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SARS-CoV-2 has caused a pandemic. Control measures differ among countries. It is necessary to assess the ef-
fectiveness of these control measures.

We collected the data of COVID-19 patients and control measures between January 18, 2020 and September
18, 2020 from the Changshou District and analyzed the clinical characteristics, epidemiological data, and the
adjustment of policies to assess the effectiveness of control measures. The control of COVID-19 was divided
into 2 stages, with the lifting of lockdown in Hubei province (March 25, 2020) as a dividing line.

We identified 32 patients through different means in the first stage. All the imported patients entered this area
before the lockdown. In 93.1% of patients, the last exposure occurred before the implementation of the stay-
at-home order and centralized isolation. Tracing of high-risk people and RT-PCR screening identified 56.3% of
cases. In the second stage, all the high-risk people were under centralized isolation. Nine asymptomatic pa-
tients were identified. City lockdown and stay-at-home orders were not issued again, and no second-genera-
tion patients were found.

We have provided a successful model to control the transmission of COVID-19 in a short period.
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Background

Novel coronavirus disease (COVID-19) was first reported in
Wuhan, China, in December 2019 and rapidly spread to more
than 200 countries and areas [1-4]. The confirmed cases and
deaths increased rapidly [5,6], which far exceeded those with
Severe Acute Respiratory Syndrome (SARS) and Middle East
Respiratory Syndrome (MERS) [7]. On March 11, 2020, the
WHO publicly announced that COVID-19 was a pandemic [5].
COVID-19 is difficult to prevent and control because of rapid
person-to-person transmission and asymptomatic transmis-
sion [1,2,8-12]. There are no vaccines or effective therapeutic
drugs for the disease right now. Compared to influenza, COVID-19
has longer hospital stay and higher mortality [6,13-17]. If it is
not controlled at the early stage, it may lead to exhaustion of
medical resources with the increase of cases and high mortal-
ity, just like the situations in Wuhan and Italy [6-8]. The SARS
outbreak that began in southern China in 2003 was eventually
able to be controlled through tracing contacts of suspected cas-
es and isolating confirmed cases because most transmissions
occurred after the onset of symptoms [7]. There was evidence
of transmission before noticeable symptom onset in COVID-19
patients, which reminded us that contact tracing and confirmed
case isolation might be insufficient to control outbreaks, and fur-
ther interventions would be required to achieve control [8-12].

China is making great progress in the fight against the pan-
demic, and new cases have declined in recent months. Most
newly reported patients are imported [18]. Changshou District
is a city subordinate to Chongging in the southwest of China,
with a population of 903 000. The control of COVID-19 was di-
vided into 2 stages based on the lifting of restrictions in Hubei
Province on March 25, 2020. The first stage was before the lift-
ing of restrictions, and the second stage was after the lifting
of restrictions. We analyzed the clinical characteristics and ep-
idemiological data of cases, and the process of adjustment of
control measures in this district to show how these measures
achieved control, and to provide a reference for countries and
regions with ongoing community transmission.

Material and Methods

Data sources and definition

We collected the medical records of patients with COVID-19
between January 18, 2020 and September 18, 2020 from
Changshou District. COVID-19 was diagnosed according to the
WHO interim guidance [19], and confirmed by a positive result
on real-time reverse-transcriptase polymerase-chain-reaction
(RT-PCR) assay according to the protocol established by the
WHO and the National Health Commission of China [19,20].
RT-PCR testing was initially performed at the CDC of Changshou
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District. After May 1, local hospitals and commercial testing
agencies were authorized to carry out the test. The clinical
diagnosis was based on epidemiology, clinical symptoms, CT
scan, and serological results. All treatment programs were in
accordance with the guidelines formulated by the National
Health Commission of China and WHO [19,20].

The patients were divided into the first-stage group and the
second-stage group based on the time of confirmation. The
first-generation patients were defined having Wuhan exposure
history, while second-generation patients were defined as in-
fected by first-generation patients, and so on. Close contacts
were defined as having close (within 2 meters) and prolonged
(generally >30 minutes) contact with a confirmed patient [21].
Travelers coming from Wuhan (later expanded to other select-
ed provinces, areas, and countries experiencing COVID-19 out-
breaks) and close contacts were defined as high-risk people.

We also collected data about prevention and control of
COVID-19 from the Center for Disease Control and Prevention
(CDQ) of Changshou District and government websites, including
personnel input, epidemiological survey, and control measures.

Statistical analysis

Continuous variables are expressed as medians and interquar-
tile ranges (IQR) or average, as appropriate. Categorical variables
are summarized as counts and percentages. The differences
between groups were analyzed with the use of non-paramet-
ric tests. A P value of less than 0.05 was considered statisti-
cally significant. All the analyses were performed with the use
of SAS (version 9.1.3.). The study protocol was approved by
the Ethics Committee of the People’s Hospital of Changshou
District (No. 2020.002) and CDC of Changshou District (No.
2020.001). Since this was a retrospective observational study,
informed consent was not required.

Results

Control measures and adjustment process

The Chongging government activated the first-level public
health emergency response on January 24, 2020, one day af-
ter the Wuhan shutdown, and formulated a series of preven-
tion and control measures made up of 5 parts. First, city lock-
downs, traffic restrictions, and stay-at-home orders were issued.
Second, the government- designated hospitals and fever clin-
ics to centralize treatment for COVID-19 patients. The work-
flow is shown in Figure 1. Designated hospitals at the district
level were responsible for screening and diagnosis, and des-
ignated hospitals at the municipal level were responsible for
treatment. Fever clinics are the most important in the flow
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Figure 1. The work-flow of COVID-19 management.

chart. All suspected patients had to be screened in the fever
clinic. Each fever clinic was staffed with 1 doctor from the re-
spiratory, infectious diseases, or general practice department.
When the suspicious patients were younger than 14 years old
or elderly with various complications, the clinicians in the fe-
ver clinic would consult with the corresponding specialists. The
confirmed patients were transferred to the municipal desig-
nated hospital, where experts from various disciplines in the
city were selected by Chongging Municipal Health Commission
to be responsible for the diagnosis and treatment of patients
and could treat patients of all ages and with various compli-
cations. We have a multi-disciplinary team to discuss and treat
the patients with negative RT-PCR but with an epidemiologi-
cal history and/or typical clinical features. For these cases, re-
testing samples from other sites and using multiple methods
(e.g., RT-PCR assay, viral gene sequence, antibody assay, chest
CT scan) were encouraged to reduce the risk of misdiagnosis.
Third, wearing masks, disinfection, ventilation, and body tem-
perature monitoring were carried out in public areas such as
hospitals, shopping malls, markets, airports, railway stations,
and schools to slow the virus spread and identify as many po-
tential patients as possible. Fourth, active monitoring of high-
risk people and centralized isolation were widely implement-
ed by the CDC of Changshou District. The high-risk people
were transferred to designated hotels for isolation, where a
group of doctors was staffed. Fifth, the scope of RT-PCR test-
ing was expanded gradually. On January 28, 2020, Chongging
Municipal Health Commission allowed the clinicians to order

RT-PCR tests based on clinical suspicion, regardless of the ex-
posure history. On February 7, 2020, the CDC of Changshou
District started to test all the high-risk people on the first day
and last 3 days during their 14-day isolation period, or at any
time according to the clinicians’ discretion. As the pandem-
ic approached its end in China, the lockdown was lifted and
all the people gradually returned to work and school. The cit-
ies face the possibility of a new round of virus transmission.
The health code based on big data tracking has been devel-
oped to solve this problem. People are required to show the
code when they travel between provinces. People from high-
risk regions show the red code, and people from low-risk areas
or with negative RT-PCR tests within 1 week show the green
code. Those with the green code can move freely, while those
with the red code need 14-day centralized isolation and tests
for nucleic acid at least 2 times when they travel to another
province or enter this city from outside. The RT-PCR screen-
ing gradually expanded to all the high-risk people, especially
those with high-risk occupations such as medical staff, import-
ed frozen food-related employees, and nursing staff in nursing
homes, patients with fever and acute respiratory symptoms in
the clinics, and all inpatients. City lockdowns, travel restrictions,
and stay-at-home orders were not used in the second stage.

Clinical and epidemiologic characteristics

In the first stage, 32 patients were identified between January
18, 2020 and February 29, 2020. Twenty-nine patients were
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Table 1. Summary of clinical and epidemiologic characteristics of COVID-19 patients in 2 stages.

Characteristics

The first stage group (n=32)

The second stage group (n=9)

Age (yr)

Infection number of close contacts
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3 n=26, 6 cases were excluded, because 3 cases did not show symptoms, and 3 cases had continuous exposure to contamination
sources after symptoms onset; ® n=23, 9 cases were excluded, because 7 cases did not show symptoms at the time of isolation,
and 2 cases showed symptoms after quarantine; © n=23, 9 cases were excluded, because 3 cases were asymptomatic infection, 3
cases showed symptoms after diagnosis, and 3 cases were retrospectively diagnosed at the end of February based on serological
examination; ¢ n=27, 5 cases were excluded, because 3 cases were retrospectively diagnosed at the end of the course based on
serological examination, and 2 cases had continuous exposure to confirmed patients during the self-quarantine.

confirmed by positive RT-PCR tests, and 3 patients were clinical
diagnosis cases, who were treated the same as the confirmed
ones. Imported patients (the first generation) accounted for
34.4% (11/32) of cases. They entered this area from January
1, 2020 to January 23, 2020, the day of the Wuhan shutdown.
The second and third generations accounted for 28.1% (9/32)
and 37.5% (12/32) of cases, respectively. During the course of
the disease, 6.3% (2/32) of cases did not show any symptoms
or chest CT abnormalities. Of cases that developed into Acute
Respiratory Distress Syndrome (ARDS), 78.1% (25/32) had
pneumonia. Tracing of high-risk people and RT-PCR screening

identified 18.8% (6/32) of cases that developed into Acute
Respiratory Distress Syndrome (ARDS). Tracing of high-risk
people and RT-PCR screening identified 56.3% (18/32) of cas-
es and the ratio grew to 73.3% after February 7. Ten of the 18
cases were asymptomatic at the time of diagnosis. No intu-
bations were needed and no deaths occurred. The last patient
was discharged from the hospital on March 15, 2020 in the first
stage. After 1 month without new cases, 9 imported patients
were identified from April 4, 2020 to May 1, 2020 by tracing
and centralized isolation of high-risk people. All were asymp-
tomatic patients, and no second-generation cases were found.
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There have been no COVID-19 patients in our district for over
4 months. The demographic, clinical, and epidemiologic char-
acteristics of the patients in the 2 stage are shown in Table 1.

In the first stage, the median duration from final contact to
isolation was 11 days (IQR, 6 to 19), and the median duration
from isolation to confirmation was 0 days (IQR, O to 3). The
median duration from symptom onset to confirmation was
6 days (IQR, 3 to 11), which was shorter than that in South
Korea [22]. In the second stage, all the high-risk people were
required to enter centralized isolation as soon as possible. Most
people were under isolation on the day they entered the dis-
trict. The median duration from final contact to isolation was
0 days (IQR, 0 to 1), which was shorter than in the first stage
(P<0.0001); the median duration from isolation to confirma-
tion was 2 days (IQR, 1 to 4), which was not significantly dif-
ferent than in the first stages (P=0.1083).

In the first stage, 652 close contacts were traced. The average
number of close contacts of confirmed patients was 20.4. Family
members accounted for 40.7% of close contacts. Other common
close contacts were colleagues (17.3%), neighbors (12.0%), pas-
sengers (9.9%), medical staff (5.9%), and friends (2.9%). Among
all the close contacts, 15 patients were infected by family mem-
bers (the highest proportion), 3 by colleagues, 2 by neighbors,
2 by friends, and 1 by a customer. Only 6.3% (2/32) of patients
were infected after the implementation of the stay-at-home or-
der and centralized isolation. There were 23 close contacts and
no second-generation patients in the second stage. The average
number of close contacts of confirmed patients was 2.6. Family
members accounted for 47.8% of close contacts, 30.4% were col-
leagues, 8.7% were restaurant staff, and 4.3% were neighbors.

Over 1000 front-line health workers and community workers
participated in COVID-19 patient diagnoses, screening, follow-
up, and isolation in the first stage. There were 724 high-risk
people under centralized isolation, and 5167 people received
RT-PCR screening at isolation stations, fever clinics, and wards.
In the second stage, about 300 front-line health workers par-
ticipated in the control of COVID-19. Most community work-
ers resumed their original work. Some personnel participated
in the CDC monitoring and isolation of high-risk people with-
in their jurisdiction. There were 140 high-risk people (includ-
ing 44 people from Hubei province and 24 from abroad) under
centralized isolation, and 37 627 people (including high-risk
people, inpatients, and healthy people at their own expense)
received RT-PCR screening.

Discussion

Since SARS-CoV-2 is a new virus, we did not know much about
its biological behavior and pathogenicity at the beginning. The

CLINICAL RESEARCH

government swiftly adjusted the control measures according
to the problems encountered and the deeper understanding
of the virus. In the early stage of the pandemic, many patients
in Wuhan were infected in the hospitals. To avoid nosocomial
infection, patients with fever and/or acute respiratory symp-
toms were only allowed to seek medical advice in designated
fever clinics and hospitals after January 24, 2020 (Figure 1).
This measure ensured that there was no nosocomial infection
in this district. Some patients did not have a clear COVID-19
exposure history, so they did not meet the conditions for a
nucleic acid test, according to the early laboratory inspection
policy, and this resulted in missed diagnoses. Clinicians were
then allowed to order RT-PCR tests based on clinical suspicion,
regardless of the exposure history, on January 28, 2020. Since
then, no missed diagnoses of suspected patients have occurred.
Asymptomatic patients were difficult to detect by self-report-
ing or contact tracing. An asymptomatic patient who came
from Wuhan caused the largest patient cluster in the district,
which also was the last cluster to be identified. To avoid this
situation, all the high-risk people with or without symptoms
were required to enter centralized isolation and undergo RT-
PCR testing. Social distancing and self-quarantine were diffi-
cult to implement in low-income populations. People had to
go to work or did not have separate rooms for self-quarantine.
Few of the high-risk people in our district strictly followed the
CDC instructions to take a 14-day self-quarantine at the first
stage. They moved around and participated in public activi-
ties. Two patients were even infected by their family member
during self-quarantine at home. The stay-at-home order and
centralized isolation were implemented to solve this problem.
Most close contact occurred before the implementation of the
2 measures in our district. Only 6.3% (2/32) of patients were
infected after that. With strong control measures, the district
temporarily controlled the outbreak within 2 months. No new
cases were found in March. In the second stage, local patients
were cleared and most newly-confirmed cases were import-
ed [18]. We did not implement stay-at-home orders, traffic
restrictions, or suspension of classes and work in this stage.
Under the guaranty of accurate tracking of high-risk people
based on big data, centralized isolation, and extensive RT-
PCR screening, people could go to work and school normally.

In the first stage, when we diagnosed the first patient, COVID-19
had quietly spread in the communities for 18 days. Patients
were confirmed in the emergency department, respiratory
clinics, fever clinics, or by tracing high-risk people. The condi-
tion of patients ranged from asymptomatic to severe. People
were in close contact with patients in different ways. In the
second stage, we were actively involved in the prevention of
COVID-19. All the imported patients were identified through
high-risk people tracing and centralized isolation. All of them
were asymptomatic infections since those with symptoms were
restricted from traveling between provinces before being ruled
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out as infected with COVID-19 by doctors. At the beginning,
when the people from high-risk areas and countries entered
the district, some chose to go back home, eat something in a
restaurant, or go to their companies to hand over work, before
reporting to the designated hotel for isolation by themselves.
This resulted in close contact with many people before isola-
tion, such as family members, colleagues, neighbors, and res-
taurant employees. The patients stayed in the community for
a longer time, resulting in more close contacts and more costs
of prevention and control. To solve this problem, the high-risk
people were sent directly to the designated hotel from the sta-
tion or airport by negative-pressure emergency vehicle later.
The duration from the final contact to isolation of patients in
the first stage was much longer than that in the second stage.

All confirmed patients in China need to be hospitalized, and
the discharge criteria are much stricter comparing to other
countries (Figure 1). The asymptomatic and mild patients are
important sources of infection. Home isolation is an alterna-
tive to hospitalization for them. But we did not choose this
way, for 2 reasons. First, home isolation puts patients’ family
members at risk. In China, most families cannot provide inde-
pendent rooms and toilets for home isolation, and many cas-
es were intra-family infections in the early stage of the out-
break in Wuhan, China [23]. Second, home isolation is unlikely
to be fully effective because it cannot be strictly enforced. Our
2 cases were infected during isolation at home. Therefore, over
10 000 mild patients were admitted to fangcang shelter hos-
pitals for centralized treatment in Wuhan, China, where medi-
cal staff could provide medical care, disease monitoring, food,
shelter, and social activities [23]. When the number of cases
decreases, asymptomatic and mild patients are isolated in lo-
cal designated hospitals, as in our district. Although asymp-
tomatic and mild patients do not need special treatment, cen-
tralized isolation or hospital isolation are very important for
cutting off community transmission in many low-income coun-
tries when they cannot meet the conditions of home isolation.
The patients cannot be discharged unless they have 2 con-
secutive negative RT-PCR test results according to the latest
guideline of the National Health Commission of China (the 8t
Edition) [24]. However, Wolfel et al. found that virus isolation
success depended on high viral load and rapid isolation dur-
ing the first week of symptoms from a considerable fraction of
samples. No virus was isolated from samples taken after day
8, despite ongoing high viral loads [25]. This study suggested
that the patient could be discharged from the hospital without
being confirmed as PCR negative. Other countries and regions
can adapt appropriate discharge criteria based on the latest
research evidence and their sociological contexts.

Chest CT/X-ray has a high sensitivity for diagnosis of COVID-19
[26-28], the routine blood test is cheap and rapid and can
distinguish between bacterial and viral infection in a certain
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patient, and the RT-PCR test is the standard method used to
diagnose COVID-19; each patient in the fever clinic had to
have these 3 tests. When we formulated prevention and con-
trol measures, the task of the fever clinic was to find suspect-
ed patients as far as possible, and the illness condition assess-
ment was done after admission, so detection of pulse oxygen
saturation (SpO2) was not included in the required measures
in the fever clinic. Usually, shortness of breath and chest im-
aging abnormalities occur before, or in concert with, oxygen
saturation drops for the patients of COVID-19, so checking
the symptom of shortness of breath and chest CT scan/X-ray
could reduce the risk of misdiagnosis of severe patients with
low Sp02. Since Sp02 detection is simple and fast, we will
add this test to the revised work-flow to screen out the se-
vere patients more conveniently and quickly. Early detection,
early isolation, early diagnosis, and early treatment could re-
duce the virus transmission and reduce the number of severe
patients, thereby reducing mortality [29].

Joel et al. developed a stochastic transmission model and found
that contact tracing and case isolation were more effective
when there were fewer initial cases, lower RO, and less trans-
mission before symptom onset, but these 2 measures alone
were insufficient to control outbreaks [30]. Our findings sup-
port and expanded this model. Travel restrictions reduced the
initial number of cases; stay-at-home orders and centralized
isolation reduced close contacts and community transmission
and so lowered the Ro; rapid and effective tracing of high-risk
people and wide RT-PCR screening could find potential patients
quickly, especially the asymptomatic patients, and reduced
community transmission. The combination of these measures
helped us to control the outbreak of COVID-19 in the first stage.
Our control experience also provided another situation for this
stochastic transmission model. When there were no local pa-
tients, active tracing of high-risk people and centralized isola-
tion plus extensive RT-PCR screening measures could control
the epidemic without affecting people’s normal work and lives.

There are 1.36 doctors, 2.26 nurses, and 6.04 beds per 1000
people in this district [31,32]. If extensive measures were not
implemented before widespread community transmission,
there might have been an exhaustion of medical resources,
high mortality, and more economic losses. If COVID-19 turns
into a chronic infectious disease, it will be a disastrous blow
to the medical system and economic development of all coun-
tries in the world [33]. After confirming that the virus could be
transmitted from person to person, the government and med-
ical experts publicized professional popular COVID-19 knowl!-
edge for prevention and control measures by television, social
media, text messages, wall newspapers, brochures, and other
methods. Because of this extensive publicity about the virus,
coupled with their experience from SARS in 2003, the Chinese
people quickly realized the potential harm of COVID-19, so the
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vast majority of people supported and cooperated with the
government to take strict prevention and control measures.
The concept of early detection, early diagnosis, early isolation,
and early treatment was widely known. We have a popula-
tion of 0.9 million, only 824 km from Wuhan, Hubei province,
which was the epidemic center in China, but at present we
have only 41 patients, with no deaths, no hospital infection,
and no medical staff infection. With the gradual control of the
epidemic and the accumulation of knowledge about COVID-19,
people’s desire for normal life and the worry about economic
losses outweighed the panic about the pandemic. Therefore,
in the second stage, the measures such as city lockdowns,
traffic restrictions, and stay-at-home orders were not imple-
mented, while the measures of centralized isolation of high-
risk groups and extensive RT-PCR screening were retained. We
gradually returned to work and school from March 10, 2020.

Through a detailed analysis of the measures and effectiveness
of prevention and control in this region, we have provided a
successful model to control the transmission of COVID-19 in a
short period. However, this report has 4 limitations. First, this
is a small descriptive study to evaluate the effectiveness of
control measures. Second, the global infection has not reached
its peak yet, so with the lifting of travel and work restrictions,
this small city may face new rounds of pandemic for a long
time. Whether the costs and benefits of these measures can
be sustained for months or even years needs further assess-
ment. Third, some strict control measures, such as centralized
isolation of all high-risk people, may not be applicable to some
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countries and regions. Fourth, Changshou District is a city in the
interior of China, and the generalizability of results is limited
because of city scale and the small sample size. Effectiveness
of the measures might vary in different climates and socio-
logical contexts. Cities and nations with other characteristics
might need to adapt and augment our measures to achieve
the same level of effectiveness.

Conclusions

We implemented strong control measures, such as city lock-
down, travel restrictions, stay-at-home orders, designated hos-
pitals and fever clinics, centralized isolation, tracing of high-
risk people, and extensive RT-PCR screening in the first stage
to control the spread of COVID-19 within 2 months. Therefore,
people’s lives gradually returned to normal. When facing the
second round of virus transmission, we only performed ac-
tive tracing of high-risk people based on big data, centralized
isolation, and extensive RT-PCR screening measures, and suc-
cessfully stopped community transmission of COVID-19 with-
out affecting people’s normal work and lives. Our experience
may serve as a reference for countries and areas with ongo-
ing community transmission, helping them halt outbreaks or
build long-term pandemic resilience.
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