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Introduction

For those working in tuberculosis control, the reports and
accompanying visuals from Bergamo, Italy, in early 2020
were not only horrifying, they were incredible. Why were
those who work in tuberculosis control astonished by these
images? They showed gowned, gloved healthcare workers
wearing transparent face shields and insufficiently or ill-
fitting surgical masks caring for their patients. These health
professionals protected themselves against transmission
via droplets and fomites, but were insufficiently protected
with respirators against airborne SARS-CoV-2 transmis-
sion [1].

In Science, Wang and colleagues recently summarised ex-
isting evidence and “critical knowledge gaps” about the
airborne transmission of respiratory viruses [2]; however,
much has been known for quite some time in the case of tu-
berculosis. As evidence supporting the primordial quanti-
tative role of aerosols in the transmission of SARS-CoV-2
continues to mount, fomites and their comparatively negli-
gible role in transmitting the virus augments current under-
standings about SARS-CoV-2. Yet these findings resurrect
long-held understandings about Mycobacterium tuberculo-
sis transmission.

In this Viewpoint, we complement the comprehensive re-
view of Wang et al. [2] by reviving three critical, historical
contributions from the 1930s and 1960s about the airborne
transmission of M. tuberculosis: characteristics of droplet
nuclei; the production of droplets; and the deposition of in-
haled particles in the respiratory tract. We suggest these are
relevant to the ongoing discourse about the airborne trans-
mission of SARS-CoV-2.

Characteristics of droplet nuclei

In 1882, Robert Koch suspected that M. tuberculosis was
transmitted through an infectious patient’s sputum [3]. In
1899, Carl Fliigge identified droplets expelled from the
respiratory tract as the source of M. tuberculosis transmis-
sion [4, 5]. However, the experimental demonstration and

the physics behind generating droplet nuclei from droplets
expelled from the respiratory tract had to await research
from William F. Wells in 1934 [6]. What is now often
called the “Wells curve” (fig. 1) summarises the behaviour
of droplets of varying sizes from >0 to 200 pum that are ex-
pelled from the respiratory tract in non-saturated air while
falling.

Depending on their size and the water saturation level
of the air, droplets evaporate during falling. The smallest
droplets never reach the ground. If a droplet contained a
microorganism such as M. tuberculosis (a rod with an ap-
proximate length of 3—5 pm and diameter of 0.3-0.5 pm),
the remaining droplet nucleus consists of just that organ-
ism or a clump of them. Notably, there is nothing in the
report of Wells about the size defined as “droplet nucle-
us.” In this specific example (given the chosen water sat-
uration and the height of fall), evaporation toward droplet

Figure 1: Falling and evaporation times of droplets of varying di-
ameters. On the left side the red lines indicate that the time for a
droplet (nucleus) to cease to exist as a result of evaporation is
identical to the falling time. This time is shorter than the falling time
to the ground without evaporation. On the right side the blue lines
indicate that the falling time is shorter for a larger droplet (nucle-
us), reaching the ground without evaporation and earlier than a
smaller droplet (nucleus). 1 pm [micrometer] = 0.001 mm Adapted
reproduction from Wells [6] with permission of the publisher (Ox-
ford University Press on behalf of Johns Hopkins University).
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Figure 2: Comparative quantity of droplets produced by three respiratory manoeuvres (left) and cumulative proportional distribution of the
sizes of expelled droplets by type of respiratory manoeuvre (right). Figure constructed from Loudon’s data [8], used with the permission of the
publisher. The authors, editors, and The American Thoracic Society are not responsible for errors or omissions in adaptations. 1 ym [microme-

100 -

80 1

60 -

40 -

Cumulative percentage

20 A

04 o Talking

1 3 5710 100 1000

Droplet diameter (micrometers) [log scale]

nuclei ranges from >0 to 130 pm in size. (Wells also gives
examples for varying air saturation.) The “life” (evapora-
tion time) of droplets in unsaturated air is proportional to
the square of their diameter, so rain drops can fall all the
way from the sky, yet the smallest ones evaporate instantly
[6]. Thus, Wells defined what today we call the generation
of an aerosol, and he was not fixed on any specific con-
stituent size of the individual droplet nuclei. Remarkably,
Wang and collaborators suggest that sizes of up to 100 um

should be the formative quanta of an aerosol [2].

The production of droplets

In the 1960s, Robert G. Loudon studied respiratory ma-
noeuvres, the force they produce, and the quantity and
quality of droplets expelled by these manoeuvres [7, 8]. In
ascending order of force, human respiratory manoeuvres
are breathing, talking, singing, coughing and sneezing. A
larger force produces (1) larger quantities of droplets, and
(2) among those droplets, a larger proportion of a smaller

size (fig. 2) [8].

The deposition of inhaled particles in the respi-

ratory tract

Often omitted from discussions about droplet nuclei size
(and from where the often-mentioned size of 5 um may
originate) are elements that are historically rooted in M. fu-
berculosis and its port of entry. M. tuberculosis is ill-suited
to implant itself in the upper respiratory tract (i.e., mouth,
larynx and pharynx), nor in the trachea, or the bronchial
tree. In the 1960s Theodore F. Hatch (fig. 3) summarised
the then current knowledge showing that large particles
can settle successfully in the upper respiratory tract, but
only particles of sizes less than 10 um have a reasonable
probability to reach the deeper spaces of the lung [9].

Simply, M. tuberculosis must enter an alveolus, adhere to
the cell wall and wait like a Trojan horse to be picked up by
an alveolar macrophage. Then it must be transported into
the lung parenchyma to initiate its intracellular replication.
To be inhalable into an alveolus, there is an upper anatom-

ical size restriction.

If M. tuberculosis droplet nuclei were not sized within
3-5 um, they would not have been that successful as an ob-
ligate airborne pathogen that relies on access to the host’s

alveolar cell wall. If another pathogen (either smaller or
larger) can implant itself in the upper respiratory tract,
there is no reason why transmission could not also be air-
borne to be successful, as so convincingly shown by Wang
et al. for viruses [2].

SARS-CoV-2 can be isolated in abundance already in the
pre-clinical stage [10]. Although viral presence is a prereq-
uisite, it is not necessarily the sole sufficient condition for
successful SARS-CoV-2 transmission, as the dependence
on the viral load for successful transmission demonstrates
[11]. The physics of M. tuberculosis droplet production
tell us that coughing produces more droplets than breath-
ing or talking (i.e., the most common forces that asymp-
tomatic people mount). Thus, asymptomatically infected
people likely produce fewer droplets laden with SARS-
CoV-2 than symptomatic patients who cough.

As we increasingly learn to better understand transmission
of SARS-CoV-2, we may very well take notice of the crit-
ical groundwork already laid by our forefathers in the field
of tuberculosis. A comprehensive discussion of the history
and current discourse about airborne transmission has been
provided by Randall and colleagues [12].
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Figure 3: Total and regional deposition of inhaled particles, in rela-
tion to the aerodynamic particle size. Reproduced from Hatch [9]
with permission from the American Society of Microbiology. 1 mi-
cron =1 ym [micrometer] = 0.001 mm
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