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Abstract

KA\ low-cost, rapid and non-invasive diagnosis of Severe Acute Respiratory Syndrome CoronaVirus 2 (SARS-CoV-2) infection Is needed for the prevention and control h
the pandemic. Coronavirus disease 2019 (COVID-19) mainly affects the respiratory tract and lungs. Therefore, analysis of exhaled breath could be an alternative
scalable method for reliable SARS-CoV-2 screening. In this work, an experimental protocol using an electronic nose (“e-nose”) for identifying a specific respiratory
imprint in COVID-19 patients was optimized. The analytical performances of the Cyranose®, a commercial e-nose device, were characterized by using a gas rig. In
addition, the effect of various experimental conditions on Its sensor array response was assessed, Including relative humidity, sampling time and flow rate, aiming to
select the optimal parameters. We also evaluated whether the Cyranose® could distinguish between expired air from five healthy patients spiked or not with nonanal,
identifled as one putative COVID-19 biomarker. Electrical resistance variation of 32 sensors was recorded in real-time by using the PC-nose software during all tests.

A statistical data analysis was applied to e-nose sensor response using a software called “Enair” developed on purpose and using a built-in optimized algorithm.
Cyranose® reveals a possible detection of low concentrations of nonanal (5 ppb) in breath and a significant discrimination from others Volatile Organic Compounds/

QVOCS) of healthy patients.
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Materials & Methods

B. Procedure of exhaled breath analysis by Cyranose®

A. Experimental setup

1. Sampling of exhaled breath from 2. Exhaled breath analysis under
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healthy donors in 3 Liter Tedlar bag optimized experimental conditions
v' Baseline purge time : 60 seconds o
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- Sensigent software
- Real-time sensor response
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1. Gas bench ARRy = (R-R,)

2. Thermo incubator
3.Thermo-hygrometer probe
4. E-nose : Cyranose® 320
5. Purge inlet : N,-94%RH
6. Sample inlet

/. Tedlar® bag
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 Enair software:

- Developed by CEA-JOLIOT and applied for data
processing of clinical trials at Foch Hospital

- Statistical data analysis using a built-in algorithm

- Extraction step of « Area Under the Curve» (AUC)
feature from different measurements

- Visualization of extracted data
component analysis (PCA)
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Results

] Evaluation of exhaled breath
of five healthy donors

1 Detection of traces of Acetone & Nonanal using the Cyranose®

e = W mm mm mm mm mm o mm mm mm Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em EE Em Em Em Em Em EE Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em EE Em R Em R Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em Em R Em R Em e e e e e
>
~

Acetone
,/ ) Y v Satisfactory discrimination before (ExB1 to ExB5)
o I . N,-94%RH-acetone-1uL E Boacetone.0 5ul Measures | Samples Acetone Acetone concentration \ ]
, : 2 - " volume (uL) (pPm) \ and after adding 5 ppb of nonanal (ExBN1 to
I * N,-94%RH-acetone-2.5uL » ExB-acetone-1pL \ _
| +NSARH + ExB-acetone-1.5yl 1 0 ° 0 ! ExBN5), a COVID-19 biomarker.
I3 o . Iéxl;—acetone-z.sm i N»-94%RH 215 15277 :
I 2 » Ex i |
1 g ) y .
| ) 1 ~ o i v' Cyranose® sensor’'s detect low concentrations of
L 6 breath 1 60.5 | nonanal in the presence of others VOCs of healthy
' 1.0- 7 (ExB) 2 122 I -
| . e = : patients.
[ -10 -5 0 5 10 15 -50 0 [
1 PC1 (98.796%) PC1 (98.508%) :
I | v Application of “Enair” software for a rapid statistical
| : data processing and PCA plots visualization.
| Nonanal ;
| 1
: ¢ 8- [§] :
: 5.0- @ s N,-94%RH . B : ® ExB1
I “ e N,-94%RH-nonanal-0.5uL I
| e ® ExB-nonanal-0.5pL - I ® ExB2
I - ® N,-94%RH-nonanal-1.5uL . Measures| Samples |Nonanal volume| TVOC concentration I
| 25" e o 4- ¢  ExB-nonanal-1.5puL I
|2 f ~ , (uL) (ppm) : 2- ® ExB3
: g ’ o %? o 1 0 0 | o
1 Z oo- ’ g e 2 N,-94%RH 0.5 25 : o I o ExB4
O . 8. 3 15 53 | 0 ; . BxBS
: T e 4 e 0 0.817 : D
I -2.5 e ; 5 reth 0.5 6.6 : i 1 » ExBN1
| : a = 6 red 1.5 33 : O o EXBN2
| g o | a -2 -
o 30 0 20 — | o EXBN3
: PC1 (98.46%) ~40 20 0 20 |
lI PC1 (98.139%) : s ExBN4
\ I
‘\\ v Possible detection of various concentrations of acetone or nonanal in the presence of a complexe mixture of VOCs. / o
N v Clear differentiation between the absence of acetone or nonanal in humidified nitrogen at 94%HR (reference test). . . . .
. v Discrimination between exhaled breath from one healthy donor spiked or not with acetone or nonanal. o 0 PC_15(88 2053.:,) ’
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/Conclusions Perspectives \
« Development of a strategy for analyzing exhaled breath via Cyranose®. - Evaluation of the Cyranose® in the presence of other Covid-19 biomarkers
* Detection of 5 ppb of nonanal and discrimination among other VOCs in the breath (e.g. 2,4-octadiene).
of 5 healthy donors. « Evaluation of measurement repeatability.

\. Application of “Enair” software for statistical data processing. « Validation of the optimized analytical strategy in clinical trials.

/




