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ABSTRACT

The most important characteristics of coronavirus disease 2019 (COVID-19) transmission
that makes it difficult to control are 1) asymptomatic and presymptomatic transmission, 2)
low incidence or lack of dominant systemic symptoms such as fever, 3) airborne transmission
that may need a high infectious dose, and 4) super-spread events (SSEs). Patients with
COVID-19 have high viral loads at symptom onset or even a few days prior to symptom

onset, and most patients with COVID-19 have only mild respiratory symptoms or merely
pauci-/null-symptoms. These characteristics of the virus enable it to easily spread to the
community because most patients are unaware of their potential infectivity, and symptom-
based control measures cannot prevent this type of transmission. Furthermore, severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) is also capable of airborne transmission

in conditions such as aerosol-generating procedures, under-ventilated indoor spaces, and
over-crowded areas. In this context, universal mask-wearing is important to prevent both
outward and inward transmission until an adequate degree of herd immunity is achieved
through vaccination. Lastly, the SSEs of SARS-CoV-2 transmission emphasize the importance
of reducing contacts by limiting social gatherings. The above-mentioned transmission
characteristics of SARS-CoV-2 have culminated in the failure of long-lasting quarantine
measures, and indicate that only highly effective vaccines can keep the communities safe
from this deadly, multifaceted virus.

SARS-CoV-2; COVID-19; Transmission

INTRODUCTION

In late December of 2019, the first pneumonia cases of unknown cause were reported in
Wauhan, China, and the pathogen was later identified and named as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). SARS-CoV-2 quickly spread to other countries and
the World Health Organization declared this ongoing outbreak of coronavirus disease 2019
(COVID-19) as a pandemic on March 11, 2020. As of December 31, 2020, more than 83 million
individuals worldwide have been infected with SARS-CoV-2, of whom more than 1.8 million
(2.2%) died. In this review, we summarize the most important characteristics of COVID-19
transmission: 1) asymptomatic and presymptomatic transmission, 2) low incidence or lack
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of dominant systemic symptoms such as fever, 3) airborne transmission that may need a high
infectious dose, and 4) super-spread events (SSEs).

ASYMPTOMATIC AND PRESYMPTOMATIC TRANSMISSION

In the case of severe acute respiratory syndrome (SARS), the maximal viral shedding (i.e.,
high infectivity) occurred late in the disease course (e.g., 710 days after symptom onset)

and infectivity was limited in the early course of the disease (1). As such, SARS could be
successfully controlled by early case identification and strict quarantine measures without the
need for a vaccine. The viral load of Middle East respiratory syndrome coronavirus (MERS-
CoV) in patients with Middle East respiratory syndrome (MERS) was reported to peak during
the second week of illness, thus resembling the disease course of SARS (2). Therefore, early
case identification also sufficed for MERS and a vaccine was not necessary for successful
control. In contrast, patients with COVID-19 have a high viral load at symptom onset or even
a few days prior to symptom onset in some cases (Fig. 1). As such, the spread of COVID-19
cannot be readily controlled using the quarantine measures used in SARS or MERS.

Presymptomatic transmission is a unique feature of SARS-CoV-2 that significantly hinders
the effective control of this pandemic. A previous study reported that viable virus was isolated
6 days prior to symptom onset (3), and other experts also stated that presymptomatic
transmission occurred 1-3 days before symptom onset (4,5). Our analysis of nosocomial
transmission clusters revealed that presymptomatic transmission occurred 1 to 4 days prior
to symptom onset (manuscript under consideration elsewhere). In addition, a household
transmission study from Wuhan, China revealed that the transmissibility of SARS-CoV-2
was 1.4-fold higher in the presymptomatic period than in the postsymptomatic period

(6). Timely quarantine of contacts with a known confirmed patient may prevent further
presymptomatic transmission, but every new patient with presymptomatic transmission
theoretically leads to secondary cases before symptom-based identification and isolation.
Therefore, forward tracing after disease confirmation has a limited effect on reducing
transmission, and backward tracing before disease confirmation poses significant burdens
on epidemiologic investigations. In addition, it is yet unclear as to how many patients with
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Figure 1. Viral load kinetics in the nasopharyngeal swab samples of patients with severe (group 1, n=3) and mild-
to-moderate (group 2, n=4) symptoms of COVID-19 who were admitted to Asan Medical Center between February
2020 and June 2020. SARS-CoV-2 viral loads were quantified by in-house real-time RT-PCR assay targeting the S
gene and the N gene of SARS-CoV-2.
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SARS-CoV-2 infection have presymptomatic viral shedding, how contagious they are during
the presymptomatic period, and how long prior to symptom onset are the patients able

to spread the virus. Such uncertainty inevitably results in unidentified transmitters that
generate further transmission chains.

Furthermore, one study showed that 20%-30% of patients with SARS-CoV-2 infection were
classified as persistently asymptomatic, and not presymptomatic (7). During the early phase
of this pandemic, many experts believed that asymptomatic individuals could not play a major
role in the transmission of the disease because of low infectivity. However, accumulating data
suggest that asymptomatic individuals are indeed contributing to the ongoing community
spread of COVID-19. Epidemiologic findings indicate that the secondary attack rate was
indeed lower in contacts of people with asymptomatic infection than those with symptomatic
infection (relative risk 0.35) (7). However, asymptomatic individuals with SARS-CoV-2
infection often go unnoticed; instead, they are usually discovered through contact tracing
during outbreak investigations, and are immediately isolated and have less chance to spread to
others. Accordingly, the presently available epidemiologic data may be largely underestimating
the infectivity of asymptomatic individuals with SARS-CoV-2 infection.

Instead of epidemiologic data, we can infer the infectivity of asymptomatic individuals from
the viral shedding kinetics of asymptomatic individuals compared with those of symptomatic
individuals. Previous studies have repeatedly shown that asymptomatic individuals had

a comparable viral load compared with that of symptomatic patients (8,9). Likewise, we

also found that the mean Ct values of SARS-CoV-2 genes were highly similar between
asymptomatic individuals and symptomatic patients (Fig. 2) (10). Therefore, asymptomatic
individuals with SARS-CoV-2 infection seem to have a comparable potential for spreading the
virus as much as symptomatic patients, thus supporting the possibility that asymptomatic
individuals are contributing to the ongoing community spread of COVID-19. A recent
analytic model that assessed the proportion of SARS-CoV-2 transmissions in the community
revealed that at least 50% of transmissions came from asymptomatic cases (11). However,
while asymptomatic individuals with SARS-CoV-2 infection have comparable viral shedding
and more active social interaction than symptomatic COVID-19 patients, asymptomatic
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Figure 2. Comparisons of viral loads between asymptomatic and mild symptomatic individuals with SARS-CoV-2
infection for the E gene, RdRp gene, and N gene of SARS-CoV-2 (10). The nasopharyngeal and oropharyngeal swab
samples were obtained from asymptomatic individuals and mild symptomatic individuals at a median of 13 days
from the diagnosis. SARS-CoV-2 viral loads (Ct values) were quantified by a commercial real-time RT-PCR using
the Allplex 2019-nCoV Assay kit (Seegene, Seoul, Korea).
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Table 1. Comparison of the important characteristics of SARS-CoV-2 transmission between symptomatic, presymptomatic, and asymptomatic individuals

Characteristics Symptomatic Presymptomatic (Persistent) Asymptomatic
Proportion 30%-40%? 20%-30%? 20%-30% (7,11)
Viral load by PCR Reference Comparable but peak before Comparable (8-10)
symptom onset
Viable viral shedding Up to 10 days after symptom onset  Up to 4-6 days before symptom Up to 7-10 days after diagnosis or
(4,5) onset and up to 10 days after viral replication (4,5)
symptom onset (3-5)
Transmissibility Reference Higher before symptom onset (1.4-  1/3-1/5 lower (6,7)
fold higher) (6)
Social activity (average rate of contact) Low High before symptom onset High
Difficulty for control using quarantine policy =~ Reference High High
Contribution to transmission 30%-40% (11) 35%-45% (11) 25% (11)

Square brackets indicate the reference.

infected persons exhibited a short duration of viral shedding that may result in less chance of
transmission (12). One post-outbreak study from Wuhan reported that there was no evidence
of transmission from a total of 1,174 close contacts of the asymptomatic individuals who had
positive SARS-CoV-2 PCR results (12). The important characteristics of SARS-CoV-2 infection
including viral shedding and transmissibility between symptomatic and asymptomatic
individuals are shown in Table 1. Further studies are urgently needed on a more detailed viral
shedding kinetics and transmission rate of asymptomatic individuals.

LOW INCIDENCE OR LACK OF DOMINANT SYSTEMIC
SYMPTOMS SUCH AS FEVER

Mild respiratory symptoms or pauci-/null-symptoms are common in patients with COVID-19.
Such lack or absence of symptoms unfortunately facilitate the spread of the virus to the
community because the infected individuals are not aware of their ability to transmit

the viruses, and symptom-based infection control measures cannot prevent this type of
transmission. Most patients with SARS or MERS had a fever (13,14), which enabled their
detection and subsequent isolation; in contrast, only 10% to 30% of patients with SARS-
CoV-2 infection have a fever (15,16), suggesting that fever screening, which is widely used in
hospitals and community settings, may only detect no more than one-third of patients with
SARS-CoV-2 infection. Therefore, in addition to fever screening, screening questionnaires
including other non-specific symptoms (e.g., sore throat, myalgia, anosmia) and
epidemiologic links should be used for the early detection of SARS-CoV-2 infection.

AIRBORNE TRANSMISSION THAT MAY NEED A HIGH
INFECTIOUS DOSE

SARS-CoV and MERS-CoV were both capable of airborne transmission. There have been

at least 3 examples of SARS outbreaks due to airborne transmissions including that in the
Amoy Garden in Hong Kong, in the Prince of Wales Hospital in Hong Kong, and in airplanes
(1719). Roy and Milton (20) proposed that the transmission mode of SARS-CoV would

lie somewhere between droplet transmission and airborne transmission. As for MERS-

CoV, experimental aerosolization of MERS-CoV did not decrease its stability at 20°C and
40% relative humidity (21). Bin et al. (22) showed that at the entrance to air-ventilating
equipment in the room of a patient with MERS, MERS-CoV was detected by RT-PCR but not
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by viral culture, and suggested the existence of airborne-virus particles. Our previous study
also demonstrated viable MERS-CoV from air samples and swabbed surfaces such as the
ventilator exit and the top of televisions, which were inaccessible areas that are remote from
the patients as well as those easily missed in daily cleaning, suggesting the potential airborne
and contact transmission routes of MERS-CoV (23).

Like SARS-CoV and MERS-CoV, SARS-CoV-2 was reported to have stability in the air (24). An
epidemiology study demonstrated that social distancing measures for interrupting droplet
transmission with hand hygiene for interrupting contact transmission were ultimately
unsuccessful in controlling the community spread of SARS-CoV-2, whereas mandatory mask-
wearing was effective in interrupting the transmission (25). This epidemiologic observation
indicates that airborne transmission is the dominant route even in community settings
without aerosol-generating procedures, especially those that are under-ventilated or crowded
(25). In addition, large outbreaks in under-ventilated areas (26,27) and the transmission of
SARS-CoV-2 at a distance of beyond 2 meters from index patients (28,29) are more easily
explained by airborne transmission rather than droplet or contact transmissions. Some

may argue against airborne transmission because more explosive outbreaks or high basic
reproduction numbers are expected if SARS-CoV-2 is frequently transmitted in an airborne
manner. As such, we hypothesize that SARS-CoV-2 might need a higher infectious dose for
airborne transmission than measles, although the infectious dose for SARS-CoV-2 is largely
unknown. The recent paper reviewed the common “myths” on the airborne transmission to
clarify and dispel them based on the scientific updated data (30).

Therefore, the importance of mask-wearing cannot be overemphasized because mask-
wearing likely reduces the number of infectious particles for outward transmission, and even
the wearing of less efficient masks may also reduce the inhaled number of infectious particles
in inward transmission. In this context, our previous data on the superiority of highly
efficient masks such as KF94 masks over surgical masks in reducing outward viral load (31)
suggest that wearing more efficient masks would be more helpful to reduce the community
transmission, especially in terms of outward blocking of SARS-CoV-2. However, a well-
designed experimental study showed that the outward reduction of SARS-CoV-2 load was not
significantly different depending on the type of masks (32). Therefore, further experimental
and epidemiologic studies are needed on which types of masks may be more useful in
reducing the outward and inward transmission of SARS-CoV-2.

SSEs

Previous studies on the SARS pandemic reported that about 20% of infected individuals were
responsible for 80% of transmission (33). During the MERS outbreak in South Korea, a 35-year-
old man stayed at the emergency room in a tertiary hospital for 58 h and caused 82 secondary
cases (34). Similarly, a recent study on COVID-19 reported that whereas about 70% of patients
with SARS-CoV-2 infection do not lead to secondary cases, 10% to 20% of patients induce

SSEs and account for 80% of all SARS-CoV-2 transmissions (35). The factors of COVID-19

that cause SSEs are yet unclear, but it can be assumed that the important characteristics of
transmission described above as well as some host factors might contribute to the SSEs. For
example, active social gathering of presymptomatic or asymptomatic individuals, a large degree
of aerosol production by singing or talking without masks, and airborne transmission by a

high cumulative number of aerosols enough to infect a large number of individuals in under-

https://doi.org/10.4110/in.2021.21.e9 5/8
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ventilated areas are likely to lead to SSEs, and thus emphasize the importance of reducing the
numbers of contacts by limiting the number of social gatherings.

CONCLUSIONS

The above-mentioned transmission characteristics of SARS-CoV-2 are leading to the failure of
traditional quarantine measures learned from SARS or MERS outbreaks. Early identification
and isolation with extensive contact tracing may be possible and effective only against the
countable number of SARS-CoV-2 cases entering through immigration. Conversely, the
unrealistically massive testing for more than millions of people during a period of few weeks
and subsequent isolation shown in China might be effective against limited importation
into the community (36). Otherwise, the transmission characteristics of SARS-CoV-2 that
makes it difficult to be under control would inevitably allow undetected cases to cause
further transmission. This has led many European countries and many of the states in the
USA to eventually go into lockdown to control the spread of this highly transmissible virus.
Unfortunately, lockdown is not a long-lasting quarantine measure, so only a highly effective
vaccine can bring the communities under control from this deadly multifaceted virus.
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