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The SARS-CoV-2 Viral Load in COVID-19 
Patients is Lower on Face Mask Filters

than on Nasopharyngeal Swabs

1. Background and Objectives
The COVID-19 pandemic has sparked an 
enormous amount of new research, with over 
160,000 papers mentioning it currently listed 
in PubMed. Notably, it has led to increased 
interest in breath sampling as a means to 
detect and diagnose illnesses, and various 
approaches have been explored to use either 
exhaled breath condensate (EBC), exhaled 
breath aerosols (EBAs), or volatile organic 
compounds (VOCs) to identify infection.
EBAs consist of respiratory droplets of a 
range of sizes (Figure 1A) which are a key 
vehicle for SARS-CoV-2 transmission. The 
ability to capture EBAs and analyze them to 
detect virus particles represents a significant 
opportunity to improve virus detection using 
non-invasive methods.

Currently, nasophayngeal swabs are the most 
widely used means to detect SARS-CoV-2 
infections both via PCR and for lateral flow 
tests. NPS is e�ective but the sampling 
method is invasive and unpleasant. Not all 
who are infected with COVID-19 will spread 
the disease (Figure 1B). and more acessible 
and acceptable methods may be needed to 
bring the pandemic under control.
EBA can be captured from breath during 
regular use of a mask by integrating a simple 
filter that can then be tested for the presence 
of viral particles (Figure 2).

Aim: Assess the sensitivity of EBA as 
a means to detect respiratory 
infections. Then test the utility of EBA 
vs. nasopharyngeal swabs (NPS) as 
diagnostic tests for COVID-19

3. Laboratory-based Virus Aerosol Generation and Recovery
We wanted to assess the ability of mask 
filters to capture exhaled breath aerosols of 
di�erent sizes in a controlled laboratory 
system, and then to use this to assess the 
limit of detection when using masks to 
capture exhaled virus particles for detection 
with PCR.
Aerosols were created using a nebulizer 
which was linked to a particle counter that 
could detect the numbers of di�erent aerosol 
particles of di�erent sizes (Figure 3A). The 
distribution of droplet sizes was measured at 
path lengths of 5 cm and 30 cm, with more 
smaller particles observed over the longer 
flow path distance (Figure 3B).
Comparing particle detection with and 
without the presence of a filter allowed us to 
assess the collection e�ciency of the filters, 
showing >98% e�ciency across all particle 
sizes (Figure 3C). 
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5. Conclusions
This study demonstrates that EBA collected 
using electrostatic filters in facemasks is not 
a suitable alternative to NPS for COVID-19 
detection.
However, we have demonstrated that this 
method has a low LoD for the virus and this 
may suggest that the lack of detection is 
indicative of low virus shedding at the 
relatively late stage of infection when 
samples were collected.
Other studies have shown that the 
infectiousness of COVID-19 patients falls 
rapidly once they develop symptoms. As 
such, this may indicate that EBA is a useful 
means of assessing whether patients are still 
contagious.
The low LoD, if it can be reproduced for other 
pathogens, may also suggest that EBA could 
be an e�ective detection tool for other 
respiratory infections that have a di�erent 
infection profile1,2 (Figure 6).

6. References
1. Meyerowitz, E.A., et al., Transmission of SARS-CoV-2: A Review of Viral, Host, and Environmental Factors. Ann 

Intern Med, 2021. 174(1): p. 69-79. https://doi.org/10.7326/M20-5008 

2. Zhang, C., et al., SARS-CoV-2 Aerosol Exhaled by Experimentally Infected Cynomolgus Monkeys. Emerg Infect 
Dis, 2021. 27(7): p. 1979-1981. https://doi.org/10.3201/eid2707.203948 

4. Clinical COVID-19 Detection

Further Resources
More about Breath Biopsy and COVID-19
 owlstonemedical.com/covid-19

Breath Biopsy: The Complete Guide (3rd Edition)
 owlstonemedical.com/breath-biopsy-guide

Breath Biopsy Products & Services
 owlstonemedical.com/products

Figure 2: The mask and filter set-up used for EBA collection and virus detection. The masks used were adapted from the 
ReCIVA® Breath Sampler and include an integrated electrostatic filter. In principle, similar filters could be used with other 
types of mask provided that it forms a suitable seal around the nose and mouth. The mask (containing the filter) and 
headstrap are shown on a glass head in profile (left) and face on (center). The right panel shows the filter located within 
the mask, indicated by the red arrow.
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2. Mask Filters for EBA Capture

Figure 3: (A) The aerosol generation and detection setup used to assess the e�ciency of filters for EBA recovery. (B) 
Particle mass distribution (probability density by mass; dM/M/dx) of generated EBAs with di�erent path lengths between 
nebulizer and particle counter. (C) Collection e�ciency of the filters assessed by measuring the di�erence in particle 
detection with and without a filter present.
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A similar setup was used to test the recovery 
of virus particles from filters. EBAs were 
generated containing inactivated 
SARS-CoV-2 or HCoV-NL63 viruses and were 
captured using a filter over a 30 cm path 
length (Figure 4A).
Using serial dilutions of each virus, we were 
able to use this setup to generate filters 
containing estimated numbers of viral 
particles, which were used with PCR to assess 
the limit of detection (LoD) for each virus. 
The resulting LoD for both viruses was 
approximately 10 copies per filter (Table 1). 
We also used this to assess the half life of 
inactivated SARS-CoV-2 on filters, which was 
around 48 hours (Figure 4B).
Detection is measured using cycle threshold 
(Ct), the number of PCR amplification cycles 
required for detection. A high Ct indicates a 
lower number of initial copies of virus RNA.

Estimated virus 
copy number

SARS-CoV-2 HCoV-NL63

10

100

1000

Undetermined

39.9 ± 1.0

37.4 ± 1.53

33.4 ± 0.81

Undetermined

16 ± 11

127 ± 123

1437 ± 790

Mean Ct ± SD Calculated Copy 
Number based on Ct Mean Ct ± SD Calculated Copy 

Number based on Ct

Undetermined

38.45 ± 1.3

35.63 ± 1.3

32.41 ± 0.4

Undetermined

14 ± 8

100 ± 69

801 ± 267

1

A

B

Table 1: Quantitative RT-PCR results of 
aerosolized SARS-CoV-2 and HCoV-NL63 filter 
extract samples and calculated virus copies on 
filters.

Figure 4: (A) The adapted setup used to test virus-containing aerosol 
capture on filters and to assess limits of detection. (B) The Ct for 
SARS-CoV-2 detection rises rapidly for viruses kept on the filter for 48 
to 72 hours as virus particles begin the breakdown.

Having shown that filters can be used to 
detect coronaviruses to a su�ciently low 
LoD, we went on to examine the utility of this 
approach in a clinical setting.
We analyzed EBA samples collected from 47 
hospitalized patients with recent positive 
COVID-19 results, as judged by NPS (Table 2). 
For some patients, NPS samples were 
collected up to a week before EBA samples. 
As such, for 39/47 patients we also collected 
follow-up NPS samples shortly after EBA 
collection.
Each EBA sample was collected over a period 
of 30-60 min of regular tidal breathing. 

All Included Patients (47) False Negatives (43)True Positives (4)

Age in years (mean ± SD, median)

Female/Male

Shortness of breath (n, days, %)

Cough (n, days, %)

Fever (n, days, %)

COVID positive CT scan

63 ± 15 (63)

14/33

38, 10.8, 81%

27, 11.5, 57%

12, 6.9, 26%

26/29 (90%)

38 ± 16 (38)

2/2

3, 4.0, 75%

1, 7, 25%

3, 3.7, 75%

2/2 (100%)

65 ± 13 (63)

12/31

35, 11.3, 81%

26, 11.7, 60%

9, 8.0, 21%

24/27 (89%)

During that time each patient was asked to 
cough at least 10 times and to speak for at 
least one minute. 
EBA results identified 4/47 cases as COVID-19 
positive (sensitivity = 8.5%) (Figure 5A).
The follow-up NPS samples showed that 3/39 
patients now tested negative using both 
methods. 2/29 tested positive with both 
methods (sensitivity = 5.6%) (Figure 5B).
These results suggest that, despite the low 
LoD, EBA collected using filters in masks is 
not a reliable method of diagnosing 
COVID-19.

Table 2: Demographic summary of recruited patients, reported symptoms and additional test results.
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A B Figure 5: Confusion matrices 
comparing the results of 
NPS test for COVID-19 vs. 
EBA collection. Tests di�er 
only by the method of 
collection, both use 
equivalent qRT-PCR 
approaches for analysis.

(A) Comparison of NPS at 
admission to EBA collection 
up to a week later for all 47 
patients.

(B) Comparison of EBA to 
follow-up NPS collected 
shortly after, for the 39 
patients where these data 
were available.

Figure 6: Infectiousness and cycle threshold profiles for 
COVID-19 infection.

This study has recently been published in Scientific Reports and can be viewed 
at owlstonemedical.com/smolinska-2021
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Figure 1: (A) COVID-19 transmission is airborne 
through exhaled respiratory droplets. (B) 
Transmission varies between cases with a small 
number responsible for the majority of new 
infections.

Agnieszka Smolinska1,2,15, David S. Jessop1,15, Kirk L. Pappan1,15, Alexandra De Saedeleer1, Amerjit Kang1, Alexandra L. Martin1, Max Allsworth1, Charlotte 
Tyson11, Martine P. Bos3, Matt Clancy3, Mike Morel4, Tony Cooke4, Tom Dymond5, Claire Harris6,7, Jacqui Galloway5, Paul Bresser8, Nynke Dijkstra8, Viresh 

Jagesar8, Paul H. M. Savelkoul9, Erik V. H. Beuken9, Wesley H. V. Nix9, Renaud Louis10, Muriel Delvaux10, Doriane Calmes10, Benoit Ernst10, Simona Pollini11,12, 
Anna Peired13, Julien Guiot10, Sara Tomassetti11,14, Andries E. Budding3, Frank McCaughan6,7, Stefan J. Marciniak6,7 & Marc P. van der Schee1*

1Owlstone Medical Ltd., Cambridge, Cambridgeshire, UK. 2Department of Pharmacology and Toxicology, Maastricht University, Maastricht, The Netherlands. 3inBiome B.V., Amsterdam, The Netherlands. 4Cambridge Clinical Laboratories Ltd., Cambridge, 
Cambridgeshire, UK. 5Cambridge University Hospitals NHS Foundation Trust, Addenbrooke’s Hospital, Cambridge, UK. 6Department of Medicine, Addenbrooke’s Hospital, Cambridge, UK. 7University of Cambridge, Cambridge, UK. 8Pulmonology, OLVG, 

Amsterdam, The Netherlands. 9Department of Medical Microbiology, Maastricht University Medical Center, Care and Public Health Research Institute (Caphri), Maastricht, The Netherlands. 10Repiratory Department, CHU Liège, Liège, Belgium. 11Department of 
Experimental and Clinical Medicine, University of Florence, Florence, Italy. 12Microbiology and Virology Unit, Careggi University Hospital, Florence, Italy. 13Department of Experimental and Clinical Biomedical Sciences “Mario Serio”, University of Florence, Florence, 

Italy. 14Interventional Pulmonology Unit, Careggi University Hospital, Florence, Italy. 15These authors contributed equally: Agnieszka Smolinska, David S. Jessop and Kirk L. Pappan.
*email: breathbiopsy@owlstone.co.uk


