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Asymptomatic infection is the pandemic’s

dark matter

David N. Fisman®" and Ashleigh R. Tuite?

Physicists who study the behavior of galaxies posit the
existence of invisible dark matter, which has mass but
cannot be seen. The behavior of galaxies cannot be
explained without the existence of something we
cannot see (1). In this sense, asymptomatic infection is
the dark matter of the current severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) pandemic.
Asymptomatic infection is difficult to observe and char-
acterize, by definition, as asymptomatic individuals are
not sickened, do not present for care, and cannot be
identified without testing. Nonetheless, the frequency
with which such infection occurs is key to understanding
the epidemiology of the pandemic. In PNAS, Sah et al.
(2) provide a rigorous systematic review and metaanal-
ysis of what we know about asymptomatic infection to
date. Their review includes 390 studies—a testimonial
to the intensity with which this question has been stud-
ied. Their results are important: Notwithstanding the
virulence of SARS-CoV-2 infection, true asymptomatic
infection is common (35%), and asymptomatic infection
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varies markedly by age, being far less common in older
individuals (20%) than in children (47%), with symptom-
atic infection being more common in long-term care
than other settings.

These authors (2) also address two important
biases in the study of asymptomatic infection in their
study and note that failure to address these biases
distorts estimates of asymptomaticity. The first bias
is an ascertainment effect associated with studies in-
cluding symptomatic index cases in their estimates.
The second bias is introduced when studies capture
populations of infected individuals at a single time
point, which means that presymptomatic individuals
(symptomatic cases whose latent period has ended
but who have not yet entered the symptomatic stage)
are misclassified as asymptomatic. In their review, the
authors find that failure to adjust for these biases re-
sults in a predictable underestimation of the frequency
of asymptomatic infection in the former case, and
overestimation of asymptomaticity in the latter.
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Fig. 1. Biases encountered in the study of asymptomatic SARS-CoV-2 infection. Blue circles represent truly
asymptomatic infections, while diagonally shaded circles represent presymptomatic infections. Red circles represent
symptomatic infections. The nature and direction of biases in estimation of the percentage of infections that are truly
asymptomatic, as represented in this figure, is described in the text.
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These biases, and their effects, are described in Fig. 1. The
circles at the left-hand side of the figure make up a hypothetical
population of infected individuals, with a true prevalence of
asymptomatic infection (blue circles) of around 33%. If this pop-
ulation attracts notice as a result of an outbreak with notable ill-
ness, we may be more likely to sample symptomatic index cases,
creating sample A. By contrast, if we are able to sample the pop-
ulation systematically, and obtain a representative sample of in-
fectives, we will create sample B. If we ascertain the prevalence of
symptoms at a single point in time, we will misclassify presymp-
tomatic individuals (diagonally shaded circles) as asymptomatic.
This will lead to overestimation of the prevalence of asymptomatic
infection. In the diagram, 4/9 (44%) of the sample are "asymptom-
atic” at the first time point in sample A, while 6/9 (67%) are "asymp-
tomatic” in sample B; both samples provide an overestimate of the
true probability of asymptomatic infection. If we allow time to pass
so that presymptomatic individuals become symptomatic, the
probability of asymptomatic infection in sample A drops to 1/9
(11%), a marked underestimate. However, in sample B, the proba-
bility declines to 3/9 (33%), which reflects the true underlying prob-
ability of asymptomatic infection in the source population.

Notwithstanding the virulence of SARS-CoV-2
infection, true asymptomatic infection is
common (35%), and asymptomatic infection
varies markedly by age, being far less common
in older individuals (20%) than in children (47%),
with symptomatic infection being more
common in long-term care than other settings.

Why is asymptomatic infection so important? There are several
reasons why we want to characterize this epidemiological attrib-
ute accurately.

1) It has long been known that infectivity in individuals without
symptoms makes communicable disease epidemics more difficult
to control (3). Respiratory viral loads in asymptomatic individuals
do not differ from viral loads in symptomatic infections (4), but
asymptomatic individuals cannot by identified by symptom
screens, and are less likely to modify their behavior (e.g., stay
home, stay away from others) due to concem that they are sick.

2) Failure to identify asymptomatic infections creates a distorted
view of disease epidemiology; epidemic size is underesti-
mated, and epidemic virulence is overestimated. Population
groups that contribute disproportionately to epidemic spread
but are asymptomatic (for example, younger individuals) may
receive less focused attention than groups that suffer adverse
outcomes (e.g., long-term care populations), ultimately result-
ing in a larger, more severe epidemic (5).

3) Infectivity of asymptomatic individuals provides strong evidence
for dominant aerosol transmission of SARS-CoV-2 infection (6).
Large “ballistic” respiratory droplets travel short distances and
are produced by respiratory activities like coughing and sneezing
which are (by definition) absent in asymptomatic individuals (7).
By contrast, aerosol production is a normal outcome of quiet
breathing, and aerosol volume is markedly increased by activities
like shouting and singing, which may explain the prominence of
musical events as settings for superspreading events (8).

4) The paradoxical nature of asymptomatic infection in a virulent
disease with high infection fatality (9) is conceptually challeng-
ing, and may help contribute to misinformation and disinfor-
mation that have been a serious challenge in managing the
pandemic (10).

Asymptomatic infection has been a signature of this pandemic
from its earliest weeks. The outbreak on the Diamond Princess
cruise ship, docked in Japan in February 2020, provided a (liter-
ally) captive, highly tested population in which the true prevalence
of asymptomatic infection could be assessed. Mizumoto et al. (11)
recognized the challenge of distinguishing presymptomatic infec-
tion from asymptomatic infection at that time, and estimated the
true fraction of asymptomatic infection to be 18% in this older
population, strikingly close to the estimate for older individuals
presented by Sah et al. (2). Similarly, it is unsurprising that, when
SARS-CoV-2 epidemics first emerged in Europe and North Amer-
ica, the sentinel for community spread was often the occurrence of
high-mortality outbreaks in long-term care settings (12). The mark-
edly increased virulence in long-term care populations (13), and
lower likelihood of asymptomatic infection as noted by Sah et al.,
made long-term care outbreaks obvious sentinels for otherwise
invisible community transmission. However, infected care workers
with mild or asymptomatic infections are likely to have provided
the mode of entry for the virus in many of these facilities (13),
highlighting the importance of testing, particularly when care
workers are unvaccinated.

The very high likelihood of asymptomatic infection in children
poses a key challenge as Northern Hemisphere countries move
toward autumn, and school reopening, in the context of emer-
gence of variants of concern that are more virulent and transmis-
sible. School closures have been associated with declines in
epidemic growth throughout the pandemic (14), but, in the ab-
sence of systematic testing, the frequency of school outbreaks
and the role of within-school transmission as a driver of commu-
nity outbreaks have been challenging to quantify. Systematic test-
ing in lIsraeli schools placed the frequency of asymptomatic
infection in children at 51 to 70% (15), again, consistent with the
findings of Sah et al. (2). These data suggest that safe school
reopening requires consistent use of preventive measures, includ-
ing masking, improved ventilation, and limitation of cohort sizes
and high-risk activities such as indoor choir practices, even if
outbreaks are not obviously occurring among children. Ideally,
testing technologies that are acceptable for use in pediatric
populations (such as saliva testing) would be helpful in maintain-
ing situational awareness regarding the presence or absence of
SARS-CoV-2 in school populations.

More broadly, the data presented by Sah et al. (2) reinforce the
importance of widespread testing for maintenance of situational
awareness and surveillance. Simply put, it is hard to fight an en-
emy you can't see. Proof of concept on the impact of widespread
use of testing has been seen at the level of nations, such as the
remarkable impact of a testing blitz in Slovakia in late 2020 (16),
and within organizations. Deep-pocketed professional sports
teams have used frequent testing to keep players and coaching
staff safe, and to maintain their playing schedules (17, 18). Given
the economic damage inflicted by the pandemic to date (19),
better epidemic control through widespread use of testing isn't
simply good public health practice, it likely makes economic
sense as well.
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