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The coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
has become a global pandemic [1–5]. As of July 31, 2020, 
there were 17,106,007 infected patients and 668,910 deaths 
worldwide [6, 7]. National protocols regarding COVID-19 
issued by national-level agencies need to be revised in the 
field of pediatrics [8]. From the perspective of hospital man-
agement, identification and set-up of isolation wards and 
clinics, modification of workflow and processes, manage-
ment of staff, allocation of medical resources, and formula-
tion of clinical guidelines and protocols in infection preven-
tion and control (IPC) were addressed as response measures 
to reduce the risk of transmission to healthcare workers and 
patients [9]. In this paper we describe the strategies and 
practices implemented at the Children’s Hospital of Fudan 
University in response to this public health crisis. The strat-
egy of response measures is shown in Supplementary Fig. 1.

Management of outpatient and emergency 
departments

Triage protocol

Medical staff in outpatient and emergency departments were 
equipped with different levels of personal protective equipment 
(PPE) as stratified by risk, including protective clothing, mask 

or respirator, goggles or face shield, and gloves, among other 
equipment [10–12]. Dedicated entrances and exits in the out-
patient and emergency departments were clearly marked. Other 
entrances and pathways were closed. Thermal imaging cameras 
were used to screen the body temperature of patients, family 
members and visitors. Family members of patients and visitors 
were required to complete an epidemiological history checklist 
on a phone app before visiting the hospital (Supplementary 
Table 1). Upon arrival at the hospital, children had their tem-
perature assessed in addition to having their parent complete an 
epidemiologic surgery before entry. There were measures taken 
to ensure that waiting areas were well ventilated and social 
distancing of at least one meter was enforced. The circulating 
nurses re-measured the body temperature of the children as a 
secondary pre-check. During consultation in the clinic room, a 
standardized clinical and epidemiological history assessment 
was confirmed by medical staff. Suspected cases were identi-
fied through criteria including body temperature above 37.3 °C, 
high-risk epidemiological history, or respiratory symptoms. 
These patients were transferred to the COVID-19 clinic for 
further diagnosis and medical observation. In the COVID-19 
clinic, medical staff were provided the highest necessary level 
of IPC, comprehensive PPE including hat, N95 respirator, face 
shield, goggles, gloves, coverall protective clothing, and boot 
covers [10–12]; medical staff sought advice from the hospital 
expert group for risk assessment in a timely manner. A decision 
whether to admit a patient was decided by the expert group, 
followed by medical staff from the COVID-19 clinic escorting 
these children through a designated corridor.

Management of hospitalized children

Admission guidance and management

Upon admission, children and their caregivers were educated 
on the knowledge of COVID-19 infection prevention, hand 
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hygiene, and proper wearing of face masks. Designated car-
egivers were asked to wear masks during the child’s admis-
sion. The movement of caregivers in the ward was restricted, 
with electronically controlled access to the ward. The body 
temperatures of visitors were measured at the entrance of 
the ward with their contact history closely monitored and 
verified by electronic recordkeeping. Caregivers should take 
the highest level of precautions and were required to wear 
proper PPE, including protective clothing, goggles, surgical 
mask, and gloves.

Transition room management

Transition rooms were established for children from regions 
outside of Shanghai to be under medical observation for at 
least 3 days. Risk assessment was carried out daily by medi-
cal and nursing staff according to contact history and clini-
cal manifestations to decide whether transfer to the regular 
rooms is warranted. Activities and movement of patients and 
their caregiver were restricted in the transition rooms. Medi-
cal staff should ensure adequate use of PPE when entering 
the transition rooms.

COVID‑19 ward management

The COVID-19 ward was the dedicated quarantine ward 
established in the infectious disease building of the hospital 
campus. The ward was divided into three areas, including 
clean, semi-dirty, and dirty areas. The AIIR was managed 
in a closed system, with minimum 12 air changes per hour 
and negative pressure monitoring is no less than − 15 pa 
[11]. PPE was required to be fitted for medical staff when 
they enter the AIIR. A comprehensive powered ventilation 
respirator mask was required for collecting specimens or 
performing invasive procedures for effective protection. Vis-
itors were prohibited from entering the AIIR, and video calls 
were offered as an alternative for social contact and to ensure 
emotional well-being. Recreational and play activities for 
children were carried out while maximizing use of technol-
ogy such as internet-connected devices. Each patient’s clini-
cal condition was monitored closely, and when carrying out 
procedures, protective measures were required to be strictly 
adhered to. It was imperative that the airway was managed 
in a closed system.

Management of discharged children

Individualized health education was provided to all inpa-
tients prior to discharge. Education of families with empha-
sis on disinfection of the home environment, hand hygiene, 
disinfection and management of feces, and proper cough-
ing and sneezing etiquette. Proper follow-up of the clinical 

condition of discharged children was done through the 
mobile phone app, and measures were taken to ensure that 
families were proficient in use of the app. COVID-19 posi-
tive patients were required to continue in-home isolation for 
at least 2 weeks, and follow-up at the COVID-19 clinic after 
2 weeks and 4 weeks [13].

Management of computed tomography scan 
and laboratory test

Computed tomography examination process

Confirmed or suspected COVID-19 patients were transferred 
in negative pressure isolators to the dedicated computed 
tomography (CT) room within the infectious disease build-
ing. The medical staff in the COVID-19 clinic or quarantine 
ward notified the radiology department and submitted a CT 
request. Doctors, nurses, technicians, and workers with close 
contact with the patients were all required to use the highest 
level of PPE (grade III protection, with airtight respirator, 
protective clothing, goggles, and gloves) during the process 
of transfer After the CT scan was completed for confirmed or 
suspected COVID-19 patients, technicians wearing PPE dis-
infected the CT room, buffer zone, equipment surfaces, and 
the air in the room was left to settle for 1 hour. For patients 
without COVID-19, the room was thoroughly disinfected 
three times a day.

Laboratory test process

For confirmed or suspected COVID-19 patients, one oro-
pharyngeal swab and one nasopharyngeal swab were col-
lected with comprehensive powered ventilation respirator 
mask for effective protection. Only synthetic fiber swabs 
with plastic handles were used to collect specimens. The 
specimens were kept in the tubes containing 3 mL virus 
preservation solution. All specimens collected had to be cor-
rectly labeled with each patient’s identifying information and 
double bagged with two sealable specimen bags, transported 
with an ice pack in a delivery box monitored to be between 
2 and 8 °C.

Management of support systems

Guideline issue and update

With the evolving situation during the outbreak, the hospital 
guidelines were modified frequently according to the latest 
guidelines issued by health authorities from the National 
Health Commission of the People’s Republic of China, 
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Shanghai Pediatric Clinical Quality Control Center, and 
local experts’ opinions [14].

Staff management

Hospital staff were centrally managed by the department 
of human resources. Staff whereabouts were managed with 
meticulous tracing of staff epidemiologic history. Mass gath-
erings were canceled. Staff were required to quarantine at 
home if they had returned from areas outside of Shanghai. 
Staff allocation was adjusted to the work demand of IPC and 
patients by the Medical Affairs and Nursing Departments. 
Health professionals were redeployed to support the work on 
the COVID-19 clinic, the quarantine ward, and the front-line 
in outpatient department and inpatient wards. Contingency 
work shifts with limited number of doctors and nurses were 
arranged in case of mass isolation and critical care of patients. 
Both medical and non-medical personnel were trained for 
proper use of PPE, collection and transport of specimens, and 
disinfection of the clinical environment [11, 12]. Continuous 
training was provided to staff for updated knowledge of clini-
cal diagnosis and treatment of COVID-19 and IPC.

Infection prevention and control training

A 12-minute training video was developed on essential 
infection protection and control measures. The video put 
a strong emphasis on the correct use of PPE especially the 
doffing part which has been documented to be a high-risk 
procedure leading to disease transmission (https​://mp.weixi​
n.qq.com/s/zhYFl​HJNQ3​euFNm​WRneY​2A). The whole 
process of donning and doffing is done under supervision 
(Supplementary Figs. 2 and 3) [15, 16]. Masks were required 
to be replaced every 4 hours.

Personal protective equipment management

Increased supplies of PPE were sourced from various chan-
nels, including manufacturers, community donations, and 
distribution from government agencies. PPE was prioritized 
to be allocated first to the front-line healthcare workers fit-
ted with the differential level of PPE according to risk. N95 
respirator masks were used only for staff working at the 
COVID-19 clinic and in the suspected/confirmed patient 
ward [level I (+ 4), level II and level III], while surgical 
masks were used for staff working in the general medical 
area and semi-contaminated areas [from level I (1) to level 
I (+ 3)] [14]. There was strict monitoring of the number of 
patients and PPE capacity in the hospital. With the decrease 
of routine medical service for outpatient and inpatient and 
increasing demand for suspected/confirmed COVID-19 

cases, the number of each type of PPE remaining in stock 
was recorded every day. The consumption of each type of 
PPE per day and the average consumption of PPE per day 
and per staff were calculated.

Important aspects to ensure patient and staff safety

There was no nosocomial COVID-19 infection among 
patient or staff during the outbreak and pandemic periods at 
the hospital. We provided adequate PPE and training courses 
to prevent nosocomial infections between patients and staff. 
The number of patients and capacity of support systems 
from February to July are shown in Supplementary Tables 2 
and 3, totally a cost of about 449,028 RMB (about 65,551 
USD). There were 568 doctors and 537 nurses in service in 
February, 485 doctors and 562 nurses in service in March, 
of whom none got infected with COVID-19. As of July 31, 
2020, sixty-one patients with confirmed COVID-19 and 92 
suspected COVID-19 patients were treated at our hospital. 
There were no critical patients at our hospital.

Our experience shows that it is practical improve vigi-
lance, initiate early management of patient access, triage, 
and to provide follow-up. It is also useful to conduct strict 
surveys of epidemiological history, to supervise medical 
staff, and adhere to restrictions on mass gatherings and 
movement. In the COVID-19 isolation room, it is essential 
to implement comprehensive high-level infection control and 
prevention measures, as well as to prevent hospital infec-
tions for the protection of staff and vulnerable patients. For 
the COVID-19 ward, because admitted children need to be 
temporarily separated from their parents during the isola-
tion period, nurses acted as caregivers and were required 
to accompany children at all times. Nurses were required 
to use fully protective powered air supply filter respirators 
to ensure the success of procedures and that they are fully 
protected when carrying out invasive procedures, such as 
venepuncture, other puncture procedures, and suctioning. 
In addition to protecting the health of children and medical 
staff, we also actively engaged with staff by means of mak-
ing available a mental health consultation hotline for staff to 
reduce stress and anxiety during the outbreak. Our hospital 
optimized the supporting resources of personnel, beds, and 
PPE consumption to meet the demands of health services.

The COVID-19 pandemic may persist for a long period of 
time, during this time, prevention and control measures must 
be strictly adhered to in children’s hospitals. Examples of 
these measures include social distancing, hand hygiene, and 
strict compliance with hospital strategies, which can effec-
tively prevent the virus spread. In the post-pandemic era, the 
information systems used for contact tracing and technolo-
gies used for this, in addition to temperature monitoring, 
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mask wearing, and social distancing have become routine 
procedures in our hospital.

In conclusion, we are still in the struggle against the 
COVID-19 and other infectious disease pandemic with 
other countries and regions. The strategies and practices of 
response measures in our hospital have been effective and 
should be shared with other medical facilities, especially 
children’s hospitals.
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