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Abstract
The COVID-19 pandemic has catastrophically impacted the world. Before the success in vaccination, this
virus shows no sign of stop spreading. Nearly all the countries have implemented stringent approaches to
slow down the transmission of the virus, but the virus still caused over 2 million deaths and the number
is increasing. Therefore, preventing the virus spreading is still necessary to protect most people,
especially the ones with pre-conditions. Mainland China has successfully eradicated the COVID-19 virus
infection in Wuhan in 2020. After that, several small-scale outbreaks occurred in many cities in China, but
none of these COVID-19 virus infections caused the widespread. In this review, we would like to give a
detailed presentation of the approaches that were implemented by the China government to suppress
the virus spreading by considering the unique characteristics of this virus and the paths of the virus
transmission. Both the pros and cons of these strategies will also be analyzed. The experiences and
lessons learned during the virus-fighting in China, expectedly, will be a useful source of reference for
other regions in overcoming the threat caused by the COVID-19 virus.

Introduction
COVID-19 has swept through the globe within a
brief time and after one year; it is still continuously
extending its territory. Millions of people are newly
infected daily in the world. Several factors are
important to contribute to the widespread of this
virus. Fundamentally this virus is highly contagious.
In some extreme cases, one patient could transmit this
virus to over one hundred other people. To most of
the victims, however, this virus only causes mild
symptoms such as fever, cough, dizziness, etc. just
like a regular cold without threatening life [1]. So,
most people simply serve as the virus carrier. The
convenience offered by the modern transportation
system, as well as the high amount of traveling
population makes this virus spread all over the globe
within a very short time [2]. Recent studies, as well as
the experiences from the small outbreaks in China
where the initial large outbreak of COVID-19 in

Wuhan has been eliminated, disclosed that this virus
has unusual stability and survives a quite long time in
the environment. When the north of the earth enters
the winter season, the more and more live virus was
found with the infectious ability on the surface of
some objects including the already reported frozen
food [3, 4]. Therefore, many countries, while waiting
for the vaccination of most of the people, still applied
“social distance” and “isolation” strategies to slow
down the virus spreading.
The pandemic caused by COVID-19 across the
whole globe indicates that preventing the spread of
this virus is nearly an impossible task. The reason is
complicated because the virus could infect people in
diverse ways. Also, the virus survives for a long time
and there are too many non-symptomatic virus
carriers too. Even whether wearing a mask will
prohibit the dispersal of the virus is still an unsolved
http://www.ijbs.com
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puzzle because the virus could be spread via a
non-respiratory route. However, the outbreaks in
China, including the Wuhan outbreak, have been
contained and eradicated within few months. Now
the Wuhan city is virus-free and the people regain the
freedom to live a normal life, except wearing the mask
as a precautious approach. Other cities such as Beijing
and Shanghai have also experienced more than one
wave of outbreaks of COVID-19 infection. Quickly,
these infection events were under control and the
infected individuals were quarantined on time.
Frankly, the cost to suppress the spreading of the
virus is not cheap. However, the benefits gained from
the elimination of the virus are also valuable.
Nevertheless, some valuable experiences were
accumulated during the prevention of the virus
spreading [5, 6]. These experiences might apply to
other less intensively influenced areas as well.

Challenges for COVID-19 control
A common measurement for virus infection
capacity is “R0”, or “R naught”, which shows how
contagious a virus is by measuring the average
number of people who contract the virus from one
infected person. An R0 larger than 1 means the
infection is exponentially expanding and restrictive
measurements must be applied to contain the
spreading of the virus. The estimated R0 for Covid-19
is diverse given by different studies with a range of
1.1 to 2 [7]. The R0 is also influenced by many factors
such as the survival of the virus, the density of the
population, how people responses to the virus, the
hospitalization status, and the preventive strategies,
etc. Ideally suppressing the R0 below a value of 1 is
expected to decrease the number of cases after
applying the approaches preventing the virus from
spreading by the government [8]. This explains why
in many of the East-Asia regions such as Japan, South
Korea, Hong Kong, etc., the number of new
COVID-19 cases are relatively low.

Viability of the COVID-19 Virus
The long-live ability of the COVID-19 virus has
been recognized since the beginning of the pandemic.
When the first outbreak of this virus in Wuhan in
2020, a study reported that the virus has unusual
survival ability in the environment of the hospitals [9].
Another study also examined the stability of the virus
on different types of surfaces and found that the flat
surface such as the auto parts, contains live virus after
a few days [10]. The stability of the SARS virus and
COVID-19 in different conditions (aerosols, plastic,
stainless steel, copper, and cardboard) using a
Bayesian regression model has been compared and
these two viruses showed similar half-lives in aerosols
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(1.1 to 1.2 hours) and on copper. Both of them show
the most viability on the surface in stainless steel (5.6
hours) and plastic (6.8 hours), supporting that the
transmission possibility through aerosol and fomite
[11]. A more striking finding by an Australian group
is that the virus on the flat surface could survive for
over 28 days at room temperature [12]. Some scholars
criticized that the experimental conditions applied by
the Australian group are not like to be naturally
occurred, in that the virus spread through the mucus
or sweat which are hostile to the virus. But the
detection of live virus from auto parts in several
locations of China recently argues that the survival of
the virus might be unexpectedly long. Also, both
temperature and humidity have a considerable
influence on the stability of the COVID-19 virus. A
study performed 10 years ago by Lisa M. Casanova et
al found that both low (20%) and high (80%) humidity
protect the coronavirus much better than other
conditions. The low temperature (4℃) could protect
the coronavirus for over 28 days on the surface.
Instead, the room temperature greatly reduces the
survival of the virus [13]. The recent outbreaks of
COVID-19 at several locations in China were traced
back to the frozen sea food or packed meat imported
from other countries, which echos that low
temperature and high humidiy protect the virus that
contamiates the surface of the packages.
The initial outbreak of COVID-19 was in winter.
People expected that when the summer comes, the
pandemic might get less severe owing to that the
virus might lose resistance to the high temperature,
high humidity, and high UV, just like many infectious
viruses such as SARS and influenza which are
seasonal and become less transmissible as the climate
warms. However, some studies showed that the
transmission ability of COVID-19 was not sensitive to
climate change. Data collected from 244 cities in China
suggested that the basic R0 was not significantly
associated with temperature changes and UV
intensity [14], this has also been confirmed by the
COVID-19 pandemics in tropical areas and countries,
including Brazil, Ecuador. The same results were also
reported by analyzing the data collected in New York,
London, and Delhi according to a climate-dependent
epidemic model [15]. In short, unlike SARS, the
warming of the climate will have mild or even no
influence on the spread of the COVID-19 virus.
Disinfection of the environment and preventive
hand sterilization was based on the fact that the virus
can’t survive the disinfectants or alcohol-based
sanitizer. To test the effects of different disinfectants
against the virus, the survival of the virus in different
disinfectants such as bleach, hand sanitizer, ethanol,
povidone-iodine, chlorophenol, chlorhexidine, benhttp://www.ijbs.com

Int. J. Biol. Sci. 2021, Vol. 17
zalkonium chloride, etc. were analyzed. No infectious
virus could be detected after 5 min treatment, except
for hand sanitizers, which took a long time to kill the
entire virus at room temperature. The team also found
that the virus was very stable even at a variety of pH
levels (pH3-10) and can still be detected in infectious
concentrations for 60 minutes [16]. This unique
survival ability of the COVID-19 virus increases the
difficulties to prevent its transmission. Also, this
result reminded people that sanitizer might be not
enough to get rid of the risk and washing hands
frequently is necessary.

The mechanism of COVID-19 invasion
The efficiency of human cell infection by the
virus is critical for the spreading of the virus. ACE2 is
a widely expressed protein distributing on the cell
membrane and was identified as the major mediator
of COVID-19 virus invasion. The mechanism of
COVID-19 virus invasion of the human cell via
binding to ACE2 has been studied in detail. After
binding to ACE2, the spike (S) glycoprotein of the
COVID-19 virus is cleaved into S1 and S2 subunit by
Transmembrane protease serine 2 (TMPRSS2) and
FURIN and then entry into the host cell. A single-cell
mRNA sequencing from major adult organs revealed
that ACE2 shows more expression in the kidneys and
digestive system than in the lungs and trachea [17]. In
addition, hyperglycemia, a condition that occurred in
the diabetes patient, increases the expression and the
abnormal glycosylation of the ACE2 receptor, which
may greatly increase the risk of COVID-19 infection
[18]. Diabetic patients are more susceptible to the
COVID-19 infection and generally have a worse
prognosis and higher mortality [19] [20] [21].
Compared with the SARS virus and influenza
virus, COVID-19 is more contagious and infects more
organs. Some other important receptors or
co-receptors that bind to the S protein of COVID-19 in
addition to ACE2 may exist. For example, a recent
study found that Tyrosine-protein kinase receptor
UFO (AXL) binds to the N-terminal domain of the S
protein and co-localizes to the cell membrane.
Knocking out AXL significantly reduces COVID-19
infection in lung cells. The expression level of AXL is
closely correlated with S protein abundance in
bronchoalveolar lavage fluid cells from COVID-19
patients [22]. AXL is widely expressed in most of the
organs in human and therefore might explain why the
COVID-19 infection has a long-term negative effect on
many parts of the body. Moreover, another potential
COVID-19 receptor, neuropilin-1 (NRP1), has been
revealed by two independent teams recently [23, 24].
NRP1 expresses on the cell membrane and binds to a
polybasic
Arg-Arg-Ala-Arg
carboxyl-terminal
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sequence on S1 subunit of S protein. Blocking NRP1
with small-molecule inhibitor or monoclonal
antibodies efficiently decreases the infection ability of
the COVID-19 virus too. The existence of these
non-ACE2 mediators of COVID-19 invasion of human
cells increases the difficulties in preventing the virus
infection, vaccine design, and the treatment of
patients.

Non-symptomatic carrier
The abundance of the non-symptomatic carrier
of the COVID-19 virus causes more trouble to prevent
the spreading of the virus. Asymptomatic infection
refers to those who have no relevant clinical
manifestations, such as fever, cough, sore throat, and
other self-perceived or clinically recognizable
symptoms and signs, but the respiratory tract and
other samples tested positive for the virus. As early as
February 2020, half of the people infected with the
COVID-19 virus on the Diamond Princess cruise ship
in Japan were found to be asymptomatic [25]. In
another example, an immunologically compromised
woman was found to be asymptomatic for over 100
days and the shed viruses were potentially infectious
for at least 70 days [26]. A high proportion of
asymptomatic infection cases have been found in
many regions including mainland of China [27].
Roughly half of the virus-infected people show no or
very mild symptoms and can be classified as
asymptomatic cases. Asymptomatic infections have
been found in people covering multiple age groups,
even children [28]. Although asymptomatic patients
have no symptoms or have mild symptoms, the
amount of virus released by these people is equivalent
to that of patients with symptoms [29]. Also, the
asymptomatic patients are lacking self-perceived
clinical symptoms and go through a long incubation
period with the ability to infect. Only through the
rigorous virus test, these virus carriers will be found
and quarantined as did in China. These potentially
risky people were quarantined in the so-called “Fang
Cang” hospitals. This strategy has become the most
important approach to interrupt the virus
transmission during the fighting against the
COVID-19 virus in Wuhan, China.

Transmission of COVID-19
The recognition of the multiple ways for the
COVID-19 transmission was based on the experiences
accumulated over a long time of battle against this
virus. The strategies to trace the virus transmission
and to interrupt the virus spreading are also based on
the detailed understanding of the virus transmission
mechanisms.

http://www.ijbs.com
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Droplets transmission
Similar to other coronaviruses such as
SARS-CoV and MERS-CoV, the COVID-19 viral
particles mainly infect the human respiratory tract
[30]. Virus carrying droplets or aerosols are
considered the primary infectious agents produced by
patients through coughing, sneezing, talking, and
breathing [31, 32]. The contagious droplet, of which
the diameter over 5μm, is large enough to directly fall
into the air and reach the mucosa, nasal or oral cavity
of the others if the social distance is less than one
meter [33, 34]. The smaller infectious droplets or
aerosol ≤5μm in diameter can disseminate into the
atmosphere for longer and travel further (more than
one meter apart) from the origin to the susceptible
people, which is defined as airborne transmission
[35]. Shreds of evidence showed that the COVID-19
virus RNA lingered in the air for up to 16 hours [36]
and the virus remained viable in the air for 3 days
using laboratory aerosolization method according to
another report [37]. Some clinical studies also
reported that the COVID-19 virus dispersed and
remained viable in the air sample of enclosed hospital
wards [38, 39]. Besides, a huge number of cases
reported that indoor crowded and inadequately
ventilated settings such as choir practice [40, 41],
densely populated sports facilities [42], nursing home
[43] also caused COVID-19 infection clusters.
Therefore, preventing human gathering and contact is
the most efficient way to slow down the spreading of
the virus.

Fomite transmission
Fomite transmission can occur by touching the
COVID-19 virus-contaminated objects unintentionally
and therefore is believed to be another potential route
to spread the virus. Clinical reports discovered that
environmental samples of COVID-19 wards were
identified with viral RNA [44, 45], and a laboratory
experiment showed that the virus can maintain
certain viability on object surfaces up to 48hr [37].
Several small-scale outbreaks occurred recently in
China showed that the COVID-19 virus can spread
through the objects. For example, the Xinfadi, Beijing
outbreak was started by the staff, which had no
contact history of the COVID-19 virus, working with
frozen seafood. The only possibility for the infection is
through the frozen seafood, which was tested to be
virus-positive [3, 4]. The strain of the virus is a
European variant, suggesting the re-emergent of the
virus might be due to the imported goods [4]. In the
following months, several cases related to direct or
indirect contact with contaminated frozen food, food
packaging materials, or cold-chain storage were
reported [46, 47]. Also, several people responsible to
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deliver the food to the COVID-19 patients under
quarantine were found to be infected without direct
contact with the patients. The mediator of the
infection could be through the food packages.
Although The World Health Organization and the
Centers For Disease Control and Prevention of the
United States claimed that the risk of being
transmitted COVID-19 via handling or processing
contaminated frozen food is not high [48, 49],
preventive measures should be enforced for the
cold-food chain workers.

Fecal-oral route
To increase the accuracy in deciding if a
COVID-19 patient is no longer infectious, and to find
the virus carrier in the close contacts of the confirmed
COVID-19 cases, the anal swab was also implemented
in addition to the oropharyngeal swab in controlling
the recent outbreaks in China. The reason is that the
COVID-19 could infect the gastrointestinal (GI)
epithelial cells. The virus RNA was detected in
patients’ stool [50-52] and urine [53]. The ACE2
receptor has wide expression in the small intestine,
kidneys, lung, colon, liver, etc [54]. Importantly,
environmental samples such as sinks, toilet bowls
[44], and drainage system [55] have been detected
with virus RNA, which suggests viral shedding in
feces can be a probable route of transmission. It also
draws public attention to fecal aerosol vertical
transmission via dried-up U-traps in high-risk
apartments [55]. Also, sewage overflow and
sewage-contaminated aerosols could cause virus
spreading in the urban region [56]. To prevent the
virus spreading through the fecal-oral route, the
personal hygiene and detoxication of the environment
have to be implemented carefully.

Ocular route of transmission
Since the SARS outbreak in 2003, it has been
believed that coronavirus can transmit via direct or
indirect contact with the mucosa of the eyes [57]. With
short physical distance, virus-contaminated aerosol or
droplets can easily land on the conjunctival
epithelium and spread to the upper respiratory tract
since the two parts are connected by the nasolacrimal
duct [58]. In the early outbreak of COVID-19 in
Wuhan of China, a physician got infected in the
hospital and he was wearing an N95 mask and other
personal protective equipment but no goggles to
protect his eyes [59]. A few COVID-19 patients
developed
ocular
manifestations
such
as
conjunctivitis and conjunctival hyperemia and were
confirmed virus RNA positive in ocular samples
[59-61]. Laboratory research demonstrated that
inoculation of the virus in ocular conjunctiva can
http://www.ijbs.com
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cause mild COVID-19 symptoms in rhesus macaques
[62]. Hence, COVID-19 transmission through eyes
must not be neglected and eye protection is necessary,
especially for health-care workers [63, 64]. Also,
cleaning the hand by washing or sanitizing are
efficient ways to avoid the virus infection via ocular
route.

Maternal-to-fetal transmission
The risk of a pregnant woman getting COVID-19
is not higher than others but it draws public attention
to COVID-19 virus transmission from infected
mothers to the fetus. A few clinical cases reported that
vertical transmission is rare (2 of 31 COVID-19positive pregnant women) but possible [65]. ACE2 is
highly expressed in specific cell types of the
maternal-fetal interface [66] and neonatal congenital
infection of COVID-19 could occur by virus from
maternal blood going through from placenta to cord
blood, which solely belonged to fetus. Congenital
COVID-19 phenotypes including immune cell
infiltration in the placenta [67] and neurological
manifestations in the neonate [68] have been reported.
Of note, COVID-19 specific IgM was found in
neonates born to a COVID-19 mother [69, 70]. Unlike
IgG, IgM cannot transfer across the placenta due to its
large molecular structure, which indicates the infants
were infected in utero and transplacental
transmission is contingent to happen. However, the
maternal-to-fetal transmission generally causes no
harm to the public.

Zoonotic transmission
The reservoir hosts of COVID-19 are generally
considered as bats since sequence analysis showed it
shared high nucleotide homology with SARS-like
coronavirus isolated from Chinese horseshoe bats
[71-74]. How the virus transmitted from bats to
humans and its intermediate hosts is still unknown
but one study identified COVID-19-related coronavirus in Malayan pangolins caught in anti-smuggling
operation in China [75]. Also, COVID-19 had been
identified in domestic pets from households with
COVID-19 patients [76, 77], the tiger in the zoo [78],
and farmed minks in the Netherlands and Denmark
[79-81]. Lassaunière R., et al. found that the new spike
mutation showed up in Danish farmed minks and
transmitted to humans [82], ending up all minks were
culled across the country [81]. Therefore, the
possibility of the virus transmission through the
animals cannot be excluded. Precautions should be
paid to avoid the animals, especially the pets, to carry
the virus and transmitted it back to humans.
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Approaches to prevent the virus from
spreading in China
While the spreading of COVID-19 virus shows
no sign of slow down before the widely vaccination
globally, the Mainland China has achieved zero local
new case for nearly a half year after the Wuhan
outbreak. Although the new cases still continuously
appear in several different places later, China has
developed the strategies to eradicate these infections
locally. The experiences accumulated during these
fights against COVID-19 are valuable but may not be
applicable to other places owing to complicated
reasons.

Zero infection policy
With the largest population in the world and
with the first and a large-scale outbreak of the
COVID-19 pandemic in Wuhan, China quickly
suppressed the spreading of the virus and achieved
the zero-local new case on March 19 of 2020.
Afterward, some small-scale outbreaks appeared in
several cities especially the ones close to the border to
other countries. Nearly all these outbreaks were
under control and achieved “zero” new case finally.
The benefit of the “zero” policy is that once there is
any new case reported, the path of the virus
transmission can be determined through the
epidemiological investigation. In addition, when
there is no new case, the community becomes safe and
the normal economic activities can be resumed.
However, such a goal can only be achieved when
there is a border to control the flow of people. China
has enforced border control when the pandemic
becoming severe across the globe [83]. After the local
infections were eradicated, China implanted even
more stringent border control because several
small-scale breaks of virus infection were caused by
the cross-border travelers. Within China, although
completely cut off the domestic travel is impossible,
some very stringent polices were implemented to
prevent the local travelers. Each local government set
up border check at the highway entrance, the airport,
and the train stations to identify any suspected virus
carriers by registering the travelers with their health
declaration, body temperature and virus test result.
For example, the Zhuhai city has implemented these
measurements at the beginning of the Wuhan
pandemic and identified 76 COVID-19 patients
without causing any community spreading [84, 85].
Macau, a neighbor international city of Zhuhai with a
half-million population, has also enforced its border
control since the COVID-19 pandemic started [86].
Most of the cases associated with Macau were
travelers who have been under quarantine without
bringing risk to the local community. The very few
http://www.ijbs.com
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local cases were found at the beginning of the
pandemic and all were cured in the hospital. Thus far,
Macau has maintained the “zero new case” for nearly
a year. Not only in mainland China but New Zealand
also achieved “zero” new infection starting from May
2020 [87]. However, such a record was broken by
international travelers later. Since this island country
continues to apply approaches such as rigorous virus
testing, prolonged quarantine, efficient contact
tracing, etc., the appearance of new cases is kept at an
exceptionally low level without the risk of a
large-scale community outbreak. However, low levels
of local spreading of the virus still generate negative
impact to the economic activities.
In comparison, the pandemic of COVID-19 may
persist for a much longer time in places without
enforcing the “zero” policy. For instance, Hong Kong
has achieved low infections from April to June [88].
However, with the release of the restriction on social
activities, the number of infections started to increase
in July. When the restrictions are applied again, the
cases start to drop again. From September to
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November is the second flat period with a small
number of new cases daily. However, the average
case number over this period is significantly higher
than the average case number over the period after
the first peak, suggesting the virus is spreading at an
accelerated rate. In December, another even bigger
outbreak started, and another round of restriction has
to be implemented. However, the 3rd wave of virus
spreading sustained much longer and become more
devastating. Immediately after the Chinese New Year,
the Hong Kong government issued the restriction
releasing policy again in anticipating that the
forthcoming vaccination may reduce the risk of
community transmission of the virus. After all, the
stringent restriction on social distancing in Hong
Kong lasted for around 2 months in total and results
in over 190 deaths during the COVID-19 pandemic. If
the policy was more stringent and follows the rule of
14 days no new case before releasing the restriction,
Hong Kong may have the chance to eradicate this
virus at the first hand (Figure 1).

Figure 1. Daily change of COVID-19 virus positive cases in Hong Kong. The diagram shows the daily number of COVID-19 cases in Hong Kong since Jan 17, 2020. Three virus
infection peaks were observed within 2020. The arrows indicate the implementation of regulations on social distancing by Hong Kong Government. Red arrows indicate the
implementation time point of the stringent regulation and green arrows indicate the releasing time point of the regulation. The implementation of the stringent control of social
distancing is followed by a peak of infections. The releasing of the social distancing control at the end of each infection peak is followed by a long period of low new cases. Of noting
is that the third wave of infection contains two peaks without change of the social distancing restriction policy.

http://www.ijbs.com
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Rigorous virus checking for high-risk
population
Rigorous virus test in the population with
high-risk of contracting COVID-19 virus is enforced in
mainland China. For example, all the people who
work in high-risk fields such as the public
transportation department, the hospitals, the farmer’s
market, and the airports, etc. must perform the
routine virus test. The bus drivers and taxi drivers,
who have a higher chance to be exposed to the virus
carriers, were required to perform the virus test on a
routine basis. All the teachers also need to do the virus
test before the school reopens in early 2020. The
rigorous virus test ensures the early detection of virus
carrier and safeguards the suppression of the further
virus spreading. The most recent example is the
identification of the new cases in Shanghai. Three
non-symptomatic cases were identified in a round of
routine virus tests for the contractors of one of the
major hospitals [89]. Through the epidemiological
investigation, more cases were identified by tracing
down the close contacts. Similarly, one new case was
identified in Pudong airport from the workers in the
luggage department [90]. Then more close contacts
were traced down and quarantined. Successfully, the
Pudong outbreak was eradicated eventually.
A major way of infection, according to the recent
small-scale outbreaks, was caused by the imported
goods or international travelers [91]. Thus, the people
who participate in the transportation, testing, and
distribution of the imported goods, or the quarantine
and transportation of the international travelers, have
to do the virus test weekly while they are also
required to wear the personal protection equipment
(PPE). With this policy, several small-scale infections
by either the imported goods or the international
travelers were spotted early which greatly reduced
the chance of expanded infections.

Early identification of virus carrier
In the mainland of China, a frequent practice in
the hospitals is that the patients with fever, if seeks for
clinic diagnosis, must be screened for COVID-19 test
first. Even in the emergency department of all the
hospitals, if the visitor has a temperature above 37.3,
the patient is asked to do the COVID-19 test before
any immediate treatment or seeing any doctor [92].
Since most of the cities follow this guideline strictly,
the outbreaks in several cities were under control
because the early cases, when having symptoms, will
seek a clinical diagnosis in hospitals where they are
identified as the COVID-19 patient. Tracing of “close
contacts” of the confirmed cases will automatically be
started. This alerting system has been critical for
limiting the virus spreading and eventually leads to
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the eradicating of the virus infections. For example,
the first case from the Xinfadi market outbreak was
identified when the patient visit hospital for treatment
of cold-like symptoms in Beijing [93]. The most recent
outbreak in Shijiazhuang, Hebei, however, showed
how much damage the virus could cause if the
identification of the early cases were failed [94]. When
the first non-symptomatic patient was confirmed to be
COVID-19 positive in this city, the virus has already
been spreading in the rural area of Shijiazhuang for
several weeks. The reason is that the people living in a
rural area lost the vigilance to the virus. Many people
chose to ignore the mild symptoms caused by
COVID-19 because the flu is also popular in winter in
north of China. So, these COVID-19 positive patients
were treated by the local clinics in their neighborhood
without quarantine or virus test. In fact, the clinics in
rural region became a center for virus transmission
among patients because many people share the same
room for regular treatments. Comparing to other
small to middle-scale outbreaks in Dalian, Shanghai,
Beijing, etc., the failure to identify the earlier victims
leads to the exponential expansion of the virus
infection in Shijiazhuang.

Social distance
One meter of social distance has become a
“golden standard” to prevent virus transmission in
places where there is a gathering of people [64]. The
effectiveness of this measurement is also based on the
precondition that everybody wears the mask. Some
places require more than one meter to further reduce
the risk of virus transmission. These guidelines are
critical to prevent the wide spreading of the virus
among people, but still not enough. To achieve the
“zero”
transmission,
mainland
China
has
implemented much more stringent control over the
social distance. For example, to successfully control
the Wuhan pandemic, most citizens were asked to
stay home. In China, people live in the apartment
complex which is equipped with its own entrance
control. The people who do not live in the apartment
complex, are also organized to form subdistricts
separated by streets. These apartment complexes or
subdistricts were required to set up entrance control.
So, the in-and-out of the residents was stringently
prohibited. The government has organized the
delivery team to send the essential living materials
such as the grocery and medicine etc. directly to each
household. When the situation is getting better, each
family was allowed to have a limited number of
passes for each day to fulfill their living needs. In the
rural region, people are under strict control from
leaving or entering the villages too. In recent days, the
Gaocheng district of Shijiazhuang is marked as a
http://www.ijbs.com
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“high risk” area. So the whole district has to be locked
down. In fact, the subway in the whole Shijiazhuang
city was also stopped to prevent the travel of people
across the city, suggesting enforcing the social
distance and prohibiting the flow of people is an
effective way to prevent the spreading of the highly
contagious virus.
Even during the Chinese New Year (CNY), when
the pandemic is still at its peak in 2020, most people
chose to give up visiting each other. In fact, the
government extended the CNY holidays to encourage
people to stay home. In addition, all the public areas
were closed including the restaurant, theaters, parks,
etc. Even the public transportation was canceled for a
brief period in cities heavily hit by COVID-19. Since
the virus takes less than 2 weeks to cause symptoms
in most people, the sharp and stringent lockdown
breaks the transmission of the virus and gives people
a time window to identify and quarantine the infected
ones. In comparison, most other countries rely on law
and self-obedience to keep the social distance. For
example, the UK policy allows people to leave their
homes with a necessary excuse [95]. Such flexibility
allows people to live an easy life during the
pandemic. But the risk for virus spreading is also
increased owing to the inevitable people gathering.

Big Data supported Health declaration
Tracing the travel route of individuals is illegal
in most countries including China. However, when
the vaccine is not available and the COVID-19 virus is
highly contagious and sometimes lethal, it is
necessary to prevent the potential risk as early as
possible. For example, when no new COVID-19 case
was reported starting from March 19, 2020, after the
Wuhan outbreak, many areas in China have started to
resume the normal. To reduce the risk, both the
central and the local governments implemented the
health declaration QR code to identify the individuals
with potential risk. The QR code is based on the
recording of the travel route of the cell phones carried
by nearly everybody [96]. For example, the QR code
has three assorted colors with green as no risk, yellow
as low risk, and red as high risk. Most of the places
including the parks, libraries, theaters, buses, and
restaurants, etc. require the QR code before entering.
All the cell phones, if in use and connected to the
service network, will have their time-dependent
location information recorded. This information is
uploaded to the central server in real-time which is
the basis to decide the color of the QR code. If by any
chance a COVID-19 positive patient is confirmed, the
travel route of this patient can be outlined based on
the record. Then all the cell phones that have shared
the same cell tower at the same time will be classified
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and the risk level will be raised. For example, the cell
phone might start to show a yellow QR code. In
addition, the confirmed patient must provide the
details of his travel route which helps to further
identify the potential contacts. The people who had a
chance to get too close to the confirmed case, shared
the same doorknob, entered the same address at the
same time, took the same public travel facilities, etc.,
will be found and their health declaration code will be
in red. This big data-based strategy ensures that the
virus can be traced down and the transmission route
can be outlined and stopped. In fact, this strategy
worked so well that many people were quarantined
and tested for the positive virus infection even before
they show any symptoms or realize that they had
been exposed to the viruses.

Extended quarantine of high-risk travelers and
the follow-up checking after releasing
China has applied restrictions to cross-border
activities since the COVID-19 pandemic outbreak.
Initially, all the international flights were canceled.
When the domestic pandemic was under control,
some international flights were resumed. However,
all the routine flights facing a potential risk of
one-week suspension if there are COVID-19 positive
passengers on that flight [97]. More than that, the
passenger has to present the negative report for both
COVID-19 and the anti-COVID-19 antibody. After the
flight landed, all the passengers will be transported to
the appointed hotel for quarantine for 14 days [83].
Shortly the 14-day quarantine policy was extended to
21-day owing to the recent observation of the
“re-positive” cases who have been released after the
14-day quarantine. The same policy applies to all the
international passengers including the Hong Kong
travelers to mainland. In fact, owing to the continuous
extending of local infections in Hong Kong, the
number of people crossing the Hong Kong/Shen
Zhen Custom has been significantly reduced.

Mobile cabin hospital
When the infection accelerates, more victims are
found. However, many of these infected individuals
show no symptoms, or the symptoms are relatively
unharmful. These people are advised to stay home for
self-quarantine in many countries. This has resulted in
infections among family members. Inevitably, these
infections also leak to the community later. Starting
from the Wuhan outbreak, all the infected
individuals, no matter with or without symptoms,
will be quarantined in the facilities provided by the
government in China [98]. Even in the hospital, the
patients with positive COVID-19 have to be separated
from the non-infected area. When the infection is in a
http://www.ijbs.com
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smaller scale, the patients are accepted into the
hospitals with quarantine facilities. If the patient
number exceeds the capacity of hospitals, the
government will construct mobile cabin hospitals to
accept the patients with severe symptoms. At the
same time, the large public facilities such as the sports
complex, hotels, meeting halls, etc. will be
transformed to separate units, known as “Fang Cang
hospital”, and to host the patients with minor
symptoms. During the recent outbreak in the rural
area of Shijiazhuang, the people from 3 heavily
infected villages were transported to other quarantine
facilities. A 14-day quarantine of these people ensures
that the virus transmission can be interrupted. The
villages will be disinfected after all the people are
moved out. Since the outbreak occurred in winter, this
strategy solved the problem of potential
contamination by the long-lived virus in the
environment too.

Precisive epidemiological investigation (PEI)
To deal with the recent outbreaks in several cities
of China, the cities chose to lock down the whole city
to screen for the positive virus carrier or COVID-19
patients. The lockdown often associates with the
“freezing” of all the people movement. This strategy
has been efficient to make the Wuhan virus outbreak
under control because there was a large number of
infections and active transmission of the virus.
However, when only a limited number of cases were
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identified in a city, implementation of the lockdown
causes inconvenience to all the residents if the
government can’t support the least needs of the
people efficiently. Also, the tedious virus test for all
the people is not economical. Therefore, if a city has
equipped with a good epidemiological investigation
team, implementation of PEI to find the people
potentially infected by the virus is a cost-effective
way. For example, the small-scale outbreaks in
Shanghai, a city with a nearly 20 million population,
were managed via PEI [99]. By investigating the travel
route, determined based on the big-data analysis and
personal interview, the close contacts of the confirmed
cases will be found and quarantined. The second or
even third layer of close contacts will also be found,
and these people will be restricted and isolated until
the upper level of close contacts is confirmed to be
negative for virus infection (Figure 2). The PEI
strategy has the risk of virus leaking owing to the
missing of key information. So, the condition to apply
this strategy is that there is only a limited number of
confirmed cases and all the related people can be
cooperative to supply the correct information. Once
the outbreak starts to expand exponentially and
extensively, the PEI will be inefficient to catch up with
the spreading of the virus. That’s why there is no PEI
implemented in countries with heavy COVID-19
infections.

Figure 2. Interruption of the transmission of COVID-19 virus by PEI. The diagram describes the way of the COVID-19 virus transmission and how the PEI is applied to interrupt
the virus spreading. Generally, the awareness of the first positive case as indicated as purple individual here, is through routine virus test. Of noting is that this first case may not
be the initial case. From the purple case, both the upstream and downstream close contacts will be found and quarantined through PEI (red arrow). PEI will be further applied to
identify the second and sometimes even third layer of close contacts as indicated as black arrows. Green cases represent the close contacts with negative virus test and red cases
represent the positive contacts. The green cases will also be quarantined unless the upstream close contact is confirmed to be virus negative. The dotted red cases indicate the
undetermined number of infected patients after the third layer of close contacts which could be a large number.
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Perspective
COVID-19 is so far the most devastating
infectious disease on a scale similar to the Spanish flu
in human history. However, the challenge brought by
this disease is even worse because of the modern
interconnected economic activities globally. Thus, the
destruction caused by this virus is also severe in
human history. In addition to the over 2 million
deaths caused by this virus, the global economy was
impaired fundamentally. Most of the countries have
their economies shrink except the mainland China
with a slowdown of economic growth. The reason is
simply that China earned more than half a year of
virus-free time which allows the restart of the
economic activities. In addition, the rest of the world
has been deeply involved in the wrestling with the
virus and has increased demand for the products
from China, even more than the amount they used to
have because many countries lose the normal ability
to be as productive as before under the virus
defending circumstances. Since China has been one of
the major manufacturers for the global market before
the “COVID-19” crisis, the successful elimination of
the virus in early 2020 gave China a significant
opportunity to further increase its productivity and
expand its share of the international market.
The COVID-19 firstly broke out in Wuhan China.
Afterward, the virus quickly swept most of the other
countries. Owing to insufficient knowledge about this
virus, most of the countries did not take immediate
action to prevent the virus invasion. China has
learned from the Wuhan disaster quickly and applied
strict isolation and quarantine approaches to contain
the virus from spreading. However, the people who
live in those cities that were locked down experienced
some challenging difficulties. In few cases, people
suffered the sacrifice of life that is not directly caused
by the virus but by the lockdown. But the payback is
cutting the pain of suffering to be short. With the price
of fewer than 100,000 cases of infection and 5000
deaths, China has eradicated the virus within 2
months. Importantly, several smaller-scale outbreaks
were also successfully eliminated without causing any
deaths.
The total cost for the COVID-19 pandemic was
25 billion USD in China till 31th May 2020 [100].
However, considering China has gained an increase in
the economy growth by defeating the COVID-19
pandemic within a brief time, the benefit from
economy growth should have defrayed the cost of
defeating COVID-19 pandemic. Among the 25 billion
USD spending, only 0.2 billion US dollars were spent
to treat the COVID-19 cases till the middle of 2020 in
China. For the in-patient treatment, each case costs
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over 6000 USD according to a study [101]. All the cost
was mainly afforded by the government. A large
portion of the money was spent to contain the virus,
to do the virus test, to establish quarantine of the
infected patients, to compensate the people who lose
income caused by the lockdown of the cities, to
support the least needs of the people who are
required to stay home, to support the people who are
in-duty or simply volunteered to fight the virus, etc.
However, the allocation of the resources including the
financial support by the central government may not
be applicable by other countries owing to the different
legislation. Also, the total cost incurred in other
countries by the virus is also hard to be estimated
because the cost could be divided by different parties
that are involved, including the commercial
insurance, health care providers, the government and
each individual.
Conclusively, mainland China has become a
unique example of fighting the COVID-19 virus. Some
of the strategies are applicable to other countries too.
For example, the rigorous virus test is an cost-effective
and easy-way to identify the risky non-symptomatic
virus carriers. The establishment of the “Fang Cang
hospital” is also an applicable approach to prevent the
community spreading of virus. However, this
approach may not be easily acceptable because some
people may consider the hospitalization is not
deserved with minor symptoms. Some of the
strategies implemented by China may not be suitable
for other countries because of the different
infrastructure
of
the
government,
clinical
organizations, and culture, etc. For example, the
tracing of the cell phone is forbidden by many
countries because it may violate the human rights.
The implementation of such an approach has to be
protected by the central government as China is able
to do. Similarly, the PEI approach may violate the
personal rights as well. In fact, several people infected
by COVID-19 have become victims owing to the
leaking of personal information during PEI, although
such information leaking is strictly prohibited by law.
After all, it is difficult to tell whether the
approaches implemented by China are better than the
other approaches implemented by other countries.
But if simply analyze the impact on the economy, the
change of the life of the people and the deaths caused
by COVID-19, China has won more and lose less.

Acknowledgements
LD is supported by the Science and Technology
Development Fund (FDCT) of Macao SAR
(FDCT/0014/2018/A1, FDCT/0117/2018/A3), the
Multi-Year Research Grant from the University of
Macau (MYRG2018-00158-FHS), and the National
http://www.ijbs.com

Int. J. Biol. Sci. 2021, Vol. 17
Natural Science
81772980).

Foundation

1610
of

China

(NSFC

Competing Interests
The authors have declared that no competing
interest exists.

References
1.

2.
3.
4.

5.
6.
7.
8.

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC.
Pathophysiology, Transmission, Diagnosis, and Treatment of
Coronavirus Disease 2019 (COVID-19): A Review. JAMA. 2020; 324:
782-93.
Ferretti L, Wymant C, Kendall M, Zhao L, Nurtay A, Abeler-Dorner L, et
al. Quantifying SARS-CoV-2 transmission suggests epidemic control
with digital contact tracing. Science. 2020; 368.
Xie Y, Chen Y, Ma M, He D, Yi H. Re-emergence of coronavirus disease
in Chinese cities associated with chilled and frozen food products.
Journal of Infection. 2021.
Tan W, Niu P, Zhao X, Pan Y, Zhang Y, Chen L, et al. Notes from the
Field: Re-emergent Cases of COVID-19 — Xinfadi Wholesales Market,
Beijing Municipality, China, June 11, 2020. China CDC Weekly 2020;
2(27): 502-4.
Jin H, Liu J, Lu L, Cui M. COVID-19 Emergencies In The Globe: China's
Experience In Controlling COVID-19 and Lessons Learned. Int J Qual
Health Care. 2020.
Jin H, Lu L, Liu J, Cui M. COVID-19 emergencies around the globe:
China's experience in controlling COVID-19 and lessons learned. Int J
Qual Health Care. 2021; 33.
Petersen E, Koopmans M, Go U, Hamer DH, Petrosillo N, Castelli F, et al.
Comparing SARS-CoV-2 with SARS-CoV and influenza pandemics.
Lancet Infect Dis. 2020; 20: e238-e44.
Eubank S, Eckstrand I, Lewis B, Venkatramanan S, Marathe M, Barrett
CL. Commentary on Ferguson, et al. "Impact of Non-pharmaceutical
Interventions (NPIs) to Reduce COVID-19 Mortality and Healthcare
Demand". Bull Math Biol. 2020; 82: 52.
Zhou J, Otter JA, Price JR, Cimpeanu C, Garcia DM, Kinross J, et al.
Investigating SARS-CoV-2 surface and air contamination in an acute
healthcare setting during the peak of the COVID-19 pandemic in
London. Clin Infect Dis. 2020.
Eslami H, Jalili M. The role of environmental factors to transmission of
SARS-CoV-2 (COVID-19). AMB Express. 2020; 10: 92.
van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A,
Williamson BN, et al. Aerosol and Surface Stability of SARS-CoV-2 as
Compared with SARS-CoV-1. N Engl J Med. 2020; 382: 1564-7.
Riddell S, Goldie S, Hill A, Eagles D, Drew TW. The effect of temperature
on persistence of SARS-CoV-2 on common surfaces. Virol J. 2020; 17: 145.
Casanova LM, Jeon S, Rutala WA, Weber DJ, Sobsey MD. Effects of air
temperature and relative humidity on coronavirus survival on surfaces.
Appl Environ Microbiol. 2010; 76: 2712-7.
Yao Y, Pan J, Liu Z, Meng X, Wang W, Kan H, et al. No association of
COVID-19 transmission with temperature or UV radiation in Chinese
cities. 2020; 55.
Baker RE, Yang W, Vecchi GA, Metcalf CJE, Grenfell BTJS. Susceptible
supply limits the role of climate in the early SARS-CoV-2 pandemic.
2020; 369: 315-9.
Chin AWH, Chu JTS, Perera MRA, Hui KPY, Yen HL, Chan MCW, et al.
Stability of SARS-CoV-2 in different environmental conditions. Lancet
Microbe. 2020; 1: e10.
Han X, Zhou Z, Fei L, Sun H, Wang R, Chen Y, et al. Construction of a
human cell landscape at single-cell level. 2020; 581: 303-9.
Hollstein T, Schulte DM, Schulz J, Glück A, Ziegler AG, Bonifacio E, et al.
Autoantibody-negative insulin-dependent diabetes mellitus after
SARS-CoV-2 infection: a case report. 2020; 2: 1021-4.
Apicella M, Campopiano MC, Mantuano M, Mazoni L, Coppelli A, Del
Prato SJTlD, et al. COVID-19 in people with diabetes: understanding the
reasons for worse outcomes. 2020.
Yang X, Yu Y, Xu J, Shu H, Liu H, Wu Y, et al. Clinical course and
outcomes of critically ill patients with SARS-CoV-2 pneumonia in
Wuhan, China: a single-centered, retrospective, observational study.
2020; 8: 475-81.
Muniyappa R, Gubbi SJAJoP-E, Metabolism. COVID-19 pandemic,
coronaviruses, and diabetes mellitus. 2020; 318: E736-E41.
Wang S, Qiu Z, Hou Y, Deng X, Xu W, Zheng T, et al. AXL is a candidate
receptor for SARS-CoV-2 that promotes infection of pulmonary and
bronchial epithelial cells. 2021: 1-15.

23. Daly JL, Simonetti B, Klein K, Chen K-E, Williamson MK, Antón-Plágaro
C, et al. Neuropilin-1 is a host factor for SARS-CoV-2 infection. 2020; 370:
861-5.
24. Cantuti-Castelvetri L, Ojha R, Pedro LD, Djannatian M, Franz J,
Kuivanen S, et al. Neuropilin-1 facilitates SARS-CoV-2 cell entry and
infectivity. 2020; 370: 856-60.
25. Sakurai A, Sasaki T, Kato S, Hayashi M, Tsuzuki S-i, Ishihara T, et al.
Natural history of asymptomatic SARS-CoV-2 infection. 2020; 383: 885-6.
26. Avanzato VA, Matson MJ, Seifert SN, Pryce R, Williamson BN, Anzick
SL, et al. Case Study: Prolonged infectious SARS-CoV-2 shedding from
an asymptomatic immunocompromised cancer patient. 2020.
27. Oran DP, Topol EJJAoim. Prevalence of asymptomatic SARS-CoV-2
infection: a narrative review. 2020; 173: 362-7.
28. Consiglio CR, Cotugno N, Sardh F, Pou C, Amodio D, Rodriguez L, et al.
The immunology of multisystem inflammatory syndrome in children
with COVID-19. 2020; 183: 968-81. e7.
29. Zou L, Ruan F, Huang M, Liang L, Huang H, Hong Z, et al. SARS-CoV-2
viral load in upper respiratory specimens of infected patients. 2020; 382:
1177-9.
30. Hou YJ, Okuda K, Edwards CE, Martinez DR, Asakura T, Dinnon KH, et
al. SARS-CoV-2 Reverse Genetics Reveals a Variable Infection Gradient
in the Respiratory Tract. Cell. 2020; 182: 429-46.e14.
31. Stadnytskyi V, Bax CE, Bax A, Anfinrud P. The airborne lifetime of small
speech droplets and their potential importance in SARS-CoV-2
transmission. Proceedings of the National Academy of Sciences. 2020;
117: 11875.
32. Somsen GA, van Rijn C, Kooij S, Bem RA, Bonn D. Small droplet aerosols
in poorly ventilated spaces and SARS-CoV-2 transmission. The Lancet
Respiratory Medicine. 2020; 8: 658-9.
33. [Internet] WHO. Infection prevention and control of epidemic and
pandemic prone acute respiratory infections in health care (availabe at:
https://www.who.int/publications/i/item/infection-prevention-and-c
ontrol-of-epidemic-and-pandemic-prone-acute-respiratory-infections-inhealth-care). 2014.
34. [Internet] WHO. Transmission of SARS-CoV-2: implications for infection
prevention
precautions
(available
at:
http://www.who.int/
publications/i/item/modes-of-transmission-of-virus-causing-covid-19
-implications-for-ipc-precaution-recommendations). 2020.
35. WHO. Infection prevention and control of epidemic and pandemic
prone acute respiratory infections in health care. 2014.
36. Fears A, Klimstra W, Duprex P, Hartman A, Weaver S, Plante K, et al.
Persistence of Severe Acute Respiratory Syndrome Coronavirus 2 in
Aerosol Suspensions. Emerging Infectious Disease journal. 2020; 26:
2168.
37. van Doremalen N, Bushmaker T, Morris DH, Holbrook MG, Gamble A,
Williamson BN, et al. Aerosol and Surface Stability of SARS-CoV-2 as
Compared with SARS-CoV-1. New England Journal of Medicine. 2020;
382: 1564-7.
38. Lednicky JA, Lauzardo M, Fan ZH, Jutla A, Tilly TB, Gangwar M, et al.
Viable SARS-CoV-2 in the air of a hospital room with COVID-19
patients. International Journal of Infectious Diseases. 2020; 100: 476-82.
39. Nissen K, Krambrich J, Akaberi D, Hoffman T, Ling J, Lundkvist Å, et al.
Long-distance airborne dispersal of SARS-CoV-2 in COVID-19 wards.
Scientific Reports. 2020; 10: 19589.
40. Charlotte N. High Rate of SARS-CoV-2 Transmission Due to Choir
Practice in France at the Beginning of the COVID-19 Pandemic. J Voice.
2020.
41. Hamner L DP, Capron I, Ross A, Jordan A, Lee J, et al. High SARS-CoV-2
Attack Rate Following Exposure at a Choir Practice — Skagit County,
Washington, March 2020. MMWR Morb Mortal Wkly Rep. 2020;
2020;69:606-10.
42. Jang S, Han SH, Rhee J-Y. Cluster of Coronavirus Disease Associated
with Fitness Dance Classes, South Korea. Emerging Infectious Disease
journal. 2020; 26: 1917.
43. Shrader CD, Assadzandi S, Pilkerton CS, Ashcraft AM. Responding to a
COVID-19 Outbreak at a Long-Term Care Facility. Journal of Applied
Gerontology. 2020; 40: 14-7.
44. Ong SWX, Tan YK, Chia PY, Lee TH, Ng OT, Wong MSY, et al. Air,
Surface Environmental, and Personal Protective Equipment
Contamination by Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) From a Symptomatic Patient. JAMA. 2020; 323: 1610-2.
45. Guo Z-D, Wang Z-Y, Zhang S-F, Li X, Li L, Li C, et al. Aerosol and
Surface Distribution of Severe Acute Respiratory Syndrome Coronavirus
2 in Hospital Wards, Wuhan, China, 2020. Emerging Infectious Disease
journal. 2020; 26: 1583.
46. Zhang X. Experts see similarity in Beijing, Dalian outbreaks.
https://www.chinadaily.com.cn/a/202007/30/WS5f228da3a310834817
25d32c.html. Accessed 2 Sept 2020. China Daily; 2020.

http://www.ijbs.com

Int. J. Biol. Sci. 2021, Vol. 17
47. Han J, Zhang X, He S, Jia P. Can the coronavirus disease be transmitted
from food? A review of evidence, risks, policies and knowledge gaps.
Environ Chem Lett. 2020: 1-12.
48. [Internet] WHO-FAO. COVID-19 and food safety: guidance for food
businesses. Interim guidance. https://apps.who.int/iris/bitstream/
handle/10665/331705/WHO-2019-nCoV-Food_Safety-2020.1-eng.pdf.
Accesed 7 April 2020. 2020.
49. [Internet] CDC. Food and Coronavirus Disease 2019 (COVID-19).
https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/foodand-COVID-19.html. 2020.
50. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. Detection of
SARS-CoV-2 in Different Types of Clinical Specimens. JAMA. 2020; 323:
1843-4.
51. Wu Y, Guo C, Tang L, Hong Z, Zhou J, Dong X, et al. Prolonged presence
of SARS-CoV-2 viral RNA in faecal samples. The Lancet
Gastroenterology & Hepatology. 2020; 5: 434-5.
52. Xu Y, Li X, Zhu B, Liang H, Fang C, Gong Y, et al. Characteristics of
pediatric SARS-CoV-2 infection and potential evidence for persistent
fecal viral shedding. Nature Medicine. 2020; 26: 502-5.
53. Frithiof R, Bergqvist A, Järhult JD, Lipcsey M, Hultström M. Presence of
SARS-CoV-2 in urine is rare and not associated with acute kidney injury
in critically ill COVID-19 patients. Critical Care. 2020; 24: 587.
54. Li M-Y, Li L, Zhang Y, Wang X-S. Expression of the SARS-CoV-2 cell
receptor gene ACE2 in a wide variety of human tissues. Infectious
Diseases of Poverty. 2020; 9: 45.
55. Kang M, Wei J, Yuan J, Guo J, Zhang Y, Hang J, et al. Probable Evidence
of Fecal Aerosol Transmission of SARS-CoV-2 in a High-Rise Building.
Annals of Internal Medicine. 2020; 173: 974-80.
56. Han J, He S. Urban flooding events pose risks of virus spread during the
novel coronavirus (COVID-19) pandemic. Sci Total Environ. 2021; 755:
142491.
57. Peiris JSM, Yuen KY, Osterhaus ADME, Stöhr K. The Severe Acute
Respiratory Syndrome. New England Journal of Medicine. 2003; 349:
2431-41.
58. Sun C-b, Wang Y-y, Liu G-h, Liu Z. Role of the Eye in Transmitting
Human Coronavirus: What We Know and What We Do Not Know.
Frontiers in Public Health. 2020; 8.
59. Dai X. Peking University Hospital Wang Guangfa disclosed treatment
status on Weibo and suspected infection without wearing goggles.
http://www.bjnews.com.cn/news/2020/01/23/678189.html (accessed
Jan 24, 2020). Jan 22, 2020.
60. Wu P, Duan F, Luo C, Liu Q, Qu X, Liang L, et al. Characteristics of
Ocular Findings of Patients With Coronavirus Disease 2019 (COVID-19)
in Hubei Province, China. JAMA Ophthalmology. 2020; 138: 575-8.
61. Zhang X, Chen X, Chen L, Deng C, Zou X, Liu W, et al. The evidence of
SARS-CoV-2 infection on ocular surface. The Ocular Surface. 2020; 18:
360-2.
62. Deng W, Bao L, Gao H, Xiang Z, Qu Y, Song Z, et al. Ocular conjunctival
inoculation of SARS-CoV-2 can cause mild COVID-19 in rhesus
macaques. Nature Communications. 2020; 11: 4400.
63. Lu C-w, Liu X-f, Jia Z-f. 2019-nCoV transmission through the ocular
surface must not be ignored. The Lancet. 2020; 395: e39.
64. Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schunemann HJ, et al.
Physical distancing, face masks, and eye protection to prevent
person-to-person transmission of SARS-CoV-2 and COVID-19: a
systematic review and meta-analysis. Lancet. 2020; 395: 1973-87.
65. Fenizia C, Biasin M, Cetin I, Vergani P, Mileto D, Spinillo A, et al.
Analysis of SARS-CoV-2 vertical transmission during pregnancy. Nature
Communications. 2020; 11: 5128.
66. Li M, Chen L, Zhang J, Xiong C, Li X. The SARS-CoV-2 receptor ACE2
expression of maternal-fetal interface and fetal organs by single-cell
transcriptome study. PLOS ONE. 2020; 15: e0230295.
67. Kirtsman M, Diambomba Y, Poutanen SM, Malinowski AK,
Vlachodimitropoulou E, Parks WT, et al. Probable congenital
SARS-CoV-2 infection in a neonate born to a woman with active
SARS-CoV-2 infection. Canadian Medical Association Journal. 2020; 192:
E647.
68. Vivanti AJ, Vauloup-Fellous C, Prevot S, Zupan V, Suffee C, Do Cao J, et
al. Transplacental transmission of SARS-CoV-2 infection. Nature
Communications. 2020; 11: 3572.
69. Zeng H, Xu C, Fan J, Tang Y, Deng Q, Zhang W, et al. Antibodies in
Infants Born to Mothers With COVID-19 Pneumonia. JAMA. 2020; 323:
1848-9.
70. Dong L, Tian J, He S, Zhu C, Wang J, Liu C, et al. Possible Vertical
Transmission of SARS-CoV-2 From an Infected Mother to Her Newborn.
JAMA. 2020; 323: 1846-8.
71. Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, et al. A Novel
Coronavirus from Patients with Pneumonia in China, 2019. New
England Journal of Medicine. 2020; 382: 727-33.

1611
72. Zhou P, Yang X-L, Wang X-G, Hu B, Zhang L, Zhang W, et al. A
pneumonia outbreak associated with a new coronavirus of probable bat
origin. Nature. 2020; 579: 270-3.
73. Ren L-L, Wang Y-M, Wu Z-Q, Xiang Z-C, Guo L, Xu T, et al.
Identification of a novel coronavirus causing severe pneumonia in
human: a descriptive study. Chinese Medical Journal. 2020; 133.
74. Chan JF-W, Yuan S, Kok K-H, To KK-W, Chu H, Yang J, et al. A familial
cluster of pneumonia associated with the 2019 novel coronavirus
indicating person-to-person transmission: a study of a family cluster.
The Lancet. 2020; 395: 514-23.
75. Lam TT-Y, Jia N, Zhang Y-W, Shum MH-H, Jiang J-F, Zhu H-C, et al.
Identifying SARS-CoV-2-related coronaviruses in Malayan pangolins.
Nature. 2020; 583: 282-5.
76. Sit THC, Brackman CJ, Ip SM, Tam KWS, Law PYT, To EMW, et al.
Infection of dogs with SARS-CoV-2. Nature. 2020; 586: 776-8.
77. Newman A, Smith D, Ghai RR, Wallace RM, Torchetti MK, Loiacono C,
et al. First Reported Cases of SARS-CoV-2 Infection in Companion
Animals - New York, March-April 2020. MMWR Morb Mortal Wkly Rep.
2020; 69: 710-3.
78. [Internet] WCSNewsroom. A Tiger at Bronx Zoo Tests Positive for
COVID-19; The Tiger and the Zoo’s Other Cats Are Doing Well at This
Time
https://newsroom.wcs.org/News-Releases/articleType/
ArticleView/articleId/14010/A-Tiger-at-Bronx-Zoo-Tests-Positive-forCOVID-19-The-Tiger-and-the-Zoos-Other-Cats-Are-Doing-Well-at-ThisTime.aspx (cited on Apr 05, 2020). 2020.
79. Oreshkova N, Molenaar RJ, Vreman S, Harders F, Oude Munnink BB,
Hakze-van der Honing RW, et al. SARS-CoV-2 infection in farmed
minks, the Netherlands, April and May 2020. Eurosurveillance. 2020; 25:
2001005.
80. Molenaar RJ, Vreman S, Hakze-van der Honing RW, Zwart R, de Rond J,
Weesendorp E, et al. Clinical and Pathological Findings in SARS-CoV-2
Disease Outbreaks in Farmed Mink (Neovison vison). Veterinary
Pathology. 2020; 57: 653-7.
81. [Internet] Denmark MoEaFo. COVID-19: All mink in Denmark must be
culled
https://en.fvm.dk/news/news/nyhed/covid-19-all-mink-indenmark-must-be-culled/ (published on Nov 5, 2020). 2020.
82. Lassaunière R, Fonager J, Rasmussen M, Frische A, Polacek Strandh C,
Rasmussen TB, et al. Working paper on SARS-CoV-2 spike mutations
arising in Danish mink, their spread to humans and neutralization data
[Preprint] (Available at: https://files.ssi.dk/Mink-cluster-5-shortreport_
AFO2, accessed on Nov 12, 2020). 2020.
83. Briefing C. China’s Travel Restrictions due to COVID-19: An Explainer.
2020.
84. Jin H, Liu J, Cui M, Lu L. Novel coronavirus pneumonia emergency in
Zhuhai: impact and challenges. J Hosp Infect. 2020; 104: 452-3.
85. Jin H, Lu L, Liu J, Cui M. Complex emergencies of COVID-19:
management and experience in Zhuhai, China. Int J Antimicrob Agents.
2020; 55: 105961.
86. Prevention CfDCa. Special webpage against Epidemics. 2020.
87. Jefferies S, French N, Gilkison C, Graham G, Hope V, Marshall J, et al.
COVID-19 in New Zealand and the impact of the national response: a
descriptive epidemiological study. Lancet Public Health. 2020; 5:
e612-e23.
88. Care OPH. COVID-19 Timeline.
89. Today A. Asia Today: Shanghai outbreak prompts 2 hospital lockdowns.
2021.
90. Reuters. Shanghai reports coronavirus case in airport worker. 2020.
91. Lee K, Worsnop CZ, Grepin KA, Kamradt-Scott A. Global coordination
on cross-border travel and trade measures crucial to COVID-19
response. Lancet. 2020; 395: 1593-5.
92. China NHCotP. Notice on standardizing the diagnosis and treatment
process of medical institutions under the normalization of epidemic
prevention and control. 2020.
93. Times. China Appears to Have Tamed a Second Wave of Coronavirus in
Just 21 Days with No Deaths. 2020.
94. CNN. China builds massive Covid-19 quarantine camp for 4,000 people
as outbreak continues. 2021.
95. Ferguson D, Brown J, Barber S. Coronavirus: the lockdown laws. 2020.
96. Gan N, Culver D. China is fighting the coronavirus with a digital QR
code. Here's how it works. CNN; 2020.
97. Lardieri A. China to Suspend International Flights if Multiple Passengers
Test Positive for Coronavirus. USnews; 2020.
98. pedia W. Fang Cang hospital. 2020.
99. Globaltimes. Shanghai will quickly put latest virus outbreak under
control: medical expert. 2021.
100. PRC TCGo. White Paper on "China's Action against the New Coronary
Pneumonia Epidemic". 2020.

http://www.ijbs.com

Int. J. Biol. Sci. 2021, Vol. 17

1612

101. Li XZ, Jin F, Zhang JG, Deng YF, Shu W, Qin JM, et al. Treatment of
coronavirus disease 2019 in Shandong, China: a cost and affordability
analysis. Infect Dis Poverty. 2020; 9: 78.

http://www.ijbs.com

