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Summary

From 2002 to 2019, three deadly human coronaviruses (hCoVs), severe acute

respiratory syndrome coronavirus (SARS‐CoV), Middle Eastern respiratory syn-

drome coronavirus (MERS‐CoV) and severe acute respiratory syndrome coronavi-

rus‐2 (SARS‐CoV‐2) emerged to produce outbreaks of SARS, MERS and coronavirus

disease 2019 (Covid‐19), respectively. All three hCoVs are members of the Beta-

coronavirus genus in the subfamily Orthocoronavirinae and share many similarities in

virology and epidemiology. However, the pattern and scale of Covid‐19 global

spread is similar to 2009 pandemic H1N1 influenza (H1N1pdm09), rather than

SARS or MERS. Covid‐19 exhibits high viral shedding in the upper respiratory tract

at an early stage of infection, and has a high proportion of transmission competent

individuals that are pre‐symptomatic, asymptomatic and mildly symptomatic,

characteristics seen in H1N1pdm09 but not in SARS or MERS. These two traits of

Covid‐19 and H1N1pdm09 result in reduced efficiency in identification of trans-

mission sources by symptomatic screening and play important roles in their ability

to spread unchecked to cause pandemics. To overcome these attributes of Covid‐19
in community transmission, identifying the transmission source by testing for virus

shedding and interrupting chains of transmission by social distancing and public

masking are required.
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1 | INTRODUCTION

There are seven different coronaviruses (CoVs) that can infect

humans, four of which (OC43, 229E, NL63 and HKU1) cause only

mild illness. The other three cause life‐threatening severe acute

respiratory syndrome. Severe acute respiratory syndrome (SARS),

caused by SARS‐CoV, was first identified in Guangdong province,

China in November 2002. By the end of the SARS epidemic in July

2003, a total of 8096 cases and 774 deaths were confirmed in 27

countries.1 Middle East respiratory syndrome (MERS), caused by the

MERS‐CoV, emerged in 2012 in Saudi Arabia and also affected 27

countries.2 By March 2020, 2521 laboratory‐confirmed MERS cases

Abbreviations: ACE2, angiotensin‐converting enzyme‐2; CoVs, coronaviruses; Covid‐19, coronavirus disease‐2019; GSH, golden Syrian hamster; H1N1pdm09, 2009 pandemic H1N1

influenza A; MERS, Middle Eastern respiratory syndrome; RNA, ribonucleic acid; RT‐PCR, reverse transcriptase polymerase chain reaction; SARS, severe acute respiratory syndrome

coronavirus; SARS‐CoV‐2, severe acute respiratory syndrome coronavirus‐2; URT, upper respiratory tract; WHO, World Health Organization.
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were reported globally to the World Health Organization (WHO) and

866 associated deaths were recorded with a case‐fatality rate of

34.3%.3 The most recent emerged human coronavirus (hCoV), severe

acute respiratory syndrome coronavirus‐2 (SARS‐CoV‐2), was first

identified in Wuhan city, Hubei province, China in December 2019

and has caused the ongoing global pandemic of Coronavirus Disease

2019 (Covid‐19).4 In the first 4 months outbreak by 1 April 2020,

there were 823,626 confirmed cases and 40,598 deaths in 205

countries and territories.5 By 27 July 2020, 16,114,449 of infections

and 646,641 deaths had been recorded.6

The most recent influenza pandemic, H1N1 influenza (2009

pandemic H1N1 influenza [H1N1pdm09]) was first detected in

Mexico in February 2009. The disease spread to 73 countries in

the first 4 months.7 By 31 August 2010, 18,449 laboratory‐
confirmed deaths from H1N1pdm09 were reported to WHO, a

figure widely believed to be greatly underestimated due to signif-

icant numbers of undiagnosed influenza and related deaths.8 Covid‐
19 has been showing a similar transmission speed and extent as

H1N1pdm09, rather than SARS or MERS. This review aims to

identify the most important factors that contribute to the un-

precedented spread of Covid‐19 by comparing the features and

parameters that affect the spread of these three deadly hCoVs and

H1N1pdm09.

2 | GENOMIC AND VIROLOGICAL FEATURES OF
SARS‐CoV, MERS‐CoV AND SARS‐CoV‐2

These CoVs belong to the subfamily Orthocoronavirinae in the family

Coronaviridae of the order Nidovirales. The subfamily includes four

genera: α, β, γ and δ‐CoVs. All three of SARS‐CoV, MERS‐CoV and

SARS‐CoV‐2 belong to the β‐CoV genera and are reported to origi-

nate from bats.9 The genetic similarity of SARS‐CoV‐2 to SARS‐CoV
and MERS‐CoV is 79% and 50%, respectively.10

The virus particles of CoVs are approximately 50–200 nm in

diameter, enveloped and contain positive‐sense ribonucleic acid

(RNA) genomes of 26–32 kb. Virions contain four major viral struc-

tural proteins known as the spike (S), envelope (E), membrane (M)

and nucleocapsid (N). The N protein enshrouds the RNA genome

while the S, E and M proteins together assemble in the viral enve-

lope.10,11 The S protein is a large multifunctional class I viral trans-

membrane protein that lies on the virion surface imparting a halo‐ or
crown‐like appearance when viewed by electron microscopy.12 The

viral S protein mediates attachment and fusion of the viral and

cellular plasma membranes, leading to viral entry. Therefore, S pro-

tein is a critical determinant of host range and tissue tropism.12,13

The S proteins of SARS‐CoV‐2 and SARS‐CoV are phylogenetically

and closely related with an amino acid sequence identity of 77%.

Both proteins directly bind to and use angiotensin‐converting
enzyme‐2 (ACE2) as a cell receptor and the binding affinity of SARS‐
CoV‐2 S protein with ACE2 is 10 to 20‐fold higher than that of SARS‐
CoV S protein, indicating that SARS‐CoV‐2 infects the same types of

host cells as SARS‐CoV, but with a higher efficiency.11,14–16 MERS‐

CoV and H1N1pdm09 employ dipeptidyl peptidase 4 (DPP4) and

α2,6 sialic acids as a receptor for cell entry, respectively.17–19 While

these cellular receptors distribute in the respiratory tract to serve

the original viral entry, ACE2 and DPP4 are expressed more broadly

in various tissue and organs (Table 1), indicating that the three hCoVs

can infect cells outside of the respiratory track.

3 | EPIDEMIOLOGICAL AND CLINICAL FEATURES
OF SARS, MERS, Covid‐19 AND H1N1pdm09

3.1 | Transmission routes and incubation period

Respiratory virus infections, like influenza, SARS, MERS and Covid‐
19 predominately transmit by close person‐to‐person contact via

respiratory droplets, direct contact and airborne particles.2,20,21

Aerosol transmission was reported to have an important role in the

spread of SARS‐CoV, MERS‐CoV, SARS‐CoV‐2 and influenza vi-

ruses.21 Aerosols are droplets of less than 5 µm that can remain

airborne for a prolonged period of time.22 In experimental conditions,

dynamic aerosol efficiency of SARS‐CoV‐2 surpassed those of SARS‐
CoV and MERS‐CoV, and respirable‐sized aerosols of SARS‐CoV‐2
retained infectivity and virion integrity for up to 16 h.23 Although

coughing and sneezing produce more aerosols per breathing

manoeuvre than normal breathing, normal breathing can generate

aerosols,24 implying the transmission competency of pre‐symptom-

atic, asymptomatic and mild infections. The incubation period,

defined as the number of days from virus exposure to symptom

onset, is similar among these three hCoVs, and shorter for

H1N1pdm09 (Table 1).

3.2 | Reproduction number R0

Reproduction number R0 is defined as the number of secondary

cases resulting from a single initial case and is an index of viral

infectiousness.25 The R0 value of a spreading virus is dynamic during

an outbreak and affected by numerous biological, sociobehavioral

and environmental factors.26 R0 value at early stage of an outbreak,

prior to implementation of interventions, is an indicator of viral

infectiousness, while the R0 value at later stages of outbreak is

generally more a reflection of the effectiveness of control measures.

R0 values are also greatly affected by the calculation methods27 and

the nature of transmission events, such as an outbreak in a

healthcare settings, in an aircraft and by superspreading events.28–30

The R0 values for SARS‐CoV, MERS‐CoV, SARS‐CoV‐2 and

H1N1pdm09 varied considerably between different studies, which

complicate comparisons between these viruses. In 12 studies by 7

February 2020, the R0 of SARS‐CoV‐2 ranged from 1.4 to 6.9, with

a mean of 3.28 and a median of 2.7927, and the R0 values of

SARS‐CoV, MERS‐CoV and H1N1pdm09 are in a similar range

(Table 1), implying that the infectiousness of these four viruses is

not significantly different.
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3.3 | Serial interval

Serial interval is an epidemiological term used to describe the time

between successive cases in a string of transmissions from a primary

case symptom onset to a secondary case symptom onset. If the

observed mean serial interval is shorter than the observed mean of

incubation period, this suggests that the transmission may have been

caused by infected persons before symptom onset (pre‐symptomatic

transmission). Themean of serial interval of Covid‐19 (3.95–7.5 days)4

is shorter than SARS (8–12 days) and MERS (7–12 days; Table 1).

Given the similar incubation periods of these three hCoVs, the

short serial interval of Covid‐19 indicates faster transmission of SARS‐
Cov‐2 compared to SARS‐CoV andMERS‐CoV, and suggests that pre‐
symptomatic transmission is possible.

TAB L E 1 Comparisons of virological, epidemiological and clinical features of SARS, MERS, Covid‐19 and H1N1pdm09

SARS MERS Covid‐19 H1N1pdm09

Speed and scale of

spread

Nov 2002 to Jul 2003; total

confirmed cases: 8096;

confirmed death: 774;

countries and territories

spread: 271

Oct 2012 to Mar 2020; total

confirmed cases: 2521;

confirmed death: 866;

countries and territories

spread: 27.3

Jan 2020 to 27 Jul 2020; total

confirmed cases:

16,114,449; confirmed

death: 646,641 countries

and territories spread:

214107

In first 4 months' epidemic

since Feb 2009; 73

countries and territories

spread confirmed.7 By 31

Aug 2010; 18,449

confirmed deaths reported

to WHO.8

Virus origin Bat9 Bat108 Bat10,109 Swine110

Cell receptor ACE217 DPP417 ACE211,15 α2,6‐SA18

Receptor

distribution

Respiratory tract epithelium;

arterial and venous

endothelium; arterial

smooth muscle; small

intestine, alveolar

monocytes and

macrophages111

Respiratory tract epithelium;

kidney, small intestine;

liver and prostate;

activated leucocyte111

Respiratory tract epithelium;

arterial and venous

endothelium; arterial

smooth muscle; small

intestine, alveolar

monocytes and

macrophages111,16

Respiratory tract ciliated cells,

cuboidal cells and alveolar

type II pneumocytes49

Mean of incubation

period (days)

and 95% CI

4.7 (4.3–5.1)112 5.8 (5.0–6.5)112 4.9 (4.4–5.5)112 1.4 (1–1.8)113

Reproduction

number R0

(days)

2–428 South Korea: 2–5114 Saudi

Arabia: 0.45115
1.4–6.4927 1.2–3.120

Mean serial interval

(days)

8–12116 Korean: 12.6, global: 7–1253 3.95∼7.54 0.8–3.320,42

Proportion of

asymptomatic

infection

Serological testing based:

11%–13%68,69

Virus RNA testing based:

12.5%–25.1%77

Virus RNA testing based.

Japanese citizens

evacuated from Wuhan:

33.3%.88 A prospective

study in Nanjing: 29.7%89

Virus RNA testing based

Household studies: 10%–

45%.42,80 A prospective

household study: 45%42

Proportion of mild

symptomatic

cases

4–25%68 21%117 China: 81%50 92% were outpatients118

Proportion of cases

who had fever at

admission

99%111 84%111 43.8% at the time of

symptomatic onset and

87.9% in hospitalised

patients31

94%119

Proportion of

severe cases

20–30%1 50–89%1 China: 19%50 6.5%7

Case‐fatality rate Worldwide: 9.6%, mainland

China: 6.4%, and Hong

Kong: 17%117

Worldwide (WHO): 34.5% and

South Korea: 20.4%117

By 8 Jul 2020 Worldwide:

4.0% USA: 3.5% Brazil:

3.6% China: 5.4%

Singapore: <0.1% Italy:

14.3% Germany: 4.4%6

0.2–1.3%19
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3.4 | Disease spectrum

Similar to H1N1pdm09, Covid‐19 has higher proportions of asymp-

tomatic and mild infection compared to SARS and MERS (Table 1). In

contrast to SARS, MERS and H1N1pdm09, Covid‐19 showed a very

low proportion of cases with fever at the early stage of infection,

43.8% at the time of symptom onset and 87.9% at hospital admis-

sion.31 This unique feature of Covid‐19 can result in reduced effec-

tiveness of symptomatic identification of infected individuals,

especially when relying on body temperature measurement.

Compared to SARS and MERS, the rates of severe cases and

case‐fatality of Covid‐19 are lower, but significantly higher than

H1N1pdm09. The case‐fatality rates of Covid‐19 are remarkably

divergent in different counties and regions, and the reasons for this

remarkable difference warrant further investigations (Table 1).

4 | DYNAMICS OF VIRAL SHEDDING OF SARS,
MERS, Covid‐19 AND H1N1pdm09

Viral shedding refers to release of virus into the environment from a

body where the virus replicates. Viral shedding is essential for the

spread of infection between hosts. For respiratory viruses such as

hCoVs and influenza, viral shedding from the respiratory tract, espe-

cially upper respiratory tract (URT), is one of the factors determining

viral infectiousness and transmissibility. For RNA viruses, viral shed-

ding can be determined by detection of viral genomic RNA, viral pro-

tein or isolation of infectious virus using cell culture. Reverse

transcriptase polymerase chain reaction (RT‐PCR) is the most sensi-

tive and broadly used method to detect viral RNA fromURT secretion,

which is an indicator of hCoV and influenza virus shedding.

4.1 | Viral shedding of SARS and MERS peaked in
the second week after symptom onset

While there is no available date of SARS‐CoV detection from pre‐
symptomatic SARS patients, viral shedding can be detected from

nasopharyngeal aspirates of patients at the first day of onset32 and

the positive rate peaked at 6–11 days of illness. Viral load also

peaked during 12–14 days of illness33,34 (Figure 1a).

Similar to SARS, MERS‐CoV RNA can be detected by RT‐PCR in

URT of MERS patients at the time of symptom onset and peaked

during the second week after symptom onset,35,36 and higher viral

titres were related to the severity of the illness (Figure 1b).35

4.2 | The viral shedding of Covid‐19 and
H1N1pdm09 peaked around time of symptom onset

In contrast to SARS and MERS, viral loads of SARS‐CoV‐2 in

Covid‐19 patients were detectable in the incubation period and

peaked at the time of symptom onset and subsequently declined

with time (Figure 1c).37,38 The highest positive rate of viral RNA

from the respiratory tract by RT‐PCR was detected in the first

week after symptomatic onset and then declined.37,39 The duration

of viral shedding in URT ranged 1–53.5 days and the aggregate

duration of relative studies was 14.5 days.40 The dynamics of viral

shedding are not affected by disease severity, sex and age

groups.37

H1N1pdm09 infection has a shorter incubation period and viral

shedding period compared to Covid‐19, but they share a similar viral

shedding dynamic. Viral shedding of H1N1pdm09 starts 1–3 days

before symptom onset, peaks at 1–2 days and lasts around 1 week

after symptom onset (Figure 1d).41–43

The cause of differences observed in virus shedding dynamics

among these viruses is not completely understood but may relate

to the sites of viral replication in the respiratory tract. A detailed

study of nine cases of Covid‐19 suggested that the high

viral shedding in the URT in the early stage of infection was due

to active viral replication in tissues of the URT as evidenced by

the detection of viral replicative RNA intermediates in the throat‐
swab samples, and sequence‐distinct virus populations in throat

and lung samples from the same patient.44 The active viral

replication of SARS‐CoV‐2 and influenza A virus, but not SARS‐
CoV and MERS‐CoV in the URT was also demonstrated in

animal models. The results from a golden Syrian hamster (GSH)

animal model showed that the viral titres in nasal turbinates were

higher than the titres in lung tissue in SARS‐CoV‐2 infected

GSH,45 while virus titres in lung tissue were higher than that

in nasal turbinate in SARS‐CoV infected animals.46 By using a

non‐human primate cynomolgus macaque model of virus

infection, viral shedding can be detected in nasal samples of ani-

mals infected by SARS‐CoV‐2, SARS‐CoV or MERS‐CoV‐2.47,48

However, only SARS‐CoV‐2 antigen was detected in ciliated

epithelial cells of the nasal mucosae, a feature not seen in SARS‐
CoV or MERS‐CoV infected animals, indicating a SARS‐CoV‐2
tropism for the nasal mucosa that enables efficient respiratory

transmission.47,48 As SARS‐CoV and SARS‐CoV‐2 engage the same

cellular receptor for entry, the factors that contribute this cell

tropism difference remain to be investigated. Nasal mucosa

tropism was also reported in influenza A virus ferret model in

where viral replication in URT was demonstrated to be an

important determinant for virus shedding and transmissibility.49

These observations indicate that the virus shedding temporal dy-

namic is associated with the sites of viral replication and

transmissibility.

The virus shedding of SARS and MERS peaks after 1 week of

symptom onset, when patients are hospitalised. This is consistent

with predominance of SARS and MERS outbreaks in healthcare set-

tings.1,17 Whereas, the high viral shedding of SARS‐CoV‐2 and

influenza during the early stage of infection reflects the highly in-

fectious nature of pre‐symptomatic and mildly symptomatic

patients.50
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F I GUR E 1 Schematic diagram of viral shedding dynamic in upper respiratory tract of SARS, MERS, Covid‐19 and H1N1pdm09. Y‐axis
represents relative viral loads to the peak level and X‐axis represents the days related to the time of symptom onset. Viral shedding

of SARS32–34and MERS35,36 starts from the time of symptom onset and peaked in the second week of illness and mostly became
undetectable after 3 weeks since symptom onset. Viral shedding of Covid‐1937,38 and H1N1pdm0941–43 starts from the incubation period
and peaked around the time of symptom onset. The red line indicates the viral shedding on the day of symptom onset (0) and the

dotted line indicates the cutoff level of detection. Abbreviations: Covid‐19, coronavirus disease‐2019; H1N1pdm09, 2009 pandemic H1N1
influenza A; MERS, Middle Eastern respiratory syndrome; SARS, severe acute respiratory syndrome coronavirus; URT, upper
respiratory tract
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5 | THE PRE‐SYMPTOMATIC TRANSMISSION OF
SARS, MERS, Covid‐19 AND H1N1pdm09

Pre‐symptomatic transmission refers to viral transmission by an

infected person who is in the incubation period. The investigation

of pre‐symptomatic transmission is usually by cluster studies and

prospective cohort studies of the close contacts of confirmed

cases.

5.1 | Pre‐symptomatic transmission of SARS and
MERS is rare

There has been no reported instance of SARS transmission by a

carrier before symptom onset.51 A serological investigation in Beijing

in 2004 of 363 individuals with a history of close contact with SARS

carriers who were in the incubation period showed none became

infected.52

Similar to SARS, there has been no confirmed transmission of

MERS by a pre‐symptomatic carrier. However, a study in Korea

suggested that a small number of cases might have been infected

before their infectors became symptomatic and that infectious-

ness may begin 0.4 days (95% credible interval [CI]: � 1.2 to 2.4)

before illness onset. However, other sources of infection could

not be excluded.53 The mean incubation periods of SARS and

MERS are 4.7 and 5.8 days respectively, which is much shorter

than the mean of serial interval, 8.4 and 12.6 days, sugges-

ting that transmission from pre‐symptomatic infection is unlikely

(Table 1).

5.2 | Pre‐symptomatic transmission plays roles in
Covid‐19 and H1N1pdm09 spread

Due to high levels of viral shedding in the early stage of infection

and the shorter serial intervals compared to the incubation period

(Table 1), viral transmission of Covid‐19 and H1N1pdm09 by pre‐
symptomatic patients was surmised and later supported by

evidence, especially as shown by analysis of family clusters that are

exemplified in the following.

Several cluster studies of Covid‐19 showed that transmitted

secondary cases had symptom onset before or concurrent with index

cases, indicating the occurrence of pre‐symptomatic transmission,

but the exact time of transmission was not identified. In a familial

cluster in Zhengzhou, China, a secondary case had symptom onset a

day before the index primary patient and three other secondary

cases had symptom onset on the same day as the primary patient.54

A report of a family cluster in Taiwan identified a husband becoming

symptomatic on the same day of his wife who had returned from

Wuhan 5 days previously.55 Another familial cluster in Shanghai,

China showed that an 88‐year‐old male had symptoms 5 days earlier

than the index patient.56

Analyses of other clusters pinpointed the time of transmission. A

cluster of Covid‐19 in Zhoushan, China showed two people who were

infected by contact with an infected traveller, 1 day before he had

symptoms.57 In Singapore, an index patient transmitted Covid‐19 in a

singing class 2 days before symptom onset. Covid‐19 transmission in

a church involved two index patients who transmitted to three other

people 3–4 days before symptom onset.58 A familial cluster in

Zhoushan city, China reported that four family members were

infected by SARS‐CoV‐2 from an index patient who left the home and

became symptomatic 4 days later.59 In Xuzhou, China, five members

of two households were infected by a pre‐symptomatic index patient

6 days before symptom onset.60 These cluster data suggest that

SARS‐CoV‐2 can be transmitted from an infected individual up to 6

days before symptom onset.

Pre‐symptomatic transmission of SARS‐CoV‐2 in the wider

community has been demonstrated. A study in Singapore indicated

that 6.4% of locally transmitted Covid‐19 cases by 16 March 2020

involved pre‐symptomatic patients.58 An analysis of 468 cases in

China suggested that 12% of Covid‐19 cases involved pre‐symp-

tomatic viral carriers.61 Based on the data of serial interval, a model

analysis estimated that 44% of secondary cases were infected during

the index cases' pre‐symptomatic stage.37

Regarding H1N1pdm09, a study showed virus shedding and

transmission occurred as early as 5 days before symptom onset.

Univariate analyses estimated that 69% of children up to 5 years of

age, 67% of children 6–15 years of age and 45% of adults (16 years of

age or older) showed pre‐symptomatic H1N1pdm09 viral shedding.62

Investigation of three clusters of H1N1pdm09 infection in Japan

demonstrated pre‐symptomatic transmission at least 1 day prior to

the index case developing symptoms.63 A familial cluster in Brazil

showed transmission by a pre‐symptomatic patient 1 day before

symptomatic onset.64 However, another study involving party guests

showed that none (0 out of 9) of those who had left the party before

symptom onset of an index case became infected, compared to 7 out

of 17 (41%) who stayed overnight, suggesting that pre‐symptomatic

transmission was less effective.65

In spite of similar viral shedding dynamics in the URT during the

incubation period of SARS‐CoV‐266,67 and H1N1pdm09 in-

fections,66,67 the pre‐symptomatic transmission of Covid‐19 likely

plays more important role in virus spread than that of H1N1pdm09

because of a longer incubation period.

6 | THE PROPORTION AND TRANSMISSIBILITY
OF ASYMPTOMATIC INFECTION OF SARS, MERS,
Covid‐19 AND H1N1pdm09

Asymptomatic infections refer to individuals who are infected and

carry virus, but lack noticeable symptoms throughout the infection

course. The proportions of asymptomatic infection and their roles in

SARS, MERS, Covid‐19 and H1N1pdm09 transmission vary

significantly.
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6.1 | Asymptomatic infection of SARS is rare

Serological testing of 80 health workers in Singapore who were

exposed to SARS cases prior to strict interdiction control measures

showed 45 (56%) positive cases. Of the 45 positive cases, six (13%)

were asymptomatic, two (4%) had subclinical illness and 37 (82%) had

pneumonic SARS.68 Of 146 hospital staff in Vietnam who came into

contact with SARS patients during the outbreak in 2003, 43 (29.5%)

developed SARS, while 16 (11%) were asymptomatic but SARS‐CoV
seropositive.69

Community‐based testing of 1068 asymptomatic close contacts

of SARS patients during the 2003 Hong Kong epidemic detected only

two (0.19%) individuals with a low titre of anti‐SARS‐CoV IgG anti-

body.70 Another community‐based study conducted in Hong Kong 10

months after SARS struck detected 53 (0.44%) of 12,000 people that

were IgG antibody positive to the SARS‐CoV nucleocapsid (N) pro-

tein. Only seven of these 53 positive sera also reacted with the native

N antigen and six of these seven individuals had SARS previously.71

Thus, only one individual was likely to have had asymptomatic SARS

infection. In children, 2 (0.57%) of 353 asymptomatic children from a

high‐risk area in China tested positive for SARS‐CoV antibody

compared to 0 of 361 from a low‐risk region.72 Asymptomatic

infection was also not detected in SARS case contactors in France73

and Taiwan.74

These studies indicate that asymptomatic infection of SARS is

uncommon and the role in SARS transmission by asymptomatic

infection is negligible.

6.2 | Transmission of MERS‐CoV via asymptomatic
infection is unconfirmed

In Saudi Arabia, the seroprevalence of MERS‐CoV specific antibody

was significantly higher in persons who had occupational exposure to

camels compared to the general population (camel shepherds, 2.3%;

slaughterhouse workers, 3.6% and the general population 0.2%).75

A similar study in Abu Dhabi (the United Arab Emirates) detected

17% MERS‐CoV antibody positive people who had occupational

contact with camels.76

A recent systematic review of 10 publications of MERS‐CoV
asymptomatic infection found that the extent of asymptomatic MERS

infection had increased temporally.77 In early reports of MERS in-

fections between April 2012 and October 2013, 12.5% were

asymptomatic among 144 MERS cases that were confirmed by RT‐
PCR. By 2014, the proportion of asymptomatic cases rose to 25.1%

among 255 confirmed cases. However, the transmission by asymp-

tomatic infections to close contacts was less than 1%.77

Among 1125 laboratory‐confirmed MERS‐CoV cases reported to

WHO during 1 January 2015 to 13 April 2018, a total of 157 (14%)

had an unknown exposure that may have involved transmission by

asymptomatic virus carriers.78 A study in Korea did not detect MERS‐
CoV transmission among 82 people that were exposed to an

individual with asymptomatic or mild MERS‐CoV infection.79 In

summary, asymptomatic infection of MERS‐CoV is common, but

transmission of MERS‐CoV via asymptomatic infection has not been

confirmed.

6.3 | The role of asymptomatic transmission in
H1N1pdm09 spread is not categorical

Prospective studies of H1N1pdm09 outbreak involving households in

Canada, Germany and Viet Nam reported the proportion of asymp-

tomatic cases at 10%,80 14%81 and 45%,42 respectively. Retrospec-

tive serological studies of the H1N1pdm09 outbreak revealed the

proportion of asymptomatic infections were 45% in New Zealand and

84% in Austria.82 Overall, asymptomatic infection by influenza is

common.

The role of asymptomatic transmission in influenza virus spread

has not been conclusively demonstrated. One study showed that

virus shedding dynamics in symptomatic and asymptomatic cases was

similar,42 while another study indicated that the titre of virus shed-

ding was lower in paucisymptomatic and asymptomatic cases than in

symptomatic cases83 and infectivity of influenza was not associated

with the titre of virus shedding.84

6.4 | Asymptomatic infection plays roles in SARS‐
CoV‐2 transmission

Familial cluster studies have identified asymptomatic infection of

SARS‐CoV‐2. A familial cluster of Covid‐19 in Shenzhen, China

showed that five family members had symptomatic infection, while a

10‐year‐old child had only radiological ground‐glass lung opacities

but no other symptoms.85 Another family cluster in Guangzhou,

China showed three family members had SARS‐CoV‐2 detected in

URT samples but two of them were asymptomatic.86

A screen of residents in a skilled care nursing facility in Wash-

ington identified 13 non‐symptomatic infections among 23 SARS‐
CoV‐2 RNA positive cases. Ten of the 13 developed symptoms 1

week later while three remained asymptomatic.87 In this small

cohort, 46% (10 out of 23) of cases were pre‐symptomatic and 13%

(3 out of 23) were asymptomatic virus carriers. A modelling analysis

of Covid‐19 cases on board the Diamond Princess cruise ship in

Japan estimated that the asymptomatic proportion was 17.9% (95%

CI:15.5%–20.2%),67 which overlaps with the estimation of 33.3%

(95% CI:8.3%–58.3%) from data of Japanese citizens evacuated from

Wuhan.88

A prospective study of 24 RT‐PCR positive SARS‐CoV‐2 cases

that were screened from the close patient‐contacts in Nanjing, China

demonstrated seven (29.7%) were asymptomatic. The asymptomatic

cases were significantly younger than those who developed symp-

toms. The period of detectable viral RNA in asymptomatic infections

was 2–15 days, with a median of 4 days.89 A similar study of 78

confirmed SARS‐CoV‐2 infections showed that 33 cases (42.3%)

were asymptomatic, while 45 cases (57.7%) were symptomatic. In
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comparison to symptomatic patients, asymptomatic SARS‐CoV‐2
cases were younger and had a shorter duration of viral shedding. The

mean duration of viral shedding in symptomatic and asymptomatic

individuals was 19 and 8 days, respectively.90 In contrast, another

study reported longer viral shedding in asymptomatic infection

(median duration 19 days) than symptomatic individuals (median

duration 14 days).91

A SARS‐CoV‐2 antibody test used to evaluate 865 community‐
based individuals during 13 and 14 April 2020 in Los Angeles County,

revealed a 4.06% positive rate. The estimate implies that 36,700

adults in the county had SARS‐CoV‐2 antibodies, which is substan-

tially greater than the 8430 confirmed cases by 10 April in the

county.92 A study of 17,368 individuals in Wuhan and surrounding

regions of Hubei province during the period from 9 March 2020 to

10 April 2020 revealed seroprevalence rate of SARS‐CoV‐2 at 3.2%

and 3.8%, respectively.93 A study in Hong Kong revealed a 3.3% (15

out of 452) SARS‐CoV‐2 seroprevalence rate among asymptomatic

Hubei returnees. All these studies were conducted without random

sampling, so cautious interpretation of these results is required.

Nonetheless, they suggest that there is a substantial amount of un-

diagnosed asymptomatic or mild SARS‐CoV‐2 infections in the

epidemic communities.

Transmission of SARS‐CoV‐2 by asymptomatic infections was

reported. A prospective study conducted in Nanjing, China found that

one asymptomatic infection caused a familial cluster transmission to

three other members.89 Another familial cluster in Anyang, China

identified that a 20‐year‐old asymptomatic woman transmitted

SARS‐CoV‐2 to her five family members and relatives.94

A prospective study in Ningbo, China found that 51 symptomatic

patients caused 121 new infections, while eight asymptomatically

infected individuals caused six new infections,95,96 which is equiva-

lent to an R0 of 2.37 from symptomatic infection and 0.75 from

asymptomatic infection, suggesting that transmissibility of asymp-

tomatic virus carrier is lower than symptomatic carrier but still a

significant contributor to community transmission.

The exact role of Covid‐19 transmission by asymptomatic car-

riers in the pandemic requires further study.97 In the meantime, a

large proportion of mildly symptomatic infections are not easily

distinguished from asymptomatic virus carriers, and they are usually

young and more active socially. Therefore, asymptomatic and mild

infections play important roles in Covid‐19 spread.98

7 | CONCLUSIONS

The combined virological, epidemiological and clinical features of

these four viral infections, SARS, MERS, Covid‐19 and H1N1pdm09,

determine the patterns of viral spread and the control measures

required. For MERS and SARS, low viral shedding and high pro-

portions of symptomatic cases in the early stage of infection, and lack

of transmission by pre‐symptomatic and asymptomatic infection

enable the symptomatic identification, isolation and quarantine of the

transmission sources. Therefore, syndromic surveillance, isolation of

patients and quarantine of their contacts were effective measures to

contain the spread of SARS‐CoV and MERS‐CoV.53

In contrast, viral shedding of Covid‐19 and influenza peaks at an

early stage of infection when virus carriers show no or only mild

symptoms, which results in reduced efficiency of identifying and

isolating the transmission source by symptomatic screening.

A modelling study showed that airport symptomatic screening was

unable to identify 46% of Covid‐19 travellers.99 Border control

measures reduced virus spread between countries, but it did not stop

Covid‐19 importations and global spread.100 Therefore, border

closing has been enforced in many countries worldwide. On the other

hand, early virus shedding allows identification and isolation of a

transmission source by testing for viral RNA, which has become an

essential Covid‐19 control measure.

A high proportion of transmission competent, pre‐symptomatic,

asymptomatic and mildly symptomatic infection remains a major

challenge to controlling Covid‐19 spread in communities so social

distancing and public masking are required. The principle of social

distancing is to stop a respiratory transmitted pathogen by physically

separating individuals in the community, and public masking can set

barriers for airborne pathogen release and uptake between in-

dividuals, especially when social distance is impossible.101 These two

control measures are effective when most individuals are susceptible

to infection, and identification and isolation of the transmission

source is difficult. Modelling studies and evidence indicate that these

two control measures can effectively cut the transmission chain of

SARS‐CoV‐2 and stop Covid‐19 spread in communities.102–106
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