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Abstract
In a coronavirus disease 2019 (COVID-19) epidemic, management of the emergency department is a
di�cult task in terms of prevention and control of the disease in general hospitals. On top of meeting
urgent needs of patients for medical treatment, the emergency department also has to devote resources
into investigation and prevention of COVID-19. At the beginning of the epidemic, with the strategy to
intercept the chain of infection, Peking University First Hospital (PKUFH) focused on three important
aspects: controlling the source of infection, cutting off the route of transmission, and protecting
vulnerable populations, to expeditiously draft scienti�c and proper management measures for the
emergency department, followed by real-time dynamic adjustments based on the development trend of
the epidemic. These measures effectively ensured a smooth, orderly and safe operation of the emergency
department. As of the writing of this manuscript, there has been no active COVID-19 infection in patients
and medical staff in the emergency department, and no infection in patients admitted to PKUFH through
the emergency department. This study describes the prevention and control measures in the emergency
department of PKUFH during the outbreak of COVID-19, aiming to provide some reference for domestic
and international medical institutions. 

Introduction
Since December 2019, cases of Coronavirus Disease 2019  (COVID-19) infections had been emerging in
Wuhan, Hubei and many other parts of China. Currently, COVID-19 is spreading globally. Researchers on
the China Novel Coronavirus Investigation and Research Team �rst discovered and veri�ed that this
reported pneumonia was caused by a novel coronavirus (2019-novel coronavirus, 2019-nCoV) [1]. The
disease mainly manifests as fever, dry cough, and fatigue. Severe patients have dyspnea and may rapidly
progress to acute respiratory distress syndrome, septic shock, multiple organ failure, and even death [2-3].
The balance between meeting the needs of emergency patients during the epidemic as well as promptly
screening  and safely transferring high-risk infections to avoid cross-infection among doctors, patients,
and medical staff has become an important scienti�c issue which posed great challenges for emergency
departments (ED). It can be said that if the ED is safeguarded, the hospital would be in safety. On
January 22, 2020,  the  National Health Commission (herein after referred to as "NHC") of the People’s
Republic of China issued the Guidelines for the Prevention and Control of New Coronavirus Infection in
Medical Institutions (�rst edition) (National Health O�ce Medical Letter [2020] No. 65), listing the ED and
Fever Clinics as key prevention and control units

[4]. 

A thorough understanding of the chain of infection is crucial for the prevention and control of any
infectious disease, as breaking a link anywhere along the chain would stop the transmission of the
infectious agent [5], and this theory also holds true for COVID-19. Based on this, PKUFH drafted and
formulated a COVID-19 prevention and control strategy to block the chain of infection, and actively
practiced and explored the three links, controlling the source of infection, cutting off the transmission
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route, and protecting susceptible populations. This study describes the detailed methods to carry out
prevention and control tasks in the ED of PKUFH.

Methods
Control of Sources of Infection

On March 3, 2020, NHC issued the New Coronavirus Pneumonia Diagnosis and Treatment Program (Trial
7th Edition) (National Health O�ce Medical Letter [2020]184), pointing out that patients with COVID-19
are the main source of infection [2]. According to the document New Coronavirus Pneumonia Prevention
and Control Program (6th Edition) (CDC Letter [2020]204) [6] issued by NHC on March 7, 2020  PKUFH
took the following measures to achieve "early detection, early reporting, early isolation, early treatment"
and to control the spread of the epidemic to the greatest extent.

Establishment of a three-level pre-examination and diagnosis system
to promptly detect suspected cases

Set-up of three 24-hour temperature monitoring stations

24-hour temperature monitoring stations were set up at the entrances of the ED, the entrance of the
emergency hall, and the emergency triage station. Non-contact infrared temperature monitoring
equipment was used at the �rst two stations, and electronic thermometers with higher accuracy were
used at the last station. The responsibilities of the medical staff at these stations were to check patients
for body temperatures and proper wearing of masks, and to educate patients on cough etiquette. Patients
with fevers (forehead temperature over 37.3 ° C) were provided with free surgical masks and educated to
wear masks properly, and then guided by a designated person to the Fever Clinic following established
routes. After ruling out the possibility of COVID-19 infection and recording the patient encounter at the
Fever Clinic, patients then returned to the ED. Monitoring for abnormal body temperatures was reported
daily to the administrative department for dynamic monitoring.

Conducting epidemiological surveys on all patients and their families
Questionnaire-based survey: the epidemiological questionnaire, based on New Coronavirus Pneumonia
Diagnosis and Treatment Program, was designed and updated dynamically. All patients entering the ED
were requested to �ll out online or paper-based questionnaires at the entrance of the emergency hall.
When abnormalities were detected in the online questionnaires, SMS alerts would be sent automatically
to the staff. Paper-based questionnaires were to be completed by dyslexia patients with the assistance of
on-site staff. Nurses at the emergency triage station were responsible for reviewing questionnaires and
providing supplemental information to attending physicians if any abnormities were noticed. After
patients entered the clinic, the attending physician would again inquire history of contact and record
epidemiological history in the patient’s medical record routinely. Nurses at the emergency triage station
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would summarize abnormal situations and report to the administrative department for dynamic
monitoring.

Itinerary veri�cation: personal itinerary inquiry services could be obtained through the epidemic
prevention and control communications big data itinerary card, launched by the Information and
Communications Administration Bureau of the Ministry of Industry and Information Technology. This
service allowed identi�cation of where patients and their families had travelled within the country or
abroad in the past 14 days, including foreign countries (regions) and domestic cities (staying over 4
hours). It was used to determine whether the patient had risks of exposure to an epidemic area.

Timely reporting of suspected cases
Upon identi�cation of a new suspected case in the ED, fever experts would convene for a group
consultation. If the suspected patient was con�rmed, the form of “Basic Information Form of COVID-19
suspected patient” was to be �lled out, including but not limited to the patient's name, sex, date of birth,
ID number, contact phone number, incidence, isolation location, and epidemiological history. Meanwhile,
this suspected case would also be reported to the Prevention and Control of Healthcare-associated
Infections Department of PKUFH which is responsible for reporting it to higher-level disease control
bodies.

Isolation of suspected patients and local treatment
The suspected patient identi�ed by the ED would be isolated on the spot and given proper medical
treatments. The second-line consultation in the Fever Clinic consultation would be conducted if
necessary. Once the patient was diagnosed with COVID-19, the ED would report to the Medical Affairs
Department which coordinates the transfer of the patient to a designated hospital. People in close
contact with the patient would receive medical isolation, and the isolation area would undergo terminal
disinfection.

Cutting off transmission routes
Given that the main transmission routes of the 2019-nCoV are through respiratory droplets and direct
contact, virus transmission was minimized to the greatest extent by setting up physical partitions,
emergency zoning, reduction in emergency personnel density, and strict cleaning and disinfection.

Set-up of physical partitions, management of travel routes of patients
and medical staff
The temperature of the patient must be measured before entering the ED.  Patients with fevers would be
guided directly to the Fever Clinic located outside of  the ED to avoid contact with the medical staff and
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patients in the ED.

Fences were erected outside of the ED to block access from the ED to the outpatient building, inpatient
departments, administrative o�ce areas, to restrict the cross-�ow of emergency medical staff and
patients to other areas. The two original entrances and exits in the ED were reduced to just one during the
epidemic.

Behavioral isolation is equally or even more important than the physical partitioning [7]. The staff in the
ED, outpatient building and inpatient departments in PKUFH had �xed and separate positions during the
epidemic without overlap.

Reasonable zoning in the ED, use of reserve emergency space, and
reduction in personnel density
According to the requirements of prevention and control of healthcare-associated infections(HAIs), the
layout of the ED was rearranged and divided into contaminated area, potentially contaminated area, and
clean area. Each area was equipped with single rooms for isolation. Infusion chairs and hospital beds
were separated, thereby reducing the personnel density. In addition, the emergency conference room was
renovated (with treatment belts, etc.) as an expanded area in anticipation of a surge in patients under
observation.

Meanwhile, the number of patients admitted in the established space was reduced. To meet the medical
needs of patients, PKUFH immediately added more hospital beds in the emergency hall, a place originally
designed for public health emergencies. Screens were set up around each bed as a physical partition to
hinder the spread of droplets and for protecting privacy of the patients.

Strengthening maintenance of order and guiding patients to providers
in an orderly manner
Security o�cers were positioned at the entrance of the ED for order maintenance. According to the
principle of "one escort for each patient ", the escort ID  was issued  to the escort personnel. Patients with
self-care ability were not issued with escort  cards. More medical guides and medical care providers were
assigned to the ED to assist patients with mobility di�culties to obtain medicines and receive
examinations.

Reduction in gathering and management of social distancing
The ED was equipped with self-service machines with functions of registration and payment. As a result,
the number of people registering and paying at the manual windows, as well as the waiting time, were
reduced.
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To remind the patients and escorts to maintain a distance of at least one meter or two seats apart while
waiting, signs were posted in waiting areas, such as at the triage stations, cashier desks, pharmacies, and
blood collection windows. The signs read “seat should be kept unoccupied” or “empty seat” were posted
to the back of the seats accordingly.

Strict compliance of emergency treatment standards and admission
procedures, reasonable diversion of patients
Patients without urgent indications were guided to the Outpatient Departments, and in principle,
outpatient patients were not allowed to go to the ED for auxiliary examination.

The ED and the Inpatient Departments worked together to de�ne the COVID-19 rapid detection and
admission processes for key critical patients (acute coronary syndrome, acute pancreatitis,
gastrointestinal bleeding, etc.). Patients who tested negative for COVID-19 and fell under the admission
indications list were to be admitted to the Inpatient Departments timely. The admission process for
emergency patients is indicated in Figure 1.

Others
Professionals of Prevention and Control of Healthcare-associated Infections Department Department
visited the ED daily to conduct on-site supervision and improvement, including environment and
equipment disinfection, ventilation (such as timely removal of the curtain after a rise in temperature),
hand hygiene of medical personnel, and sewage and sewage treatment.

Under the guidance of Prevention and Control of Healthcare-associated Infections Department
Department, the General Affairs Department carried out environmental cleaning and disinfection, disposal
of dirt and sewage, and ensured ample supply of disinfectants. In addition, they provided food delivery
services for medical staff in the ED to ensure nutrition intake and avoid gatherings of people in  the
cafeteria.

Meetings for information exchange were held online through WeChat Enterprise during the epidemic. Free
online consultation services were set up, allowing patients discharged from the ED to receive medical
consultation remotely when they had any questions.

Protecting high-risk groups
2019- nCoV is a new pathogen to which the population is generally susceptible [8]. The elderly and those
with underlying diseases are at high risk. Furthermore, medical staff, who are in close contact with
patients and perform high risk operations such as sputum aspiration and tracheal intubation, are also
COVID-19 high-risk populations.
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Implementation of in-hospital training to increase the attention of
medical professionals
The emergency medical staff, temperature monitoring staff, and other personnel (such as medical
guidance, nursing workers, security guards, cleaning personnel, etc.) were trained in batches both online
and o�ine. In the training sessions, the relevant knowledge of COVID-19 was introduced to help everyone
achieve a reasonable concept of protection. Psychological intervention for medical personnel was  also a
key point in the training session.

Paying attentions to the health status of medical staff
Medical professionals returning to Beijing from other provinces must be self-isolated at home. In
principle, medical professionals over 60 years old or with fevers and cough would not be allowed to
perform medical tasks. The other  of medical professionals were assigned to reasonable shift scheduling
that guaranteed su�cient rest.

Mutual assistance between departments
The hospital allocated medical professionals from other departments to help medical professionals in
the ED to relieve their workload. Medical personnel assigned to the ED would no longer be allowed to
return to the wards or outpatient departments during the epidemic period.

In case of a major rescue effort in the Fever Clinic, the ED should be the backup rescue force at any time.

Ensuring supply of prevention and control materials for
medical professionals
The ED was equipped with ample medical protective masks, work caps, disposable protection gowns,
goggles, latex gloves and other protective equipment.

 Statistical analyses
The numbers and classi�cations of emergency patients in the ED were collected from January 22 to
March 31, 2020, and from the same period in 2019. According to the Guiding Principles for the Piloting of
the Classi�cation of Emergency Patients (Draft for comments) issued by the Medical Management
Department of the Ministry of Health in 2011 (Medical Note [2011] No. 148), the disease classi�cation
was divided into 1-4 grades, de�ned as grade 1 (endangered patients), grade 2 (critically  ill patients),
grade 3 (emergency patients) and grade 4 (non-emergency patients).
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The percentage was used to describe the disease grades of patients admitted in the ED from January 22
to March 31, 2020, and from the same period in 2019. Wilcoxon Rank Sum test was used to compare the
changes in different disease grades between the two time periods. Statistical analyses were performed in
SPSS 20.0, with P <0.05 considered statistically signi�cant.

Results
Multiple measures to ensure effective prevention from nosocomial infections

Thirty-three doctors and 116 nurses were included in the ED at PKUFH. From January 22 to March 31, a
total of 12,734 patients were admitted to the ED at PKUFH, including 284 patients with fevers who were
sent to the fever clinic for treatment. As of 24:00 on March 31, 2020, no COVID-19 infections were
reported in the medical professionals and patients in the ED, as well as in the patients admitted  to  the
Inpatient Departments from the ED at PKUFH.

Normal and orderly operations in the ED

Between January 22 and March 31, 2020, 12,734 patients were admitted to the ED. By contrast, 24,187
patients were admitted during the same period in 2019. The number of emergency patients admitted to
the ED in 2020 decreased by 47.4%, compared to the number in 2019. However, the number of patients
with Grade 1 increased by 66.7% year on year. Signi�cant differences were observed in the composition
of the grades of patients admitted to the ED between the two time periods. The summative percentage of
Grade 1-3 patients out of the total patients admitted in 2020 was 19.9%, signi�cantly higher than 14.9%
in 2019. Moreover, the percentage of Grade 1 out of the total patients in 2020 was 3-fold higher than that
of 2019.

Discussion
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Implementation of scienti�c prevention and control strategies is the most critical factor against COVID-19

As shown in the result 3.2, the percentage of patients with critical conditions admitted to the ED during
the epidemic increased signi�cantly in comparison with the percentage in the corresponding non-
epidemic period, showing that there were severe challenges in the management of the ED. First, patients
underwent COVID-19 screening before being admitted to the Inpatient Departments. The processes of
making appointments and pending results delayed the patient’s admission time into the hospital. Second,
to avoid cross-infection, all wards in the Inpatient Departments were changed to single-patient wards,
thereby beds available for patients decreased. Third, the capacity of treatment delivery to patients also
decreased as a result of reduced availability of medical professionals because 1) many of them were
stranded in other “lockdown” provinces and were unable to return to work, and 2) a large number of them
were sent to provide medical support to the city of Wuhan. The aforementioned factors led to prolonged
length of stay for high-risk patients in the ED during the epidemic, further increasing the risk of
nosocomial infections and the pressure of emergency prevention and control. Therefore, timely and
effective measures were of great importance to be taken in the comprehensive management of the ED to
defend the "safety line" of the hospital during the epidemic.

Although 2019-nCoV is a new, rare, and highly contagious virus, it does not necessarily indicate that
healthcare professionals could not draw experience and references from earlier times of crises. For
example, SARS, SARS-CoV, a highly contagious coronavirus that in�icted great harm on humanity [9].
MERS, �rst reported in Saudi Arabia in 2012, was also caused by a novel coronavirus at the time, MERS-
CoV.[10]. Ebola is an acute viral hemorrhagic disease endemic to West Africa [11-12]. These
aforementioned viruses were new viruses completely novel to humanity when they were �rst discovered.
However, through infection prevention and control (IPC), a scienti�c approach and practical solution
designed to prevent harm caused by infection to patients and health workers, the harm caused by SARS,
Middle East Respiratory Syndrome, and Ebola virus to humans has been greatly reduced [13]. Such
strategies, which have been tested several times based on infectious diseases, demonstrated the key role
of IPC. Blocking the chain  of infection, an important part  of IPC, is constituted of Disease
Microorganisms (Agent), Reservoir, Mode of Escape, Mode of Transmission, Mode of Entry, and
Susceptible Host. It will stop the transmission of the infectious agent by breaking a link anywhere along
the chain  [5]. As the emergency department of a large comprehensive hospital, the ED team can choose
to block the chain of infection at three aspects: source of infection, transmission routes, and susceptible
populations. Our study also proved that for the emergency department, the strategy of blocking the chain
of infection (including controlling the source of infection, cutting off the transmission route, and
protecting susceptible populations) could effectively prevent and control COVID-19, and maintain normal
operation of the emergency department as well as the safety of patients and medical staff during the
epidemic to a maximum extent.

The emergency department should not have to �ght alone, and cross-
department collaboration is needed
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Faced with a deceitful, capricious, and �erce opponent like COVID-19, we cannot simply watch the
medical staff in the emergency department �ght alone at the frontline, while the others in the hospital
make no contributions. If the war on COVID-19 is to be won, forces across multiple departments must be
united in the hospital. Studies related to Ebola prevention and control show that a scienti�c and effective
emergency plan is critical for the early response and comprehensive interventions of HAI outbreaks [14].
Therefore, at the very beginning, PKUFH set up the "leading group for prevention and treatment of COVID-
19" and "expert group for prevention and diagnosis of COVID-19" by clarifying their respective
responsibilities, and formulated a feasible "Working Plan for Diagnosis, Treatment and Prevention of
COVID-19". The leading group was responsible for the overall management of the prevention and control
tasks, formulation and dynamic adjustment of the prevention and control programs and measures,
collection of information and feedbacks, and deployment of medical staff and supplies. The leading
group consisted of experts  from the head of the hospital, the Prevention and Control of Healthcare-
associated Infections Department, the Medical Affairs Department, the Nursing Department, the
Pharmacy Department, the Medical Equipment Department, the Human Resources Department, and the
General Affairs Department. On the other side, the expert group, consisted of experts from the Infectious
Diseases Department, the Emergency Department, the Respiratory Department, the Intensive Medicine
Department, the Obstetrics and Gynecology Department, the Pharmacy Department, the Laboratory
Department, the Medical Imaging Department, and the infection prevention and control, was responsible
for the diagnosis and treatment of COVID-19 and the work  of infection prevention and control guidance
and training.

Protecting medical staff is equally important as protecting patients
In COVID-19, as medical staff, it is our undeniable responsibility and obligation to save patients, but this
does not mean that medical staff need to make huge and unnecessary sacri�ces. As Donatella Lippi
once said, we had a great understanding of what infections were and the skills and technology to
overcome them. However, doctors, and all healthcare professionals (re�ecting the multidisciplinary nature
of disease management) still took risks when dealing with pandemics [15]. Also, the emergency medical
professionals who were at the anti-epidemic frontline were confronting multi-faceted challenges from the
unknown nature of the disease, highly-intensive line of work, family, external public opinion, patients and
their families [16]. Under such special circumstances, monetary compensation is not of top priority, but
rather the available of proven and effective protective gears and equipment. The government and
hospitals have the responsibility to protect medical staff. Based on the resolution recommended by the
COVID-19 expert group, the ED should be supplied with highest-level personal protective equipment.
Medical staff in the ED need to be provided with a su�cient supply of medical protective masks, working
caps, disposable isolation clothing, goggles, latex gloves and other protective equipment. To effectively
relieve the psychological stress of emergency medical staff and ensure everyone's physical and mental
health, PKUFH actively responded to the request of the NHC to integrate psychological crisis intervention
into the overall deployment of epidemic prevention and control to alleviate the psychological stress
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caused by the epidemic [17]. By providing emotional support and psychological intervention, the
psychological stress of emergency medical staff was effectively relieved.

Perfecting training and communication mechanism is indispensable
Studies by Yu IT and others have shown that knowledge, professional skills, and attitude of hospital staff
were found to be important in the prevention of HAIs in outbreaks of SARS, Ebola, and MERS in Asia and
West Africa [18]. To minimize infection risks of emergency medical staff, temperature monitoring staff
and other personnel (such as medical guides, nursing aids, security guards, and cleaning personnel), the
Joint Training Group, consisted of experts from the Prevention and Control of Healthcare-associated
Infections Department and the Medical Affairs Department, conducted training and assessments. Given
the characteristics of different jobs, the group used on-site demonstration teaching, online video, audio
teaching, and other methods for training sessions regarding COVID-19 diagnosis and treatments, hand
hygiene, use of protective equipment, medical waste disposal, throat swab specimen collection, transfer
of suspected patients, and work norms. After the training, all participants were assessed and would only
become quali�ed for deployment after successfully passing the assessments. Field practices have
shown that rigorous training and assessments effectively enhance the awareness of medical staff in the
ED and other related personnel in protection, and alleviate the panic of all staff to ensure a smooth and
orderly work �ow in the ED.

In addition, poor and inadequate communication was also found to be a major cause of disease
outbreaks in West Africa and Asia [10]. To allow key information �owing e�ciently at PKUFH, regular
meetings of hospital affairs were held on a daily basis. Every morning the leadership team of the hospital
and main functional departments held a meeting, during which the team summarized work in the
previous day, including errors and near misses. The meeting also summarized learnings, questions and
challenges, and conducted multi-discipline assessment on issues and Plan-Do-Check-Act  PDCA  cycles
for test changes. Important information and process changes were shared timely. A Daily Medical Bulletin
on the Prevention and Control of COVID -19 was published daily in electronic version. The medical data
was released daily, including the number of patient encounters  and examinations in the Fever Clinic,
number of patient encounters in the ED, number of outpatient encounters, number of patients admitted to
each ward, and bed utilization rate. For example, by making the number of beds available in each ward
public knowledge across the hospital, and considering patients stranded in the every day, PKUFH
succeeded   in  transferring   emergency   patients  to  the  Inpatient Departments   for treatment in a
timely fashion, thereby effectively alleviating the workload of the ED.

Conclusions
Based on the three key elements of infectious disease prevention and control, the establishment of
scienti�c and reasonable COVID-19 emergency management measures can effectively ensure the orderly
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and safe operations of the ED during the epidemic. This paper was drafted in hopes of providing some
potential referential value to other healthcare professionals.
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Figures

Figure 1

The compliance of emergency treatment standards and admission procedures


