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Large-scale head-to-head assessment of the performance of lateral-ﬂow
tests (LFTs) for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antigen is required in the context of the continuous emergence of new viral variants.
The aim of this study was to evaluate the performance of 22 rapid LFTs for the
detection of SARS-CoV-2 antigens. The clinical performance of 22 LFTs was evaluated
in 1,157 samples collected in the Greater Paris area. The 8 best-performing LFTs
were further assessed for their ability to detect 4 variants of concern (VOC), including
the alpha, beta, delta, and omicron (BA.1) variants. The speciﬁcity of SARS-CoV-2
LFTs was generally high (100% for 15 of them) but was insufﬁcient (,75%) for 3
tests. Sensitivity of the LFTs varied from 30.0% to 79.7% compared to nucleic acid
ampliﬁcation testing (NAAT). Using a cycle threshold (CT) cutoff of #25, sensitivity of
the assays ranged from 59.7% to 100%. The 8 best-performing assays had a sensitivity
of $80% for the detection of the 4 VOC when the CT was #25. Falsely negative SARSCoV-2 antigen LFT results were observed with omicron, due to the occurrence of low viral loads (CT . 30 in 32% of samples) during the two ﬁrst days following symptom
onset. Several LFTs exhibited satisfactory sensitivity and speciﬁcity, whereas a few others
yielded an unacceptable proportion of false-positive results and/or lacked sensitivity. The
sensitivity of the best-performing assays was not inﬂuenced by VOC, including alpha,
beta, delta, and omicron variants. The ability of LFTs to detect the omicron variant could
be reduced during the ﬁrst days following symptom onset due to lower viral loads than
with other variants.
ABSTRACT

IMPORTANCE The use of lateral-ﬂow tests (LFTs) to detect SARS-CoV-2 has expanded
worldwide. LFTs detect SARS-CoV-2 viral antigen and are less sensitive than nucleic acid
ampliﬁcation testing (NAAT). Their performance must be evaluated independently of the
manufacturers. Our study assessed the performance of 22 SARS-CoV-2 antigen LFTs in
large panels of well-characterized samples. The majority of LFTs tested exhibited satisfactory sensitivity and speciﬁcity, while some assays yielded unacceptable proportions of
false-positive results, and others lacked sensitivity for samples containing large amounts
of virus. The sensitivity of the best-performing assays did not vary according to the VOC,
including the alpha, beta, delta, and omicron variants.
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S

evere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the pathogen responsible for coronavirus disease 2019 (COVID-19) pandemic, which spread across
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the world at the end of 2019 and beginning of 2020 and has now become endemic
worldwide, with regular epidemic waves. In many regions, mass testing in congregate
settings remains an important component of the global strategy against SARS-CoV-2
infection, with the goal to identify and isolate infected individuals early enough to
reduce disease transmission. The importance of mass testing has been reinforced by
the emergence of viral variants, including some that have been classiﬁed as variants of
concern (VOC) by the World Health Organization. Among them, the most recent variant, omicron, has been shown to be more transmissible than previous VOC, while its
spread has been characterized by reduced effectiveness of public health measures and
vaccine efﬁcacy.
The reference method to diagnose SARS-CoV-2 infection is SARS-CoV-2 RNA detection in nasopharyngeal swabs (NPSs) by means of a nucleic acid ampliﬁcation test
(NAAT). NAATs use real-time reverse transcription-PCR (RT-PCR), real-time transcription-mediated ampliﬁcation (TMA), or loop-mediated isothermal ampliﬁcation (LAMP).
NAAT disadvantages include the need for centralized laboratories, skillful operators, expensive instrumentation, sample batching, and biosafety measures. Furthermore,
NAAT positivity can be a poor indicator of infectiousness, because patients can shed
measurable amounts of viral RNA in the absence of infectious viruses. Since mid-2020,
less expensive, easy-to-use, more rapid diagnostic tests have become commercially
available. These tests are designed to detect the presence of antigens expressed by
SARS-CoV-2 proteins produced during the viral life cycle and present in respiratory
secretions. Two types of SARS-CoV-2 antigen tests are available: (i) laboratory-based
enzyme immunoassays (EIA) and (ii) rapid lateral-ﬂow tests (LFTs) intended for pointof-care use. The latter are easy to perform with limited training in various settings,
such as during epidemic waves, before attending social gatherings, etc. In France,
approximately 75% of daily COVID-19 diagnoses are currently based on SARS-CoV-2
antigen tests.
As of today, more than 200 different SARS-CoV-2 antigen LFTs exist on the market.
Several studies have compared the performance of some LFTs with that of NAAT. They
showed reduced analytical sensitivity of antigen tests compared to NAAT, particularly
in asymptomatic individuals and in samples containing low SARS-CoV-2 RNA levels.
However, these studies were generally based on small panels of samples and evaluated
one or a small number of LFT antigen tests. Thus, large-scale independent head-tohead assessments of SARS-CoV-2 antigen LFTs are needed to guide their use in clinical
practice and for public health interventions.
The aim of this study was to evaluate the performance of a large number (n = 22) of
rapid, point-of-care LFTs for the direct detection of SARS-CoV-2 antigens. The study
was split into two parts: (i) in the ﬁrst part, which used 1,157 samples, the sensitivity of
the 22 LFTs relative to NAAT was measured in samples collected in the Greater Paris
area during the ﬁrst or the second and third waves of the COVID-19 pandemic, while
their speciﬁcity was assessed in frozen NPSs collected before the emergence of the
pandemic; (ii) in the second part of the study, 8 LFTs identiﬁed as having good sensitivity and speciﬁcity in the ﬁrst part of the study were assessed for their ability to detect 4
VOC, including the alpha, beta, delta, and omicron variants.
RESULTS
Study part 1: assessment of performance of 22 SARS-CoV-2 antigen LFTs. (i)
Samples and design. In the ﬁrst part of the study, the performance of 22 SARS-CoV-2
antigen LFTs (listed with their technical speciﬁcations in Table S1 in the supplemental
material) was evaluated relative to NAAT. Because sample volumes were not sufﬁcient
to assess more than 10 different LFTs, 3 panels of samples with comparable characteristics at inclusion were used. Sample selection from deidentiﬁed remnant swabs was
randomly carried out according to stratiﬁcation on cycle threshold (CT) values and,
whenever possible, on the time of sampling relative to symptom onset in symptomatic
patients. Their characteristics are shown in Table 1 and Fig. S1. A reference LFT that
previously showed excellent sensitivity and speciﬁcity (COVID-VIRO antigen rapid test;
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TABLE 1 Baseline characteristics of the 3 cohorts associated with the panels used in part 1 of the study, including 452 samples with positive
SARS-CoV-2 RNA detection by RT-PCR and 526 samples not containing SARS-CoV-2 RNA
Cohort/panel and characteristic
Cohort/panel 1
Days from symptom onset
#3
4–7
8–11
$12
Asymptomatic
Unknown
RT-PCR CT value
#20
21–25
26–30
.30
Other pathogens detected
None
Virald
Cohort/panel 2
Days from symptom onset
#3
4–7
8–11
$12
Asymptomatic
Unknown
RT-PCR CT value
#20
21–25
26–30
.30
Other pathogens detected
None
Virale
Cohort/panel 3
Days from symptom onset
#3
4–7
8–11
$12
Asymptomatic
Unknown
RT-PCR CT value
#20
21–25
26–30
.30
Other pathogens detected
None
Virale

No. (%) of samples
SARS-CoV-2 RNA positive (n = 152)a

SARS-CoV-2 RNA negative (n = 150)b

SARS-CoV-2 RNA negative in
transparent VTM (n = 101)c

74 (49.3)
76 (50.7)

NT
NT

56 (36.8)
14 (9.2)
7 (4.6)
7 (4.6)
20 (13.2)
48 (31.6)
21 (13.8)
46 (30.3)
38 (25.0)
47 (30.9)

SARS-CoV-2 RNA positive (n = 150)

SARS-CoV-2 RNA negative (n = 125)

19 (12.7)
18 (12.0)
13 (8.7)
5 (3.3)
3 (2.0)
92 (61.3)
21 (14.0)
46 (30.7)
38 (25.3)
45 (30.0)
100 (80.0)
25 (20.0)
SARS-CoV-2 RNA positive (n = 150)

SARS-CoV-2 RNA negative (n = 150)

25 (16.7)
22 (14.8)
20 (13.3)
5 (3.3)
1 (0.6)
77 (51.3)
21 (14.0)
46 (30.7)
32 (21.3)
51 (34.0)
124 (82.7)
26 (17.3)

aSoﬁa

and Wantai LFTs could be evaluated with only a subset of this cohort (n = 133 and n = 118, respectively), due to possible interference between VTM and automatic
immunoﬂuorescence reading.
bThis panel could not be used to assess the speciﬁcity of Soﬁa and Wantai LFTs, due to possible interference between VTM and automatic immunoﬂuorescence reading.
cThis additional panel was collected on transparent VTM to assess the speciﬁcity of Soﬁa and Wantai LFTs to avoid interference with automatic immunoﬂuorescence. NT, not tested.
dCoronaviruses other than SARS-CoV-2 were detected in 12 patients, including HKU1 (n = 3), NL63 (n = 3), 229E (n = 3), and OC43 (n = 3).
eCoronaviruses other than SARS-CoV-2 were detected in 8 patients, including HKU1 (n = 2), NL63 (n = 2), 229E (n = 2), and OC43 (n = 2).

AAZ-LMB, Boulogne-Billancourt, France [referred to here as AAZ]) (1) was used as a
comparator across all experiments.
(ii) Rate of success. The rate of success of the 22 LFTs was high, being between
96% and 100% (Table S2). The result was invalid (absence of the control bar) in 32 of
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TABLE 2 Speciﬁcity relative to NAAT of the 22 SARS-CoV-2 antigen LFTs
Panel
1

Test
COVID-VIRO antigen rapid test
CerTest SARS-CoV-2 card test
GenBody COVID-19 Ag
Nadal COVID-19 Ag test
Rapid test antigen GenSure COVID-19
AMP rapid test SARS-CoV-2 Ag
QuickProﬁle COVID-19 antigen test
Novel coronavirus (COVID-19) antigen test kit
Toda Coronadiag Ag
Soﬁa SARS antigen FIA
Wantai SARS-CoV-2 Ag rapid test

Manufacturer
AAZ
CerTest Biotec
GenBody Inc.
Nal von Minden
GenSure
AMP Diagnostics
LumiQuick Diagnostics
Medakit
Toda Pharma
Quidel
Eurobio Scientiﬁc

Abbreviation
AAZ
CerTest
GenBody
Nadal
GenSure
AMP
QuickProﬁle
Novel
Toda Pharma
Soﬁa
Wantai

Speciﬁcity (95% CI) (%)
100 (97.6–100)
100 (97.6–100)
100 (97.5–100)
100 (97.5–100)
100 (97.6–100)
100 (97.6–100)
100 (97.6–100)
100 (97.6–100)
100 (97.6–100)
99 (94.6–100)
98 (93.0–99.8)

2

COVID-VIRO antigen rapid test
SARS-CoV-2 antigen rapid detection kit
RealityTech antigen test COVID 19
COVID-19 antigen rapid test
Humasis one-step COVID-19 Ag test
BSD-0500333-25- COVID19 speed antigen test
SARS-CoV-2 spike colloidal gold chromatographic assay
Test antigénique rapide Clinitest COVID-19
NG-Test COVID19
Indicaid COVID-19 rapid antigen test

AAZ
Genomic Vision
Fasual Care
Servibio
Eurobio Scientiﬁc
Biospeedia
R-Biopharm
Siemens Healthcare
NG-Biotech
Medisur

AAZ
Genomic Vision
Fasual Care
Servibio
Humasis
Biospeedia
R-Biopharm
Siemens
NG Biotech 2
Medisur

100 (97.1–100)
73.6 (65.0–81.1)
62.4 (53.3–70.9)
99.2 (95.7–100)
72.8 (64.1–80.4)
100 (97.1–100)
100 (97.1–100)
100 (97.1–100)
100 (97.1–100)
94.4 (88.8–97.7)

3

COVID-VIRO antigen rapid test
PCL test COVID Ag
Biosensor standard F COVID-19 Ag FIA

AAZ
Tanit Care
Orgentec

AAZ
Tanit Care
Orgentec

100 (97.6–100)
100 (97.6–100)
100 (97.6–100)

the 978 samples tested. Twenty invalid results were obtained in SARS-CoV-2 RNA-positive samples (GenBody, n = 8; GenSure, n = 2; AMP, n = 1; QuickProﬁle, n = 1; Novel,
n = 2; Toda Pharma, n = 2; Soﬁa, n = 1; Fasual Care, n = 1; R-Biopharm, n = 1; and
Orgentec, n = 1 [for the full names of tests, see Table 2]), and the remaining 12 were in
SARS-CoV-2 RNA-negative samples (GenBody, n = 4; Nadal, n = 4; AMP, n = 1; Novel,
n = 1; Fasual Care, n = 1; and Humasis, n = 1).
(iii) Speciﬁcity. To assess SARS-CoV-2 antigen test speciﬁcity, 425 SARS-CoV-2 RNAnegative samples collected between April and August 2019, i.e., before the emergence
of SARS-CoV-2, in patients and health care workers (HCWs) presenting with a suspicion
of respiratory infection were used (Table 1). The reasons for using pre-SARS-CoV-2 pandemic samples for speciﬁcity testing were the need for true negatives and the availability of such well-characterized samples (including some containing other respiratory
viruses) stored at 280°C. Table S3 lists respiratory viruses found in some of the SARSCoV-2 RNA-negative samples from the 3 panels. An additional panel of 101 NPSs collected in a transparent viral transport medium (VTM) between October and November
2020 from patients and HCWs with negative SARS-CoV-2 RNA detection was used to
assess the speciﬁcity of two assays that could not be used with the VTM from panel 1
(Table 1). Indeed, the presence of the phenol red pH indicator in the VTM has been
reported to be associated with false-positive results with the 2 automatic-reading
assays (Soﬁa and Wantai).
As shown in Table 2 and Fig. 1, the speciﬁcity of the 22 LFTs relative to NAAT
ranged from 62.4% to 100%. The speciﬁcities of 3 LFTs were considered insufﬁcient,
including those of Fasual Care (62.4%; 95% conﬁdence interval [95% CI], 53.3% to
70.9%), Humasis (72.8%; 95% CI, 64.1% to 80.4%) and Genomic Vision (73.6%; 95% CI,
65.0% to 81.1%). None of the samples falsely positive with Fasual Care (n = 47) or
Humasis (n = 34) contained another respiratory virus, whereas 2 of the 33 samples that
were falsely positive with Genomic Vision contained another respiratory virus (human
inﬂuenza A virus in one case, parainﬂuenza 4 virus in the other case). One LFT
(Medisur) had intermediate speciﬁcity (94.4%; 95% CI, 88.8% to 97.7%). Three other
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FIG 1 Speciﬁcities and sensitivities of the 22 SARS-CoV-2 antigen LFTs tested in part 1 of this study. Sensitivity was calculated relative to the presence of
SARS-CoV-2 RNA at any CT level in RT-PCR and for CT values #25. INV, invalid; NEG, negative; POS, positive.

LFTs, including the two assays with automated reading (Soﬁa and Wantai) and a visual
reading test (Servibio), had an acceptable speciﬁcity, $97.0% (as per WHO criteria), displaying occasional false-positive results. The remaining 15 tests had 100% speciﬁcity
(Table 2 and Fig. 1).
(iv) Sensitivity. To assess antigen test sensitivity, 452 SARS-CoV-2 RNA-positive samples collected between March and November 2020 (ﬁrst epidemic wave), then between
January 2021 and January 2022 (second to ﬁfth epidemic waves) in SARS-CoV-2-infected
patients and HCWs with or without COVID-19 symptoms were used (Table 1). All samples
were stored at 280°C. Although LFT assays have not been designed for use with frozen
samples, freeze-thaw procedures have been shown to minimally affect LFT assay sensitivity,
particularly for CT values of #30 (2, 3).
As shown in Fig. 1 and Table 3, the global LFT sensitivities relative to NAAT ranged
from 30.0% for GenSure (95% CI, 22.8% to 38.0%) to 79.7% for Wantai (95% CI, 71.3%
to 86.5%). The sensitivities of the 22 SARS-CoV-2 antigen LFTs in samples with CT values
of #25 in NAAT ranged from 59.7% for Tanit Care (95% CI, 47.0% to 71.5%) to 100% for
AAZ (95% CI, 94.6% to 100%). Using the CT cutoff of 25, 15 of the 22 LFTs were considered to have an acceptable sensitivity (.80%). They included AAZ, AMP, Novel, Soﬁa,
Wantai, Genomic Vision, Fasual Care, Servibio, Humasis, Biospeedia, R-Biopharm,
Siemens, NG Biotech 2, Medisur, and Orgentec (Fig. 2 and Table 3).
Study part 2: assessment of performance for VOC detection of 8 SARS-CoV-2
antigen LFTs selected in part 1. In the second part of the study, 8 SARS-CoV-2 antigen
LFTs with a global speciﬁcity of $97% and a global sensitivity of $80% (minimum
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TABLE 3 Sensitivities of SARS-CoV-2 antigen LFTs according to the number of days from symptom onset and the viral load, as assessed by the
CT value in RT-PCR
Cohort and category
Cohort 1 (1)
Days from symptom onset
#7
8–11
$12
CT value
#20
21–25
26–30
.30
#25
#30
Any

Cohort 1 (2)
Days from symptom onset
#7
8–11
$12
CT value
#20
21–25
26–30
.30
#25
#30
Any

Cohort 2 (1)
Days from symptom onset
#7
8–11
$12
CT value
#20
21–25
26–30
.30
#25
#30
Any

Cohort 2 (2)
Days from symptom onset
#7
8–11
$12
CT value
#20
21–25
26–30
.30
#25
#30
Any

Sensitivity (95% CI) (%) of test
AAZ
CerTest

GenBody

Nadal

GenSure

AMP

70.0 (57.9–80.4)
42.9 (9.9–81.6)
14.3 (0.4–57.9)

50.0 (37.8–62.2)
14.3 (0.4–57.9)
14.3 (0.4–57.9)

47.7 (35.1–60.5)
14.3 (0.4–57.9)
14.3 (0.4–57.9)

52.9 (40.6–64.9)
28.6 (3.4–71.0)
14.3 (0.4–57.9)

43.5 (31.6–56.0)
14.3 (0.4–57.9)
0 (0–45.9)

68.1 (55.8–78.8)
42.9 (9.9–81.6)
14.3 (0.4–57.9)

100 (83.9–100)
93.5 (82.1–98.6)
39.5 (24.0–56.6)
6.4 (1.3–17.5)
95.5 (87.5–99.1)
75.2 (65.9–83.1)
53.9 (45.7–62.1)

100 (83.9–100)
63.0 (47.5–76.8)
18.4 (7.7–34.3)
2.1 (0.1–11.3)
74.6 (62.5–84.5)
54.3 (44.3–64.0)
38.2 (30.4–46.4)

100 (80.5–100)
55.6 (40–70.4)
18.9 (8.0–35.2)
2.2 (0.1–11.8)
67.6 (54.7–79.1)
49.5 (39.3–59.7)
34.7 (27.0–43.1)

100 (83.9–100)
63.0 (47.5–76.8)
23.7 (11.4–40.2)
4.3 (0.5–14.5)
74.6 (62.5–84.5)
56.2 (46.2–65.9)
40.1 (32.3–48.4)

94.7 (74.0–99.9)
47.8 (32.9–63.1)
13.2 (4.4–28.1)
0 (0–7.5)
61.5 (48.6–73.3)
43.7 (33.9–53.8)
30.0 (22.8–38)

90.5 (69.6–98.8)
91.3 (79.2–97.6)
48.6 (31.9–65.6)
14.9 (6.2–28.3)
91.0 (81.5–96.6)
76.0 (66.6–83.8)
57 (48.7–65)

QuickProﬁle

Novel

Toda Pharma

Soﬁa

Wantai

46.4 (34.3–58.8)
0 (0–41.0)
14.3 (0.4–57.9)

68.6 (56.4–79.1)
33.3 (4.3–77.7)
14.3 (0.4–57.9)

47.4 (35.1–59.4)
0 (0–41.0)
14.3 (0.4–57.9)

80.0 (67–89.6)
28.6 (3.7–71.0)
20.0 (0.5–71.6)

83.9 (71.7–92.4)
60.0 (14.7–94.7)
25.0 (0.6–80.6)

95.2 (76.2–99.9)
52.2 (36.9–67.1)
13.5 (4.5–28.8)
4.3 (0.5–14.5)
65.7 (53.1–76.8)
47.1 (37.2–57.2)
33.7 (26.3–42)

95.2 (76.2 -99.9)
93.5 (82.1–98.6)
37.8 (22.5–55.2)
4.3 (0.5–14.8)
94.0 (85.4–98.3)
74.0 (64.5–82.1)
52.7 (44.4–60.9)

100 (83.9–100)
50.0 (34.9–65.1
10.8 (3.0–25.4)
2.2 (0.1–11.5)
65.7 (53.1–76.8)
46.2 (36.3–56.2)
32.7 (25.2–40.8)

100 (83.2–100)
94.7 (82.3–99.4)
45.5 (28.1–63.6)
17.1 (7.2–32.1)
96.6 (88.1–99.6)
78.0 (68.1–86.0)
59.1 (50.2–67.6)

95.0 (75.1–99.9)
97.3 (85.8–100)
89.3 (71.8–97.7)
42.4 (25.5–60.8)
96.5 (87.9–99.6)
94.1 (86.8–98.1)
79.7 (71.3–86.5)

AAZ

Genomic Vision

Fasual Care

Servibio

Humasis

62.2 (44.8–77.5)
30.8 (9.1–61.4)
40.0 (5.3–85.3)

48.6 (31.9–65.6)
30.8 (9.1–61.4)
20.0 (0.5–71.6)

73.0 (55.9–86.2)
38.5 (13.9–68.4)
80.0 (28.4–99.5)

51.4 (34.4–68.1)
7.7 (0.2–36.0)
0 (0–52.2)

86.5 (71.2–95.5)
38.5 (13.9–68.4)
40.0 (5.3–85.3)

90.5 (69.6–98.8)
91.3 (79.2–97.6)
63.2 (46–78.2)
24.4 (12.9–39.5)
91.0 (81.5–96.6)
81.0 (72.1–88.0)
64.0 (55.8–71.7)

90.5 (69.6–98.8)
93.5 (82.1–98.6)
36.8 (21.8–54)
17.8 (8–32.1)
92.5 (83.4–97.5)
72.4 (62.8–80.7)
56.0 (47.7–64.1)

90.5 (69.6–98.8)
91.1 (78.8–97.5)
71.1 (54.1–84.6)
55.6 (40–70.4)
90.9 (81.3–96.6)
83.7 (75.1–90.2)
75.2 (67.4–81.9)

90.5 (69.6–98.8)
80.4 (66.1–90.6)
34.2 (19.6–51.5)
13.3 (5.1–26.8)
83.6 (72.5–91.5)
65.7 (55.8–74.7)
50.0 (41.7–58.3)

100 (83.9–100)
93.5 (82.1–98.6)
78.9 (62.7–90.4)
48.9 (33.7–64.2)
95.5 (87.5–99.1)
89.5 (82.0–94.7)
75.3 (67.6–82.0)

Biospeedia

R-Biopharm

Siemens

NG Biotech 2

Medisur

54.0 (36.9–70.5)
30.8 (9.1–61.4)
20.0 (0.5–71.6)

67.6 (50.2–82)
23.1 (5.0–53.8)
20.0 (0.5–71.6)

70.3 (53.0–84.1)
38.5 (13.9–68.4)
40.0 (5.3–85.3)

40.5 (24.8–57.9)
15.4 (1.9–45.4)
0 (0–52.2)

62.2 (44.8–77.5)
30.8 (9.1–61.4)
20.0 (0.5–71.6)

90.5 (69.6–98.8)
91.3 (79.2–97.6)
50.0 (33.74–66.6)
22.2 (11.2–37.1)
91.0 (81.5–96.6)
76.2 (66.9–84.0)
60.0 (51.7–67.9)

90.5 (69.6–98.8)
87.0 (73.7–95.11)
60.5 (43.4–76)
27.3 (14.9–42.8)
88.1 (77.8–94.7)
78.1 (69.0–85.6)
63.1 (54.8–70.8)

90.5 (69.6–98.8)
95.7 (85.2–99.5)
68.4 (51.3–82.5)
26.7 (14.6–41.9)
94.0 (85.4–98.3)
84.8 (76.4–91.0)
67.3 (59.2–74.8)

100 (83.9–100)
84.8 (71.1–93.7)
23.7 (11.4–40.2)
2.2 (0.1–11.8)
89.6 (79.7–95.7)
65.7 (55.8–74.7)
46.7 (38.5–55)

100 (83.9 -100)
97.8 (88.5–99.9)
60.5 (43.4–76)
13.3 (5.1–26.8)
98.5 (92–100)
84.8 (76.4–91.0)
63.3 (55.1–71)
(Continued on next page)
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TABLE 3 (Continued)
Cohort and category
Cohort 3
Days from symptom onset
#7
8–11
$12
CT value
#20
21–25
26–30
.30
#25
#30
Any

Sensitivity (95% CI) (%) of test
AAZ
Tanit Care

Orgentec

66.0 (50.7–79.1)
50.0 (27.2–72.8)
40.0 (5.3–85.3)

23.5 (12.8–37.5)
0 (0–16.8)
20.0 (0.5–71.6)

46.8 (32.1–61.9)
10.5 (1.3–33.1)
20.0 (0.5–71.6)

100 (83.9–100)
100 (92.3–100)
81.3 (63.6–92.8)
21.6 (11.3–35.3)
100 (94.6–100)
93.9 (87.3–97.7)
69.3 (61.3–76.6)

90.5 (69.6–98.8)
45.7 (30.9–61.0)
9.4 (2.0–25.0)
2.0 (0–10.4)
59.7 (47.0–71.5)
43.4 (33.5–53.8)
29.3 (22.2–37.3)

100 (83.9–100)
80.4 (66.1–90.6)
32.3 (16.7–51.4)
3.9 (4.8–13.4)
86.6 (76.0–93.7)
69.4 (59.3–78.3)
47 (38.8–55.3)

performance required by international recommendations) (4, 5) were tested for their
ability to detect VOC that have been dominant over the successive epidemic waves in
France since the end of 2020. The LFTs tested included AAZ, AMP, Novel, Biospeedia,
R-Biopharm, Siemens, Abbott, and Biosynex (Table S1).
The SARS-CoV-2 VOC tested were the alpha, beta, delta, and omicron (BA.1) variants. The panel included 179 samples collected between January 2021 and January
2022 in which the infecting VOC had been identiﬁed by means of full-length genome
sequence analysis using next-generation sequencing (alpha, n = 54; beta, n = 21; delta,
n = 54; omicron, n = 50). The characteristics of the panel are shown in Table 4.
As shown in Table 5 and Fig. 3, the global sensitivities of the 8 LFTs tested ranged
from 77.4% (95% CI, 63.8% to 87.7%) with Abbott to 90.7% (95% CI, 79.7% to 96.9%)
with AMP for the alpha, beta, and delta variants. Sensitivity for the detection of the omicron variant ranged from 56.0% (95% CI, 41.3% to 70.0%) to 70.0% (95% CI, 55.4% to
82.1%) for AAZ, AMP, Novel, and Biospeedia. As shown in Table 5, using the CT cutoff
of 25, all of the 8 LFTs tested had a sensitivity of $80%, a threshold required by international recommendations.
The ability of the 8 LFTs to detect each VOC was evaluated using a bootstrap
approach comparing their respective sensitivities to those for detection of the ancestral (Wuhan) SARS-CoV-2 strain. No difference in sensitivity was found for any of the 8
LFTs when VOC and the ancestral strain were compared, as shown by the following
mean P values for the alpha, beta, delta, and omicron (BA.1) variants, respectively: for
AAZ, 0.60, 0.65, 0.32, and 0.56; for Abbott, 0.52, 0.59, 0.47, and 0.54; for AMP, 0.50, 0.41,
0.42, and 0.42; for Biospeedia, 0.56, 0.42, 0.55, and 0.51; for Biosynex, 0.56, 0.63, 0.55,
and 0.53; for Novel, 0.61, 0.50, 0.60, and 0.38; for R-Biopharm, 0.57, 0.54, 0.43, and 0.45;
and for Siemens, 0.59, 0.67, 0.53, and 0.54 (Fig. 3). However, falsely negative SARS-CoV2 antigen LFT results were observed with the omicron variant, due to low viral loads
(CT . 30 in 32% [10/31] of NPSs) during the ﬁrst days following symptom onset (Fig. 4).
DISCUSSION
Large-scale SARS-CoV-2 testing is a key weapon in the ﬁght against COVID-19. Testing
can be used for diagnosis of infected patients, global surveillance, and/or targeted screening, with the goal of reducing community spread of the virus. Thus, achieving high testing
capacities with easy-to-perform and inexpensive tests has become a priority. Solutions rely
on the use of rapid diagnostic tests that detect SARS-CoV-2 antigens in nasopharyngeal,
oropharyngeal, or nasal swabs. The use of SARS-CoV-2 antigen LFTs has been associated
with interruptions of transmission if coupled with rapid isolation and cohorting of the
most infectious cases and their close contacts (5, 6). In addition, SARS-CoV-2 antigen LFTs
can be used for self-testing, a complement to health system-based testing by trained providers that offers many advantages, such as earlier, increased access to testing and care.
SARS-CoV-2 antigen tests have been reported to be less sensitive than NAATs in detecting the presence of the virus. The use of SARS-CoV-2 antigen LFTs for large-scale testing
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FIG 2 Distribution of LFT results in SARS-CoV-2 RNA-positive samples according to CT values in NAAT. NEG, negative LFT result; POS, positive LFT result.

requires that their clinical performance be well known. Thus, there is a need for continuing
independent postmarketing assessments of commercial antigen tests. Several studies evaluating the sensitivity and speciﬁcity of different SARS-CoV-2 antigen LFTs relative to
RT-PCR have been published. However, the scope of brands evaluated was limited and the
number of samples tested was relatively small, often restricted to symptomatic populations
(7, 8). Interestingly, when individuals without symptoms were tested, higher proportions of
subjects who are infectious appear to be missed (9).
Despite its high incidence during epidemic waves, COVID-19 infection has a low
prevalence in the general population. Thus, high speciﬁcity (.97%) of the assays is
required to avoid too-frequent false-positive results (4, 5). In our study, the majority of

TABLE 4 Characteristics of panel 4, made up of 179 samples containing different VOC, as
assessed by full-length SARS-CoV-2 genome sequencing, tested in part 2 of the study
No. (%) of samples containing variant
RT-PCR CT value
#20
21–25
26–30
.30
Minimum (CT value)
Maximum (CT value)

Alpha (n = 54)
32 (59.3)
16 (29.6)
4 (7.4)
2 (3.7)
10
40

July/August 2022 Volume 10 Issue 4

Beta (n = 21)
3 (14.3)
12 (57.1)
6 (28.6)
0 (0)
13
29

Delta (n = 54)
34 (63.0)
13 (24.1)
7 (13.0)
0 (0)
14
30

Omicron (n = 50)
11 (22.0)
14 (28.0)
13 (26.0)
12 (24.0)
16
37
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100 (71.5–100)
100 (76.8–100)
69.2 (38.6–90.9)
8.3 (0.2–38.5)
100 (86.3–100)
89.5 (75.2–97.1)
70.0 (55.4–82.1)

#20
21–25
26–30
.30
#25
#30
Any
100 (71.5–100)
100 (76.8–100)
76.9 (46.2–95.0)
8.3 (0.2–38.5)
100 (86.3–100)
92.1 (78.6–98.3)
70.0 (55.4–82.1)

100 (92.5–100)
92.6 (82.1–97.9)
90.7 (79.7–96.9)

93.6 (82.5–98.7)
81.5 (68.6–90.7)
88.9 (77.4–95.8)

Omicron (BA.1)

100 (89.7–100)
100 (75.3–100)
42.9 (9.9–81.6)

Delta

97.1 (84.7–99.9)
84.6 (54.6–98.1)
0 (0–41)

100 (78.2–100)
95.2 (76.2–99.9)
90.7 (79.7–96.9)

100 (78.2–100)
90.5 (69.6–98.8)
88.9 (77.4–95.8)

#20
21–25
26–30
.30
#25
#30
Any

100 (29.2–100)
100 (73.5–100)
83.3 (35.9–99.6)

100 (29.2–100)
100 (73.5–100)
66.7 (22.3–95.7)

# 20
21–25
26–30
.30
#25
#30
Any

Beta

AMP
96.9 (83.8–99.9)
93.8 (69.8–99.8)
75.0 (19.4–99.4)
0 (0–84.2)
95.8 (85.7–99.5)
94.2 (84.1–98.8)
90.7 (79.7–96.9)

AAZ
100 (89.1–100)
87.5 (61.7–98.4)
50.0 (6.8–93.2)
0 (0–84.2)
95.8 (85.7–99.5)
92.3 (81.5–97.9)
88.9 (77.4–95.8)

CT value
#20
21–25
26–30
.30
#25
#30
Any

Variant
Alpha

Sensitivity (95% CI) (%) of test

100 (71.5–100)
100 (76.8–100)
69.2 (38.6–90.9)
8.3 (0.2–38.5)
100 (86.3–100)
89.5 (75.2–97.1)
70.0 (55.4–82.1)

97.9 (88.7–99.9)
87.0 (75.1–94.6)
86.5 (74.2–94.4)

100 (89.7–100)
92.3 (64.0–99.8)
14.3 (0.4–57.9)

100 (78.2–100)
90.5 (69.6–98.8)
86.5 (74.2–94.4)

100 (29.2–100)
100 (73.5–100)
66.7 (22.3–95.7)

Novel
100 (88.8–100)
86.7 (59.5–98.3)
25.0 (0.6–80.6)
0 (0–84.2)
95.7 (85.2–99.5)
90.0 (78.2–96.7)
86.5 (74.2–94.4)

100 (71.5–100)
100 (76.8–100)
69.2 (38.6–90.9)
8.3 (0.2–38.5)
100 (86.3–100)
89.5 (75.2–97.1)
70.0 (55.4–82.1)

100 (92.5–100)
88.9 (77.4–95.8)
88.5 (76.6–95.6)

100 (89.7–100)
100 (75.3–100)
14.3 (0.4–57.9)

100 (78.2–100)
95.2 (76.2–99.9)
88.5 (76.6–95.6)

100 (29.2–100)
100 (73.5–100)
83.3 (35.9–99.6)

Biospeedia
96.8 (83.3–99.9)
93.3 (68.1–99.8)
50.0 (6.8–93.2)
0 (0–84.2)
95.7 (85.2–99.5)
92.0 (80.8–97.8)
88.5 (76.6–95.6)

100 (71.5–100)
85.7 (57.2–98.2)
38.5 (13.9–68.4)
8.3 (13.9–68.4)
92.0 (74.0–99.0)
73.7 (56.9–86.6)
58.0 (43.2–71.8)

85.1 (71.7–93.8)
77.8 (64.4–88.0)
86.0 (73.3–94.2)

94.1 (80.3–99.3)
61.5 (31.6–86.1)
28.6 (3.7–71.0)

100 (78.2–100)
90.5 (69.6–98.8)
86.0 (73.3–94.2)

100 (29.2–100)
100 (73.5–100)
66.7 (22.3–95.7)

R-Biopharm
100 (88.1–100)
73.3 (44.9–92.2)
50.0 (6.8–93.2)
50.0 (1.3–98.7)
90.9 (78.3–97.5)
87.5 (74.8–95.3)
86.0 (73.3–94.2)

100 (71.5–100)
100 (76.8–100)
61.5 (31.6–86.1)
8.3 (0.2–38.5)
100 (86.3–100)
86.8 (71.9–95.6)
68.0 (53.3–80.5)

95.7 (85.5–99.5)
85.2 (72.9–93.4)
88.9 (77.4–95.8)

100 (89.7–100)
84.6 (54.6–98.1)
14.3 (0.4–57.9)

100 (78.2–100)
90.5 (69.6–98.8)
88.9 (77.4–95.4)

100 (29.2–100)
100 (73.5–100)
66.7 (22.3–95.7)

Siemens
100 (89.1–100)
87.5 (61.7–98.4)
50.0 (6.8–93.2)
0 (0–84.2)
95.8 (85.7–99.5)
92.3 (81.5–97.9)
88.9 (77.4–95.8)

TABLE 5 Sensitivities of SARS-CoV-2 antigen LFTs relative to NAAT for VOC detection according to the viral load, as assessed by the CT value in RT-PCR

90.9 (58.7–99.8)
92.9 (66.1–99.8)
30.8 (9.1–61.4)
8.3 (0.2–38.5)
92.0 (74.0–99.0)
71.1 (54.1–84.6)
56 (41.3–70.0)

87.2 (74.3–95.2)
75.9 (62.4–86.5)
77.4 (63.8–97.7)

90.9 (58.7–99.8)
92.9 (66.1–99.8)
38.5 (13.9–68.4)
8.3 (0.2–38.5)
92.0 (74.0–99.0)
73.7 (56.9–86.6)
58.0 (43.2–71.8)

95.7 (85.5–99.5)
83.3 (70.7–92.1)
87.0 (75.1–94.6)

97.1 (84.7–99.9)
92.3 (64.0–99.8)
0 (0–41.0)

100 (78.2–100)
85.7 (63.7–97.0)
87.0 (75.1–94.6)

86.7 (59.5–98.3)
81.0 (58.1–94.6)
77.4 (63.8–87.7)
94.1 (80.3–99.3)
69.2 (38.6–0.9)
0 (0–41.0)

100 (29.2–100)
100 (73.5–100)
50.0 (11.8–88.2)

Biosynex
100 (89.1–100)
87.5 (61.7–98.4)
25.0 (0.6–80.6)
0 (0–84.2)
95.8 (85.7–99.5)
90.4 (79.0–96.8)
87.0 (75.1–94.6)

66.7 (9.4–99.2)
91.7 (61.5–99.8)
66.7 (22.3–95.7)

Abbott
100 (89.1–100)
60.0 (32.3–83.7)
0 (0–60.2)
0 (0–84.2)
87.2 (74.3–95.2)
80.4 (66.9–90.2)
77.4 (63.8–87.7)
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FIG 3 Distribution of CT values in samples found to be either negative (NEG) or positive (POS) in 8 SARS-CoV-2 antigen LFTs tested with the alpha, beta,
delta, and omicron (BA.1) VOC.

LFTs tested had very high speciﬁcity, regardless of the presence or absence of other respiratory viruses in the samples, suggesting a lack of cross-reactivity, including with
endemic coronaviruses.
Sensitivity of the tests is crucial, more speciﬁcally their ability to diagnose infection
in patients with viral loads associated with positive viral cultures, who are the most
likely to transmit infection (RT-PCR CT , 25). Indeed, it has been shown that, despite a
signiﬁcantly lower analytical sensitivity than NAATs, SARS-CoV-2 antigen LFTs have the
capacity to diagnose the majority of contagious cases (10, 11). As per WHO recommendations, LFT sensitivity should reach a minimum of 80% relative to nucleic acid testing.
In a recent Cochrane systematic review of antigen LFT performance, the overall sensitivity reached 94.5% in samples containing high viral loads (CT # 25), whereas it was
only 40.7% in samples containing lower viral loads (7).
In the present study, we assessed the performance of a large number of different
SARS-CoV-2 antigen LFTs with 4 large panels of samples, including RNA-positive and
-negative ones and, for the last panel, infection with 4 distinct VOC. We show that
most, but not all, of these commercially available tests performed very well (i.e., with
high sensitivity) in individuals with high viral loads (CT # 25) and in individuals
sampled early in the course of their infection, i.e., the most contagious individuals. One
limitation of the use of CT values is the assumption that the same level of viral load is
associated with the same risk of infectiousness. Nevertheless, this relationship is not
linear. In the context of omicron infection, it has been shown that the level of SARSJuly/August 2022 Volume 10 Issue 4
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FIG 4 Distribution of CT values in samples found to be either negative (NEG) or positive (POS) in 8 SARS-CoV-2
antigen LFTs tested with the omicron variant (BA.1), according to the date after symptom onset.

CoV-2 replication in nasal and/or nasopharyngeal epithelia can be low during the ﬁrst
days of infection (12). This delay in high-level replication, while replication is already
active in the oropharyngeal compartment, elicits falsely negative LFT results, although
the patients have a higher risk of being infectious than individuals identiﬁed later with
similar viral loads.
Postmarketing evaluations of SARS-CoV-2 antigen LFTs are needed to measure the
impact of the emergence of new viral variants on the capacities to diagnose these infections. Changes in the conformation of the target antigen (the nucleoprotein for the majority of LFTs and the spike protein for some of them) could affect antibody binding, thereby
reducing the sensitivity of the antigen assays. Indeed, several amino acid substitutions in
the nucleoprotein (e.g., M241I, A376T, and D399N) have been shown to yield false-negative
results with some antigen LFTs, despite high viral loads (13, 14). In the second part of our
study, which evaluated 8 antigen LFTs found to have high sensitivity and speciﬁcity in the
ﬁrst part, we showed that the ability of antigen LFTs to detect the presence of the alpha,
beta, delta, and omicron VOC is not altered. However, low viral loads in the nasopharynx
during the ﬁrst days of infection, especially during omicron infection, were not detected by
LFTs, in keeping with previous ﬁndings (12, 15).
In conclusion, the performance of SARS-CoV-2 antigen LFTs relative to nucleic acid
testing must be evaluated independently of the manufacturers, and only tests that
achieve the required levels of sensitivity and speciﬁcity should be used. Our study
assessed the performance of 22 SARS-CoV-2 antigen LFTs in 4 panels containing a large
number of well-characterized samples. Although the majority of LFTs tested exhibited
satisfactory sensitivity and speciﬁcity, some assays yielded a high, unacceptable proportion of false-positive results, whereas others lacked sensitivity in samples containing
large amounts of virus. These LFTs should not be used in practice. The sensitivity of the
best-performing assays did not vary according to the VOC, including the alpha, beta,
July/August 2022 Volume 10 Issue 4
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delta, and omicron variants. Other studies will be required to evaluate whether new
emerging sublineages of the omicron variant and new variants, yet to emerge, will
affect SARS-CoV-2 antigen LFT performance.
MATERIALS AND METHODS
Materials. This retrospective diagnostic test accuracy study was conducted in the virology laboratory of Henri Mondor University Hospital (Greater Paris area). A collection of 1,157 NPSs stored at 280°C
was used (Tables 1 and 4). This anonymous retrospective study protocol followed the ethical guidelines
of the Declaration of Helsinki. Data collection was declared and approved by the French Committee of
Data Protection and Civil Liberties (CNIL), registration number 2218612v0.
Sample collection and testing. The NPSs had been collected by medical staff in various VTM,
including the Xpert nasopharyngeal sample collection kit (Cepheid, Sunnyvale, CA), medium for virus
(Deltalab, Barcelona, Spain), and transparent media, including an in-house saline buffer (0.9% NaCl) and
Greiner Bio One (Sigma-Aldrich, St. Louis, MO). Part of the suspension was initially used for routine
NAAT. The remainder was stored at 280°C.
NAAT detection of SARS-CoV-2 RNA (reference method). During the study period, the Henri
Mondor hospital virology laboratory used several platforms for SARS-CoV-2 RNA testing, based on technical developments and reagent availability. Between March and June 2020, samples were tested using
an in-house RT-qPCR assay based on the Charité protocol targeting the E and RNA-dependent RNA polymerase (RdRp) genes (16) and on a commercially available RT-PCR assay targeting the E and S genes
(RealStar SARS-CoV-2 RT PCR kit 1.0; Altona Diagnostics GmbH, Hamburg, Germany) (17). After
September 2020, SARS-CoV-2 RNA was detected by means of commercially available molecular biology
technologies, including TMA (Aptima SARS CoV-2 on the Panther system; Hologic, Marlborough, MA) or
RT-PCR (Alinity m; Abbott Molecular, Des Plaines, IL). Samples found to be RNA positive in TMA were
retested by RT-PCR (TaqPath COVID-19 RT-PCR kit; Thermo Fisher, Pleasanton, CA) to measure CT values.
Samples with CT values above 40 were considered negative.
NAAT detection of other respiratory pathogens. In NPSs collected between April 2018 and
August 2019, respiratory viruses and bacteria were sought by means of a BioFire respiratory panel 2 multiplex RT-PCR assay (bioMérieux, Marcy-l’Etoile, France), according to the manufacturer’s instructions.
This assay targets 16 viruses (adenovirus, coronaviruses 229E, HKU1, NL63, and OC43, Middle East respiratory syndrome CoV [MERS-CoV], SARS-CoV-2, metapneumovirus, rhinovirus/enterovirus, inﬂuenza A
and B viruses, parainﬂuenza viruses 1 to 4, and respiratory syncytial virus) and 4 bacteria (Bordetella parapertussis, Bordetella pertussis, Chlamydia pneumoniae, and Mycoplasma pneumoniae) that commonly
cause upper and lower respiratory tract infections.
SARS-CoV-2 antigen detection by LFTs. For antigen extraction, 80 to 350 m L of VTM (depending
on the LFT) was added to each extraction buffer and mixed. Fifty to 100 m L of the mixture was added to
the sample port of the antigen assay, according to the manufacturer’s instructions.
For the 20 nonautomatic reading assays, the result was read visually after 10 to 30 min. Any shade of
color in the test line region was considered positive. All tests were independently read by two trained
staff members. In case of discrepancy, an additional reading was performed by a third staff member. For
the 2 automatic reading assays, the result was provided in 15 min or 30 min. Reading was performed
twice and redone by the device in case of a discrepancy. Technicians were blind to the sample status
(positive or negative for SARS-CoV-2 RNA).
Identiﬁcation of SARS-CoV-2 VOC by full-length genome sequencing. A subset of SARS-CoV-2
RNA-positive samples collected between January 2021 and January 2022 was used to evaluate the performance of LFTs against different VOC. For VOC characterization, full-length SARS-CoV-2 genomes were
sequenced by means of next-generation sequencing. Brieﬂy, viral RNA was extracted using a NucliSENS
easyMAG kit on an EMAG device (bioMérieux, Marcy-l’Etoile, France). Sequencing was performed with
the Illumina COVIDSeq test (Illumina, San Diego, CA), which uses 98-target multiplex ampliﬁcations
along the full SARS-CoV-2 genome. Libraries were sequenced with a NextSeq 500/550 high-output kit
v2.5 (75 cycles) on a NextSeq 500 device (Illumina). The sequences were demultiplexed and assembled
as full-length genomes by means of the DRAGEN COVIDSeq test pipeline on a local DRAGEN server with
v1.2.2 software (Illumina). Lineages and clades were interpreted using the Lineage Assigner web application (Centre for Genomic Pathogen Surveillance, Cambridge, United Kingdom) and the Nextclade web
application (Nextstrain Project, University of Basel, Basel, Switzerland) and then submitted to the GISAID
international database (https://www.gisaid.org).
Statistical analysis. Analysis of LFT performance in part 1 of the study was conducted using RT-PCR
results as the reference. Sensitivity and speciﬁcity are shown with their 95% conﬁdence intervals calculated by means of the exact method. All qualitative data were expressed as raw numbers (percentages
or n/N ratios), and statistical analyses were run with Stata 15 (StataCorp LP, College Station, TX) or with
routines written in R v.3.6.1. P values of ,0.05 were considered statistically signiﬁcant.
In part 2 of the study, because the number of samples in each group of VOC was relatively small, we
used a double embedded bootstrap statistical approach: for each group of variants; for each selected
test, the ﬁrst bootstrapping step consisted of randomly resampling positive samples with their replacement (1,000 iterations) performed for each CT stratiﬁcation (Table 4). A second bootstrapping step was
then applied to each iteration.
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