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Abstract

Purpose: Real-time reverse-transcription polymerase chain reaction (RT-PCR)-based testing remains the gold standard for the diagnosis of the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Due to the high diagnosis demand of SARS-CoV-2 and the limited resources for
RT-PCR testing, especially in Low-Income Countries (LICs), antigen-based methods are being considered as an option. The aim of this study was
to assess the performance of LumiraDx SARS-CoV-2 antigen assay for large population screening compared to RT-PCR.

Methods: This evaluation was conducted on 4146 participants including travelers and participants under household survey and vaccine
evaluation studies before injection of the first dose. Oropharyngeal and nasopharyngeal swaps were collected from each participant into 2 mL of
viral transport medium (VTM) and 400 pl of VTM were used to assess the performance of LumiraDx SARS-CoV-2 antigen assay, compared to
RT-PCR.

Results: The prevalence of SARS-CoV-2 of the cohort was 4.5% with RT-PCR and 4.1% with LumiraDx antigen test. Compared to the RT-PCR,
the sensitivity and specificity of the LumiraDx antigen SARS-CoV-2 test were 82,7% [95% Cl 74.1-89,7] and 99.9% [95% CIl 99.6-99.9] respectively.
Given the RT-PCR threshold cycle (Ct) range, the sensitivity was 92.1% [95% CI 84.6-96.3] when the Ct value was below or equal 33 cycles,
and 38.1% [95% Cl 18.9-61.3] when it was above 33 cycles. The inter-rater reliability showed a kappa coefficient of 0.88 when considering all the
patients and 0.94 for Ct values below 33 cycles.

Conclusion: Our data have shown that the LumiraDx platform can be considered for large-scale testing of SARS-CoV-2.
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Introduction

Due to the rapid spread of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) across the world
despite the efforts and means spent, identifying better way of
isolating infected subjects have become a priority to limit the
Coronavirus-related Disease (COVID-19). Rapid and accurate
diagnostic tests of SARS-CoV-2 for early confirmation of
cases and expediate clinical and public health management
decisions may reduce transmission. The current gold
standard of SARS-CoV-2 testing relies on the real-time reverse
transcription-polymerase chain reaction (RT-PCR) [1,2].
However, some low- and middle-income countries (LMICs)
have been struggling to access diagnostic tests due to the
large demands in SARS-CoV-2 testing. Indeed, many countries
do not have local capacity for manufacturing diagnostic tests
and therefore rely on imports. Consequently, with global
supplying system, it has become challenging for LMICs to
afford pricey equipment or reagents [3]. Beyond the supplying
issue, RT-PCR methods appear often time consuming and
require special equipment and skilled laboratory personnel.
Moreover, PCR testing can lead to longer SARS-CoV2 test
results turnaround time which can compromise the ability of
people to stay isolated to prevent transmission and spread of
the virus [4,5]. For all these reasons, RT-PCR testing may not
be suitable for large population testing screening and point-
of-care (POC) tests should be considered as frontline testing
for SARS-CoV-2 infection diagnosis in order to implement
control measures. Most of the antigen rapid diagnostic tests
are affordable, simple to perform and allow obtaining results
within few minutes [6-13]. Some have the advantage of
providing higher throughput for acute SARS-CoV-2 infection,
SARS-CoV-2 treatment centres and community-based settings
[14]. Despite low sensitivity reported for some SARS-CoV-2
antigen tests, some studies have shown their sensitivity can
go up to 93.9% compared to RT-PCR [7,10,11,15-17].

LumiraDx SARS-CoV-2 antigen test (LumiraDx UK Ltd,
Dumyat Business Park, Alloa, FK10 2PB, UK), one of the
promising tools in targeting the N protein, is a highly conserved
target of the virus nucleocapsid, and allows for reliable
detection and quantitation. While most of the SARS-CoV-2 test
are mainly based on the lateral flow principle, the LumiraDx
SARS-CoV-2 antigen test runs on a portable, wall outlet
or battery-powered multi-assay point-of-care instrument
[18]. The assay reagents are dry single-use, disposable,
microfluidic test strips that contain specific antibodies to
form an immunoassay complex that uses a fluorescent latex
signal to detect the N protein of SARS-CoV-2 [19]. Like most
of the POC commercial assays currently available, there are
limited data on its performance in large-scale population
testing. We have previously assessed LumiraDx SARS-CoV-2
antigen test using oropharyngeal and nasopharyngeal swabs
samples collected in viral transport medium (VTM) and found
400 pl as the optimal volume providing high performance of
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the test (In press). The objective of this study was to evaluate
the performance of the LumiraDx platform using VTM samples
for large-scale population testing of SARS-CoV-2.

Methodology
Study populations and samples

We screened 4146 individuals in Dakar, Senegal, including
travelers and participants from household survey and vaccine
evaluation studies, from March to May 2021. Oropharyngeal
and nasopharyngeal swabs were collected from each
participant into 2 mL of VTM (KANG JIAN Virus Preservation
Medium (Cat: 0201101)) on which RT-PCR test has been
performed. Using 400ul of the VTM, which is the volume we
previously optimized for the LumiraDx antigen testing (in
press), we assessed the performance of LumiraDx Antigen
assay for SARS-CoV-2 diagnosis of large population.

This study was approved by the review board of the
Senegalese ministry of health (Nr 00000126/MSAS/CNERS/
sec). All participants provided informed consent.

Real-time reverse-transcription polymerase chain
reaction testing

RNA extraction: The oropharyngeal and nasopharyngeal
samples were first inactivated in a water bath at 90 °C for 30
min. The samples were then aliquoted in 1.5 ml vial and RNA
was extracted with MagMAX Viral/Pathogen II Nucleic Acid
isolation kit using the Kingfisher platform according to the
manufacturing and eluted in 50 pl (Thermo Fisher Scientific,
Waltham, MA USA, www.thermofisher.com).

Real-time reverse transcriptase-polymerase chain
reaction: RNA elution plates were stored at 4 °C while
preparing master mix. For SARS-CoV-2 detection, Allplex™
2019-nCoV assay from Seegene Inc were used according to the
manufacturer protocol. Briefly, a master mix of 5 pl of 2019-
nCoV MOM, 5 ul of buffer 5 x, 5 ul of RNase-free water, 1 pl of
internal control (IC) and 2 pl of enzymes per sample including
negative and positive control were mixed. In each well,
18 pl of master mix were distributed and either 8pl of sample
added, 8 pl of positive control or 8 pl of RNase-free water for
negative control. Plates were then spun down at 2500 rpm
for 5 s and analyzed on a CFX96 Touch Real-Time PCR from
BioRad. Reverse Transcription reaction 1 cycle: 50 °C/20 min -
95 °C/15 min. PCR reaction 45 cycles: 94 °C/15 s - 60 °C/30
sec- 72 C/15 sec. Fluorescence was measured at 60° C and 72°
C using channels FAM (E gene), HEX (IC), Cal Red 610 (RdRP)
and Quasar 670 (N gene). Results were compiled and analyzed
using 2019-nCoV viewer from Seegene Inc. according to the
manufacturer’s instructions (Seegene. AllplexTM 2019-
nCoV Assay) (Cat no. RP10250X/RP10252W) [20]. Results
were defined as positive if the viral genome was detected at
threshold cycle (Ct) values < 35, as indeterminate at Ct values
> 35 and < 38, and as negative at Ct values > 38. Indeterminate
results have been excluded from the analysis. We used positive
and negative internal controls for quality control.
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LumiraDx SARS-CoV-2 antigen testing

The LumiraDx™ SARS-CoV-2 antigen test is a microfluidic
immunofluorescence assay for the direct and qualitative
detection of nucleocapsid protein antigen of SARS-CoV-2. All
the LumiraDx devices underwent lot calibration files for each
strip lot, as recommended by the manufacturer, to provide the
instruments with information needed to perform diagnostic
tests. After oropharyngeal and nasopharyngeal swab sample
collection into 2 mL of VTM, 400 pl were added into the
extraction vial containing 0.7 ml of extraction buffer. The
preparation was inverted gently five times and a drop of the
extracted sample was applied onto the sample application
area of the inserted test strip. When the sample was detected,
the test took 12 min to deliver a positive or negative result.
The instrument platform was connected to a cloud server for
uploading test data into electronic medical records.

Statistical analysis

To assess the performance of LumiraDx SARS-CoV-2
Antigen test we computed its sensitivity and specificity using
the RT-PCR as the gold standard. The agreement between
the two methods was evaluated using the Cohen’s kappa
coefficient (k). Statistical analysis was performed using SPSS
version 20 (IBM, Inc.) and graphing using GraphPad Prism 5.0
(GraphPad Prism Software Inc., San Diego, California).

Results

From March to mid-June 2021, a total of 4146
oropharyngeal and nasopharyngeal swab samples were
collected in VTM from travellers and participants of vaccine
evaluation studies. For vaccine study participants, SARS-
CoV-2 testing was conducted at enrolment time (day O before
the first injection). Participants were aged from 2 to 96 years,
including 1961 female (47.3%) and 2185 male (52.7%).

Performance of the LumiraDx antigen test for large
scale population testing

Using the LumiraDx SARS-CoV-2 antigen assay, the
prevalence among the 4146 participants was 4.1% and
4.5% for the RT-PCR. The overall specificity and sensitivity

5,

for LumiraDx were 82.7% [95% CI 74.1-89.7] and 99.9%
[95% CI 99.6-99.9] respectively compared with the RT-PCR.
Considering the Ct threshold value, the LumiraDx SARS-CoV-2
antigen assay was highly sensitive up to and including a
threshold cycle (Ct) value of 33 cycles (92.1% [CI 84.6-96.3]).
In contrast, its sensitivity was 38.1% [95% CI 18,9-61.3] for Ct
values above 33 cycles (Table 1).

Analysis of inter-rater agreement between the LumiraDx
SARS-CoV-2 antigen assay and the RT-PCR showed a Cohen’s
kappa of 0.88, which is almost a perfect agreement [21]. For
Ct threshold values up to or equal 33 cycles, kappa was higher
with 0.94, whilst it was 0.60 for Ct values above 33 cycles
(63.8%) (Table 1).

When the RT-PCR threshold cycle was plotted with the
LumiraDx antigen results, the median Ct value for LumiraDx
positive results was about 22 [IQR: 19.6-26.1] cycles while
LumiraDx negative results elicited a median Ct value of about
32 [IQR: 30.3-37.8] (Figure 1).

Discussion

Because of the emergence of SARS-CoV-2 variants and
the possible seasonality of the virus, it is crucial to have
large capacity of testing for early implementation of control
measures. Due to several limitations in RT-PCR testing
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Figure 1: LumiraDx test results according to the RT-PCR threshold cycle. Scatter
plot of the RT-PCR threshold cycle and LumiraDx positive and negative results.
Data are shown as median discontinuous line displays the threshold of 33 cycles.
Graph has been designed using GraphPad Prism 5.0.

Table 1: Characteristics of the LumiraDx antigen SARS-CoV-2 assay compared to RT-PCR.

LumiraDx Ag Test

Ct=<33
Total, n 4146 4146 177 25
Positive, n(%) 188(4.5) 173(4.1) 152(85,8) 18(71.4)
Negative, n(%) 3958(95.5) 3973(95.9) 25(14.2) 7(28.6)
Sensitivity, % [95% Cl] N/A 82.7[74.1-89.7] 92.1[84.6-96.3] 38.1[18.9-61.3]
Specificity, % [95% Cl] N/A 99.9[99.6-99.9] 99.9[99,6-99.9] 100[99.7-100]
PPV N/A 97.8[91.7-99.6] 97.9[91,9-99.6] 100[59.7-100]
NPV N/A 99.1[98.6-99.5] 99.9[99.2-99.8] 94.4[98.9-99.6]
Cohen's kappa N/A 0.88 0.94 0.604
Total study population size, the proportion of positive and negative RT-PCR and LumiraDx antigen SARS-CoV-2 results are displayed. The sensitivity, specificity, positive
predictive value, negative predictive value and Cohen's kappa of the LumiraDx antigen test compared to RT-PCR are shown for the total study population and ranges of the
RT-PCR threshold cycles. Statistical analysis was performed using SPSS version 20 (IBM, Inc.). Abbreviations: PPV: Positive Predictive Value; NPV: Negative Predictive
Value; Ct: Threshold Cycle; Cl: Confident Interval.
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capacity, especially in LMIC, the development of point-of-
care tests as frontline testing for SARS-CoV-2 is crucial to
proceed to large population testing. Several SARS-CoV-2
antigen tests have been developed and are now available on
the market [7-13]. Such emerging antigen diagnosis tools,
although affordable and easy-to-use, have limited data on
their performance. Here, we evaluate the LumiraDx SARS-
CoV-2 antigen test, an immunofluorescence-based assay
targeting the highly conserved N protein of SARS-CoV-2, for
large-scale population testing of SARS-COV-2 in community
settings. In our knowledge, this is the first study evaluating
the performance of the LumiraDx antigen SARS-CoV-2.

Using oropharyngeal and nasopharyngeal swabs samples
from individuals of the general population and participants
of vaccine evaluation studies, the prevalence of SARS-CoV-2
using the RT-PCR testing was 4.5% and 4.1% with LumiraDx
antigen test. This evaluation was conducted between March
and May 2021 when little cases were reported in Senegal
[22,23], which may explain the low prevalence of SARS-CoV-2
in this cohort. When compared to RT-PCR, the LumiraDx
SARS-CoV-2 antigen assay displayed an overall sensitivity
of 82.7% and specificity of 99.9%. With a kappa of 0.88,
the agreement between RT-PCR and LumiraDx was almost
perfect [21] when considering whole study population. Such
sensitivity is lower than what the LumiraDx company reported
[24] although we found greater specificity. Such difference
in the specificity we found is in line with several studies
showing lower performance of many antigen tests to what the
manufacturers reported [7,10,11,13,15-17]. Moreover, the
company performance has been evaluated in patients whose
period of symptoms occurred within 12 days since onset
while we did not report symptom of our study participants.
Nevertheless, the sensitivity found in our study meets the
WHO performance requirements for the use of SARS-CoV-2
Ag-RDTs of = 80% sensitivity and 2 97% specificity when
compared to RT-PCR a reference assay [25]. Interestingly, the
sensitivity of the LumiraDx SARS-CoV-2 antigen assay was
found to be function of the RT-PCR threshold cycle as certified
by the sensitivity was 92.1% for Ct values below or equal 33
cycles whilst above 33 cycles it was 38.1%. This is reinforced
but the study of Drain, et al. also shows that higher sensitivity
for Ct values below 33 cycles [18] and highlights the need for
a high-sensitivity test to identify individuals with a low viral
load.

Whether the low sensitivity of LumiraDx for RT-PCR Ct
value above 33 cycles may impede its use in control strategies
of the COVID-19 pandemic need to be determined before its
implementation in any SARS-CoV-2 testing guideline. Several
studies have shown that lower Ct values from respiratory
samples was associated with more severe disease [26-35]
but the key question is how the high Ct values elicited in non-
severe diseases impacts on the transmission. Investigations on
the pathogenicity of the virus have shown that its infectivity,
defined as growth in cell culture, is associated to high viral
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load (low RT-PCR Ct value) [36-38]. Indeed, Ct values below 33
cycles have shown to be associated with higher probability of
a positive viral culture [36] and Ct value increase from day 10
since symptom onset [39]. Impact on positivity of virus culture
has also been found to be significantly associated to decrease
in Ct by demonstrating that for every unit increase in Ct, the
odds of positive culture decreased by 32% [40]. Overall, this
and the relatively high Ct values we observed in individuals
with false-negative antigen testing results compared to RT-
PCR, as also previously reported in many studies [7-13,16],
may suggest that from 33 cycles, positive RT-PCR tests may
reveal noncontagious remnant viral RNA.

Alimitation of this was that clinical characteristics were not
reported, which did not allow evaluation of the performance
according to the time the onset of the symptom.

We found here that RT-PCR and the LumiraDx SARS-CoV-2
antigen test display a very similar prevalence for large SARS-
CoV-2 testing at community level. The LumiraDx test displayed
sensitivity that meets the WHO performance requirements
for the use of SARS-CoV-2 antigen testing compared to RT-
PCT. Its sensitivity was even highly improved for RT-PCR Ct
values up to 33 and from which positive RT-PCR results are
considered by some authors as noncontagious remnant viral
RNA. Overall, our data shows that the LumiraDx SARS-CoV-2
platform might be suitable for large-scale population testing.
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