 2020. Advice on the use of point-of-care immunodiagnostic tests 17.  Yusuf L, Appeaning M, Amole TG, Musa BM, Galadanci HS, Quashie PK,
for COVID-19. Available from: https://www.who.int/news-room/ Aliyu IA. 2021. Rapid, cheap, and effective COVID-19 diagnostics for
commentaries/detail/advice-on-the-use-of-point-of-care-immunodiag- Africa. Diagnostics (Basel) 11:2105. https://doi.org/10.3390/diagnos-
nostic-tests-for-covid-19 tics11112105
9. Raich-Regué D, Munoz-Basagoiti J, Perez-Zsolt D, Noguera-Julian M, 18. Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, Yu J, Kang M, Song Y,

June 2024 Volume 12

Pradenas E, Riveira-Munoz E, Giménez N, Carabaza A, Giménez F,
Saludes V, Martro E, Robert N, Blanco |, Paredes R, Ruiz L, Ballana E,

Issue 6

Xia J, Guo Q, Song T, He J, Yen H-L, Peiris M, Wu J. 2020. SARS-CoV-2 viral

10.1128/spectrum.00073-2412


https://zenodo.org/doi/10.5281/zenodo.10915740
https://doi.org/10.1002/jmv.25689
https://doi.org/10.1002/jmv.25874
https://doi.org/10.1016/j.cyto.2021.155478
https://doi.org/10.12688/wellcomeopenres.16890.1
https://doi.org/10.1016/j.jinf.2020.04.026
https://doi.org/10.1016/j.dsx.2020.07.005
https://doi.org/10.1038/s41591-020-0891-7
https://www.who.int/news-room/commentaries/detail/advice-on-the-use-of-point-of-care-immunodiagnostic-tests-for-covid-19
https://doi.org/10.3389/fmicb.2022.810576
https://doi.org/10.3389/fcimb.2020.560616
https://doi.org/10.17504/protocols.io.q26g7y32kgwz/v1
https://doi.org/10.1128/spectrum.02922-22
https://doi.org/10.7759/cureus.24194
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.1371/journal.pone.0265334
https://doi.org/10.3390/diagnostics11112105
https://doi.org/10.1128/spectrum.00073-24

Research Article

20.

21,

22.

23.

24,

25.

26.

27.

28.

June 2024 Volume 12

load in upper respiratory specimens of infected patients. N Engl J Med
382:1177-1179. https://doi.org/10.1056/NEJMc2001737

He X, Lau EHY, Wu P, Deng X, Wang J, Hao X, Lau YC, Wong JY, Guan Y,
Tan X, Mo X, Chen Y, Liao B, Chen W, Hu F, Zhang Q, Zhong M, Wu Y,
Zhao L, Zhang F, Cowling BJ, Li F, Leung GM. 2020. Temporal dynamics
in viral shedding and transmissibility of COVID-19. Nat Med 26:672-675.
https://doi.org/10.1038/s41591-020-0869-5

Kahn M, Schuierer L, Bartenschlager C, Zellmer S, Frey R, Freitag M,
Dhillon C, Heier M, Ebigbo A, Denzel C, Temizel S, Messmann H, Wehler
M, Hoffmann R, Kling E, Rommele C. 2021. Performance of antigen
testing for diagnosis of COVID-19: a direct comparison of a lateral flow
device to nucleic acid amplification based tests. BMC Infect Dis 21:798.
https://doi.org/10.1186/512879-021-06524-7

Colavita F, Vairo F, Meschi S, Valli MB, Lalle E, Castilletti C, Fusco D, Spiga
G, Bartoletti P, Ursino S, Sanguinetti M, Di Caro A, Vaia F, Ippolito G,
Capobianchi MR. 2021. COVID-19 rapid antigen test as screening
strategy at points of entry: experience in Lazio region, central Italy,
August-October 2020. Biomolecules 11:425. https://doi.org/10.3390/
biom11030425

Yu K, Song J, Kim D, Park Y, Jeong SH. 2023. Clinical evaluation of two
rapid antigen tests for severe acute respiratory syndrome coronavirus 2
detection. Ann Lab Med 43:120-123. https://doi.org/10.3343/alm.2023.
43.1.120

Pefla M, Ampuero M, Garcés C, Gaggero A, Garcia P, Velasquez MS, Luza
R, Alvarez P, Paredes F, Acevedo J, Farfan MJ, Solari S, Soto-Rifo R,
Valiente-Echeverria F. 2021. Performance of SARS-CoV-2 rapid antigen
test compared with real-time RT-PCR in asymptomatic individuals. Int J
Infect Dis 107:201-204. https://doi.org/10.1016/j.ijid.2021.04.087

Diao B, Wen K, Chen J, Liu Y, Yuan Z, Han C, Chen J, Pan Y, Chen L, Dan Y,
Wang J, Chen Y, Deng G, Zhou H, Wu Y. 2020. Diagnosis of acute
respiratory syndrome coronavirus 2 infection by detection of nucleocap-
sid protein. medRxiv. https://doi.org/10.1101/2020.03.07.20032524

Liotti FM, Menchinelli G, Lalle E, Palucci I, Marchetti S, Colavita F, La
Sorda M, Sberna G, Bordi L, Sanguinetti M, Cattani P, Capobianchi MR,
Posteraro B. 2021. Performance of a novel diagnostic assay for rapid
SARS-CoV-2 antigen detection in nasopharynx samples. Clin Microbiol
Infect 27:487-488. https://doi.org/10.1016/j.cmi.2020.09.030

Porte L, Legarraga P, Iruretagoyena M, Vollrath V, Pizarro G, Munita J,
Araos R, Weitzel T. 2021. Evaluation of two fluorescence immunoassays
for the rapid detection of SARS-CoV-2 antigen—new tool to detect
infective COVID-19 patients. Peer) 9:210801. https://doi.org/10.7717/
peer;j.10801

Onsongo SN, Otieno K, van Duijn S, Adams E, Omollo M, Odero IA,
K'Oloo A, Houben N, Milimo E, Aroka R, Barsosio HC, Oluoch F,
Odhiambo A, Kariuki S, de Wit TFR. 2022. Performance of a rapid antigen
test for SARS-CoV-2 in Kenya. Diagn Microbiol Infect Dis 102:115591.
https://doi.org/10.1016/j.diagmicrobio.2021.115591

Lambert-Niclot S, Cuffel A, Le Pape S, Vauloup-Fellous C, Morand-
Joubert L, Roque-Afonso A-M, Le Goff J, Delaugerre C, on behalf of the

Issue 6

29.

30.

31.

32.

33.

34.

35.

36.

37.

Microbiology Spectrum

AP-HP/Universities/INSERMCOVID-19 Research Collaboration. 2020.
Evaluation of a rapid diagnostic assay for detection of SARS-CoV-2
antigen in nasopharyngeal swabs. J Clin Microbiol 58:@00977-20. https://
doi.org/10.1128/JCM.00977-20

Mertens P, De Vos N, Martiny D, Jassoy C, Mirazimi A, Cuypers L, Van den
Wijngaert S, Monteil V, Melin P, Stoffels K, Yin N, Mileto D, Delaunoy S,
Magein H, Lagrou K, Bouzet J, Serrano G, Wautier M, Leclipteux T, Van
Ranst M, Vandenberg O, LHUB-ULB SARS-CoV-2 Working Diagnostic
Group. 2020. Development and potential usefulness of the COVID-19 Ag
Respi-Strip diagnostic assay in a pandemic context. Front Med 7:225.
https://doi.org/10.3389/fmed.2020.00225

Weitzel T, Legarraga P, Iruretagoyena M, Pizarro G, Vollrath V, Araos R,
Munita JM, Porte L. 2021. Comparative evaluation of four rapid SARS-
CoV-2 antigen detection tests using universal transport medium. Travel
Med Infect Dis 39:101942. https://doi.org/10.1016/j.tmaid.2020.101942
Kiyasu Y, Takeuchi Y, Akashi Y, Kato D, Kuwahara M, Muramatsu S,
Notake S, Ueda A, Nakamura K, Ishikawa H, Suzuki H. 2021. Prospective
analytical performance evaluation of the QuickNavi-COVID19 Ag for
asymptomatic individuals. J Infect Chemother 27:1489-1492. https://doi.
0rg/10.1016/j.jiac.2021.07.005

Thakur P, Saxena S, Manchanda V, Rana N, Goel R, Arora R. 2021. Utility
of antigen-based rapid diagnostic test for detection of SARS-CoV-2 virus
in  routine  hospital  settings. Lab Med = 52:e154-e158.
https://doi.org/10.1093/labmed/Imab033

Basile L, Guadalupe-Fernédndez V, Valdivia Guijarro M, Martinez Mateo A,
Ciruela Navas P, Mendioroz Pefa J, The Epidemiological Surveillance
Network Of Catalonia. 2021. Diagnostic performance of Ag-RDTs and
NAAT for SARS-CoV2 identification in symptomatic patients in Catalonia.
Viruses 13:908. https://doi.org/10.3390/v13050908

Baro B, Rodo P, Ouchi D, Bordoy AE, Saya Amaro EN, Salsench SV,
Molinos S, Alemany A, Ubals M, Corbacho-Monné M, Millat-Martinez P,
Marks M, Clotet B, Prat N, Estrada O, Vilar M, Ara J, Vall-Mayans M, G-
Beiras C, Bassat Q, Blanco I, Mitja O. 2021. Performance characteristics of
five antigen-detecting rapid diagnostic test (Ag-RDT) for SARS-CoV-2
asymptomatic infection: a head-to-head benchmark comparison. J
Infect 82:269-275. https://doi.org/10.1016/j.jinf.2021.04.009

Bekliz M, Adea K, Essaidi-Laziosi M, Sacks JA, Escadafal C, Kaiser L, Eckerle
I. 2022. SARS-CoV-2 antigen-detecting rapid tests for the Delta variant.
Lancet Microbe 3:e90. https://doi.org/10.1016/52666-5247(21)00302-5
Bekliz M, Adea K, Puhach O, Perez-Rodriguez F, Marques Melancia S,
Baggio S, Corvaglia A-R, Jacquerioz F, Alvarez C, Essaidi-Laziosi M,
Escadafal C, Kaiser L, Eckerle I. 2022. Analytical sensitivity of eight
different SARS-CoV-2 antigen-detecting rapid tests for Omicron-BA.1
variant. Microbiol Spectr 10:e0085322. https://doi.org/10.1128/
spectrum.00853-22

Anand A, Bigio J, MacLean E, Underwood T, Pai NP, Carmona S,
Schumacher SG, Toporowski A. 2021. Use cases for COVID-19 screening
and surveillance with rapid antigen-detecting tests: a systematic review.
medRxiv. https://doi.org/10.1101/2021.11.03.21265807

10.1128/spectrum.00073-2413


https://doi.org/10.1056/NEJMc2001737
https://doi.org/10.1038/s41591-020-0869-5
https://doi.org/10.1186/s12879-021-06524-7
https://doi.org/10.3390/biom11030425
https://doi.org/10.3343/alm.2023.43.1.120
https://doi.org/10.1016/j.ijid.2021.04.087
https://doi.org/10.1101/2020.03.07.20032524
https://doi.org/10.1016/j.cmi.2020.09.030
https://doi.org/10.7717/peerj.10801
https://doi.org/10.1016/j.diagmicrobio.2021.115591
https://doi.org/10.1128/JCM.00977-20
https://doi.org/10.3389/fmed.2020.00225
https://doi.org/10.1016/j.tmaid.2020.101942
https://doi.org/10.1016/j.jiac.2021.07.005
https://doi.org/10.1093/labmed/lmab033
https://doi.org/10.3390/v13050908
https://doi.org/10.1016/j.jinf.2021.04.009
https://doi.org/10.1016/S2666-5247(21)00302-5
https://doi.org/10.1128/spectrum.00853-22
https://doi.org/10.1101/2021.11.03.21265807
https://doi.org/10.1128/spectrum.00073-24

	Comparative evaluation of RT-PCR and antigen-based rapid diagnostic tests (Ag-RDTs) for SARS-CoV-2 detection: performance, variant specificity, and clinical implications
	MATERIALS AND METHODS
	Study design and sample collection
	Laboratory analysis
	Statistical analysis

	RESULTS
	Study population characteristics and disease prevalence
	Diagnostic performance of Ag-RDTs
	SARS-CoV-2 viral load and Ag-RDT diagnostic performance
	Clinical status and Ag-RDT performance
	SARS-CoV-2 variants and Ag-RDT performance

	DISCUSSION
	Overall diagnostic performance of Ag-RDTs
	Disease severity and Ag-RDT diagnostic performance
	Impact of clinical status on Ag-RDT diagnostic performance
	Ag-RDT diagnostic capacity for SARS-CoV-2 variants
	Conclusion



