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Abstract: After the first wave of the COVID-19 pandemic that began in early 2020 was
brought under control, there have been some regional and small-scale cases of new infections
in China. In order to prevent the resurgence of the epidemic, the Chinese government has
continued the use of effective prevention and control measures in key epidemic areas. New
prevention and control measures have also been developed based on the characteristics of the
epidemic and the social habits of the Chinese people. The strategies applied in China include
large-scale nucleic acid testing, travel health code management, and patient treatment based
on a combination of Chinese and Western medicine. These measures can provide a reference
point for the global public health system that is facing the pandemic. The article suggests that
to prevent a pandemic, we must not only rely on vaccines and drugs, but also need to take
actions and apply social measures to manage the risk of infectious diseases.
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Introduction

In January 2020, the novel coronavirus (COVID-19) spread nationwide in main-
land China. After the Chinese government’s mobilization of infection control
measures and medical effort, a state of zero new infections was achieved in
China before summer 2020. This meant that the most dangerous phase of the
epidemic had passed. However, COVID-19 did not go away in China. In the
following weeks, new cases of infection were found in more than ten provinces,
some provinces experienced clusters of cases, while some Chinese students
studying abroad and business people returning from abroad also tested positive
for the virus. From the summer to the winter of 2020, China put in place various
measures to suppress the resurgence of the epidemic, and used this relatively safe
time to restore the economy and develop vaccines. This article mainly discusses
the role of nucleic acid testing, the travel health code, and drugs in reducing the
number of new COVID-19 cases in China.

Methods and Materials

This study focuses on newly reported local COVID-19 monitoring and prevention
measures in mainland China from June 2020. The data did not include cases in
Hong Kong, Macau, Taiwan of China. Cases and patient data mainly came from
official announcements and press conferences issued by the Chinese Central
Government and provincial health commissions, statistical data from the China
National Medical Products Administration, expert opinions from the China Centers
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for Disease Control and Prevention, public announcements
issued by pharmaceutical companies and recent medical
literatures. In the research design, we were thinking about
whether some of the measures mentioned in the manu-
script were effective and how long the effect can last. Our
preliminary view was that the manuscript cannot give
a relatively confident conclusion. It was more about pro-
viding perspectives or clues so that subsequent research
can be targeted. Therefore, we had adopted a combination
of focus research and comparative research methods.
Focus research was to summarize and present the key
factors of the event, such as the root and environment,
goals and countermeasures, output and impact, etc., and
process the information collected and stated facts in the
manuscript into evidence in the research process.
Comparative analysis was used to rank and compare dif-
ferent measures, ranking them in terms of time context and
importance. Of course, this comparison was not on the
same level, it was limited in terms of time, region, and
medical technology, and because there were still more
cognitive difficulties with the novel coronavirus, the pur-
pose of our comparison was to try whether a certain solu-
tion is feasible, Instead of testing the following measures.

Results
Epidemic Trends in the China Mainland

The China mainland experienced a high-risk period of con-
centrated outbreaks of COVID-19 cases from January to
March 2020." Starting from April 2020, China entered a low-
infection phase, during which the most critical and difficult
task was to stop the resurgence of the epidemic.? During this
period, there were small clusters of cases in Beijing,
Xinjiang, Liaoning, Shandong, and Inner Mongolia
Province in mainland China, and sporadic cases were also
found in Shanghai, Tianjin, Anhui, Guangdong, and Sichuan
Province. The areas with a high number of confirmed cases
were as follows. (1) From June 11 to July 5, 2020, Beijing
reported 335 confirmed cases and 31 asymptomatic infec-
tions. The main outbreak area was an agricultural wholesale
market. (2) From July 16 to August 15, 2020, Xinjiang
reported 826 confirmed cases and 127 asymptomatic infec-
tions. The cases were mainly in Urumgqi and surrounding
areas. From October 27 to November 5, 2020, 137 cases of
asymptomatic infections were detected in factory workers
and their surroundings in Kashgar, Xinjiang, and 78 con-
firmed cases. (3) From July 23 to August 5, 2020, Dalian

reported 68 confirmed cases and 32 asymptomatic infections.

The first infections were reported in employees of a seafood
factory. (4) From October 12 to October 14, 2020, a total of
13 confirmed cases were reported in Qingdao. The initial
infected individuals were also engaged in the processing and
transportation of frozen seafood. (5) From November 25 to
December 9, 2020, 26 new cases were detected in the Inner
Mongolia Autonomous Region. The cases were mainly in
Manzhouli, the busiest land port in the North of China.> The
transmission chain of the epidemic in these areas was rela-
tively clear,” the speed of diagnosis was relatively quick, and
the Chinese health agencies took action relatively quickly to
stop further transmission.” (Figure 1)

From January 2021, with the arrival of the severe cold
season, the number of confirmed infections in northern
China increased significantly.® A series of transmission
incidents caused by one patient occurred in Jilin,
Heilongjiang, and Liaoning Province in northeastern
China, within which there were 522 confirmed cases in
Heilongjiang Province and 425 cases in Jilin Province.
There were also confirmed cases in Shijiazhuang City,
Hebei Province in the area adjacent to the airport; the
total number of infections increased to 866 cases.
Compared with the cases in the previous few months,
this wave of infection had more confirmed patients and
faster spread.” (Table 1) These places restarted community
lockdown measures similar to those in Wuhan.

The Emergency Response Strategy Was
to Implement Nucleic Acid Testing for All

Residents

After a confirmed case was found, the guidelines developed
by the Chinese Center for Disease Control and Prevention
required analysis of the individual’s movements over the past
15 days, isolation and testing of their family members, col-
leagues, and close contacts, and disinfection of the
environment.® In these new outbreaks, some local govern-
ments in China believed that testing of close contacts was
insufficient. Instead, they hoped to find all infected indivi-
duals and the only way to do this was to test everyone in the
city.” The first full-staff nucleic acid test was conducted in
Wuhan. After successfully treating more than 50,000
patients, Wuhan decided to rule out the hidden coronavirus
risk in the city. Starting on May 11, 2021, Wuhan completed
the nucleic acid testing of nearly 10 million people over 10
days. Three hundred asymptomatic infections were found.'”
Since then, Beijing has implemented large-scale centralized
nucleic acid testing on more than 12 million people; 174
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Figure | Trends of COVID-19 Infections in China Mainland from April 2020 to December 2020.

people tested positive.'' In October 2020, Qingdao con-
ducted nucleic acid testing on 9 million citizens over 5
days, and no positive results were found.'”> At the same
time, the total number of people tested in Kashgar,
Xinjiang reached 4.74 million, and 183 people tested
positive.'® In Shijiazhuang City, the first round of nucleic
acid testing for all residents was conducted from January 6 to
January 8, 2021. A total of 10 million people were tested with
354 people testing positive. The second round of nucleic acid
testing was completed on January 14, 2021, with 247 positive
cases. From January 20 to 22, 2021, Shijiazhuang City con-
ducted the third round of nucleic acid testing with a total of
30 positive samples being detected. A total of 631 positive
samples were “screened” in the three rounds of full nucleic
acid testing."* Tonghua City in Jilin Province also conducted

four rounds of full-staff nucleic acid tests.

From 360,000 Samples, 108 Positive

Cases Were Confirmed'"’

In order to complete several million nucleic acid tests over
a short period of time, the Chinese health department
adopted three main methods to improve efficiency. The
first method was to map a grid at the level of region and
community to aid test notification and queuing. Samples
were taken and collected locally, and then sent to the
laboratory.'® The second method was a mixed test
method. Usually the nasopharyngeal swab samples of
ten subjects were mixed together and sent for testing.'”
If all the samples were negative, it meant that the subjects
were healthy. If suspicious markers were found in the
tests, retests or separate tests for each subject would be
carried out, which can greatly increase the test speed.'®
The third method involved building temporary testing
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Table | Regional Clusters COVID-19 Cases in China Mainland Since June 2020

Epidemic Area

Time Period

Infected Scale

Discovery Location

Beijing June I to July 5, 2020 335 confirmed and 3| asymptomatic | Agricultural product wholesale
market
Xinjiang July 16 to August 15, 2020 826 confirmed and 127 asymptomatic | Mall

Liaoning(Dalian city)

July 23 to August 5, 2020,

68 confirmed and 32 asymptomatic

Seafood factory

Shandong(Qingdao October 12 to October 14 13 confirmed Frozen seafood factory
city)
Xinjiang October 27 to November 5, 2020, 78 confirmed and 137 asymptomatic | Garment factory

Inner Mongolia

November 25 to December 9, 2020,

26 confirmed

Land port

Heilongjiang and Jilin

January |13 to February 6,2021

947 confirmed

Train and training institution

Hebei

January 2 to February 15,2021

866 confirmed

Village near the airport

laboratories.

A medical

technology company from

Many air, train, and coach transportation services were

Shanghai had developed an on-board nucleic acid testing
laboratory system, this kind of laboratory adopt the size of
a standard container. The interior of the laboratory was
divided into three independent sections: reagent prepara-
tion room, sample processing room and nucleic acid
detection room. It can be transported by container trucks
or placed on trains or freighters. Sometimes it also can be
split into three independent experimental functional areas,
and installs them in three commercial vehicles, and the
testing can be carried out at any time.'® Another China
Pharmaceutical Company invented an air cabin labora-
tory. An air cabin has an area of 4 square meters before
being inflated, increasing to 70 square meters after infla-
tion. The inflation process takes 50 minutes. The air cabin
lab is equipped with an automated nucleic acid detector,
which can automatically complete operations such as
opening test kits, adding reagents, scanning codes, and
entering information without manual assistance.
A laboratory with 12 air cabins can process up to
1 million samples per day. In terms of safety, the air
cabin is equipped with a fresh air system and high-
efficiency filtration system to ensure cleanliness. The air
cabin also uses one-way sample collection and a double-

door locking mode to prevent virus leakage.?

The Routine Prevention Strategy Was to
Implement a Travel Health Code

On January 20, 2020, the Chinese government officially
classified COVID-19 as a statutory infectious disease and
launched a Level 1 public health emergency response.

suspended nationwide. During the pandemic, the number
of business passengers in China decreased significantly.
Due to health concerns and the closure of tourist attractions,
the flow of tourist passengers in effect stopped.?' For the
remaining few travelers, whether they used civil aviation,
railway or road transportation, they had to accept body
temperature testing and health surveys. During a journey,
whenever people passed a city or a facility, their tempera-
ture had to be tested and they must fill in a declaration form.

From late March 2020, China’s epidemic began to lessen
significantly, and the government and transportation compa-
nies began to consider restoring normal traffic in order to
promote the economic recovery. They all realized that China
had a large population and a variety of travel methods.* It
was unreliable and very time-consuming to rely on manual
health checks. Some local governments submitted orders to
IT companies to develop mobile phone applications. This
was China’s “Travel Health Code”.(Figure 2)

The travel health code includes basic information on citi-
zens, their health information and travel information. Scanning
the health code at checkpoints allows information to be
checked: Basic information includes name, age, ID number,
home address, work, family information, owned vehicles and
other transportation. Health information includes citizens’
recent body temperature record, medical treatment records in
hospitals, and purchase records in pharmacies. Travel infor-
mation is based on the user scanning travel health code,
includes information on individuals’ travel trajectories, such
as the malls they visited, restaurants they ate in, and the flights
they have taken.”
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Figure 2 Sample of travel health code of China Mainland.

The travel health code is divided into three colors:
green, red, and yellow. Green indicates that the citizen
and their cohabiting family members recently have had
a normal body temperature, no hospital records of treat-
ment of respiratory diseases, and have not visited areas
with a COVID-19 high-risk level. Yellow indicates that
the citizen has recently visited some risky areas or places
with positive cases of COVID-19; has had a certain
degree of contact history with people infected with
COVID-19; or the citizen has recently experienced
some respiratory-related diseases. Red is the highest
alert level, indicating that the citizen comes from the
epidemic-center area, or has experienced symptoms
such as fever in the last 14 days. It can also indicate
that a citizen and their family have been identified as
close contacts of COVID-19 patients and needed to iso-
late and be observed. According to the color of the health
code, the transportation department has the right to
accept or reject passengers. Passengers whose travel
health code is red or yellow are usually rejected, while
passengers whose travel health code is green are allowed
to travel.*

The local government supported the travel health code
because the government provided all the citizen registra-
tion information managed by the police station, the hospi-
tal diagnosis and treatment information managed by the
Health Commission, the citizen medical insurance infor-
mation managed by the Medical Insurance Bureau, and the
ticket purchase information and travel information of the
transportation department. The developers of the travel
health code programs designed the data structures, data
element attributes, and data management requirements.
The government also required each public service agency
to upload information records to the database after

scanning the travel health code to determine citizen’s
travel trajectory map.?

Travel health codes were welcomed in some provinces,
but codes in various regions were developed indepen-
dently. There were problems with mutual recognition and
information sharing. The Chinese State Council began to
take two actions in response. The first was to require local
governments to manage the travel health code: they could
outsource data maintenance to private enterprise, but pri-
vate enterprise was not allowed to develop the travel
health code separately. In order to ensure that the content
of the travel health code was accurate, the National Health
Commission had successively consolidated the informa-
tion of all confirmed and suspected patients with COVID-
19, also the information of possible close contacts and the
epidemic risk level of each administrative region, and
information on entry personnel and fellow travelers. The
data is provided to the travel health code systems of
various local governments so that they can conduct inves-
tigations and comparisons when issuing travel health
codes. The second was to require the Chinese National
Standardization Commission to formulate a National
Standard to unify the format, content, and application
interface of travel health code collection information in
various regions. The national standard of travel health
code consists of reference model, data format and applica-
tion interface. On the whole, the reference model is
a framework standard, which focuses on the technical
model of “ Travel Health Code” application system and
mutual recognition between systems; the data format stan-
dardizes the personal health information data, focusing on
the data “raw material” level; the application interface can
be regarded as the operation instruction manual to realize
the mutual recognition of system docking under the
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framework model. The ultimate aim was to achieve
a “unified coding system, unified presentation mode, and

unified data content”.

A Feasible Treatment Strategy for
Confirmed Patients is the Combination of

Chinese and Western Medicine
The causative pathogen of COVID-19 was a highly infec-
tious enveloped positive-strand RNA virus.?® It binds to
the host receptor through the S protein on its surface,
thereby mediating membrane fusion and virus entry.?’
The virus preferentially infects cells of the respiratory
tract, and also enters the lungs, pharynx, heart, liver,
brain, kidneys, and digestive system organs.?®

The main protease or RNA of the coronavirus is depen-
dent on the RNA polymerase nsp12.?’ Therefore, scientists
used these characteristics to find suitable drugs.’® On the
one hand, the China Health Commission launched the
“COVID-19 Diagnosis and Treatment Plan (Trial
Seventh Edition)” and “COVID-19 Severe and Critical
Case Diagnosis and Treatment Plan (Trial Second
Edition)”, which recommended treatment with interferons,
lopinavir, ritonavir, ribavirin, chloroquine phosphate, arbi-
dol, etc. These antiviral drugs are already on the market. In
addition to the above drugs, Chinese hospitals also used
hormones, heparin, high-dose vitamin C and thymosin in
clinical treatment, and added the traditional Chinese med-
icine “Qing fei pai du Decoction”.>' On the other hand, at
the beginning of the outbreak, China, like other countries
in the world, had great hope in the new polymerase drug
remdesivir. Remdesivir is a nucleoside analog developed
by Gilead, initially used in treatment against highly lethal
infectious diseases such as Severe Acute Respiratory
(SARS-CoV),Middle East
Respiratory Syndrome Coronavirus (MERS-CoV), and

Syndrome  Coronavirus
Ebola virus.*?

After the outbreak of COVID-19, remdesivir was first
used in clinical treatment in the United States and France,
and was also introduced into China.*® In February 2020,
the Chinese National Medical Products Administration
passed special approval to allow remdesivir to be used in
two independent Phase III clinical trials in several hospi-
tals in Wuhan, China. One was titled “Randomized con-
trolled trials for severe COVID-19 patients”, and the other
was “Randomized controlled trials for mild and moderate
COVID-19 patients”.>* Gilead provided remdesivir injec-
tions in the clinical trials free of charge and provided

support for the design and development of the study. The
start time of the “Randomized controlled trials for severe
COVID-19 patients” was February 6, 2020; it was
expected to be used on 452 cases, and the completion
May 1, 2020. The start time of the
“Randomized controlled trials for mild and moderate
COVID-19 patients” was February 5, 2020, it was
expected to be used on 308 cases, and the completion
date was April 7, 2020.>° However, from the end of
March 2020, the number of people diagnosed with
COVID-19 in China dropped to less than 100 per day,
and the number of critically ill patients and deaths also

date was

decreased significantly. This had two effects: one was that
the number of patients who could participate in clinical
trials reduced, and the second was that the demand for
COVID-19 special drugs decreased.*

According to disclosure from the Chinese Academy of
Medical Sciences, the two remdesivir clinical trials men-
tioned above were forced to be terminated on April 15,
2020, 15-20 days sooner than the original planned trial
time. The reason was that appropriate test samples could
not be obtained. In the two trials, the experimental data for
the critically ill patients were more-or-less collected com-
pletely, and the test results were publicly disclosed on
April 29, 2020.Research showed that from February 6 to
March 12, 2020, a total of 237 severe patients received
medication. The 28-day mortality proportions within the
experimental group and control group were 14% and 13%,
respectively. The proportion of subjects experiencing side
effects in the two groups were 66% and 64%, respectively;
these figures were not statistically significant. For patients
treated with remdesivir, the clinical improvement time and
invasive mechanical ventilation time were shortened
within 10 days of symptom onset, and the risk rate (HR)
of clinical symptom improvement was 1.23. Clinical trials
in China have concluded that the use of remdesivir has
little to do with the improvement of clinical symptoms.®’
These trials neither confirm that remdesivir is a special
drug for COVID-19 nor that remdesivir is completely
ineffective.

Discussion
The Strong Transmission Capacity of the
Novel Coronavirus and the Reason for

the Resurgence of the Epidemic in China
China paid a heavy price in the early stages of the pandemic.
Therefore, when the epidemic was effectively under control
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in China, the Chinese government and people remained very
cautious. For example, when resuming business, transporta-
tion, education, medical and other social activities, the gov-
ernment still required people to wear masks. Patients with
cold, cough, and fever symptoms were required to take
a nucleic acid test, and the aforementioned travel health
code was mandatory.®® However, the coronavirus remained
a threat in China. Based on the analysis of disease control
experts, the main threats to newly confirmed patients were as
follows. First, the vast majority of people paid attention to
taking protective measures during the first wave of the
epidemic so that they did not become infected by the
virus.** This also resulted in many people having no
COVID-19 antibodies, meaning they had not produced an
immune barrier against infection.* Second, with the world-
wide spread of COVID-19, the virus was detected in China
in both immigrants and some imported cold chain foods,
meaning the virus cross-spread through the two channels of
“human-to-human” and “material-to-human”.*' Some peo-
ple who are engaged in food processing and transportation,
driving vehicles, catering and hotel services, as well as
medical staff, will become infected if they display minor
negligence in terms of protective measures.** Third, in win-
ter weather conditions, many places in China have adopted
measures such as airtight doors and windows, heating, and
so on, making COVID-19 easier to spread in a relatively
closed environment.* In this situation, although China
adopted a series of high-strength prevention and control
measures, it was still difficult to eliminate the virus
completely.

Which Was More Effective: Medical or

Non-Medical Strategies?

COVID-19 was sweeping through the world at a very fast
rate, and no country could avoid the threat. Every country
very much hopes to control the epidemic as soon as
possible, and even hope to end the epidemic. Therefore,
they have adopted various measures, China is no excep-
tion. We analyzed some of the measures that were
seemed to prevent the epidemic from rebounding. We
try to be as clear as possible that the effects of which
measures can be fully confirmed? Which measures
should take time to observe the effect? Which measures
are currently difficult to confirm? In terms of reducing the
chaos and loss of life inflicted by the virus, the conven-
tional method was to rely on medicine.** On the one
hand, the medical community scaled up the comparison

and research of broader-spectrum antiviral drugs, and
developed faster and more accurate nucleic acid detection
methods.*> On the other hand, many people placed hope
in the development and marketing of vaccines. China
made remarkable progress in the production and testing
capabilities of nucleic acid testing reagents, and played
an important role in quickly detecting infected patients
and preventing the spread of the epidemic.*® The Chinese
government has also recently decided to provide free
vaccines to residents. However, the medical community
has not found a specific drug to combat this coronavirus,
and effective treatment methods are still being explored.
Besides, China has a large population and cannot rely on
large-scale and repeated nucleic acid tests to diagnose
cases. If vaccination is to be implemented, it will take
a long time and a huge amount of money. The effect of
antibodies in the body and the duration of the antibodies
is still unknown, and the ability of vaccines to resist virus
mutations also needs to be studied.*’ In order to safe-
guard life and health, the government has no further
options left to explore. It can only rely on unconventional
and non-medical methods to change people’s lives and
social interactions. Such as travel of residents in the
epidemic area remains restricted and they are not allowed
to gather, some commercial and educational activities
will be suspended, some close contacts will be quaran-
tined for observation, and life in areas free of the epi-
demic will also be affected until government officials and
disease control experts agree that the risk has been mini-
mized. These measures were very different from previous
medical measures when other infectious diseases broke
out. It was made by the Chinese government under the
urgent situation of the epidemic. At the time of choice, it
was not clear evidence whether these measures will pro-
duce effects. The choice can only be made based on
“fast”, “full coverage”, and “operability” as the criteria.
However, the implementation of non-medical measures
requires both the strong will of the government and the
cooperation of residents.* In order to implement such
prevention and control measures, China urgently
amended the “Law on the Prevention and Control of
Infectious Diseases”, which enhanced the legal conse-
quences of non-compliance with the government’s order
for epidemic prevention. However, how long such non-
medical measures should last, how to reduce management
costs and reduce the inconvenience to life, and other

. . . . 49
issues need more extensive discussion.
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Conclusion

The COVID-19 pandemic would most likely not end in the
short term, it is not just a disease but represents
a challenge to the public health system and public life
around the world. In this manuscript, we used China as
an example to discuss what we can do in response to wave
after wave of threats. While implementing medical treat-
ment, China had also adopted many non-medical mea-
sures, and it was obvious that these non-medical
measures were mainly applied to healthy people. We
believed these non-medical measures cannot directly cure
the patient, but they can protect the people from the virus
and indirectly save lives, while this effect needed to be
confirmed by more scientific evidence. However, the novel
coronavirus would not leave us enough time to wait for the
result of this proof. Every person must realize that both
medical and non-medical methods can play a role in their
respective fields of expertise, when medicine and science
cannot clearly help us mitigate the risk, we must learn to
change the way of life, such as communication, travel and
home life. In the crisis, residents, communities, and the
government should unite as much as possible, especially
the majority of residents should place more concern on
public affairs, understand and cooperate with the health
authorities in this extraordinary period, and temporarily
put aside some personal interests. Moreover, the govern-
ment should use its authority and resources to protect the

public need for hygiene.
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