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Abstract

Introduction: Since the emergence of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), real-time reverse-transcription polymerase chain reaction
(RT-PCR)-based testing remains the gold standard for its laboratory diagnosis. Due to the increasing diagnosis demand, resources for RT-PCR testing are limited
in many countries, especially in Africa. Here, we evaluated the LumiraDx SARS-CoV-2 antigen test for alternative diagnosis of SARS-CoV-2 in hospital setting.

Materials and methods: This prospective validation study was conducted among 184 subjected presented at the hospital for COVID-19 testing. Nasal swap samples
have been collected into 0.7 mL of the extraction buffer for LumiraDx antigen test. In parallel, oropharyngeal and nasopharyngeal sap samples were collected into
viral transport media for RT-PCR testing.

Results: Compared to the RT-PCR, the sensitivity and specificity of the LumiraDx antigen SARS-CoV-2 test were 81.6% [95%CI 66.8-91.3] and 100% [95%CI
96.4-100] respectively. Given to the threshold cycle (Ct)the sensitivity and specificity were 94.4% [95%CI 79.9-99.0] and 100% [95%CI 96.4-100], respectively when
the Ct value was below or equal 33 cycles, and 27.2% [95%CI 7.3-60.6] and 100% [95%CI 96.4-100] when it was above 33. The kappa coefficient showed was 0.86
when considering all the patients and 0.96 for Ct values below 30 cycles. The agreement with RT-PCR ranged from was 88.2 to 100% in patients within 12 days of
the onset of symptoms.

Conclusions: Our data have shown that the LumiraDx antigen SARS-Co-2 test elicits high sensitivity and good agreement when compared to the RT-PCR and
can significantly improve the SARS-CoV-2 diagnosis in clinic-based settings.

Introduction laboratory personnel. Consequently, shortages of PCR kits and related
consumables because of the increasing worldwide demand are major

- ) . constraints for molecular methods. Moreover, PCR testing provides
that emerged in Wuhan, China, rapidly spread across the world [1,2] SARS-CoV2 test results in much longer time, which may delay the

and has been declared as a major public health emergency worldwide ability people to stay isolated to prevent transmission and the spread
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and accurate identification of infected subjects for their isolation are
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The development of point-of-care tests (POCTs) as alternative assay
for SARS-CoV-2 infection diagnosis is of higher importance, especially
in Africa where most of the clinical laboratories have limited capacities.
When used alone or as a complement to PCR-based testing, such
affordable easy-to-use emerging diagnostic tools have the potential to
play a significant role in guiding patient management, public health
interventions, and disease surveillance. Numerous commercial antigen
diagnostic assays are now available [8-17] and studies have shown
sensitivity of SARS-CoV-2 Ag ranging between 22.9% and 93.9%
compared to RT-PCR [9,12-14,18].

Most of the time, the SARS-CoV-2 antigen tests are based on the
lateral flow principle and work with respiratory specimens such as oral,
nasal or nasopharyngeal. Nevertheless, other immunofluorescence-
based POC antigen tests, like the LumiraDx SARS-CoV-2 platform
are also available in the market [19]. The LumiraDx SARS-CoV-2
antigen test (LumiraDx UK Ltd., Dumyat Business Park, Alloa, FK10
2PB, UK) is a microfluidic immunofluorescence assay for the direct
and qualitative detection of nucleocapsid protein. It runs on a portable,
wall outlet or battery-powered multi-assay point-of-care instrument
[20,21]. 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 in a test sample [22]. Like numerus emerging antigen
tests that obtained emergency authorization use, there are limited data
on their performance. The objective of this study was to evaluate the
clinical performance of the LumiraDx™ Platform for the identification
of SARS-COV-2 in clinical setting compared to RT-PCR.

Materials and methods

Study populations and samples

A prospective validation study of the LumiraDx SARS-CoV-2 Ag
test was conducted among 184 who presented at the Institute of Social
Hygiene (Dakar, Senegal) for COVID-19 testing. Operators have been
trained in collecting and testing specimens using the LumiraDx device.
Nasal swaps provided with the kit (SteriPack™ Sterile Polyester Spun
Swab, product code: 60564REVA) have been used for collection of nasal
swap specimens in both nostrils. The swap was then placed into 0.7
ml of the extraction buffer for LumiraDx SARS-CoV-2 antigen test.
The oropharyngeal and nasopharyngeal samples were also collected
into 2 ml of viral transport media (KANG JIAN Virus Preservation
Medium (Cat: 0201101)) for RT-PCR testing. Questionnaire reporting
clinical characteristics have been used for each participant. This study
was approved by the “Comité National d’Ethique pour la recherche
en Santé” of the Senegalese Ministry of Health (Authorisation Nr:
00000110/MSAS/CNERS/Sec).

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 guidelines of 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
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5ul 0f 2019-nCoV MOM, 5ul of buffer 5X, 5ul of RNase-free water, 1l of
internal control (IC) and 2pl of enzymes per sample including negative
and positive control were mixed. In each well, 18ul of master mix were
distributed and either 8l of sample added, 8pl of positive control or 8ul
of RNase-free water for negative control. Plates were then spun down at
2500 rpm for 5 s and analysed 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) [23]. 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 with internal control positive.

LumiraDx SARS-CoV-2 antigen test processing

For each strip lot, all the LumiraDx devices underwent lot
calibration files as recommended by the manufacturer, to provide the
instruments with information needed to perform diagnostic tests. After
nasal swab collection, sample extraction was performed by introducing
the patient’s swap into the extraction vial containing 0.7 ml of extraction
buffer (reference Nr: Spec-32384 Revl) by soaking for 10 seconds and
stirring well by rotating the swab against the side of the vial about 5
times. The patient swab was then removed while squeezing the middle of
the extraction vial. After inverting gently five times, a drop of the extracted
sample was applied onto the sample application area of the inserted test strip
(reference Nr: Spec-32762). 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. All buffer specimens for nasopharyngeal swabs were tested fresh at
the clinical site within 1 h of collection.

Statistical analysis

To evaluate the diagnosis performance, results have been stratified by
gender, age, days since symptom the first symptom was reported, and the
RT-PCR cycle threshold. Sensitivity, specificity, positive likelihood ratios,
and 95% CI were determined. Inter-Rater Reliability was estimated in
SPSS 20 using Cohen's kappa which corrects agreement due by chance.

Results

Participant characteristics

From March to April 2021, a total of 184 nasal swap samples were
collected from individuals presented at the hospital for COVD-19
testing for LumiraDx antigen SARS-CoV-2 test. Parallelly, oral and
nasopharyngeal swab samples were collected from the same subjects for
RT-PCR testing. Participants were aged from 16 to 96 years, including
106 female (57.1%) and 78 males (42.9%). 172 (93.4%) participants
presented COVID-19-related symptoms for which the duration when
from 0 to 40 days.

Clinical performance of the SARS-CoV-2 Antigen assay

Among 184 subjects, 44 nasopharyngeal swab samples were positive
for SARS-CoV-2 using the RT-PCR testing results, giving an overall
estimated prevalence of 23.9% in this cohort for the molecular method.
In nasal swap samples, LumiraDx SARS-CoV-2 antigen test elicited 34
positive samples corresponding to a prevalence of 19.7%. Within the 44
RT-PCR-positive subjects, le LumiraDx detected 36 positive individuals
(81.8%) (Table 1).
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Table 1. Inter Reliability Rate (IRR) of all subjects, positive samples and the symptomatic individuals by day of day the symptom onset. IRRs were assessed using matched from RT-PCR
and LumiraDx results, and total results population tested. Statistical analysis was performed using SPSS version 20 (IBM, Inc.).

Day of symptoms

All
symptomatic
Match 172 32 8 12 14 15 15
Total 183 44 8 12 15 17 16
IRR 94.0% 72.7% 100% 100% 93.3% | 88.2% | 93.80%

Positive DO D1 D2 D3 D4

40

30 _ _ —_—

20

104

t-PCR Ct treshold (Cycle)

o

1 2 3 4 5 6 7 8 9 10 11 12 >12

Day since symptom(s) onset

Figure 1: Level of the RT-PCR threshold cycle according to the day the symptom onset.
Median of the RT-PCR threshold for days the symptom onset. Data are shown as median.
Data has been analyzed using SPSS version 20 and graphing using GraphPad Prism 5.0.

When compared to RT-PCR, the LumiraDx SARS-CoV-2 antigen
assay displayed an overall sensitivity of 81.8% [95% CI 66.8-91.3%] and
specificity of 100% [95% CI 96.4-100%] for nasal swab samples, when
considering all the participants symptoms (Table 1). Analysis according
to the threshold Ct value has shown sensibility and specificity of 94.4%
[95% CI 79.9-99.0%] and 100% [95% CI 96.6-100%] respectively when
Ct values are below or equal 33 cycles; above 33 cycles, the sensitivity
and specificity were 27.2% [95% CI 7.3-60.6] and 100% [95% CI 96.6-
100] respectively (Table 1). Analysis of the Cohen’s kappa coeflicient
showed a good overall agreement between the RT-PRC and LumiraDx
antigen with k=0.86. Reliably of both methods increase when for Ct
values below and equal 33 cycles with k=0.96 while it was for Ct values
were above 33 cycles (k=0.41) (Table 1).

When analysing the agreement between RT-PCR and LumiraDx
with symptoms, this was 94% when considering all the symptomatic
subjects. Within 12 days of the onset of symptoms, the LumiraDx test
elicited an agreement with RT-PCR from 88.2% to 100%, and 85.7%
when symptoms appear after 12 days (Table 2). When plotting the Ct
values against the time the symptom onset, we found a trend of higher
median of Ct values from day 5 the symptom onset (Figure 1).

Discussion

Rapid diagnostic testing for SARS-CoV-2 is crucial to limit the
spread of the virus and manage infected patients. In the light of the
urgent need to increase the SARS-CoV-2 testing especially in Africa
where the COVID-19 pandemic is progressing, accurate antigen point-
of-care testing should be the key to expand SARS-CoV-2 diagnosis.
Several SARS-CoV-2 antigen tests have been developed to palliate to the
challenges of RT-PCR testing et can provide results within minutes [9-
12,14,15,17]. Although those are easy-to-use and affordable diagnosis
tools, there are limited data on their performance.

From nasal swap samples, RT-PCR showed an estimated prevalence
0£23.9% while LumiraDx SARS-CoV-2 antigen test elicited a prevalence
19.7%. This evaluation was conducted at hospital setting in patients
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D5 D6 D7 D8 D9 D10 D11 D12

100% | 92.3% 100%

>12 days

12 12 11 8 13 15 9 11 19
12 13 11 9 13 15 9 12 21
88.9%  100% 100% 100% | 91.7% | 85.7%

presenting SARS-CoV-2-related symptoms, which may explain the
high prevalence observed. When compared to RT-PCR, the LumiraDx
SARS-CoV-2 antigen assay displayed an overall sensitivity of 81.8%.
The Lumira company has reported sensitivity of 97.6% and specificity of
96.6% [24], eliciting higher sensitivity compared to our results although
we found higher specificity. However, this should not migrate our data
which is in line with studies showing that sensitivities reported by the
manufactures are often low that on site evaluations [9,12-14,16-18].
Moreover, the company performance has been evaluated in patients
whose period of symptoms occurred within 12 days since onset while
period for which symptoms onset in our cohort was within 40 days.
The performance found in our study meets the WHO performance
requirements for the use of SARS-CoV-2 Ag-RDTs of > 80% sensitivity
and > 97% specificity when compared to RT-PCR a reference assay [25].

Our study shows that the sensitivity of the LumiraDx SARS-CoV-2
antigen assay is dependent of the RT-PCR threshold cycle. Indeed, for
CT below or equal 33 cycles, the sensitivity was 94.4% versus 27.2%
for Ct values above 33 cycles. This is in line with the study of Drain
et al. that found higher sensitivity for Ct values below 33 cycles [20].
Whether the low sensitivity for Ct value above 33 cycles is a limitation
of the LumiraDx SARS-CoV-2 antigen test need to be determined
before its implementation. We found that within 12 days of the onset
of symptoms, the LumiraDx test elicited an agreement with RT-PCR
from 88.3% to 100% and 85.7% when symptoms appear after 12
days. This may support that lower Ct values are likely detected after
12 days the symptom onset. When stratifying the RT-PCR threshold
cycle of positive samples for days the symptom onset, there was a
trend of higher median Ct from day 12, although the difference was
not significant. Some authors have correlated the infectivity to high
viral load (low RT-PCR Ct value) or viability of the virus in culture
[26,27]. Successful isolation of the virus in culture has also shown to be
correlated with Ct values below 33 cycles [28] or to decrease from day
10 days since symptom onset [29]. These altogether may suggest that
the cut-off of 33 below which the LumiraDx SARS-CoV-2 antigen test
is most performant likely represents non-viable virus in culture.

Table 2. Clinical performance of the LumiraDx. 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.).

LumiraDx Ag SARS-CoV-2 Test RT-PCR
All Ct<33 Ct>33
N 184 175 150 184
Positive, % 36 (19.7) 33 (18.5) 3(2.0) 44 (23.9)
Negative, % 150 (81.5) 142 (81.5) 147 (98.0) 140 (76.1)

Sensitivity (95% CI) 81.8 (66.8-91.3) 94.4 (79.9-99.0)
Specificity (95% CI) 100 (96.4-100) | 100 (96.6-100)
PPV (95% CI) 100 (87.9-100) 100 (87.3-100) | 100 (31.0-99.4) NA
PNV (95% CI) 94.5 (89.2-100) = 98.5 (94.4-99.7) | 94.5(89.2-97.4) NA
Cohen's kappa 0.86 0.96 0.41 NA

PPV: Positive Predictive Value; NPV: Negative Predictive Value; Ct: Threshold Cycle;
CI: Confident Interval

272(73-60.6)  NA
100 (96.6-100)  NA
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Conclusion

We here demonstrated that compared to RT-PCT, the LumiraDx
antigen SARS-CoV-2 test displayed sensitivity that meets the WHO
performance requirements for the use of SARS-CoV-2 antigen testing.
Its sensitivity was even highly improved for RT-PCR Ct values up to
Ct 33 cycles. Good agreement with RT-PCR was also found withing 12
days the symptom onset. This suggests that the LumiraDx SARS-CoV-2
platform might be suitable for identification and management of SARS-
CoV-2 infection in clinic settings.
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