
 

MedSupplyDriveUK 
info@medsupplydrive.org.uk 
www.medsupplydrive.org.uk 
Disclaimer: The content of this article is aimed at providing information gathered from published scientific papers and has not be peered-reviewed. This 
should not be considered in any way to be recommendations over what is currently advised by the UK government. Neither MedSupplyDrive UK nor the 
author has any conflict of interest in relation to the content nor are they liable for the use of this information by another party. 
 
 

RESEARCH AND DEVELOPMENT 
MEDSUPPLYDRIVEUK 

Background 
Transmission of the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) occurs 
most frequently by direct contact, droplet, or 
airborne spread.1 Fomite, faecal-oral, 
bloodborne, mother-to child, and animal-to-
human transmission are less frequent modes by 
which the virus can pass from person to person. 
Speaking and chewing generate both aerosols 
and droplets which have both been implicated 
in the person to person transmission of viruses. 
Droplets are large fluid particles that can be 
transmitted when a person comes into close 
contact (within 1m) with an infected individual. 
These droplets can harbour infectious virus 
particles which can linger in the air briefly 
before dropping to the ground. Indirect 
transmission can also occur when a susceptible 
host comes into contact with a contaminated 
object or surface (fomite transmission). It is 
worth mentioning that early research in China 
indicated that asymptomatic transmission is a 
very real possibility, which makes mask wearing 
and social distancing even more pertinent.2,3 
 
Breathing and speaking can also produce 
smaller, more numerous particles, known as 
aerosol particles (sometimes referred to as 
droplet nuclei). The diameter of these aerosol 
particles is in the micron range (but significantly 
smaller than droplets). They are too small to 
settle due of the effects of gravity, however 

they are commonly carried by air currents and 
dispersed by diffusion and air turbulence. 
Owing to their small size, aerosolised particles 
can penetrate to the depths of the lungs where 
they may deposit in the alveoli. In contrast, 
larger droplet particles deposit in the upper 
respiratory tract, where they are usually 
removed via nasal secretions or ingested.4 

The relationship between particle sizes 
and mask types 
In a scientific brief  published on 9th July 2020, 
the WHO categorised droplets as >5-10μm in 
diameter and aerosols as ≤5μm.5 When a 
person coughs, the wind speed in an open 
environment significantly influences the 
distance that virus-laden droplets can travel. In 
the absence of wind speed, droplets will fall to 
the ground at a distance of between 1 and 2m 
from the person exhaling or coughing. At 
greater wind speeds, droplets have the ability 
to travel up to 6m with a decrease in the 
concentration and size of the droplet particle.6,7 
Aerosol particles can even remain suspended in 
air for 2 hours or more.8 
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Fig. 1 - Scheme showing the range of infectious particles 
generated from a cough (droplets and aerosols from SARS-CoV-2) 
Source: D. Vadher 
 
The US National Institute for Occupational 
Safety and Health (NIOSH) classifies particulate 
filtering facepiece respirators (FFRs) into nine 
categories (depending on relative resistant to 
an oil droplet environment and minimum 
filtration efficiency %): N95, N99, N100, P95, 
P99, P100, R95, R99 and R100. The European 
Standard (EN 149:2001) classifies FFRs into 
three categories: FFP1, FFP2 and FFP3 with 
minimum filtration efficiencies of 80%, 94% and 
99% respectively. Britain’s national regulator 
for workplace health and safety, Health and 
Safety Executive (HSE) have recommended the 
use of N95 or higher respirators and FFP3 
respirators against airborne infectious diseases 
in healthcare settings. In the absence of these 
recommended respirators, surgical masks (SMs) 
can be used an alternative.9 Class FFP1 masks 
retain around 80% of particles smaller than 
2μm, FFP2 ones retain 94% of particles smaller 
than 0.5μm, and FFP3 ones retain 99.95% of 
particles smaller than 0.5μm. 

 
Surgical masks (SMs) have been shown to 
provide up to twice as much protection as 
homemade masks. FFP2 masks have been 
shown to provide up to 50 times as much 
protection as homemade masks and up to 25 as 
much as SMs.10,11 SMs are designed to protect 
the wearer against droplets or particles with a 
diameter of >100μm. The SARS-CoV-2 virus has 
a diameter of 60-140nm and is therefore 
approximately 100 times smaller that the pore 
diameter. Therefore, SMs cannot prevent the 
inhalation of small airborne virus particles, 
however both SMs and FFRs can protect 
wearers from droplets and sprays. 12-14 

Mechanics of aerosol distribution 
The SARS-CoV-2 can be transmitted through 
droplets and therefore individuals wearing the 
aforementioned masks can be largely protected 
from inhalation. Some droplets, when exhaled 
by infected individuals, become airborne. Such 
virus-laden aerosol particles carry a greater 
infective capacity owing to their smaller size 
and subsequent increased ability to penetrate 
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to the depths of the lungs. Studies have 
estimated that breathing and exhalation 
produce hundreds of aerosol particles and that 
in contrast, talking, sneezing, and coughing can 
produce several thousands of aerosols.15 
 
Expiration of a cough from an infected person 
can travel long distances depending on the 
airflow pattern of the space. Airflow in a 
confined space is governed by parameters such 
as temperature and humidity. Simulations have 
been constructed to model environments such 
as healthcare centres, airplanes, and cars, to 
illustrate how air conditioning systems can 
influence the pattern of airflow and thus the 
distribution of infective aerosols.16 

 
Studies have also shown that there is a greater 
degree of contamination of the air in rooms 
without a negative pressure, while performing 
aerosol generating procedures (AGPs) such as a 
bronchoscopy.17 The requirement for negative 
air pressure in operating rooms is strongly 
evidenced in the literature, with aims to reduce 
the risk of exposure to transmitted aerosols to 
uninfected individuals. Negative pressure 
aerosol covers, and constant airflow canopies 
have been tested and implemented in recent 
times with promising results.18-20 

Aerosol generating processes 
During normal expiration and speech, projected 
air exhaled is limited to a range of 0.6 to 0.8 at 
an average maximum speed of 1.3 to 3.9 m/s.21 
Despite having a degree of heterogeneity, 
droplet size has an average diameter of 16μm. A 
direct correlation between speaking volume 
and rate of particle emission has also been 
made, which highlights the need to minimise 

loud talking when in enclosed spaces and also 
outside in close proximity to others.22  
The maximum speed of a sneeze is between 4.5 
to 8 m/s at a distance of 0.6m.21,23 The 
maximum speed of a cough is between 6 and 
11.7 m/s at a distance of 0.7m.21 A healthy 
individual with the absence of a cough can 
produce ~2050 droplets with 80% settling on 
the ground >50cm from the source.24,25 In 
contrast, during a flu, 75,400 ± 97,300 
droplets/cough can be produced.26-30  
 
The COVID-19 pandemic has created a need to 
protect healthcare workers (HCWs) from 
patients undergoing AGPs which may transmit 
SARS-CoV-2. Guidelines generally consider 
intubation, pre-intubation, ventilation, 
bronchoscopy, tracheotomy, open airway 
suctioning, defibrillation, cardiopulmonary 
resuscitation (CPR) and non-invasive ventilation 
(NIV) to be AGPs.31 Standard precautions are 
advised when undertaking these procedures: 
isolation of the patient in a negative pressure 
room; procedure to be performed by the most 
skilled operator available; HCWs should always 
wear a gown, gloves and a N95-level mask in 
the patients’ room; and that such procedures 
are only undertaken when absolutely 
necessary.31-33  
 
Conflicting evidence has been submitted 
regarding whether or not cardiopulmonary 
resuscitation (CPR) is an AGP or not but the 
consensus seems to be that it is in fact an AGP 
and should therefore be handled with the 
appropriate safety precautions.34-37  
 
Despite admitting a low GRADE quality, one 
systematic review analysing AGPs from the 
2003 SARS-CoV-1 epidemic, found that the 
most consistent association between AGPs and 



 

MedSupplyDriveUK 
info@medsupplydrive.org.uk 
www.medsupplydrive.org.uk 
Disclaimer: The content of this article is aimed at providing information gathered from published scientific papers and has not be peered-reviewed. This 
should not be considered in any way to be recommendations over what is currently advised by the UK government. Neither MedSupplyDrive UK nor the 
author has any conflict of interest in relation to the content nor are they liable for the use of this information by another party. 
 

RESEARCH AND DEVELOPMENT 
MEDSUPPLYDRIVEUK 

an increased risk of transmission to HCWs came 
from endotracheal intubation.38 From the 
available evidence, endotracheal intubation 
either by itself, or in combination with another 
procedure (CPR or bronchoscopy) has been 
associated with being an AGP.39-41  
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