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ARTICLE INFO SUMMARY
Article history: Background: Human to human transmission of SARS-CoV-2 is driven by the respiratory route but little is
Accepted 18 March 2021 known about the pattern and quantity of virus output from exhaled breath. We have previously shown

Available online 24 March 2021 that face-mask sampling (FMS) can detect exhaled tubercle bacilli and have adapted its use to quantify

exhaled SARS-CoV-2 RNA in patients admitted to hospital with Coronavirus Disease-2019 (COVID-19).
Methods: Between May and December 2020, we took two concomitant FMS and nasopharyngeal sam-
ples (NPS) over two days, starting within 24 h of a routine virus positive NPS in patients hospitalised
with COVID-19, at University Hospitals of Leicester NHS Trust, UK. Participants were asked to wear a
modified duckbilled facemask for 30 min, followed by a nasopharyngeal swab. Demographic, clinical, and
radiological data, as well as International Severe Acute Respiratory and emerging Infections Consortium
(ISARIC) mortality and deterioration scores were obtained. Exposed masks were processed by removal,
dissolution and analysis of sampling matrix strips fixed within the mask by RT-qPCR. Viral genome copy
numbers were determined and results classified as Negative; Low: <999 copies; Medium: 1000-99,999
copies and High > 100,000 copies per strip for FMS or per 100l for NPS.
Results: 102 FMS and NPS were collected from 66 routinely positive patients; median age: 61 (IQR 49 -
77), of which FMS was positive in 38% of individuals and concomitant NPS was positive in 50%. Positive
FMS viral loads varied over five orders of magnitude (<10-3.3 x 105 genome copies/strip); 21 (32%) pa-
tients were asymptomatic at the time of sampling. High FMS viral load was associated with respiratory
symptoms at time of sampling and shorter interval between sampling and symptom onset (FMS High:
median (IQR) 2 days (2-3) vs FMS Negative: 7 days (7-10), p=0.002). On multivariable linear regression
analysis, higher FMS viral loads were associated with higher ISARIC mortality (Medium FMS vs Negative
FMS gave an adjusted coefficient of 15.7, 95% CI 3.7-27.7, p=0.01) and deterioration scores (High FMS vs
Negative FMS gave an adjusted coefficient of 37.6, 95% CI 14.0 to 61.3, p=0.002), while NPS viral loads
showed no significant association.
Conclusion: We demonstrate a simple and effective method for detecting and quantifying exhaled SARS-
CoV-2 in hospitalised patients with COVID-19. Higher FMS viral loads were more likely to be associated
with developing severe disease compared to NPS viral loads. Similar to NPS, FMS viral load was highest
in early disease and in those with active respiratory symptoms, highlighting the potential role of FMS in
understanding infectivity.
© 2021 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association.
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(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-
2) is predominantly transmitted between humans by the respi-
ratory route.! While nasopharyngeal sampling (NPS) is the cur-
rent standard method for the diagnosis of Coronavirus-Disease-
2019 (COVID-19), its role in identification of infectious individuals
is limited.2 There is emerging evidence to suggest that virus de-
tected in the exhaled breath of infected patients significantly con-
tribute to SARS-CoV-2 transmission.>~> However, little is known
about the quantity and pattern of output.

The use of face-masks in an infected individual significantly re-
duces detection of influenza virus RNA in respiratory droplets and
seasonal coronavirus RNA in aerosols.® Therefore, collection of res-
piratory samples in face-masks where emitted pathogen densities
are highest,’~? offers potential advantages. We have been devel-
oping this approach, which we term face-mask sampling (FMS), to
detect and quantify exhaled pathogens, initially to study tubercu-
losis.!%~12 In this study, we describe the use of FMS in hospitalised
patients with COVID-19. We investigated relationships between vi-
ral load in FMS and NPS and determined associations with disease
severity in patients at different stages of acute infection.

Methods
Study setting

We undertook a prospective observational study which enrolled
consecutive patients hospitalised for COVID-19 at University Hospi-
tals of Leicester NHS Trust, Leicester UK. Up to two serial FMS and
NPS samples were taken for analyses, with the first samples taken
within 24 h of a routinely positive NPS test. We included patients
who fulfilled the following criteria: age >16 years, hospitalised,
tested positive for SARS-CoV-2 on routine NPS testing (D0) and no
requirement for oxygen therapy by face-mask, non-invasive ven-
tilation or intubation (since this would prevent using face-masks
from the study) at time of sampling. Patients who were unable to
understand and comply with the protocol, or unable or unwilling
to give informed consent, were not included in the study.

Clinical data, ISARIC mortality and deterioration scores

We collected clinical data on: age, gender, ethnicity, smok-
ing status, comorbidities (diabetes, hypertension, cardiac disease,
chronic kidney disease, chronic lung disease, cerebrovascular dis-
ease, cancer and immunosuppression), hospital acquired COVID-
19, clinical symptoms at time of sampling, the duration between
symptom onset and clinical observations at both time of sampling
and at presentation with radiology and laboratory findings at time
of presentation. Clinical outcomes collected included death during
hospitalisation and rehospitalisation, reinfection or death by 21st
January 2021.

The International Severe Acute Respiratory and emerging In-
fections Consortium (ISARIC) mortality and deterioration scores
were calculated. These scores are validated risk stratification tools
that predict in-hospital mortality or in-hospital clinical deteriora-
tion (defined as any requirement for ventilator support or critical
care, or death) for hospitalised COVID-19 patients in the UK.!3.14
The mortality score consists of: gender, number of comorbidities,
Glasgow Coma score (GCS), age, respiratory rate, admission oxy-
gen saturations, serum urea, C-reactive protein (CRP) and lym-
phocyte count. The deterioration score consists of: nosocomial
COVID-19, gender, number of comorbidities, radiographic chest in-
filtrates, whether the patient was receiving oxygen, GCS, age, res-
piratory rate, admission oxygen saturations, urea, CRP and lympho-
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Fig. 1. Photograph of duckbilled-mask used, and sampling strips that are fixed
within the inside of the mask, that can be removed for analysis.

cyte count. For each, the raw score is converted into a calculated%
risk of either in-hospital mortality or clinical deterioration.

Sampling

Our sampling methodology has been described in detail in pre-
vious studies.!"'? Each participant wore a duckbilled surgical mask
(Integrity® 600-3004) containing two or four 1x9 cm 3D printed
polyvinyl-alcohol (PVA) sampling matrix strips placed horizontally
across the inside of the mask (Fig. 1)."> Participants wore the mask
for 30 min under close supervision by DP, CMW or SS. No special
behavior was required, aside from not eating. Each participant was
observed during the period in which they wore the mask to ensure
that there were no periods where the mask was lifted. Follow-
ing instruction, participants were sampled first within 24 h (D1)
of a routinely positive NPS test and a second time 12-24 h later
(D2); they were directly observed throughout FMS and the NPS
was taken afterwards. Exposed masks and swabs were delivered to
the laboratory and maintained at ambient temperature until analy-
sis. In in-vitro preparatory studies, viral loads evaluated by RT-qPCR
from PVA strips spiked with cultured SARS-CoV-2 and stored dry at
room temperature were shown to be stable over seven days, while
assay of unprocessed exposed strips similarly stored gave values
comparable to those from the same mask processed within seven
days of receipt and indicated stability over three months (supple-
mentary materials).

The study had ethical approval from the West Midlands Re-
search Ethics Committee (REC Reference 20/WM/0153) and was
conducted in accordance with ICH-GCP, Declaration of Helsinki and
the Data Protection Act 1998 and NHS Act 2006. All participants
gave written, informed consent prior to any study procedures.

Sample processing and controls

A detailed description of laboratory processing is provided
in supplementary materials 2. In brief, for FMS processing, two
PVA strips were dissolved in a mixture of molecular grade wa-
ter and QIAamp ACL buffer and underwent RNA extraction using
the QIAamp DSP Circulating Nucleic Acid Kit (Qiagen, Germany
Cat 61,504,) following the manufacturer’s instructions. For NPS, the
sampled material was first eluted from the swab head into water
by vortexing then RNA extracted using RNeasy mini kits (Qiagen,
Cat 74,104). For both sample types, target RNA was detected and
quantified using the QuantiNova Probe RT-PCR Kit (Qiagen, Cat:
208,356) and a Rotor-Gene Q thermocyler (Qiagen, Cat 9,001,590).
Internal controls were added to every sample prior to extraction
and a positive control sample included in every run; sample pos-
itivity/negativity was determined with assays directed to the E
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gene. All positive samples were quantified for genome copy num-
ber'® in a single E gene-directed PCR run for which the standard
curve is shown in supplementary materials; for reference, 2240
genome copies gave a Ct of 30.

For in vitro studies, SARS-CoV-2 was isolated in Vero E6 cell
culture by limiting dilution of a RT-qPCR positive swab sample;
confirmation of isolate identity at passage 3 was undertaken by E
assay.

Statistical analysis

Continuous variables are expressed as median and interquar-
tile range (IQR). Categorical variables are displayed as numbers and
percentages (%). Pearson’s Chi-squared test and Fisher’s exact row
test were used to compare categorical variables between groups.
Student’s t-test and Kruskal-Wallis test were used to compare con-
tinuous variables between groups depending on the normality of
distribution. We chose to examine the relation between increas-
ing FMS and NPS viral load and clinical variables. The distribution
of FMS and NPS viral loads obtained was log normally distributed
(shown in supplementary materials 4) — therefore we classified the
exhaled viral load as genome copies into the following four cate-
gories: Negative: PCR negative, Low: <999 copies, Medium:1000-
99,999 copies and High: >100,000 copies per strip or per 100 pl.

Multivariable linear regression was used to investigate the rela-
tionship between variables and increased risk of in-hospital mor-
tality and deterioration, as measured by the validated ISARIC mor-
tality and deterioration scores. Univariable linear regression was
performed using clinical variables relating to increased disease
severity, but not already included in the ISARIC scoring systems.
Variables were chosen to be included in the models if they were
significantly related to the relevant ISARIC score on univariable lin-
ear regression analysis (a threshold of p<0.05 was considered sig-
nificant).

The agreement between FMS and NPS positivity was assessed
using Cohen’s Kappa. Prediction of viral loads between FMS and
NPS was assessed using linear regression. Scatter plots were used
to illustrate the relation between FMS and NPS genome copies and
time from symptom onset.

All analyses were performed using STATA version 14.2 (Stata-
Corp, United States) and Excel version 2016 (Microsoft, Redmond,
United States).

Results
Participants

Between May and December 2020, 66 patients were consecu-
tively enrolled. 36 patients provided two serial FMS and NPS sam-
ples, (72 paired FMS and NPS samples) thus a total of 102 (72 + 30)
concomitant FMS and NPS samples were collected. For some pa-
tients, a second (D2) sample was not obtained for a number of rea-
sons including: worsening of clinical disease (12, 18%), increased
oxygen requirement (10, 15%), discharge from hospital (3, 5%) and
reported discomfort while wearing the mask (5, 8%).

The median (IQR) age of participants was 61 (49-77). Twenty-
four (60%) were male. Participants were predominantly of White
ethnic background (47, 65%). Most patients (39, 59%) were sam-
pled the day after their first known positive NPS PCR test; 18 (27%)
were sampled after an interval of seven or more days. One third
(21, 32%) of patients had acquired COVID-19 in hospital and one
third (21,32%) were asymptomatic at the time for the D1 FMS/NPS
samples. For those who were symptomatic, the median duration of
symptoms was seven (3-7) days prior to D1. No patient recruited
had been vaccinated against COVID-19, or taken part in any vacci-
nation trials at the time of sampling.
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Fig. 2. Relationship between FMS and NPS viral loads. Abbreviations used: FMS -
face-mask sampling; NPS - nasopharyngeal sampling. Coloured symbols represent
samples with a disproportionately high FMS viral load than predicted by regression
line. Blue symbols denote day 1 and 2 samples from an individual judged asymp-
tomatic for COVID-19.

Seventy-four (49%) patients had evidence of COVID-19 pneumo-
nia on their chest x-ray. The median serum urea was: 5.9 (4.2-
8.8) mmol/L; CRP: 49 (15-110) mg/L and lymphocyte count: 1.13
(0.7-1.59) x10° /L. The median ISARIC mortality score (interquar-
tile range, IQR) was 13% (5%—27%) and median deterioration score
was 28% (15%—43%). Five patients died during hospital admission;
a further five died after discharge from hospital (10 patients),

Detection of viral RNA on FMS and comparison with NPS

RNA recovered from the PVA sampling strip matrix used in
FMS was positive in 41/102 samples (40%) from 25/66 (38%) of in-
dividuals. NPS was positive in 51/102 (50%) samples from 33/66
(50%) of individuals. In patients whose concomitant NPS was pos-
itive, D1 FMS was positive in 20/31 (65%) individuals while the
D2 FMS was positive in 14/20 (70%) of individuals. There was a
moderate agreement between concomitant positive FMS and NPS
samples (Cohen’s kappa: 0.52 p<0.001,) and the logy viral loads
were weakly, though significantly, correlated (r=0.15, p=0.022)
as shown in Fig. 2. Amongst those that were both FMS and NPS
positive, there were five instances where participants had a dis-
proportionately higher FMS viral load than predicted by NPS viral
load (colored symbols in Fig. 2). In total, 37 (56%) patients tested
positive by either FMS or NPS. Five patients were FMS positive NPS
negative (viral loads in all of these samples were in the Low cat-
egory). Twelve patients were NPS positive and FMS negative (viral
loads in Low, Medium and High categories).

Relation of FMS to clinical variables

FMS positive E target genome copy numbers ranged from 8 to
3.3 x 106 per strip (values assigned to borderline positives). Ten
patients (15%) had a positive FMS sample in the Medium viral load
range (103-10° copies/strip); High loads were seen in two patients
(3%) in their second sample (2.6 and 3.3 x 10° copies/strip).

Patients with higher FMS viral load were more likely to be older
(p=0.04) and to have acquired COVID-19 in hospital (p=0.004),
as shown in Table 1. They were also more likely to have ele-
vated serum urea on admission (p=0.03). NPS samples showed
twelve (18%) patients with viral loads of 103-10® copies/100pl
swab suspension and nine (14%) with loads between 10° and 107
copies/100 pl. Higher viral loads on FMS or NPS were found in pa-
tients who had active respiratory symptoms at time of sampling
(cough: FMS p=0.02; NPS p=0.01; breathlessness: FMS p=0.01;
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Table 1
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Demographics of participants in relation to increasing FMS and NPS genome copy numbers. Abbreviations used: FMS - face-mask sampling; NPS - nasopharyngeal sampling.
Negative; Low: <999 copies; Medium: 1000-99,999 copies and High > 100,000 copies per strip for FMS or per 100ul for NPS.

FMS genome copy numbers (copies/strip)

NPS genome copy numbers (copies/100 microlitres)

Variables (n=66)

Negative Low Medium High Negative Low Medium High
n=40 n=14 n=10 n=2 P value n=33 n=12 n=12 n=9 P value
Demographics
Age - years 58 68 71 79 0.04 58 69 61 71 0.21
(42-73) (45-84))  (62-79) (69-89) (42-71) (55-81) (47-77) (63-80)
Males - (%) 24 8 9 2 0.24 20 7 (58%) 9 7 0.72
(60%) (57%0 (90%) (100%) (61%) (75%) (78%)
Ethnicity
White - (%) 28 10 (72%) 7 2 (100%) 0.54 22 10 8 6 0.71
(70%) (70%) (70%) (83%) (67%%) (67%)
Asian - (%) 11 2 3 0 8 1 4 3
(28%) (14%) (30%) (0%) (24%) (9%) (33%%) (34%)
Black - (%) 1 2 0 0 2 1 0 0
(3%) (14%) (0%) (0%) (6%) (8%) (0%) (0%)
Smoker
Ever smoked- (%) 27 10 9 2 0.93 26 (81%) 7 (58%) 9 6 0.34
(68%) (71%) (90%) (100%) (75%) (67%)
Never - (%) 10 3 1 0 6 4 1 3
(25%) (22%) (10%) (0%) (18%) (33%) (8%) (33%)
Nosocomial covid-19 - (%) 6 7 4 2 0.004 6 6 (50%) 4 3 0.25
(15%) (50%) (40%) (100%) (18%) (33%) (33%)
Comorbidities
<2 - (%) 25 5 3 2 0.06 20 (61%) 5 (42%) 7 1 0.06
(62%) (36%) (30%) (100%) (58%) (11%)
>2 - (%) 15 9 (64%) 7 0 13 (39%) 7 (58%) 5 8
(38%) (70%) (0%) (42%) (89%)
Symptoms at time of
sampling
Respiratory symptoms — 1 11 9 1 0.01 15 6 9 9 0.01
(%) (45%) (79%) (90%) (50%) (46%) (50%) (75%) (100%)
Fever - (%) 21 8 5 1 0.99 15 (46%) 7 6 7 0.40
(53%) (57%) (50%) (50%) (58%) (50%) (78%)
Other - (%) 16 8 6 1 0.54 12 5 7 7 0.14
(40%) (57%) (60%) (50%) (36%) (42%) (58%) (78%)
Asymptomatic - (%) 16 3 1 1 0.19 13 5 3 0 0.10
(40%) (21%) (10%) (10%) (39%) (42%) (25%) (0%)
Symptom duration - (%) 7 5 3 1 0.007 7 7 7 3 0.002
(6-10) (2-7) (3-3) (1-1) (7-10) (2-8) (2-7) (2-3)
Radiological and
laboratory investigations
Features of Covid-19 on 28 10 (71%) 9 2 0.60 23 9 9 8 0.80
chest x-ray - (%) (70%) (90%) (100%) (70%) (75%) (75%) (89%)
Receiving oxygen when 9 1 3 0 0.48 6 4 2 1 0.66
measured - (%) (23%) (7%) (30%) (0%) (18%) (33%) (7%) (11%)
Outcomes
Died - (%) 6 1 3 0 0.46 10 5 3 7 0.06
(15%) (7%) (30%) (0%) (30%) (42%) (25%) (78%)
ISARIC mortality score - (% 12 12 37 41 0.006 12 25 12 23 0.04
risk of hospital death) (2-21) (7-23) (19-45) (23-59) (2-23) (7-37) (2-21) (12-40)
ISARIC deterioration score 28 (16-41) 18 49 62 0.01 27 39 27 31 0.63
- (% risk of hospital (14-31) (28-60) (42-82) (15-39) (16-55) (13-33) (22-44)

deterioration)

NPS p=0.01) and with shorter intervals between sampling and
day of symptom onset (FMS p=0.007; NPS p=0.002) as shown in
Table 1 and Fig. 3. There was no relation between FMS or NPS viral
load to fever or other symptoms (arthralgia, fatigue and anosmia),
or evidence of COVID-19 pneumonia on chest x-ray.

On univariable linear regression analysis, nosocomial infection
(p=0.01), treatment with dexamethasone (p=0.01), infiltrates on
chest x-ray (p=0.02) and increasing FMS and NPS viral loads (FMS:
p<0.001; NPS: p=0.02) were associated with higher ISARIC mor-
tality scores (Table 2). Those from Asian minority groups had lower
ISARIC mortality scores compared to White groups (p=0.01). On
multivariable analysis, higher ISARIC mortality scores were found
in those with higher FMS viral loads (p=0.01), as well as those
of White ethnicity compared to Asian groups (p=0.02). Treat-
ment with dexamethasone and a High FMS viral load was asso-
ciated with higher ISARIC deterioration scores on both univariable
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and multivariable linear regression analysis (multivariable analysis,
dexamethasone: p<0.001, FMS viral load: p=0.002).

Discussion

With this study, using methods applicable in routine clini-
cal and laboratory settings, we have demonstrated detection and
quantification SARS-CoV-2 genomes in the exhaled breath of in-
fected patients, one third of whom were asymptomatic at time of
sampling. We found that patients exhaled viral RNA ranging over
five orders in magnitude and that this appeared to be highest in
the first few days of symptoms and when active respiratory symp-
toms were present at time of sampling. In contrast to concomitant
NPS viral loads, we also found that higher FMS viral loads may
have an association with more severe disease.

FMS was able to detect SARS-CoV-2 in the exhaled breath of
38% of individuals that are known to have COVID-19. This contrasts
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Fig. 3. FMS (3a) and NPS (3b) viral copy numbers in relation to number of days
symptomatic prior to sampling. Abbreviations used: FMS - face-mask sampling;
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symptomatic high FMS samples shown in Fig. 2.

with the 26.9% positive rate in infected individuals, reported by Ma
and colleagues who sampled for five minutes using a breath con-
densate sampling device.” We note the use of a bespoke sampling
device in the Ma study and the application of processing methods
largely outside those generally available in routine settings. Our
results are similar to the preliminary report of Sriraman and col-
leagues, who found 40% positivity rate amongst infected individu-
als by FMS using a gelatine sampling matrix.!”

Previous studies have shown that NPS signals can be persis-
tently high for several weeks despite index cases that are no longer
infectious.'®-29 Kim and colleagues found that in hospitalised pa-
tients with COVID-19, the median time from symptom onset to vi-
ral clearance was 7 days.?! In our study, no patient was FMS pos-
itive for more than 10 days after symptom onset. FMS viral load
was highest in early disease (including in those who were noso-
comial infected) and more virus was exhaled in those with ac-
tive respiratory symptoms at time of sampling than those who
were asymptomatic. A higher viral load in those who coughed at
time of sampling may reflect evidence that FMS captures a com-
bination of aerosols and larger droplets, likely sourced from the
oropharynx and lower respiratory tract and depending on contem-
poraneous respiratory efforts, vocalisation and respiratory symp-
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tom severity.2® We also did not record whether participants spoke
during the period of sampling, which may have affected viral load
on FMS.

The quantities of exhaled virus detected were not always pre-
dicted by quantitation by NPS. Linear regression analysis indicated
that the NPS-detected viral RNA only accounts for 15% of the varia-
tion detected by FMS (r2 =0.15). In particular, the detection of five
individuals whose FMS viral loads greatly exceeded those predicted
by the general relationship between FMS and NPS. FMS viral loads
were low when NPS was negative; NPS viral load on the other
hand varied significantly between samples when concomitant FMS
was negative.

Altogether, these findings suggest that FMS viral load patterns
emitted from individuals may be distinct from NPS. Future work
will explore the relationship between patterns of FMS output of
SARS-CoV-2 and transmission to determine the value of this ap-
proach in determining infectivity of individuals, compared to other
tests proposed for similar purposes, such as the lateral flow as-
says.%?

In multivariable analyses, higher FMS viral loads, but not those
detected by NPS, were significantly related to both ISARIC mortal-
ity and deterioration scores. Previous studies also show little differ-
ences in NPS viral load between those with mild, moderate and se-
vere disease.?3-2> NPS-detected viral loads in patients with COVID-
19 rapidly decrease in the upper airways in those with increas-
ing disease severity as the viral load shifts to the lower respiratory
tract.23-2> We have previously detected surfactant protein A in FMS
samples, indicating the likelihood that FMS captures at least some
of its content from the lower respiratory tract.6 This feature pro-
vides a potential explanation for why higher FMS viral loads de-
tected here correlated with higher ISARIC scores and therefore pre-
dicted higher disease severity in contrast to NPS which does not.
Whilst larger, formally powered studies are needed, FMS may have
a role in early identification of individuals at risk of deterioration,
hospitalisation and death.

Face-masks are widely recommended for limiting transmission
from source patients, and consequently, now accepted by society.
Our method is inexpensive, simple and easy to replicate. The po-
tential detection of infectious individuals, or those that may go on
to develop severe disease could help with infection control and ini-
tiate life-saving treatment earliar in those who present to hospi-
tal. For example, FMS could be provided to patients in the waiting
rooms of emergency departments, clinics or offices as additional
infection control measures, and the PVA strips could be removed
for routine processing in laboratories.

Our study was limited by size. As a pilot study using a novel de-
vice, we were unable to undertake formal power calculations. Yield
from FMS may have been affected by different behaviours of our
subjects during sampling. Although we recorded presence or ab-
sence of cough, other potentially relevant activities such as vocal-
isation were not assessed. Our sampling protocol has been devel-
oped to involve minimal constraint of subjects to maximise accept-
ability and reflect individuals’ unsolicited natural emissions with
potential relevance to transmission. We acknowledge that diagnos-
tic yield might be maximised by requiring specific respiratory ma-
noeuvres. We assessed disease severity using ISARIC scoring sys-
tems rather than clinical outcomes of intubation or death, because
our cohort had a small number of deaths. Many of our patients
were elderly with multiple comorbidities - thus our results may
not be generalisable to younger, fitter patients in the community.
Ethnic minority groups, especially those from Asian ethnic groups
are generally more likely to have worse outcomes from COVID-19
compared to White groups®’-28; the discordant findings here likely
reflect of selection bias of younger Asian patients with less severe
clinical disease. Our results should be verified in larger and more
diverse groups of patients. Finally, the relationship of viral loads
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Table 2
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Univariable and multivariable linear regression models. Abbreviations used: FMS - face-mask sampling; NPS - nasopharyngeal sampling. Negative; Low:
<999 copies; Medium: 1000-99,999 copies and High > 100,000 copies per strip for FMS or per 100 ul for NPS.

Coefficient (95% CI)

Adjusted coefficient (95% CI)

Variables (n=66) P value P value
ISARIC mortality score
Ethnicity
White Ref - Ref -
Asian —11.2 (-20.0 to -2.6) 0.01 —9.7 (-18.0 to —1.5) 0.02
Black —12.1 (-30.0 to 5.9) 0.18 -13.2 (-30.1 to 3.7 0.12
Smoker
No Ref -
Yes —3.0 (-9.6 to 3.6) 0.37
Hospital acquired infection
No
Yes Ref - Ref -
10.6 (2.4 to 18.8) 0.01 3.4 (-5.6 to 12.4) 0.45
Treatment
No dexamethasone Ref - Ref -
Dexamethasone 8.4 (0.7 to 16.2) 0.03 5.6 (=2.8 to 13.9) 0.19
Receiving oxygen during sampling
No
Yes Ref -
3.7 (-6.1 to 13.4) 0.45
Chest x-ray findings
No Ref - Ref -
Yes 10.5 (2.3 to 19.1) 0.02 6.9 (—1.2 to 15.1) 0.10
FMS genome copy numbers
Negative
Low Ref - Ref -
Medium 4.7 (—4.0 to 11,3) 0.28 5.0 (4.3 to 14.4) 0.29
High 18.9 (9.0 to 28.8) <0.001 15.7 (3.7 to 27.7) 0.01
27.6 (7.3 to 47.8) <0.001 20.8 (—0.7 to 42.4) 0.06
NPS genome copy numbers
Negative
Low Ref - Ref -
Medium 10.8 (0.6 to 20.9) 0.04 3.1 (-6.3 to 12.5) 0.67
High 0.5 (—9.6 to 10.7) 0.92 —4.7 (—14.3 to 4.9) 0.33
13.4 (2.1 to 24.7) 0.02 —2.2 (-14.7 to 10.3) 0.72
ISARIC deterioration score
Ethnicity
White Ref -
Asian —7.0 (—18.5 to 4.5) 0.23
Black —4.2 (-27.9 to 19.5) 0.72
Smoker
No Ref -
Yes —1.7 (-10.1 to 6.7) 0.69
Number of comorbidities
<2
>2 Ref -
28.9 (22.0 to 35.8) 0.27
Treatment
No dexamethasone Ref - Ref -
Dexamethasone 18.0 (9,0 to 27.1) <0.001 16.5 (7.6 to 25.4) <0.001
FMS genome copy numbers
Negative
Low Ref - Ref -
Medium —8.3(-19.4 to 2.7) 0.14 —7.7 (=17.7 to 2.4) 0.20
High 17.9 (5.3 to 30.4) 0.006 10.0 (—2.2 to 22.2) 0.52
32.2 (6.5 to 58.0) 0.02 37.6 (14.0 to 61.3) 0.002
NPS genome copy numbers
Negative
Low Ref -
Medium 8.9 (—4.5 to 22.4) 0.20
High -1.2 (-14.7 to 12.2) 0.86
5.7 (-9.3 to 20.7) 0.45

captured on FMS to replication-competent virus is uncertain and
will be a key area for further research.

In conclusion, we present a novel, clinically compatible tool for
the detection and quantification of exhaled SARS-CoV-2 in hospi-
talised patients with COVID-19. We detected potentially significant
relationships between exhaled viral load, clinical presentation and
outcome. Our findings provide a strong incentive to investigate this
approach further, to understand the pattern and quantity of ex-
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haled virus both in hospitalised and community cases, and to ex-
plore the potential of FMS to identify those who are most infec-
tious.
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