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Background: Management of large numbers of reverse transcriptase-polymerase chain reactions (RT-PCR) 
for diagnosis of coronavirus 2019 disease (COVID-19) requires robust infrastructures, located in dedicated 
premises with a high standard of biosafety procedures, and well-trained personnel. The handling of a “run-
of-river sample” to obtain rapid reporting of results is challenging. 
Methods: We studied the clinical performance of the Idylla™ SARS-CoV-2 Test (index test) on a platform 
capable of fully automated nucleic acid testing including extraction, amplification, and detection in a single-
use cartridge to establish the diagnosis of COVID-19. The study was conducted on a prospective cohort 
of 112 volunteers with recent symptoms and an unknown SARS-CoV-2 status who came to free screening 
centers of the Nice metropolitan area. All subjects underwent bilateral nasopharyngeal sampling. One sample 
was processed using the index test, the other using the standard of care RT-PCR. Samples were treated blind. 
Results: Most of the participants (70%) were sampled within 4 days of symptom onset. Forty-five (40.2%) 
were positive for COVID-19. No clinical symptoms were distinguished between SARS-CoV-2 RT-PCR 
positive and negative subjects except anosmia and dysgeusia. Positive and negative agreement between the 
index and the standard of care test was 100%. 
Conclusions: The Idylla™ SARS-CoV-2 Test is very sensitive, specific, rapid and easy to use in a near-
patient RT-PCR approach to distinguish between symptomatic SARS-CoV-2 positive and negative patients 
in selected settings.
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Introduction

So far, reverse transcriptase-polymerase chain reaction (RT-
PCR) testing of naso-pharyngeal swab (NPS) specimens 
is the gold standard for diagnosis of coronavirus 2019 
disease (COVID-19) (1). In a pandemic setting, the 
management of hundreds or even thousands of laboratory 
tests in daily practice requires robust infrastructures, in 
dedicated premises with high standards of biosafety, as well 
as an adapted number of well-trained health care workers 
(HCWs) (2). The RT-PCR laboratory most often requires 
that several dozen or even hundreds of samples be grouped 
together at the same time in batches to be tested in parallel. 
The results are obtained 6–24 hours after taking the NPS 
but may be even longer depending on the local conditions 
and organization of sample workflow and technologies. 
So, the handling of a “run-of-river sample” giving rapid 
result reporting can be challenging, if not impossible in 
numerous situations. In routine clinical practice there are 
many situations where rapid individual management of 
an NPS for a RT-PCR SARS-CoV-2 diagnosis may be of 
strong interest and so an urgent need. Therefore, a non-
exhaustive list of examples could include: (I) the urgent 
need for the diagnosis of severe pneumonia of unknown 
origin in a context of low prevalence of COVID-19, 
(II) the characterization of the COVID-19 status of a 
passenger before a plane flight, (III) the characterization 
of the COVID-19 status before emergency surgery, 
vaginal delivery or caesarean section, (IV) the presence of 
HCWs performing mandatory tasks to sustain the clinical 
management of patients, notably in some emergency 
units or for laboratory testing. In these situations, there is 
an urgent need for a rapid, robust, sensitive and specific 
near-patient test, which should be performed under 
environmental conditions that minimize the biohazard risk. 
Moreover, since the HCWs require only a short period 
of training to practice the test, he/she can be immediately 
operational. No specific expertise for handling samples, 
such as centrifugation, nucleic acids extraction, dilution 
procedures under a hood or manipulating equipment for 
molecular biology analyses is required.

The purpose of this study was to compare the clinical 
performance of a new and rapid RT-PCR test for SARS-
CoV-2 detection (IdyllaTM, Biocartis NV, Mechelen, 
Belgium) with NPS taken from symptomatic patients 
with the SOC methods for SARS-CoV-2 detection that 
are already set up in the Nice metropolitan area (France). 
The Idylla™ SARS-CoV-2 Test is an automated RT-PCR 

test intended for the qualitative detection of RNA from 
the SARS-CoV-2 in nasopharyngeal swab specimens from 
individuals suspected of COVID-19. The Idylla™ SARS-
CoV-2 Test Cartridges are ready-for-use and contain the 
necessary reagents to perform sample preparation, cell lysis 
and extraction, reverse transcription, PCR amplification 
and high-resolution detection, starting from insertion of 
Viral Transport Media (VTM) specimens. In Idylla, 5 PCR 
reactions take place, 3 identical ORF1b and 2 identical N 
reactions, each using about 1/10 of the extracted nucleic 
acids. So in total, about half of the sample equivalent in 
terms of target nucleic acids is used from the 200 µL VTM 
sample, which may strongly increase the chance of detection 
and improves test sensitivity in comparison to the test used 
for the SOC which develops only 2 PCR reactions taking 
place on 1 ORF1b and 1 N. We present the following article 
in accordance with the MDAR reporting checklist (available 
at http://dx.doi.org/10.21037/atm-21-690).

Methods

Study oversight and study population

A prospective cohort study was conducted in consecutive 
adult volunteers with an unknown SARS-CoV-2 status in: (I) 
downtown free screening centres available to the population 
of the Nice metropolitan area and, (II) the outpatient clinic 
of the Department of Pulmonary Medicine of the University 
Hospital (CHU) of Nice. Participants were recruited on a 
voluntary basis after signing a written informed consent. 
To participate, volunteers had to present at least two recent 
(≤2 weeks) common symptoms of COVID-19 (3). All 
participants were examined and medically interrogated by 
the same physician (CHM). 

Diagnostic techniques

All participants underwent bilateral NPS by the same 
operator (CHM), with an ultra-thin sterile disposable nylon 
sampling swab (type: A-04. Jiangsu Han-Heng Medical 
technology Co., Ltd. Changzhou, Jiangsu, China). One 
swab was transported within 4 hours in 400 µL of medium 
(DA0940. Da An Gene Co., Ltd. of Sun Yat-sen University. 
Guangzhou, Guangdong, China) to the SYNLAB Barla 
laboratory (Nice, France) or in 3 mL of medium (Remel 
MicroTest™ M4RT® Lenexa, KS, USA) to the Laboratory 
of Virology of the CHU of Nice, depending on where the 
screening tests were routinely performed. The other NPS 
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was transported within no more 4 hours in 3 mL of medium 
(Remel MicroTest™ M4RT®) to the COVID-19 Biobank 
of the Laboratory of Clinical and Experimental Pathology, 
Pavilion I, Pasteur 1 Hospital, Nice, France) (4). RT-
PCR testing was performed upon arrival in the respective 
laboratories. All these laboratories are accredited according 
to the ISO 15189 standard for performance of biological 
and molecular analyses (www.cofrac.fr). The different 
analyses were processed in a double-blind way. 

RT-PCR testing used as the SOC methods

At the SYNLAB Barla reference laboratory the NPS 
were tested using the DAAgene kit (NE/CA09/170/D01/
IVD/016-03) (Da An Gene Co., Ltd. of Sun Yat-sen 
University, Guangzhou, Guangdong, China) as described in 
the instructions from the manufacturer, and processed on 
a AGS 4800 Thermocycler (Hangzhou, Zhejiang, China). 
The test includes 2 genes (N and Orf1b) Three primers per 
gene were used as follows: 

ORF1: (F):  CCCTGTGGGTTTTACACTTAA, 
(R): ACGATTGTGCATCAGCTGA, (P): 5'-FAM-
CCGTCTGCGGTATGTGGAAAGGTTATGG-
BHQ1-3' 

N: (F): GGGGAACTTCTCCTGCTAGAAT, (R): 
CAGACATTTTGCTCTCAAGCTG, (P): 5'-FAM-
TTGCTGCTGCTTGACAGATT-TAMRA-3'. 

At the Laboratory of Virology of the CHU of Nice 
the NPS were tested with the SARS-CoV-2R gene test 
(Biomérieux, Marcy-l’Etoile, France) on an Applied 
Biosystems Instrument (7500 Fast Real-time PCR System, 
ThermoFisher Scientific, Paris, France). The results were 
available to the clinician within 8±24 h and were considered 
as positive when the CT (cycle threshold) value for the N 
and/or on Orf1 genes was equal or less than 36. 

Rapid on-site RT-PCR testing on the Idylla platform for 
SARS-CoV2 detection

NPS in medium were processed immediately using the 
following steps: after homogenization by vortexing the 
liquid for 30 seconds, 200 µL of the liquid present in 
transported tubes containing the swabs were pipetted 
with a sterile tip (D. Dutscher, reference 134000) and 
placed individually into Idylla SARS-CoV-2 test cartridges 
(Biocartis, reference A1042/6 and A1043/6) under a 
BSC-2 hood (Figure S1). The Idylla platform located in 
the laboratory of clinical and experimental pathology is 

accredited according to the ISO 15189 norm for molecular 
biology (www.cofrac.fr). Since the Idylla™ platform set 
up in this laboratory contained 4 devices (Figure S2), 4 
runs could be performed at the same time. So, the Idylla™ 
SARS-CoV-2 IUO (52 samples) and subsequently the 
Idylla TM SARS-CoV-2 CE-IVD (60 samples) tests 
(Biocartis, references A1042/6 and A1043/6, respectively) 
were performed on the platform with fully automated 
nucleic acid testing including extraction, amplification, 
and detection in a single-use cartridge. The duration of 
the run took 90 minutes (+/- 10 min) and the report was 
immediately available to the biologist for transmission to 
the physician at distance via a modem interface. When 
more than 4 tubes containing NPS were registered at the 
same time, the additional samples were kept at 4 ℃ in the 
COVID-19 Biobank (4) before processing the test on the 
Idylla™ platform. Finally, after processing, the residual 
volumes of media were immediately aliquoted and stored 
at −80 ℃ in the COVID-19 Biobank (4). According to the 
manufacturer, the Idylla™ SARS-CoV-2 Test provides a 
qualitative result for the presence or absence of SARS-
CoV-2 RNA and a Quality Status for each test. The SARS-
CoV-2 test from Biocartis includes 2 genes (N and Orf1b) 
covered by 5 PCR targets (2 N targets and 3 Orf1b targets). 
A positive or a negative result was considered according to 
the instructions for use of the Idylla™ SARS-CoV-2 Test 
(BCT T013812) (https://www.biocartis.com/en/secure-
area). Cq, for cycle of quantification, is the term used in the 
result report and official documentation of Idylla™, hence 
it is used when referring to Idylla™ data. A positive result 
requires at least 2 N amplified targets [by setting a cut-
off on 41.9 (Cq value)] and/or at least one or more Orf1b 
amplified targets. Since Orf1b is highly specific, no cut-
off was required for this gene. The whole procedure lasest 
90±10 min.

External quality controls

To verify the quality and reproducibility of the different 
RT-PCR analyses obtained with the Idylla platform, frozen 
samples (500 µL each) from 16 COVID-19 positive and 9 
COVID-19 negative patients analysed at the COVID-19 
Biobank of Nice were sent to the Department of Public 
Health in Naples (Italy) to be processed independently on 
another Idylla platform using the IdyllaTM SARS-CoV-2 
CE-IVD Test. Among the selected positive SARS-CoV-2 
samples, 8 showed an elevated CT value (over 30 CT) and 
the 8 others a low CT value (under 20 CT). 

https://cdn.amegroups.cn/static/public/ATM-21-690-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-21-690-supplementary.pdf
https://www.biocartis.com/en/secure-area
https://www.biocartis.com/en/secure-area
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Statistical analysis

Continuous variables are presented as means (± SD), and 
categorical variables as numbers and percentages. Baseline 
characteristics between patients with or without COVID-19 
were compared using the Student t-test or Wilcoxon-Mann 
Whitney test for quantitative variables depending on the 
normality of distribution of the parameters, or the chi-
square test for qualitative variables. Positive and negative 
agreement between the Biocartis test (index test) and the 
SOC tests (SYNLAB Barla or CHU of Nice reference 
laboratories) were evaluated. For each RNA target detected 
(the Orf1b and N targets) the Wilcoxon signed-rank test for 
comparing paired data was used to compare CTs obtained 
with the index test and CTs obtained with the SOC 
test. The Pearson correlation test was used to assess the 
dependency between CTs obtained with the index test and 
CTs obtained with the SOC care test. The IdyllaTM SARS-
CoV-2 Test was compared to the SOC reference method by 
calculating the percentage of concordance. Lastly, using the 
Idylla™ data, the number of RNA targets for each positive 
result, depicted in percentage, was assessed. 

Ethics and regulatory clearances

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Ethics 
committee approval (CPP Sud Méditerranée V; registration 
# 20.04014.35208) was obtained on April 22, 2020. Liability 
Insurance: Hospital Mutual Insurance Company (SHAM 
n° 159087). The study is registered at ClinicalTrial.gov, 

NCT04418206. Informed consent was obtained from all 
individuals included in this study.

Role of sponsor

The funding organizations played no role in the design of 
the study, the choice of the patients, the collection, analysis 
or interpretation of data, the writing of the report nor 
in the decision to submit the paper for publication. The 
corresponding authors had full access to all of the data and 
the final responsibility to submit for publication.

Results

Participants’ characteristics

One hundred and twelve subjects with mild COVID-19 
symptoms underwent SARS-CoV-2 RT-PCR testing over 
the 13-week study period (September 21 to December 
19, 2020). One hundred and two patients were sampled 
at the downtown screening centre and 10 at the CHU of 
Nice screening centre. The interval between the onset of 
symptoms and testing was 3.8±2.7 days and most of the 
participants [79/112 (70.5 %)] were sampled in the early 
stages of the disease (i.e., within 4 days of symptoms onset). 
Participants were predominantly women 69/113 (61.6%). 
The mean (± SD) age was 40±15 years. Out of these 
112 subjects, 45 (40.2%) were diagnosed as positive for 
COVID-19. No clinical symptoms distinguished between 
SARS-CoV-2 RT-PCR positive and negative subjects 
(Figure 1), except for anosmia and dysgeusia which were 

Figure 1 Self-reported symptoms (%).
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significantly more frequent in SARS-CoV-2 PCR positive 
individuals (n=22/45, 49% vs. n=8/67, 12%, P<0.001 and 
n=21/45, 47% vs. n=13/67, 19% P=0.008). Sore throat was 
significantly more frequent in SARS-CoV-2 PCR negative 
individuals (n=23/67, 34% vs. n=3/45, 7%, P<0.001). There 
was no significant difference between the oxygen saturation 
levels as measured by pulse oximetry between SARS-CoV-2 
RT-PCR negative (SpO2 =98.3%±2%) and SARS-CoV-2 
RT-PCR positive subjects (SpO2 =97.7%±2%) (P=0.06).

Performance of the IdyllaTM RT-PCR Test

Diagnostic accuracy
Forty-five subjects out of 112 were diagnosed with 
COVID-19 based on early symptoms plus a positive RT-
PCR as determined by the reference laboratories. All 
these 45 subjects also had a positive RT-PCR with the 
Idylla system (positive agreement 100%). Fifty-eight 
had a negative RT-PCR as determined by the reference 
laboratories; fifty-six of these had a negative RT-PCR with 
the Idylla system and two were positive with the Idylla 
RT-PCR test. These subjects had a positive COVID-19 
serodiagnosis 21 days later. Thus, the Idylla SARS-CoV-2 
RT-PCR results were classified as true positives and the 
comparative results of the SOC reference laboratory were 
classified as false negatives. In total, these results showed a 
sensitivity and a specificity of 100% for the Idylla system 
(negative agreement 100%).

Relationship between the CT measured with the Idylla 
test and the SOC comparator
For both target genes, CT values with the Idylla test were 
significantly higher than those of the standard of care 
test (Figure 2). There was quite a weak but statistically 
significant correlation between the CT values obtained with 
the Idylla and SOC tests (Figure 3). 

External validation 
The comparative analyses (positive/negative) and the CT 
values obtained in the laboratories in Nice and Naples were 
processed as inter-laboratory controls. 100% concordance 
was observed for the positive and negative results obtained 
in Nice and Naples with non-significant variation 
concerning the CTs obtained for the Orf1b and N genes 
for the positive patients (25.9±5 and 29.1±4 vs. 26.7±3 and 
30.2±2 for Orf1b and N in Nice vs. Naples, respectively) 
(data not shown).

Relationship between the CTs for the Orf1b and N 
genes with the Idylla and SOC tests
The Idylla test showed a strong and significant correlation 
between Cq values obtained for the Orf1b and N genes 
while the SOC test gave a weaker but significant correlation 
between CT values obtained for the Orf1b and N genes 
(Figure 4). Additionally, the majority (>95%) of Idylla tests 
had all 5 targets detected but that indeed some rare cases 
will not have all 5 targets detected (data not shown).

Figure 2 CT values for the Orf1b and N genes measured with the standard of care (SOC) comparator and the Idylla test.
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Discussion

Our study demonstrated that a highly sensitive, specific 
and easy to use automatized RT-PCR test that provides a 
fast turnaround time for detection of SARS CoV-2, can be 
rapidly set up as a safe test, notably for urgent clinical needs. 
Since the beginning of the COVID-19 crisis, hundreds 
of tests and technologies have been or are currently being 
deployed for diagnosis of SARS-CoV-2 infections, albeit 
many still await clinical validation (5-8) Most of them are 
automatized options but performed after a mandatory 
step of nucleic acids extraction from fresh cytological or 
fluid samples (5,9,10). Therefore, the majority of the so 
far available methods require handling of fresh samples 
for nucleic acids extraction in a BSL-2 environment for 
biohazard protection of HCW, according to the international 
guidelines for laboratory tests performed during the 
COVID-19 pandemic (7,11). Recently, Gibani et al. 

developed a promising method called “CovidNudge”, which 
could be of strong interest for point-of-care testing (12).  
Indeed, this technology did not require separate nucleic acid 
extraction and amplification steps. Interest in the use of this 
type of technology as well as that of the Idylla technology 
used in the present work are certainly the first to strongly 
limit the possibility of cross contamination during notably 
the pre-analytical phases.

For most of the current RT-PCR methods used for 
SARS-CoV-2 detection, the results are usually obtained 
after an overall time of an average of 6 hours between the 
reception of the sample, the sequencing results and the 
validation of the report by the biologist. But sometimes a 
longer delay of even upto 24 hours occurs. Importantly, 
the different pre-analytical and analytical phases need to 
be mastered by qualified technicians with expert training 
in molecular biology. Moreover, the results need to be 
qualified by the biologists for validation before transmission 

Figure 3 Relationship between CTs measured with the Idylla test (Y axis) and the SOC comparator (X axis) for the Orf1b and N genes. 

Figure 4 Relationship between the CTs measured for the Orf1b (X axis) and N genes (Y axis) with the Idylla and standard of care tests. 
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to the physician. 
Furthermore, several RT-PCR approaches need to run 

several samples at the same time for analyses to optimize 
the use of the same batch of reagents. Thus, it is quite 
difficult to run one by one the samples on reception in the 
biology laboratory, which hampers go with the flow. This 
may potentially hinder the workflow of the samples and 
therefore induce a delay in obtaining the results, notably in 
some urgent clinical settings.

The Idylla test used in this study can be performed 
within 90 minutes without any risk of contagion due to 
sample handling and could be done, if necessary, outside a 
BSL-2 environment in the same way the rapid antigenic test 
is done for SARS-Cov-2 detection (13,14). It is mandatory 
that the HCWs follow the international guidelines 
concerning the wear of personnel protection equipment 
(2,15). The results and complete reports can be transmitted 
immediately in a safe manner to the physicians at the 
clinical department or even at home via internet from the 
computer linked to different devices. 

The results of the present study demonstrated 100% 
sensitivity and specificity with the Idylla SARS-CoV-2 
Test compared with two of the defined SOC tests used 
in the Nice area. Moreover, cross validation between two 
laboratories (CHU of Nice and the Naples Hospital) of 
Idylla platforms showed high concordance with negative 
and positive SARS-CoV-2 samples (16-19).

A certain number of pitfalls exist when doing molecular 
biology tests  for detection of SARS-CoV-2. It  is 
important to be aware of the occurrence of potential false 
negative results, notably using RT-PCR approaches (20).  
Interestingly, in our study the three comparative tests did 
not have the exact same gene target design. However, 
despite the different designs we obtained a high level of 
concordance for these comparative tests. Moreover, when 
evaluating the viral load, which can be indirectly estimated 
from the different CT values, the results showed relatively 
good concordance between the different tests. This 
information may be of considerable interest to the physician 
since the severity and the prognosis of the disease may 
correlate with the viral load, independently of the associated 
risk factors (10).

Recently, many tests have been developed and optimized, 
including RT-LAMP, which can detect the SARS-CoV-2 
under 60 minutes or even in less than 30 minutes (21). 
These tests could be an alternative approach to the RT-PCR 
approach for rapid assessment of the COVID-19 status (21). 
The RT-LAMP technique amplifies the nucleic acid in one 

step using reverse transcriptase, DNA polymerase and four 
to six oligonucleotides of a certain architecture. There are 
a number of advantages of the RT-LAMP approach for the 
detection of the SARS-CoV-2 virus. First, the detection 
time of SARS-CoV-2 by RT-LAMP is shorter compared 
to the current RT-PCR tests. According to Jiang et al., the 
process time to detect SARS-CoV-2 using RT-LAMP is two 
times faster than that for qRT-PCR (22) However, despite 
many benefits, LAMP techniques have several limitations. 
First, these techniques are mainly associated with a low 
sensitivity of single tests and the optimization of primer 
design and reaction conditions. In this regard, for a RT-
LAMP test with RNA extraction, a study found that the 
sensitivity of RT-LAMP was 75% despite the absence of 
false positive results (23). The sensitivity was 86.4% when 
the RT-PCR was used to identify the E gene (23). The 
second disadvantage of RT-LAMP is that the process for 
designing primers and probes capable of targeting specific 
gene sequences can be complex (24). As a result, primer 
optimization might be limited. Thirdly, RT-LAMP has 
only been able to detect SARS-CoV-2 in patients with a 
high viral load. Hence, a low RNA input might lead to false 
negative results. In a study by Jiang et al. into primer design 
for LAMP techniques, the virus could not be detected in 
four positive patients when the volume of RNA input was 
2 microliters (22). This amount was 2.5 times less than the 
amount of RNA used for qRT-PCR.

Antigen-detecting rapid diagnostic tests (Ag-RDTs) 
using NPS are highly specific and allow a quick and simple 
diagnosis in patients with early symptoms. The trade-off for 
simplicity and speed of operation of Ag-RDTs is a decrease 
in sensitivity compared to RT-PCR tests and none of the 
antigenic tests evaluated so far meet the requirements of 
diagnostic performance, in terms of sensitivity, allowing use 
as an alternative to PCR for the diagnosis of COVID-19 
in symptomatic subjects (overall sensitivity of around 60% 
compared to PCR for the best tests) (14). However, even 
if rapid testing is critical for COVID-19 diagnosis, we 
need to be aware of the sensitivity of the different tests 
available nowadays. We strongly believe that the Idylla 
SARS-CoV-2 Test presents many advantages considering 
not only its very high sensitivity and specificity, but also 
the reasonable turnaround time, in less than 90 minutes, to 
obtain very reliable results while using a rather convenient 
technique. It is noteworthy that given the PCR design, the 
Idylla test for SARS CoV-2 detection is not affected by the 
new UK and South African variants and will not give false 
negative results with cases infected with these new variants 
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(communication manufacturer Biocartis).
In conclusion, the present study conducted in a 

prospective cohort of subjects suspected of COVID-19 
demonstrated that a fast, highly sensitive and specific RT-
PCR test can be easily set up on an Idylla platform, enabling 
forthright decision making and patient addressing into 
different clinical departments. However, we need to keep in 
mind that this new test cannot replace the current molecular 
tests developed in most of the biological laboratories for 
SARS-CoV-2 detection, since no more than eight patients 
could be analysed at the same time at the Nice Hospital 
with a 90 minutes average response time. Therefore, 
depending on the urgency of the clinical situation an Idylla 
analysis can be proposed by the physician.
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Supplementary

Figure S1 Sample loading into the Idylla cartridge under a BSC-2 
hood. 

Figure S2 Four consoles of Idylla used in the COVID-19 biobank 
of the Nice University Hospital.
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