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Summary
Objective To summarize the successful experience of
timely crisis management, correct measures, and suc-
cessful display of the hospital image in the First Af-
filiated Hospital of Zhejiang University (FAHZU), to
improve the ability of emergency response.
Methods The FAHZU, as the earliest designated hos-
pital, accomplished the transformation from gen-
eral hospital to infectious disease hospital under the
guiding ideology of centralized patients, centralized
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experts, centralized resources, and centralized treat-
ment with measures to transfer the Zhijiang campus
hospitalized patients quickly, complete the space lay-
out, create diagnosis and treatment space, streamline
logistics, and transform logistics facilities within 48h.
As of 5 March, the hospital had admitted 104 patients.
Results Of the severe cases in Zhejiang province 95%
underwent centralized treatment with the goal of zero
deaths for severely ill patients, zero misdiagnoses for
infected patients, and zero infections formedical staff,
and this served as a reference for large medical insti-
tutions regarding how to manage such a public health
emergency.
Conclusion The successful cases of FAHZU provided
a valuable experience for large medical institutions on
how to address public health emergencies and how to
carry out diagnosis and treatment and streamline the
layout and related facilities in emergency reconstruc-
tion.

Keywords Coronavirus disease 2019 · Public health
emergency · General hospital · Emergency response ·
Infectious disease hospital

Abbreviations
COVID-19 Coronavirus disease 2019
FAHZU First Affiliated Hospital of Zhejiang Uni-

versity

Background

Beginning in December 2019, a series of unexplained
pneumonia cases were reported in Wuhan, China.
The coronavirus disease 2019 (COVID-19) has spread
worldwide [1–4]. Due to the widespread population
susceptibility, a large number of infected patients
appeared in a short period of time in China. As
the most economically developed province in China,
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Zhejiang has hundreds of thousands of people who
travel to Wuhan for business and work every year.
Therefore, from the beginning of the epidemic, Zhe-
jiang paid high attention to COVID-19, and initiated
a first-level response nationwide at the earliest time
to transfer suspected and confirmed cases to desig-
nated hospitals for unified treatment. On 19 January
2020, the First Affiliated Hospital of Zhejiang Uni-
versity (FAHZU) admitted the first suspected case
from Hangzhou. It was identified as the only provin-
cial fixed-point hospital and the leader of COVID-
19 diagnosis and treatment, and took charge of the
centralized treatment task of severely ill provincial
patients. The FAHZU became the main battlefield for
epidemics and the most arduous medical institution
to undertake the prevention and control of outbreaks.
The hospital actively mobilized resources, established
a special work organizational structure, and expanded
the number of fever clinics and isolation wards in the
main hospital area. The number of fever clinics was
expanded from 2 to 8, isolation wards were expanded
from 1 to 4 floors, and negative pressure wards were
increased from 4 to 59 beds; however, the main cam-
pus of the hospital was located in the city center
with limited expansion space, the population was
dense, and the streamline transformation of people
and logistics was difficult. Consequently, the hos-
pital launched an emergency plan to transform the
new campus (Zhijiang campus) into a hospital for
admission of suspected and confirmed cases to pre-
vent insufficient treatment space in the later period.
The main campus was reserved exclusively as a fever
clinic. If patients were screened and suspected or
confirmed to have COVID-19, they were escorted to
the Zhijiang campus by professional medical staff for
isolation, observation, and treatment.

General situation of the FAHZU Zhijiang campus

The FAHZU Zhijiang campus is a newly built general
hospital covering an area of 99,990m2, with a con-

Fig. 1 Layout and func-
tion of each building on the
Zhijiang campus

struction area of 179,000m2, and with 1000 beds.
The FAHZU Zhijiang campus opened on 1 November
2019. Considering the favorable hardware conditions,
convenient surrounding traffic, and distance from
the downtown area with a dense population, it not
only centralized the medical power and resources
of the entire province for the treatment of patients,
but also established hospital infection control and
material logistic concentration by transferring all pa-
tients, including severe cases, suspected cases, and
medical staff in close contact with patients, to the
Zhijiang campus for isolation treatment and medical
observation.

The Zhijiang campus closed the original outpatient
service area, transferred the hospitalized patients, and
completed emergency reconstruction for wards, the
ICU, radiology department, emergency treatment, the
fever clinic, and other areas within 48h after receiving
the mission for admitting COVID-19 patients.

Regional management of different objects

Management of confirmed patients, suspected pa-
tients, medical staff, and logistic support manage-
ment personnel was done regionally (Fig. 1). The
Zhijiang campus transformed the emergency center
located in the outpatient service area of Building
No. 1 into a fever clinic; severe patients were admit-
ted to the intensive care unit (ICU) in Building No. 5
(58 beds); confirmed common patients were admitted
to double rooms in floors 7–9 of Building No. 3 (132
beds); patients suspected of infection were admitted
to single rooms on floors 5 and 6 of Building No. 3
(30 beds). In addition, considering the different re-
quirements for beds and emergency facilities during
different periods of infectious disease outbreaks, we
also reserved floors 3 and 4 of Building No. 3 (88 beds)
for reserve rooms.

Due to the highly infectious nature of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), it
is very important to protect and isolate first-line med-
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Fig. 2 a Routes of outpatients. b Routes of different objects

ical staff. To ensure the safety of first-line medical
staff, the hospital designated the independent Build-
ing No. 2 as the medical staff living area, and all med-
ical staff resided in Building No. 2 in isolation dur-
ing the period of treatment. For the sake of creat-
ing a comfortable place for the medical staff to have
enough rest and better physical strength and energy
to devote to the treatment of patients, the dietary de-
partment of the hospital provided them with catering,
the material support department provided them with
daily necessities and entertainment equipment.

Distribution management of different objects

The first floor of the ward served as a transfer channel
for patients. Patients with fevers entered the emer-
gency center on the first floor of the outpatient build-
ing through the east gate, then went to the consulting
rooms in the fever clinic. Patients transferred by am-
bulance from other hospitals in the province entered
from the south gate into each ward through the pa-
tient elevator on the first floor. It was realized that
separation of people and vehicles, as well as the sepa-

ration of confirmed patients and patients with general
fevers to be screened was necessary (Fig. 2a).

The second floor of the entire hospital served as
a clean channel. The medical staff entered into the
treatment areas from the clean channel of the sec-
ond floor of the Administration Building No. 6. In
addition, according to the actual situation, the hos-
pital formulated the medical garbage collection and
transportation routes, household garbage collection
and transportation routes, food delivery routes, and
bedding and clothing transportation routes to avoid
route crossing (Fig. 2b).

Isolation transformation of the wards

A plan was adopted to separate the confirmed and
suspected patients from floor to floor, with the con-
firmed patients in a double room and the suspected
patients in a single room, thus minimizing the risk of
cross-infection. In accordance with the requirements
of 3 zones with 2 channels (contaminated area, semi-
contaminated area, clean area, two buffer zones,
patients channels, and employee channels), wards
carried out partition transformation for each layer to
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Fig. 3 The streamlining of ward medical staff and patients

separate the physician-patient entrances and exits.
There was an explicit distinction between the clean
(work and rest for the physician), semi-contaminated
(physicians’ working channel), and contaminated
areas (patient area). The specific practice was as fol-
lows: partitions were added on both sides of the nurse
station; two partitions were added to transform two
buffer zones west of the physician channel; a partition
was added for the clean channel east of the physi-
cian channel; and the safe channel was separated in
the entrance hall. Through the physical partition to
achieve the effect of a partition, a buffer space existed
between the districts to set up a hand sanitizing de-
vice. The streamline of medical staff and patients in
the wards is shown in Fig. 3.

Transformation of the fever clinic

The original emergency center was redesigned with
partitions and channel streamlining, and the emer-
gency center was transformed into a fever clinic. The
specific transformation plan was as follows: three par-
titions were made in the northwest side of the nurses’
station for the passage of medical staff; and the semi-
contaminated area and buffer zone were separated.
The medical staff entered into the clean area from east
of the medical staff channel, and entered the buffer
room after donning hats, masks, gloves, goggles, and
protective clothing in a clean area, then passed into
clinic rooms from the semi-contaminated area. When
the medical staff left, they had to change their outer
gloves in the contaminated area and take off their
outer gloves, protective clothing, goggles, cap, mask,
and inner gloves in the semi-contaminated area, then
turn into the buffer room to bathe, change clothes,
and finally enter the clean area. Closed doors were

set up in the areas like the patient entrance, toilet, and
other areas to avoid contact with the contact infection.
While in partial areas, for the convenience of isolating
confirmed patients and promptly sending the patients
to wards, airtight doors were added to avoid droplet
transmission and were equipped with isolation cham-
bers. The arrangement of waiting chairs should be
kept at a safe distance. In addition, traffic signs for
the fever clinic were set up in the main entrance of
the hospital to guide patients to the clinic to avoid
crossing with other people. Fig. 4 shows the medical
staff and patient streamlining of the fever clinic after
modification.

Sewage treatment and renovation

With advances in research, positive nucleic acid of the
novel coronavirus was found in the feces of patients
diagnosed with pneumonia, and there might be vi-
able novel coronavirus in the feces, thus increasing the
risk of fecal-oral transmission [5, 6]. Therefore, there
were significant implications regarding sewage treat-
ment discharge from the hospital reaching standards
for environmental protection and control of disease
spread. Zhijiang campus was designed and built in
accordance with the standards of comprehensive hos-
pitals rather than infectious disease hospitals, and the
sewage discharge standard of the infectious disease
hospital was higher than the general hospital, which
had to remove the sewage treatment system urgently
as follows: the pretreatment setting of sludge wastew-
ater was added in the front section for wards and clin-
ics related to infectious diseases; the amount of chlo-
rine in the end of the disinfection tank and the stand-
ing time of chlorine were increased; and there was
continuous follow-up of sampling to ensure that the
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Fig. 4 Streamlining of the
fever clinic medical staff
and patients

Fig. 5 Sewage treatment flow

discharge water did not contain pathogenic viruses
(Fig. 5).

Others

Transmission by respiratory droplets and contact are
the main transmission routes for the new coronavirus
[7–11]. According to the requirements of the infec-
tious disease hospital, attention must be paid to the
design of the air conditioning and ventilation system

of the air flow organization, the air conditioning of
clean, semi-contaminated, and contaminated areas,
the independent setting of the ventilation system, the
relative negative pressure environment must be as-
sured by directing the supply air flow from the clean
area to the semi-contaminated area, then to the con-
taminated area through the pressure difference, and
the exhaust air rate must be higher than the air out-
put rate of each area. Because the Zhijiang campus is
a general hospital, it does not meet the above require-
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ments. Therefore, to block all possible transmission
routes, the central air conditioning, fresh air system,
logistics vehicle, and other systems in the Zhijiang
campus stopped running.

Discussion

Due to the complex, highly contagious, close rela-
tionship with animals, and high fatality rate, new
infectious diseases pose a serious threat to safety,
economic development, and social stability [12, 13].
In December 2019, there was a COVID-19 outbreak
in Wuhan, China. The main transmission routes were
respiratory tract droplet and contact transmission.
The main symptoms include fever, fatigue, dry cough,
and dyspnea after infection [14–17]. This outbreak
of COVID-19 had the characteristics of a sudden,
uncertain, and urgent, unprecedented crisis to the
hospitals, and also exposed the shortages of preven-
tion and preparation of the city from several aspects
with respect to the sudden outbreak of an infectious
disease [18, 19]. For example, in the early period
of the outbreak, there were insufficient fever clinics
and infectious disease beds, and many patients could
not be hospitalized, which led to treatment delays
and further spread of the outbreak. The early-stage
patients in the hospital were not adequately sepa-
rated and isolated, which then caused the infection
of ordinary patients and medical staff. All of these
incidents reminded us that we must focus on the
emergency response to outbreaks of infectious dis-
eases from the perspective of the infrastructure of
medical institutions.

To solve the shortage of medical places in emergen-
cies, it is common practice to convert public facilities,
such as a stadium, exhibition center, and schools as
public health emergency facilities, [20] and it is also
a feasible plan to temporarily transform general hos-
pitals into infectious disease hospitals. At the begin-
ning of the outbreak, Zhijiang campus was considered
for hospital infection control and emergency recon-
struction, so the design of a modular triage unit was
adopted. Each triage unit had an independent en-
trance and exit and vertical traffic, which provided
technical feasibility for setting up temporary isola-
tion diagnosis area during the outbreak of the in-
fectious disease. Due to the specificity of infectious
disease treatment, the space design requirements for
the building, which differs from the general hospitals,
was put forward. Thus, during the process of emer-
gency transformation from general hospital into an
infectious disease hospital, it was necessary to solve
a series of problems about how to control the source
of infection, cut off the transmission chain, and seg-
regate the susceptible, such as the work area layout,
in and out of lines, isolation mode, medical supplies,
including the delivery and distribution of food and
drugs, pollutants, and indoor air distribution. The
improvement of streamlining mainly focused on hos-

pital infection control, which proposed that the medi-
cal streamline was safe and independent, the medical
streamline was efficient and easy to identify, and the
cleaning and pollution streamline was one-way and
controllable by taking different streamline carriers as
objects. The air conditioning and ventilation systems
in the clean, semi-contaminated, and contaminated
areas were set up independently. The exhaust air vol-
ume in each area was greater than the air supply vol-
ume to ensure the relative negative pressure environ-
ment. If the transformation could not be completed
in a short time, the possibility of droplet transmission
was considered and the air conditioning and ventila-
tion systems were shut down. Because the infectious
ward involved treatment based on isolation, it was
necessary to fully consider the psychological relief of
the patients. The infectious ward was also equipped
with video visitation and telemedicine facilities to fa-
cilitate the consultation inside and outside the isola-
tion warehouse.

Since the first confirmed case was admitted to the
hospital in Hangzhou, the capital of the Zhejiang
province on 19 January, a total of 291 cases had been
admitted to the hospital by 10:00 a.m. on 5 March
2020. Among these cases, 71 confirmed cases (all
severe and critical) were transferred from other hos-
pitals (95% critical patients of the entire province).
Our hospital admitted 220 suspected cases, includ-
ing 33 confirmed cases and 187 suspected exclusion
discharged cases. Of 5551 fever cases, 104 patients
were confirmed, and 95 patients were cured and dis-
charged, among which the oldest was 96 years of age
and the youngest was 13 years of age. During the
period, a healthy boy was born in a negative pressure
operating room to a 35-week pregnant severely ill
female patient, and the world’s first lung transplanta-
tion was performed on a 66-year-old female patient.
During the period from 24–30 April 2020, the entire
medical staff (>6500) in the hospital underwent RNA
testing for SARS-CoV-2 in throat swabs and blood
sampling (lgG and lgM). The test results showed that
none of the medical staff had positive nucleic acid
testing or specific lgG and lgM titers. The FAHZU
achieved the goals of zero infection for medical staff,
zero missed diagnosis for infection cases, and zero
deaths for patients. Through the successful transfor-
mation of the Zhijiang campus, it was fully prepared
for the possible escalation of the epidemic. On the
afternoon of 26 January 2020, all of the patients in the
main campus of the FAHZU were transferred to the
Zhijiang campus by negative-pressure ambulances.
After that, the severe patients in various regions of
Zhejiang province were transferred to the Zhijiang
campus by ambulance, and the designated treatment
work was carried out smoothly.

Despite 95% of the severe cases from the entire
province being admitted to the hospital, none of the
medical staff were infected among 6500—not even
a single out of hospital case. Relative to the litera-
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ture report of COVID-19 patients with a 2.2–2.3% case
fatality rate, [21, 22] the data of the FAHZU was clearly
better than the national average, which explained the
timely crisis management, correct measures, and suc-
cessful display of the hospital image, also provided
a valuable experience for large medical institutions on
how to deal with public health emergencies and how
to carry out diagnosis and treatment space, stream-
line layout, and related facilities in emergency recon-
struction; however, in responding to the epidemic in
Zhijiang campus, there were also some problems that
were difficult to solve through the later transforma-
tion. For example, there was no independent set-
ting of air conditioning and the ventilation system
in clean, semi-contaminated, and contaminated ar-
eas, which led to shutting down the central air con-
ditioning and enabling independent heating equip-
ment during emergencies, which also led to an exces-
sive electricity load. Therefore, we suggest that hospi-
tal managers consider problems in the process of the
new hospital design, such as a general comprehen-
sive hospital to deal with sudden or new infectious
diseases, setting up emergency-enabled doors and in-
dependent air conditioning and ventilation systems in
clean area, semi-contaminated, and contaminated ar-
eas under an epidemic situation, and creation of com-
mon wards to admit patients, with rapid conversion
into infectious disease wards at the time of the out-
break. Furthermore, the planning of the fever clinics
in general hospitals should focus on the combination
of peace time and war time design. Under the premise
of ensuring basic functions, emergency space should
be reserved. For example, fever clinics should reserve
outdoor emergency sites, which can be used as tem-
porary hospitals or mobile cabin hospitals in the case
of an epidemic outbreak.
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