Engineering 7 (2021) 908-913

Contents lists available at ScienceDirect

Engineering

journal homepage: www.elsevier.com/locate/eng

Research

Public Health—Article

Facilities for Centralized Isolation and Quarantine for the ]
Observation and Treatment of Patients with COVID-19 e

Xianliang Wang **#, Jiao Wang **, Jin Shen®*, John S. Ji ™, Lijun Pan?, Hang Liu?, Kangfeng Zhao?, Li Li*,
Bo Ying?, Lin Fan?, Liubo Zhang?, Lin Wang?, Xiaoming Shi #%*

2 China CDC Key Laboratory of Environment and Population Health, National Institute of Environmental Health, Chinese Center for Disease Control and Prevention, Beijing 100021,

China

b Environmental Research Center, Duke Kunshan University, Kunshan 215316, China
€ Nicholas School of the Environment, Duke University, Durham, NC 27708, USA
d Center for Global Health, School of Public Health, Nanjing Medical University, Nanjing 211166, China

ARTICLE INFO

Article history:

Received 17 November 2020
Revised 25 February 2021
Accepted 22 April 2021
Available online 22 April 2021

Keywords:
Centralized isolation
Risk control
Infectious patients
Close contacts
Coronavirus disease

ABSTRACT

The coronavirus disease 2019 (COVID-19) pandemic increased the burden on many healthcare systems
and in the process, exposed the need for medical resources and physical space. While few studies dis-
cussed the efficient utilization of medical resources and physical space so far. Therefore, this study aimed
to summarize experiences related to facilities used for centralized isolation for medical observation and
treatment during the COVID-19 pandemic in China and to provide suggestions to further improve the
management of confirmed cases, suspected cases, and close contacts. In China, three types of facilities
for centralized isolation (Fangcang shelter hospitals, refitted non-designated hospitals, and quarantine
hotels) underwent retrofitting for the treatment and isolation of confirmed and suspected cases. These
facilities mitigated the immediate high demand for space. Moreover, in order to minimize infection risks
in these facilities, regulators and governmental agencies implemented new designs, management mea-
sures, and precautionary measures to minimize infection risk. Other countries and regions could refer
to China’s experience in optimally allocating social resources in response to the COVID-19 pandemic.
As a conclusion, government should allocate social resources and construct centralized isolation and
quarantine facilities for an emergency response, health authorities should issue regulations for centrali-
zed isolation facilities and pay strict attention to the daily management of these facilities, a multidiscip-
linary administration team is required to support the daily operation of a centralized isolation facility,
in-depth studies and international collaboration on the centralized isolation policy are encouraged.
© 2021 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

approximately 2.8 million deaths as of March 31, 2021 [1]. In many
nations, the COVID-19 pandemic was characterized by an expo-

The current coronavirus disease 2019 (COVID-19) has rapidly
spread across more than 200 countries [1]. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) can not only spread via res-
piratory droplets [2] but also persist on surfaces (including metal,
glass, and plastic surfaces) for days, increasing the infection risk in
confined places [3]. Since the World Health Organization (WHO)
officially declared COVID-19 to be a pandemic, more than 128
million confirmed cases have been reported globally, with
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nential increase in confirmed cases, especially during the pan-
demic’s early phase [4,5]. Studies have reported that the case
fatality rate (CFR) was 15% during the early stage of COVID-19 epi-
demic in Wuhan, China, in a small cohort of hospitalized patients
and subsequently decreased to 1.4%, with an increase in confirmed
cases in Wuhan [5,6]. However, poor survival rates were seen in
elderly patients and those with respiratory diseases [5,7]. The
medical staff estimated that approximately 60% of all infections
originated from people considered to have mild symptoms or be
asymptomatic [8]. According to a report from the WHO-China
Joint Mission on COVID-19, 80% of the 55 924 COVID-19 patients
in China exhibited mild-to-moderate syndromes [9]. However,
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there was neither an effective drug nor a vaccine available at that
time, and thus, isolation became one of the essential preventive
measures to curb COVID-19 transmission [10]. It is imperative to
prevent the transmission of SARS-CoV-2 to healthy people via
the isolation of confirmed and suspected cases and quarantining
of their close contacts [11]. However, an unprecedented number
of mild-to-moderate COVID-19 patients and close contacts were
detected in a short period due to the rapid spread of COVID-19,
exerting a continuous pressure on existing medical resources. In
places such as Wuhan, Lombardy, and New York, all negative pres-
sure wards became occupied due to a large number of mild-to-
moderate COVID-19 patients, causing the increase in the CFR of
severe cases [1,12,13]. In addition, general single medical rooms
and individual isolation spaces were urgently needed for the isola-
tion and screening of suspected cases and close contacts,
respectively.

In this context, routine medical observation and treatment
might not be possible during the pandemic due to their extensive
burden on the medical system, especially in developing countries.
To maximize healthcare service capacity during the pandemic,
public health agencies need to establish a flexible management
strategy for different patient groups. Centralized isolation means
gathering people in one place and cutting off contact with out-
siders. In our knowledge, this is the first systematic illustration
of centralized isolation and quarantine for the observation and
treatment of patients with COVID-19 in China from the perspec-
tives of policy and public health. Therefore, this study aimed to
summarize experiences related to facilities used for centralized
isolation for medical observation and treatment during the
COVID-19 pandemic in China and to provide suggestions to further
improve the management of confirmed cases, suspected cases, and
close contacts.

2. Centralized isolation strategy for controlling the COVID-19
infection risk

Effective centralized isolation is a reasonable countermeasure
to slow down or stop COVID-19 transmission [14]. The ideal places
for isolation include hospitals and separate medical institutes. As
early as the mid-1800s, infectious disease hospitals were utilized
to isolate patients to interrupt disease transmission [15]. In recent
decades, the Chinese government has constructed and retrofitted
centralized isolation facilities to respond to outbreaks of infectious
diseases. For example, Chinese government built the Xiaotangshan
Hospital for the temporary isolation and treatment of patients dur-
ing the SARS epidemic in 2003 [16]; simple places for isolation,
including empty schools, have been refitted for patients during
the hepatitis A epidemic in Shanghai, China [17]. These practices
imply that centralized isolation would be conducive to maintaining
a functioning healthcare system using existing medical resources
and ensuring timely and effective treatment for severe COVID-19
patients with a low CFR. In Wuhan, during the early stage of the
COVID-19 pandemic, the isolation and treatment of patients with
mild-to-moderate symptoms was a time-sensitive issue. The study
by Chen et al. [18] showed that although social distancing for a
finite time period could slow down transmission to some extent,
it could not be expected to be sufficient for epidemic control with-
out centralized isolation measures. Therefore, to overcome the sev-
ere shortage of available medical resources, several types of
facilities were constructed or retrofitted, including Fangcang shel-
ter hospitals, non-designated hospitals, and quarantine hotels, for
the centralized isolation and quarantine of confirmed cases, sus-
pected cases, and close contacts [19]. It should be noted that Fang-
cang shelter hospitals are not temporary field hospitals but are
places rapidly converted from existing public facilities to hospitals;
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they are used to simultaneously isolate and care for patients with
mild-to-moderate COVID-19 [20]. The basic requirements related
to environmental sanitation included a regular supply of drinking
water and food, adequate number of temporary restrooms and
bathrooms, and daily cleaning. The facilities used for centralized
isolation were considered in terms of minimizing the infection risk
to the surroundings and nearby residents.

3. Practices in facilities used for centralized isolation and
quarantine during the COVID-19 pandemic

3.1. General design and implementation of the isolation and
quarantine strategy

The rapid surge in the number of COVID-19 cases in Wuhan
caused a rapid heavy burden on the capacity of centralized isola-
tion. Resettlement buildings were used for the centralized isolation
of many infectious cases and those who came into close contact
with patients in emergency-room conditions. Since mild cases
are reported to be the most infectious and it is difficult to deter-
mine the discharge date, the implementation of facility-based iso-
lation plays an essential role in admitting all confirmed cases to
hospitals and treating all patients in hospitals, which significantly
improves the treatment rate [20-23]. The Wuhan Sports Center
Stadium Fangcang Shelter Hospital started to admit patients and
treat mild-to-moderate cases starting on February 12, 2020. The
first group of eight patients recovered from the disease six days
after admission. As of February 28, 2020, 479 cases had been
admitted, with 49 cases discharged and 9 transferred. No deaths
in patients and no infection in healthcare workers were reported.
Only 37 days later, all Fangcang shelter hospitals in Wuhan were
closed owing to complete reversal of the pandemic trend, which
indicates the effectiveness of centralized isolation and quarantine
in curbing the COVID-19 pandemic in China (Table 1).

All supplies were classified and managed in a centralized man-
ner, and a worker was assigned to investigate the demand and sup-
ply status. Daily necessaries such as masks and slippers were
provided to the patients on admission. The managing staff com-
prised well-trained healthcare responders with adequate knowl-
edge regarding COVID-19, infection control, and protective
measures. The occupant densities could be ranked from the highest
to the lowest from Fangcang shelter hospitals to refitted non-
designated hospitals to quarantine hotels [24]. Thus, the frequency
of disinfection for the indoor environment could be adjusted
according to need [25]. Terminal disinfection of beds was restricted
to specific rooms and carried out via spraying disinfection followed
by ultraviolet disinfection.

3.2. Measures implemented within different facilities used for
centralized isolation and quarantine

Since Fangcang shelter hospitals, non-designated hospitals, and
quarantine hotels had different functions and conditions, the pre-
caution measures for controlling infection risk varied accordingly.
Some stadiums were retrofitted as facilities for centralized isola-
tion, such as Fangcang shelter hospitals, for the isolation and treat-
ment of confirmed patients with mild-to-moderate symptoms
[19,26]. Since all patients in Fangcang shelter hospitals were infec-
tious, the indoor environment was contaminated with SARS-CoV-2.
Thus, it was imperative to minimize the infection risks of doctors,
nurses, and service personnel. To illustrate a case in point, some
non-designated hospitals with simple infrastructure were retro-
fitted for the isolation and screening of suspected patients owing
to limited capacity for polymerase chain reaction (PCR) diagnosis.
Since suspected patients might be confirmed to have the disease,
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Table 1
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Characteristics of Fangcang shelter hospitals, private hospitals, and quarantine hotels used to mitigate the COVID-19 pandemic in Wuhan.

Items Fangcang shelter hospitals

Refitted non-designated hospitals Quarantine hotels

16

Sports stadium, convention center, factory building, etc.
February 3, 2020

March 10, 2020

More than 10 000

Total number

Original buildings

Start time

End time

Persons accepted

Staff number
with 4 doctors and 12 nurses) and logistic support staff

Overall effect
facilitate resource

Low cost, fast, and effective
High technical requirements for running

Social remarks
Limitations

Medical staff (every 50 beds in a medical unit, each unit is equipped

Isolate many patients with mild-to-moderate symptoms and free up
resources for severe patients, promote the rational allocation of

120

Private hospitals, etc.

January 25, 2020

March 5, 2020

More than 100 000

5-10 medical staff in a private
hospital

660

Independent hotels

January 25, 2020

March 2, 2020

More than 1 000 000

Hotel staff and medical staff (more
than 100 people in a quarantine
hotel)

Reduce the incidence of infectious
diseases; protect the healthy
persons

Effective

Difficult management and
disinfection

Medical testing and simple
treatment can be performed
simultaneously

Effective

Each non-designated hospital has
limited population to accept

the prevention of inter-infection was emphasized by strictly limit-
ing mobilization (suspected patients were requested to stay in
separate rooms). Meanwhile, preparations were made with respect
to simple medical treatment functions to cope with possible emer-
gencies involving severe patients. In addition, simple modifications
were made to some hotels that were not in proximity to other
buildings for the quarantine of COVID-19 patients. In quarantine
hotels, inter-infection was prevented by the use of separate rooms
for quarantine or strict mobilization limitations. The design charac-
teristics, management strategies, and precautionary measures in
Fangcang shelter hospitals, refitted non-designated hospitals, and
quarantine hotels are summarized in Table 2.

It is vital to find a suitable site for building a Fangcang shelter
hospital based on technical requirements similar to those for an
infectious disease hospital. Inside the Fangcang shelter hospital,
the contaminated zones included the places where patients were
treated, such as wards, treatment rooms, waste rooms, and dis-
charge rooms. The clean zones included dressing rooms, catering
rooms, duty rooms, and storerooms [26]. Semi-contaminated
zones referred to spaces between clean zones and contaminated
zones, which could be potentially contaminated by patients’ blood
or body fluids; these zones included the medical staffs’ offices,
treatment rooms, nurses’ stations, medical equipment rooms,
other treatment rooms, and inner corridors. Two distinct passages
were designed for healthy medical staff and infectious patients
[19]. Fangcang shelter hospitals in use were required to have three
key characteristics: rapid construction, massive scale, and low cost.
They were also required to have six essential functions: isolation,
triage, basic medical care, frequent monitoring, rapid referral,
and essential living and social engagement. These were considered
to be powerful components of responses to the COVID-19 pan-
demic in Wuhan [19]. Some non-designated hospitals and separate
health centers with basic medical facilities were refitted for the
emergency isolation and screening of suspected patients. These
refitted hospitals for centralized isolation provided some essential
functions such as frequent medical testing, separate isolation, basic
medical care, rapid referral, and essential living conditions. In
order to minimize the infection risk of medical staff because of fre-
quent contact with cases, health status of medical staff in Fangcang
shelter hospitals and refitted non-designated hospitals were
monitored on a daily basis. The staff used personal protection
equipment of a similar grade as that used in hospital settings.
Goggles were soaked in disinfectant with an available chlorine
content of 1000 mg-L™! for one hour; then, they were washed
and dried and disinfected again using ultraviolet light.

However, the medical treatment supply was not strongly neces-
sary for quarantine hotels. In China, nearly 1 million close contacts
were isolated in quarantine hotels [27,28]. It was imperative to
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ensure safety with respect to the indoor environment in these
quarantine hotels by means of room ventilation and disinfection.
Multi-room air conditioning systems were shut down to avoid pos-
sible inter-infections between different isolation spaces. The objec-
tive in such facilities for centralized isolation was the minimization
of infection risk. The body temperature of people was recorded on
entry. The close contacts and service personnel in quarantine
hotels were monitored many times per day. Reverse
transcription-polymerase chain reaction (RT-PCR) testing and
screening were arranged for close contacts with body tempera-
tures higher than 37.3 °C. The local health department helped ser-
vice personnel in these places to acquire skills related to risk
control via education and professional training [29].

4. Discussion

Experiences in China revealed that centralized isolation could
economically mitigate the COVID-19 pandemic by ensuring effec-
tive and timely isolation; treatment; and quarantine of confirmed
cases, suspected cases, and close contacts. A differentiated preven-
tion and control strategy was proposed, and the local government
was responsible for formulating prevention and control measures
according to the actual pandemic and socio-economic situations.
In January 2020, the number of COVID-19 cases rose rapidly in
Wuhan, China, causing a strain on medical institutions. Many con-
firmed and suspected cases could not be admitted and treated in
time. Fig. 1 shows the temporal variation in the daily numbers of
new confirmed cases from January 24 to March 16, 2020, in
Wuhan. On February 2, the Wuhan COVID-19 Prevention and Con-
trol Headquarters announced that close contacts of patients with
fever and patients with fever and pneumonia symptoms in Wuhan
should be sent to facilities for centralized isolation for medical
observation, treatment, and preventive measures. On February 5,
the first Fangcang shelter hospital was put into service, and the last
one was closed on March 10. Chen et al. [30] investigated the rela-
tionship between temperature and COVID-19 transmissibility in
117 countries and found that when keeping other environmental
indicators equal, lower temperature increases the transmissibility
of the virus, indicating higher demand of centralized isolation
which efficiently curbs the virus transmission. Our finding is in line
with those of their study that centralized isolation and quarantine
is more important in winters [30]. Fangcang shelter hospitals pro-
vided better medical facilities for the treatment of patients with
mild-to-moderate symptoms who showed progression to severe
COVID-19, which was crucial for decreasing the CFR. The screening
and isolation of suspected cases and quarantine of close contacts as
early as possible could be used to avoid cluster infection among
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Table 2
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Design characteristics, management strategies, and precautionary measures in Fangcang shelter hospitals, refitted non-designated hospitals, and quarantine hotels.

Items Fangcang shelter hospitals Refitted non-designated hospitals Quarantine hotels

Function e Isolation and treatment of confirmed e Emergency isolation and screening of e Temporal quarantine, rapid referral, and
patients with mild-to-moderate suspected patients essential living of close contacts
symptoms

Location e Away from kindergartens, primary e Away from crowded communities and e Away from crowded communities
schools, and other urban areas with buildings
crowded people

Layout e Contaminated area, semi-contaminated e Contaminated area, potentially contaminated e One close contact per room

Administrative
management

Room ventilation

Sewage

Disinfection

Personal protection

area, and clean area

e Medical staff passage and patient
passage

e Ensuring basic medical treatment, food,
drinking water, and personal protection
equipment supply

e Daily body temperature monitoring

o Risk control training

e Disposable tableware used for meals

o The sanitary condition of contemporary
toilets need to be inspected and cleaned
up instantly, and inspection staff
should wear protective suits

e Natural and/or mechanical ventilation
2-3 times per day

e Set mechanical air supply and exhaust
system in different areas
independently, and exhaust air volume
should be 1.1 times of supply air
volume

e The all-air air conditioning system
should operate with the maximum
fresh air volume

e The drainpipe should be sealed;
wastewaters from different areas
should be separately collected for
disinfection and biochemical treatment

e Daily disinfection with chlorine agents
for object surface (500-1000 mg-L™"),
medical wastes (5000-10 000 mg-L™1),
operation rooms

o Equipped with ultraviolet disinfection
lamp

e Mask, social distancing, hand hygiene

area, and clean area
e One suspected case per room

e Ensuring basic medical treatment, food,
drinking water, and personal protection
equipment supply

e Daily body temperature monitoring

o Multiple nucleic acid tests

e Domestic and medical wastes of suspected
cases should be collected and treated as
medical wastes

e Natural and/or mechanical ventilation 2-3
times per day

 Split air conditioner is recommended in the
air conditioning system (if possible, install
circulating air disinfector)

o Keep exhaust fan in the restroom on

e Wastewater should be disinfected before
being discharged; chlorine-containing
disinfectant should be added regularly to
ensure 10 mg-L™! of total residual chlorine
after disinfection for 1.5 h

e Object surface disinfection with chlorine
agents for 30 minutes regularly (500-

1000 mg-L™!) at least once a day, medical
wastes disinfection

o Equipped with ultraviolet disinfection lamp

e Emergency personnel, equipment, and
facilities

e Ensuring basic food, drinking water, and
personal protection equipment supply

e Multiple body temperature per day

e One close contact quarantined in a single
room

o Natural and/or mechanical ventilation

o Split air conditioner is recommended in the
air conditioning system

o Air conditioner should be turned on after
30 min of mechanical ventilation

o A separate sewage discharge tank should be
set up; chlorine-containing disinfectant
should be added regularly to ensure
10 mg-L™! of total residual chlorine after
disinfection for 1.5 h

o Object surface disinfection with chlorine
agents for 30 minutes regularly (500-

1000 mg-L™!) at least once a day

family members and subsequent transmission in the community.
Fig. 1 shows that only two days after announcing close contacts
of patients with fever and patients with fever and pneumonia
symptoms in Wuhan should be sent to facilities for centralized iso-
lation for medical observation, treatment, and preventive mea-
sures, the rapid increase in cases since January 24 was
ameliorated, and the number of new confirmed cases began to
drop with occasional fluctuations. The statistical caliber was
adjusted on February 12, which indicates that after this date,
clinically diagnosed cases without PCR confirmation were also
reported as confirmed cases. To better demonstrate the variation
in the trend of confirmed cases, the data on February 12 (13 436
cases) were not shown in the graph. However, the absolute number
of confirmed cases could not be directly compared before and after
adjustment of the statistical caliber. The variation trends both
demonstrated an overall decrease. Thus, it is reasonable to infer
that centralized isolation and quarantine in these places was con-
ducive to interrupting the rapid spread of COVID-19 owing to opti-
mal allocation of resources in local areas. Moreover, facility-based
isolation of mild cases was a cost-effective approach because it
could efficiently curb the pandemic and minimize economic bur-
den [31]. However, it should be pointed out that centralized isola-
tion and quarantine policy was only one of the factors contributing
to the change in the curve. Other factors might include change of
meteorological and environmental factors, intervening measures,
improvement of public compliance to precautions, and so on.
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However, the centralized isolation and quarantine policy also
has disadvantages. The limitations of centralized isolation include
separation from family members, restriction of activities, high
medical requirements, and psychological problems associated with
isolation (such as anxiety and depression). Thus, to avoid possible
limitations, further improvements are needed in the management
of these centralized isolation and quarantine facilities, such as the
provision of psychological counseling. Moreover, decentralized iso-
lation and quarantine, such as stay-at-home-orders and at-home
quarantining, might also serve as an alternative measure. Although
the isolation of confirmed and suspected cases at home might
result in family clusters and instances of second-generation com-
munity transmission [32,33], decentralized isolation and quaran-
tine can be an alternative for suspected patients with mild
symptoms, close contacts, people entering the region from
medium- and high-risk areas, and people who need to be isolated
in specific circumstances as required by the local health depart-
ment. Therefore, while emphasizing measures for centralized
isolation and quarantine, it is also necessary to pay attention to
the decentralized isolation and quarantine policy. Moreover,
religious beliefs and local cultural traditions should be respected
in the routine management of centralized isolation and quaratine
facilities (setting up prayer rooms and multiple choices for food).
Mobility assistance and special needs should also be considered
for individuals with disabilities. As to the minimization of infection
risk in centralized isolation and quarantine facilities, further
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Fig. 1. Temporal variation in the daily number of new confirmed cases from January 24 to March 16, 2020, in Wuhan, China. The red dashed line refers to the release of the
10th announcement from the Wuhan COVID-19 Prevention and Control Headquarters (February 2, 2020), and the black dot line refers to the date of adjustment of the

statistical caliber (February 12, 2020).

studies are needed to improve function and precautionary mea-
sures. Unfortunately, the data about the number of confirmed
cases in the centralized isolation and quarantine places could not
be obtained due to limited data access, which becomes a limitation
of this study. However, with the improvement of data accessibility,
once the national and international data become available, in-
depth quantitative studies on the role of centralized isolation pol-
icy in the prevention and control of COVID-19 could be carried out.

5. Perspectives

At present, the COVID-19 pandemic is ongoing in many coun-
tries, and centralized isolation has become a valuable strategy for
the isolation and treatment of infectious cases in some nations.
To curb the global spread of COVID-19, we recommend the follow-
ing actions.

First, all countries should collaborate and address the threat of
the COVID-19 pandemic and develop appropriate preventive
strategies for the effective isolation of infectious cases. Because
of the diversity in economic growth, social development, and his-
torical background, it would be valuable for international health
organizations such as the WHO to discuss principles regarding
the designing and legal aspects of such facilities; issue technical
standards [1]; and encourage stakeholders, social organizations,
and enterprises to participate in the prevention of COVID-19.

Second, it should be the government’s goal to allocate social
resources and construct centralized isolation and quarantine
facilities for an emergency response. Due to the diversity in hospi-
tals and hotels in different countries, practical local construction or
retrofitting plans should be taken into consideration.

Third, health authorities should issue regulations for centralized
isolation and quarantine facilities and pay strict attention to the
daily management of these facilities. Secondary infection must be
prevented, and adequate sanitation should be guaranteed with
environmental health surveillance and health risk evaluation.

Fourth, a multidisciplinary administration team is required to
support the daily operation of a centralized isolation facility. The
team should be composed of doctors, nurses, environmental
hygiene staff, and support personnel. Some workers may not have
training and experience regarding personal protection against
infectious diseases. Thus, health education and specialized training
should be conducted for all members. Moreover, it is also essential
to improve the compliance to prevention and control strategy of
people living in centralized isolation facilities in terms of reducing
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infection risk by emphasizing the importance and benefits of pre-
ventive measures.

Fifth, in-depth studies on the centralized isolation and quaran-
tine policy are encouraged. It is necessary to accumulate compara-
tive experience both across countries and across various means of
achieving different isolation and quarantine strategies. An open
data platform should be constructed for further in-depth quantita-
tive studies on the role of centralized isolation and quarantine in
the prevention and control of COVID-19. Moreover, cost-
effectiveness studies are needed to identify measures that are
critical for successful isolation and quarantine at minimal
economic and health costs.
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