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Repeat Measurement Data 

A subgroup of the healthy subjects (n=6) were invited to repeat the baseline measurements 

one month later. The comparison between aerosol concentrations sampled during the 

original measurement and later measurement are shown in Figure S4 and S5, showing the 

correlation between the two measurements (r = 0.71 on logged data).  

 

 

Figure S4: The aerosol number concentration sampled by an APS during baseline measurements for 

six subjects compared to that for a repeat measurement at a later date. For breathing and speaking 

activities, the mean concentration per sample (equivalent to 1 s acquisition) is reported; for coughing 

the peak concentration sampled during any sample (1 s acquisition) is reported. Data are classified by 

colour according to the subject (displayed in legend). 
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Figure S5: The aerosol number concentration sampled by an APS during baseline measurements for 

six subjects compared to that for a repeat measurement at a later date. For breathing and speaking 

activities, the mean concentration per sample (equivalent to 1 s acquisition) is reported; for coughing 

the peak concentration observed during any sample (1 s acquisition) is reported. Data is classified by 

colour according to the type of respiratory emission (displayed in legend). 
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Figure S6: A Bland-Altman plot of differences for Breathing (A), Speaking (B), and Coughing (C), from 

the APS. The dashed lines represent the difference and the 95% confidence interval point estimates, 

with the shading representing the confidence interval for each point estimate. 

 

 

OPS Measurement Data 

Aerosol concentrations were recorded simultaneously with an OPS and APS. The box and 

whisker plots for the OPS measurements (equivalent to Figure 1) are shown in Figure S7. 
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Figure S7: The aerosol number concentration sampled by an OPS during breathing, speaking, and 

coughing while under each activity recorded from the OPS, including a) the mean concentration 

sampled during breathing and speaking and b) the peak concentration sampled during coughs. 

 

Size Distributions of Sampled Aerosol 

The mean size distributions sampled by the APS from all subjects during different 

measurements are shown in Figure S8. The respiratory aerosol particles form a lognormal size 

distribution, with the majority of particles generated in the sub-micrometre diameter range 

for coughing, breathing and speaking. The aerosol particles sampled when a subject spoke or 

coughed while wearing a fluid-resistant surgical facemask had a reduced number 

concentration compared to when wearing no mask (0.113 vs 0.038, p = 0.002 and 1.40 vs 

0.075, p < 0.001). This is particularly evident when looking at the size distributions in the 

diameter range 0.5 - 1.5 µm (Fig. S8). The particles generated by a cough during CPAP, 

sampled at the area of greatest leak (orange squares) appear to show a similar size 

distribution to a regular baseline cough (red squares), but are reduced in number 

concentration. 

The mean size distribution of particles generated by coughs from patients infected with 

COVID-19 is also compared with that from healthy volunteers in Fig. S8. The sample size of 

the COVID-19 patients is reduced (n =7) and only shows data for which the aerosol peak could 
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be observed above the high background aerosol concentration, so the number concentration 

appears greater than that for healthy subjects. However, the size distribution of the sampled 

particles is similar, with the peak of the lognormal distributions for each activity aligning at a 

comparable aerodynamic diameter for healthy subjects vs. COVID-19 patients.  

 

 

Figure S8: The mean size distribution of baseline measurements of breathing, speaking, speaking with 

a face mask, coughing, coughing with a facemask (all n=25), coughing during CPAP, sampling at the 

area of greatest leak (n = 17), and coughing by PCR-positive patients with COVID-19 (n=7). 

 

Aerosol Concentrations Generated by HFNO 

Considering the high aerosol level for all baseline activities conducted with 60 L min-1 HFNO 

compared to CPAP or no oxygen delivery system (Figure 1), the aerosol source from HFNO, 

both with and without a subject present, was investigated. One subject generated a mean 

aerosol concentration (sampled by an APS) during baseline speaking of 0.162 cm-3, which 

increased to 1.7 cm-3 when speaking during HFNO (Figure S9). Given that the mean 

concentration sampled when the HFNO cannula with 60 L min-1 humidified air (no subject 

present) was held 10 cm from the sampling funnel apex was 1.312 cm-3 (Fig. S9), it appears 

that the additional particles sampled during the subject’s measurement of speaking during 
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Figure S10: Experimental set up showing the insertion of the HEPA capsule filter into the tubing 

between the HFNO cannula and the HFNO device, sampled by the APS and OPS via the funnel. Please 

note, this does not describe the experimental set up used for recruitment of the healthy volunteers, 

where the volunteer would be further from the cone, but shows the zero particle filter between the 

HFNO device and the volunteer.  
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breathing with no oxygen delivery (dark green triangles). Essentially, during HFNO breathing 

there appears to be an additive effect of the two populations of particles, both respiratory 

aerosol and aerosol generated by the HFNO device. The latter, whilst contributing to the 

nominal increase in particles sampled during HFNO breathing compared to baseline 

breathing, are not expected to carry COVID-19 transmission risk. As the HFNO device particles 

are very small in diameter (the peak of the size distribution is well below 0.5 µm and is near 

zero around 1 μm) these particles are expected to only follow the airflow streamlines through 

the nasal cavity and be immediately exhaled into the sampled funnel without impaction in 

the nasal canal or respiratory tract and thus cannot pick up any viral load during transport. 

 

For a subset of the cohort (n=6), an additional measurement of breathing during HFNO was 

performed but with a different HFNO machine (HFNO device #4). The concentration and size 

distribution of particles generated by this HFNO device alone (no subject present) is different 

to the first HFNO device, and is shown in the inset to Fig. S12a. When the six subjects 

undergoing HFNO with the second device breathed into the funnel, there is clearly an additive 

effect of the two size distributions arising from the HFNO and the breathing.  

This additive effect of sampling both the HFNO-generated particles and respiratory particles 

can be observed for speaking, with both the original HFNO device (n=25, Figure S12a) and 

with the second HFNO device (n=6, Figure S12a inset). This serves as evidence that whilst a 

greater particle concentration is sampled during HFNO compared to baseline measurement 

with no oxygen support, these additional particles arise from the HFNO device itself and do 

not carry an associated COVID-19 transmission risk. 

 

The quantity and size distribution of particles generated by the HFNO device is variable across 

different machines. Figure S12d shows the OPS size distributions of particles originating from 

four HFNO devices. OPS size distributions are preferentially shown here because the particles 

are of small diameter that would not be detected by the APS. “HFNO 1”, used in the majority 

of the HFNO subject data (n=23, principal figures in Fig.S8), generated a mean OPS particle 

concentration of 1.622 cm-3, “HFNO 4”, used in the additional HFNO cohort (n=6, in the insets 

of Fig. S12) generated a mean concentration of 3.45 cm-3. The cleaner machines “HFNO 2” 
and “HFNO 3” generated fewer particles, 0.0070 cm-3 and 0.020 cm-3, respectively, however 

these devices were not used for a cohort of subjects undergoing HFNO. 
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Figure S12: The mean size distribution of healthy subjects performing a baseline respiratory activity 

(n=25) and also during 60 L.min-1 HFNO (n=23), compared to the size distribution of particles 

generated by the HFNO device and cannula. Inset shows the mean distribution of healthy subjects 

performing the same baseline activity (n=6), but with an alternative HFNO device that generates more 

particles in a different size distribution. Respiratory activities are breathing, speaking and coughing for 

a), b) and c), respectively. d) OPS size distributions of particles originating just from the HFNO device 

for four different devices, where “HFNO 1” is that used for the majority of HFNO datasets (n=23) and 

“HFNO 4” is that used for the additional six subjects in the figure insets. HFNO devices 2 and 3 generate 
fewer particles but were not used for subject datasets. 

 

 

The size distribution of particles sampled from a cough during HFNO do not show quite the 

same additive effect as those for breathing and speaking (Figure S12c and inset). The reasons 

behind this are unclear. Given that coughs are transient and short lived, different to the 

sustained respiratory activities of breathing and speaking, there are measurement challenges 

associated with quantifying the generated concentrations and so the trends of how the size 

distribution changes for a cough during HFNO may be more complex. 
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Demographics of COVID-19 positive patients: 

 

Table S1: Demographics of COVID-19 patients. 

 

Age 

(yrs) 

Sex Weight Height BMI Ethnicity  

46 Male 
  

Not 

stated  

Black or Black 

British - African 

60 Male 
  

Not 

stated  

Not stated  

50 Male 
  

Not 

stated  

Not stated  

57 Female  
  

Not 

stated  

White- British 

55 Male 
  

Not 

stated  

Not stated  

48 Male 85kg 170cm 29.411 White- British 

53 Female  
  

Not 

stated  

Not stated  

60 Male 139kg 170cm 48.096 Not stated  
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