
Journal of the Pediatric Infectious Diseases Society

EDITORIAL COMMENTARY • jpids 2020:9 (september) • 413

E D I T O R I A L  C O M M E N T A R Y

 

Received 17 June 2020; editorial decision 22 June 2020; 
accepted 7 July 2020; Published online  July 24, 2020.

Correspondence: Donald K. Milton, MD, Dr PH, Institute for 
Applied Environmental Health, University of Maryland School 
of Public Health, 4200 Valley Drive, College Park, MD 20782. 
E-mail: dmilton@umd.edu.

Journal of the Pediatric Infectious Diseases 
Society  2020;9(4):413–5
© The Author(s) 2020. Published by Oxford University Press 
on behalf of The Journal of the Pediatric Infectious Diseases 
Society. All rights reserved. For permissions, please e-mail: 
journals.permissions@oup.com.
DOI: 10.1093/jpids/piaa079

A Rosetta Stone for Understanding Infectious Drops and 
Aerosols
Donald K. Milton

Institute for Applied Environmental Health, University of Maryland School of Public Health, College Park, Maryland, USA

Key words.  aerosol; airborne infection; exposure science; respiratory droplet.

The coronavirus disease 2019 (COVID-
19) pandemic confronts the medical 
and public health professions with the 
difficult task of controlling the first and 
maybe the second waves of infection 
with limited antiviral medications and 
without vaccines. So, we must rely on 
nonpharmaceutical interventions as a 
mainstay of prevention. In this issue 
of The Journal of Pediatric Infectious 
Diseases, Cherry addresses the need for 
eye protection as one of these interven-
tions. Fortunately, advances in infectious 
disease, exposure and aerosol sciences, 
aerobiology, and industrial hygiene put 
us in a far better position to understand 
modes of transmission and to design and 
implement effective controls than was 
possible in the past. Unfortunately, sci-
entists in these several fields too often 
don’t speak the same language. In par-
ticular, the vocabulary used in exposure 
science and industrial hygiene to de-
scribe aerosols and their respiratory tract 
deposition does not correspond well to 
the way the terms “respiratory droplets” 
and “aerosols” are frequently used by the 
medical infectious disease community. 
The resulting communication difficulty 

hampers effective and timely collabora-
tive efforts—at a time when we urgently 
need to bring together the best science 
from many disciplines. My purpose is 
to help translate so that we can come to 
a better and ultimately transdisciplinary 
understanding of the modes of respira-
tory infection transmission.

By definition, an aerosol is a suspen-
sion of particles in a gas. The particles 
can be solid, liquid, or a combination. 
By suspended, we usually mean that the 
particles have a residence time in air for 
more than a few seconds and are carried 
along with air currents. Meteorologists 
distinguish droplets and cloud par-
ticles (<200  µm) that remain suspended 
in air or evaporate before reaching the 
ground from drops (liquid precipitation 
with diameters >200 µm) and raindrops 
(>500  µm) [1]. Fog droplets can be as 
large as 20  µm or more, although most 
are ≤10 µm [2].

The settling velocities of particles in 
the range of 10 µm in still air suggest that 
they are suspended in the air for 5 min-
utes after being released from a cough at 
1 meter above the floor [3]. But indoor 
air is not still. The upward velocity of air 
in the thermal plume from a human body 
is greater than the settling velocity of a 
50-µm droplet [4]. Indoor air velocities 
are generally sufficient to keep particles 
of at least 10 µm suspended and wafted 
along with air currents, and particles of 
up to 20–30 µm can travel far from their 
site of release. Because particles much 
larger than 5  µm (whether liquid drop-
lets or the dried residual material of a 
respiratory droplet) can be suspended in 

air and wafted on air currents, such par-
ticles are true aerosols. So, the common 
medical use of the term “aerosols” to 
mean only particles ≤5 µm is out of sync 
with what we know from modern aerosol 
physics.

In the context of a reported COVID-
19 restaurant outbreak in Guangzhou [5], 
the apparently high air velocity due to 
ceiling-mounted air conditioning units 
likely maintained droplets and their re-
sidual solid particles with diameters 
well in excess of 10 µm suspended in the 
breathing zone of the diners. But what 
is the significance of aerosols composed 
of such relatively large particles floating 
through the breathing zone of unsus-
pecting restaurant patrons?

Exposure scientists and industrial hy-
gienists classify aerosols based on where 
they deposit in the respiratory tract as 
respirable aerosols or particulate matter 
<2.5  μm (PM2.5); thoracic aerosols or 
particulate matter <10  μm (PM10); and 
inhalable aerosols or total suspended par-
ticulates (TSP) [6]. Respirable aerosols are 
defined as those particles small enough to 
reach the respiratory bronchioles and al-
veoli and include particles ≤5 µm. In the 
context of ambient air pollution meas-
urement, PM2.5 is the standard metric. 
Thoracic aerosols are those larger par-
ticles (up to 10–15 µm) able to penetrate 
into the trachea and large intrathoracic 
airways. For ambient air pollution, the 
standard metric is PM10. Inhalable aero-
sols are the largest particles, up to about 
100–200  µm, that can be aspirated into 
the nose. For ambient air pollution, the 
roughly corresponding metric is TSP.
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Which aerosol fraction—respirable, 
thoracic, or inhalable—is important 
from a health perspective depends on the 
agent and its target tissue. In the case of 
Mycobacterium tuberculosis, because the 
target resides in the alveoli, only the res-
pirable fraction is relevant [7]. For a virus 
that uses a receptor present on the surface 
of cells throughout the length of the res-
piratory tract [8], all of these aerosol frac-
tions are likely to be important (Figure 1).  
In addition, because the conjunctiva are 
susceptible to severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) 
infection, a spray of ballistic drops hitting 
the eyes or the anterior nares also poses 
a risk, in addition to the well-accepted 
risk of self-inoculation of these sites 
with fingers contaminated after touching 
surfaces.

When considering recommendations 
for protection of healthcare workers 
who must get close to their patients in 
potentially highly contaminated envir-
onments, eye as well as respiratory pro-
tection is important. For the general 
population, physical distance will limit 
exposure to splash and spray and con-
taminated surfaces, but will be less effec-
tive at blocking aerosols of even 20- to 
30-µm particles that can travel consid-
erable distances. Face masks that block 
shedding of inhalable and thoracic aero-
sols and reduce shedding of respirable 
aerosols [9] can be expected to make an 
important contribution as source con-
trol. There is evidence that physical dis-
tance, face masks, and eye protection 
all contribute to reducing the spread of 
betacoronavirus infections [10].

As evidence accumulates for SARS-
CoV-2 transmission via aerosols, engi-
neering controls—especially ventilation 
and air disinfection—will be an important 
component of the path ahead [11, 12]. As 
a result, bridging the language barrier be-
tween the medical and the exposure sci-
ence and engineering communities is an 
important task. The medical terms, estab-
lished more than a century ago [13], that 
artificially dichotomize droplet and aer-
osol transmission served the profession 
well in banishing the idea of miasmas. 
Now, it is time to move on to more precise 
and nuanced terminology to facilitate the 
communication and transdisciplinary col-
laboration necessary to limit the damage 
from COVID-19 and get everyone safely 
back to school and work, together, again.

Figure 1. Short-range transmission potential of ballistic drops and droplet aerosols in the inhalable, thoracic, and respiratory aerosol size ranges and the 
impact of face masks as source control.
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