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As the supply of nucleic acid detection kits for coronavirus disease 2019 (COVID-19) is gradually
approaching the demand for testing those with moderate or severe symptoms, even those with mild
symptoms of the common cold in some countries, research interests in scientific communities have
started to shift to those unidentified COVID-19 infections presenting mild or even no symptoms
(i.e., asymptomatic COVID-19 infections). The observed rates of asymptomatic COVID-19
infections have varied from 17% in a family of six to 67% in a family of three (1, 2). Although
such observational studies are subject to the limited sample size and selection bias, the emerging
studies estimating the rates of unidentified COVID-19 infections may be subject to more severe
biases or even errors, if we do not have a deep understanding of unidentified COVID-19 infections
in the context of efforts of epidemic control and prevention on the ground.

For example, a recent study simulating the dynamics of coronavirus disease 2019 (COVID-19)
infection during 10–23 January 2020 revealed “a very high rate of undocumented infections: 86%”
(3). However, such an estimate should be treated with caution because several flaws in fundamental
definitions and assumptions in that study can significantly affect the accuracy and implications
of the results. A most basic flaw is that they “divided infections into two classes: (i) documented
infected individuals with symptoms severe enough to be confirmed, i.e., observed infections; and
(ii) undocumented infected individuals.” In this seemingly reasonable procedure, authors mixed
up three concepts, i.e., undocumented, unconfirmed, and unnoticed, which has fundamentally
undermined the accuracy of that study and largely accounted for why that estimate has not been
validated or even approached by any observational study so far. Such flawed definitions and
assumptions would also undermine the quality of many more, if not all, forthcoming scientific
studies in that direction and, more importantly, mislead general readers in understanding what has
happened at the beginning of the COVID-19 pandemic in other provinces than Hubei Province of
China. Therefore, they deserve some factual explanations.

First, the rate of “undocumented” infections is not an estimatable concept. It would have been
more appropriate to estimate the rate of “unnoticed” infections (i.e., asymptomatic infections)
or “unconfirmed” infections (i.e., untested infections) (4). In particular, authors have clearly
explained the first class as “observed” infections, then the second class was actually, also naturally,
“unobserved” infections, which should be more rigorously defined as “unnoticed” infections or,
at the very least, less rigorously defined as “unnoticed” or “unconfirmed” infections. In any case,
conceptually, scientifically, or literally, the second class should have been correctly defined. Failure
to do so has further led to other problematic statements and assumptions in the following.
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Second, observed infections were equal to “documented
infected individuals with symptoms severe enough to be
confirmed,” which was problematic due to lack of a clear
definition of “symptoms severe enough.” Such vagueness
also existed in another statement that “these undocumented
infections often experience mild or limited symptoms and
hence go unrecognized,” where “mild” and “limited” symptoms
were not clearly defined. A reasonable guess is that authors
did not have sufficient knowledge of COVID-19 symptoms
at the time of conducting this study, according to the
entire lack of early epidemiological studies including clinical
characteristics of COVID-19 patients in the reference list of
that article (5–7). Defining the epidemiology of COVID-19
on the basis of a large enough sample of infected cases (8)
or their spatiobehavioral characteristics (i.e., individuals’ close
contact with infectors for a certain amount of time) (9),
and thereby understanding the characteristics of COVID-19
(i.e., elucidating what the full spectrum of disease severity is,
how transmissible the virus is, who the infectors are), is a
critical step prior to any reliable scientific study examining the
transmission and impact of COVID-19. This is also why very few
(reliable) studies, if not entirely lacking, in this direction have
been conducted outside China before March 2020. Therefore,
simulating the dynamics of symptomatic and asymptomatic
COVID-19 infections without considering the definitions of
COVID-19 symptoms has invalidated that study to some extent.

Third, the statement that “these undocumented infections
often experience mild or limited symptoms and hence go
unrecognized” is not true in all provinces but Hubei, where
most, if not all, infections presenting mild symptoms in other
provinces have visited their nearby fever clinics and been
tested at the first moment possible (10–12); thus, they could
not have gone unrecognized. Only some of those experiencing
mild or limited symptoms prior to 23 January in Hubei
Province, especially in Wuhan, may not be timely tested
for COVID-19, due to insufficient capacity of conducting
COVID-19 nucleic acid testing at that time; even so, most
infections presenting any symptom have visited their local fever
clinics and been triaged for at-home isolation or in-hospital
isolation and treatment (11). Therefore, “the transmission
rate due to undocumented individuals” in that study, in the
simplest assumption, should be different for “unconfirmed” and
“unnoticed” infections rather than a constant value for both
groups of infections. This mistake could simply occur because
authors failed to differentiate “unconfirmed” from “unnoticed”
infections among “undocumented.” The transmission rate
among “unconfirmed” infections, if not zero, should be much
lower than that of “unnoticed” infections, which invalidated
authors’ another statement that “those often experiencing mild,
limited or no symptoms, depending on their contagiousness and
numbers, can expose a far greater portion of the population
to virus than would otherwise occur”. In addition, there
have been many intrapersonal and interpersonal variations
in the contagiousness over time, which could not be simply
hypothesized (13). Also, the number of infections from those
variable or unknown contagiousness depends heavily on the
physical interaction between people, which could not be

realized without the support and integration of individual-level
movement trajectory (14, 15).

Fourth, the statement that “these undocumented infections
often experience no symptoms and hence go unrecognized”
is not aligned with epidemic control and prevention efforts
on the ground, and also could not be validated until blanket
testing. Since the beginning of the COVID-19 outbreak, the
local Centers for Disease Control and Prevention (CDC) in
all Chinese provinces except Hubei have been helping infected
people experiencing any symptom recall all their potential
contacts, who have then been tested while experiencing no
symptoms (16). Only a very small number of asymptomatic
infections were detected in that way, which added little to
the infected population; for example, the infection rates of
close contacts of confirmed cases and asymptomatic infections
were 6.30% (126 out of 2,001) and 4.11% (6/146), respectively
(17). Despite the lack of an overall picture of the number
and distribution of asymptomatic infections at the early
stage of the epidemic, what had been done at that time
for identifying asymptomatic infections in China has been
considered acceptable (18).

Last but not least, none of observational studies published
so far have validated or even been close to the “undocumented
infection rate of 86%” estimated based on those flawed definitions
and assumptions. The national health commission of China
published that, as of 31 March, 2020, the total number of
asymptomatic COVID-19 infections was 1,541 including 205
imported cases (19). A recent observational study revealed that
asymptomatic infections contributed to only <5% of the total
infected population, and their contagiousness was only 1/6-
1/3 of the contagiousness of confirmed infections in Ningbo,
Zhejiang Province of China (17). Although the estimates may
vary across Chinese cities, the Chinese CDC has confirmed that
the result is in the right ballpark. After all, the observed rate
of asymptomatic COVID-19 infections was just 30.8% among
565 Japanese people evacuated from Wuhan by 6 February
2020 (20).

Given that blanket testing is currently not possible in most
if not all countries, especially during epidemics when healthcare
resources are relatively lacking, reporting unvalidated estimates
of the rate of unnoticed infections may not be the optimal way
in which both policy-makers and citizens should be informed
of the severity of epidemics (21). Unvalidated estimates without
consideration of epidemic control and prevention efforts on
the ground are against the international recognition by the
World Health Organization and public health scientists all
over the world who have closely followed the emergence of
the COVID-19 (18, 22). They could have been exploited by
media to harm the scientists, public health professionals, and
medical professionals who have “worked diligently and effectively
to rapidly identify the pathogen behind this outbreak, put
in place significant measures to reduce its impact, and share
their results transparently with the global health community”
(22). We suggest the involvement of local CDCs in epidemic
studies for more unbiased descriptions of the facts and/or more
factual assumptions. Science is important, but public health is
much more complex than science. After all, an epidemic or
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pandemic is a public health emergency event happening on
the ground, being closely observed and intervened by local
CDCs, rather than a mathematical phenomenon (23). Although
estimating the magnitude of unnoticed COVID-19 infections, if
possible, may not be a bad idea, such estimates should not be
exaggerated without solid evidence, especially when we are still
in the pandemic. All science requires factual assumptions and
validation. Studies lacking both components should be treated
with caution.
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