Journal of Multidisciplinary Healthcare Dove

ORIGINAL RESEARCH

Application of SHEL Model in the Management of
Respiratory Tract Exposure in Fangcang Shelter
Hospitals for COVID-19

Xiulian Wu, Xin Wang, Huimin Guo, Lili Zhang, Guangjiang Wu
Department of Nursing, Beijing Youan Hospital, Capital Medical University, Beijing, People’s Republic of China

Correspondence: Xin Wang, Department of Nursing, Beijing Youan Hospital, Capital Medical University, No. 8, You an Men Outer Street, Fengtai
District, Beijing, 100069, People’s Republic of China, Tel +86-13521101275, Email Wx220929@ | 63.com

Objective: To explore the application effect of the (software factors, hardware factors, environmental factors, parties and other
factors, SHEL) model in respiratory tract exposure protection of staff in temporary COVID-19 hospitals.

Methods: 207 Staff members working in the isolation units of Fangcang shelter hospitals between 20 May 2022 and 5 June 2022
were selected as research subjects. The SHEL model was used to protect and manage the respiratory exposure of the isolation unit staff
to the novel coronavirus. The incidence of respiratory exposure among the staff in the isolation units was compared before the SHEL
model’s implementation (20 May 2022-28 May 2022) and afterwards the SHEL model’s implementation (29 May 2022-5 June 2022).
Results: Before the implementation of the SHEL model, a total of nine cases (4.35%) from 207 workers had respiratory exposure.
Occurrence location: six cases in the isolation room (one-out room, level-one protection zone) and three cases in the drop-off area for
patients outside the ward. After implementation, a total of two cases (0.97%) of respiratory tract exposure occurred among the 207
staff members; both occurred in the unprotected zone (two-out room, level-two protection zone), and the difference was statistically
significant before and after the implementation (P < 0.05).

Conclusion: New coronary pneumonia Fangcang shelter hospitals should use the SHEL model to manage the respiratory exposure of
their isolation unit staff to reduce the respiratory exposure risk to staff in isolation units.
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Introduction

Pneumonia caused by the new coronavirus (referred to as new coronary pneumonia) spreads rapidly, is highly contagious,
and the population is generally susceptible.! As at 8 October 2020, the outbreak of COVID-19 (the disease caused by
SARS-CoV-2) in Wuhan, Hubei Province, China, had infected over 36.5 million individuals and claimed over
one million lives worldwide. The novel virus spread rapidly across China and was transmitted to 213 other countries/
territories across the globe.”

The epidemic has brought huge challenges to the health system. Close contact with patients greatly increases the
occupational exposure risk of medical staff.> Occupational exposure to respiratory pathogens* refers to the accidental
inhalation of droplets of secretions containing various respiratory pathogens, as well as direct or indirect contact with
respiratory secretions, blood-contaminated skin, mucous membranes or shared objects that may be infected by pathogens.
COVID-19 is spread mainly through respiratory droplets and close contact. It is transmitted by aerosols in a relatively
closed environment and can also cause infection after contact with virus-contaminated items.” Therefore, reducing the
risk of respiratory exposure of staff is particularly important for the prevention and control of nosocomial infection of
new coronary pneumonia.

A Fangcang shelter hospital is a medical shelter as a carrier and functions as a provider of a complete set of treatment
platforms that can be deployed quickly with comprehensive integration of medical and technical support functions. It has
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multiple functions, such as centralised isolation, treatment and clinical testing, and it serves as the main treatment facility
for patients with COVID-19.® The working area is divided into clean areas (ie any area that is not contaminated by
pathogenic microorganisms/viruses, such as changing rooms, duty rooms, pantries and storerooms), potentially con-
taminated areas (ie areas that are likely to be contaminated by pathogenic microorganisms/viruses, such as medical
offices, treatment rooms, laboratories, inner corridors and discharge rooms), contaminated areas (ie areas contaminated
by pathogenic microorganisms/viruses or with direct or indirect patient contact, such as wards, toilets and bathrooms;
articles in a polluted area are not allowed to leave without disinfection), staff access channels and patient access channels
according to the principle of ‘three areas and two channels’.’

The staff in an isolation unit are composed of medical and nursing teams from multiple hospitals and third-party
property personnel. The medical and nursing teams are responsible for the admission and treatment of patients, the
nucleic acid testing of patients and health monitoring. The third-party property personnel are responsible for the
distribution of patients’ meals, the disposal of rubbish and the disinfection of the environment. Due to the rapid
development of the epidemic, the staffing team is assembled quickly from multiple members, the management is not
perfect, and the risk awareness and protection effectiveness in terms of respiratory exposure may be insufficient. As the
ambient temperature rises, the isolation unit workers often work in the open air, resulting in a sharp increase in the body’s
oxygen consumption, further increasing the risk of respiratory exposure.

Fangcang shelter hospitals were located in Xiaotangshan, Beijing, China. There were three isolation units in total.
Before applying the new management mode, relevant personnel were trained (new management rules and practices) in
the early stage; then, infection control specialists in each isolation unit guided and corrected errors through observation
and monitoring.

The SHEL (software factors, hardware factors, environmental factors, parties and other factors) management model,
also known as the SHEL accident analysis method, has been widely used in hospital management. This model considers
that medical errors are not only related to the ability and awareness of patients and medical workers but also to the
clinical environment and hospital management and are affected by other multiple factors.'® Some studies have reported
that the application of the SHEL management model has a positive significance in reducing the occurrence of occupa-
tional exposure among nursing staff, and the model can improve the quality of nosocomial infection management.'' '3
However, the exact extent of the impact is unclear. Therefore, we applied the SHEL model to the management of
respiratory exposure among isolation unit workers to further study the specific impact of the SHEL model on respiratory
tract exposure protection of staff in makeshift hospitals for COVID-19.

Research Subjects and Methods

Research Subjects

Consecutive staff members working in the Xiaotangshan Fangcai shelter hospitals from 20 May 2022 to 5 June 2022
were screened for their eligibility if they worked in the contaminated area of the isolation unit. Exclusion criteria: (1)
those who were moved out for centralised isolation and observation at the end of the study period; (2 those who had
terminated work in the isolation unit in advance due to personal reasons, such as physical conditions; 3) those who
worked in clean areas and potentially contaminated areas. A total of 207 cases were included. The number of people
working in each isolation unit was 69. A total of 207 people in the Xiaotangshan Fangcai shelter hospitals were divided
into three units, and about 10 people were excluded from early training.

Research Methods

Establishment of Infection Control Management Team in Square-Cabin Hospitals

To improve the infection prevention and control level in square-cabin hospitals, a square-cabin hospital infection control
management group was established. A square-cabin hospital is a complete set of mobile medical platforms that can be
deployed rapidly, with a medical shelter as the provider and the comprehensive integration of medical treatment and
medical technology support functions. Infection control teams are the medical staff responsible for the development of
nosocomial infection monitoring plans, the implementation of countermeasures and measures and the supervision of
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Figure | Diagram of sensory control level of Xiaotangshan Fangcai Hospital.

related work. The members include the headquarters’ infection control team (one team leader and four team members)
and the isolation unit infection control team (three infection control team leaders and 18 infection control specialists) to
implement the hierarchical management of staff in the contaminated area of the isolation unit (see Figure 1).

Application of the SHEL Model

From 29 May 2022, the SHEL model was applied to manage the respiratory exposure protection of new coronavirus
pneumonia for workers in contaminated areas. The management group discussed each part of the SHEL model,
formulated improvement plans and organised implementation evaluations.'* (see Table 1)

(1) S: O Improvement and training of systems and procedures. The infection control management team of the
headquarters formulated various infection control systems, procedures, plans and distributed them to each isolation unit
to clarify the emergency plan for respiratory exposure and its reporting. Systems and processing procedures used
a combination of methods for training.'”> @) Online infection control regular meetings exchange and guidance:
Regular online meetings were arranged every day, and the infection control commissioner reported the problems
found in video surveillance and proposed rectification suggestions. The reasons for exposure in the first nine cases of
personnel respiratory exposure were analysed and summarised. Targeted guidance on how to quickly exit contaminated
areas and remove protective equipment when masks were wet in hot weather and there was shortness of breath, as well as
guidance on evacuating to areas with low exposure risk when respiratory tract exposure was unavoidable, improved the
coping ability of staff. (3) Assessment and training of basic operations. The headquarters’ induction control team
conducted an online assessment on the wearing and removal of protection by the isolation unit staff on a daily basis.
If the protection was found to be unqualified, it was reported immediately to the infection control specialist in the
isolation unit; training and assessment were conducted again to enable the assessment to be passed. After that, the
contaminated area could be entered for work, and the assessment data were uploaded to the infection control team of the
headquarters for future reference. (4) Psychological support: Psychologists were regularly invited to conduct collective
and individual psychological counselling'® to ensure the psychological state of the isolation unit staff remained stable.

(2) H: @O Cooling measures. The isolation unit was equipped with a single-use or reusable cooling vest, which was
fitted with an antiperspirant hairband to reduce the risk of damp masks; the directions for using the cooling vest were
issued by the infection control management team. (2) Keeping communications open. The staff in the isolation unit were
equipped with a call station and a public mobile phone. In case of an emergency, they could contact the infection control
specialist in the unit promptly. (3) Dual-video monitoring. The infection control specialists of each unit and the infection
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Table | Summary of SHEL Model Related to Prevention and Control of Work-Related Respiratory Exposures in Xiaotangshan Fangcai

Hospital
SHEL Factor | Part No | Content
S (software) Institutional process | Issued and strictly implemented the Xiaotangshan Fangcai Hospital’s sensory control
management system and process
2 Be aware of emergency plans for respiratory exposure management
3 Clarify the reporting system and processing procedures for respiratory exposure
Training and Analysis 4 Clear isolation unit partitioning
5 Master the process of quickly exiting the contaminated area and removing protective
equipment
6 Analysis of the causes and treatment methods of 9 cases of respiratory tract exposed
personnel
7 Identify areas of low exposure risk in contaminated areas
8 Know the process of cooling vest disposal
Daily online sensory 9 Isolation unit raises issues and questions related to sensory control
control meeting
10 | The sensory control team reports the problems found by video surveillance
Il The sensory control team puts forward suggestions for rectification of monitoring problems
and answers the sensory control problems of the isolation unit
Psychological support 12 Collective and individual psychological counseling for isolation unit staff
H (hardware) Cooling measures 13 Equipped with disposable or reusable cooling vest
14 Equipped with an antiperspirant headband to reduce the risk of the mask getting wet
Communication 15 Set up call mobile station and public mobile phone
facilities
Dual monitor mode 16 First-level monitoring is set for the isolation unit, and second-level monitoring is set for the
sensor control group of the headquarters.
17 | Establish a WeChat group for feedback on sensor control problems in the isolation unit,
timely feedback found problems and rectify them
E (Clinical Scientific scheduling 18 | Shorten the working time and adjust the working time in the contaminated area of the
Environment) isolation unit
19 | Avoid working at high temperature
Rest area 20 | Set up cooling rest rooms in the polluted area of the isolation unit
Respiratory Exposure 21 The infection control specialist of the isolation unit supervises the process of wearing
Risk Prevention protective equipment
22 | The dual monitoring mode supervises the deprotection process
Clear partition 23 Post signs to prevent retrograde
24 | Fixed staff positions
25 Item placement is fixed
L (Participant Isolation unit 26 | Clear respiratory exposure reporting and handling procedures
and others)
27 Report the occurrence of respiratory exposure in time
28 | Clarify the isolation and disposal process of exposed personnel
Command Sensing 29 | Receive reports of respiratory exposure incidents from isolation units
Control Team
30 | Analysis to determine whether exposure
31 Collect the data of exposed personnel and issue a quarantine notice for respiratory exposure
32 | Contact quarantine hotel for transfer

control team of the headquarters formed a working mode of dual-video monitoring, with a 24-hour duty system.
A WeChat group was established for feedback on infection control problems in the isolation unit to find and rectify
problems in a timely manner. The infection control specialist in the unit was the first-level video surveillance personnel
with responsibility for the video supervision of the process of donning and removing protective equipment by the unit’s
staff and the related work of infection control in the unit. Problems were recorded for each shift, and they were
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summarised and fed back to the headquarters every day. The infection control team of the headquarters was the second-
level video surveillance team, responsible for the video supervision of all isolation units, discovering omissions and
errors promptly and issuing the “Inspection and Supervision Form” to notify the isolation unit for rectification. After the
rectification of problems in each unit, the Inspection and Supervision Form was completed. The rectification part of the
problem were feedback to the headquarters’ infection control team on the second day.

(3) E: @ Scientific shift arrangement and adjustment of working hours in contaminated areas. From 29 May 2022,
the working hours of staff in contaminated areas in the isolation unit were reduced, the workload was reduced, the
work content was reasonably arranged, and work was avoided in high-temperature periods. (2) Set up restrooms in
contaminated areas. Each isolation unit was set up with restrooms in contaminated areas. The interior was equipped
with cooling facilities, such as air conditioners and ice buckets. Staff could enter the restrooms to rest.'” 3
Respiratory exposure risk prevention. Staff entering contaminated areas wore protective equipment and were super-
vised by the infection control specialist of the unit. They could enter only after passing the COVID test. When leaving
the polluted area, the infection control specialist of the unit and the infection control team of the headquarters both
supervised to detect the risk of respiratory exposure promptly. #) Clear divisions. The staff of the isolation unit made
clear divisions and posted walking route signs to prevent re-entry or mistaken entry into the clean area. The positions
of the staff in each isolation unit were fixed, the removal or replacement of positions needed to be reported to the
headquarters’ infection control team, and personnel in different department could not be crossed. The isolation unit
items could not be mixed.

(4) L: The infection control specialists of each isolation unit and the infection control team of the headquarters
clearly defined the exposure reporting and processing procedures. The dual-monitoring working mode supervised
whether the donning and removal of protective equipment were standardised, and errors were corrected promptly
through a video intercom to reduce the risk of respiratory exposure. According to the respiratory exposure reporting
system, the exposed person reported to the infection control specialist of the isolation unit, who reported to the
headquarters’ infection control team by phone within 10 minutes. After respiratory tract exposure was confirmed, the
infection control team filled in the “Notice of Respiratory Exposure Isolation”, conducted centralised isolation for 10
days and performed daily health monitoring and nucleic acid testing. After the centralised isolation was completed, it
was continued at home for seven days, and a return to work was made only after the risk of respiratory exposure had
passed.

Comparison of evaluation indicators before the implementation of the SHEL model (20 May 2022-28 May 2022) and
afterwards the implementation (29 May 2022-5 June 2022).

The status of respiratory exposure of staff in the isolation unit of Fangcang shelter hospitals was recorded, including
the incidence, location and reporting route of respiratory exposure. The reporting methods of respiratory exposure
included the following: exposed individuals were reported to the infection control specialist — the infection control
specialist of the isolation unit discovered the exposure situation — the infection control team at the headquarters
discovered the exposure situation.

Statistical Methods
SPSS 26.0 statistical software was used for data analysis. Enumeration data were expressed by the number of cases (n)
and percentage (%), and the x2 test was used for comparisons between groups, with P < 0.05 considered statistically

significant.

Results
Composition of Research Subjects
The 207 study subjects consisted of medical staff in the isolation unit and third-party property staff. Among them were 27

doctors, accounting for 13.07%; 96 nurses, accounting for 46.38%; and 84 third-party personnel, accounting for 40.58%
(see Table 2 for details).
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Table 2 Distribution of Staff in the Isolation Ward of Xiaotangshan Fangcai Hospital (n=207)

Work Area Personnel Number of People (n) Composition Ratio (%)
Isolation unit Doctor 27 13.04%

Nurse 96 46.38%

Third party personnel 84 40.58%
Total 207 100.00%

The Occurrence of Respiratory Tract Exposure Before and After the Implementation
of the SHEL Management Model

Before implementing the SHEL model to manage the isolation unit of Xiaotangshan Fangcai Hospital, a total of nine
cases (4.35%) out of 207 staff members had respiratory tract exposure, including six cases in the isolation room (one-out
room: The medical personnel in the one-out room removed protective face screens or goggles, disposable isolation
clothing, shoe covers and outer gloves) and three cases in the drop-off area outside the ward. After the implementation,
a total of two cases (0.97%) of respiratory tract exposure occurred among the 207 staff members, both of which occurred
in the deprotection room (two-out room: The medical staff removed medical protective clothing, inner gloves and boot
covers, medical protective masks and disposable hats).

Comparison of respiratory tract exposure detection methods: Three cases of exposed individuals were reported to the
infection control specialist before the implementation of the SHEL model. One case of exposure was found by the
infection control specialist of the isolation unit, and five cases of exposure were found by the induction control team of
the headquarters. After the implementation, both cases were reported by the isolation unit infection control specialist. The
incidence rate before and after the implementation was compared, and the difference was statistically significant (P <
0.05) (see Table 3 for details).

Discussion
The SHEL model has a good effect on the safety management of respiratory exposure prevention in isolation unit staff.

Studies have shown that the SHEL model has been applied to nursing safety management,'® emergency safety
management, surgical patient prevention and control of postoperative infection, and good results have been achieved in
improving nurses’ safety cognition, nursing service quality and patient satisfaction.'® ' The comparison between before
and after the management of respiratory tract exposure in the isolation unit of a Fangcang shelter hospital using the
SHEL model showed that the number of people with respiratory tract exposure after its implementation of the SHEL
model decreased from nine cases before implementation to two cases afterwards the implementation, with the number
significantly reduced. This was similar to the research results of Guo et al.*> Using the SHEL model to manage the
occupational exposure of nurses to the new coronavirus, the number of occupational exposures was reduced from 11
cases before the implementation to 3 cases afterwards the implementation. In that study, the area where respiratory tract
exposure occurred changed from the high-risk isolation room (one-off room) and the patient drop-off area to the low-risk
deprotection room (two-off room). The risk decreased significantly, indicating that the SHEL management model is
suitable for preventing respiratory exposure.

The implementation of the SHEL model helped to improve the safety awareness of various types of staff in the
isolation units of Fangcang shelter hospitals for respiratory exposure.*” Since isolation unit personnel are composed of

Table 3 Occurrence of Respiratory Tract Exposure Before and After the Implementation of SHEL
Model Management (n=207)

Time Number of People Exposed (%) | Unexposed People (%) | * P
Before implementation | 9(4.35%) 198 (95.65%) 4.576 | 0.032
After implementation 2(0.97%) 205 (99.03%)
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medical staff and third-party property personnel, although they have undergone preliminary training and assessment,
some staff still have a lack of awareness of the risk of respiratory exposure to COVID-19. After the implementation of
the SHEL model, through online teaching and lectures, the reasons for exposure in the nine cases of respiratory
exposure were analysed, and the division of the isolation unit area was explained. The regional division of the risk
level of respiratory exposure, the concept of clean areas in the isolation unit and the division of the semi-contaminated
area of the contaminated area effectively reduced the occurrence of re-entry, retrogradation (walk against the
directions), cross-regional contamination and other phenomena. Through the statistics on the reporting methods of
respiratory tract exposure before and after the application of the SHEL model, three cases were reported by individuals
before implementation, one case was discovered and reported by the infection control commissioner, and five cases
were reported to the infection control commissioner of the isolation unit by the induction control team of the
headquarters. Two cases were exposed after the implementation. All were identified and reported by the isolation
unit infection control specialist, indicating that the application of the SHEL model improved the safety awareness of
the staff and reduced the occurrence of respiratory exposure, with the application of software and hardware measures
achieving good results.

The application of the SHEL model systematically improved the infection control management level in Fangcang
shelter hospitals. The incidence of respiratory tract exposure before and after the implementation of the SHEL model
decreased from 4.35% to 0.97%; the difference was statistically significant (P < 0.05), and there was an obvious
reduction in the risk of the exposure location. A study by Li Hongmei came to a similar conclusion: After applying the
SHEL model during the COVID-19 epidemic, the occupational exposure rate of front-line nurses in hospitals decreased
compared with before its implementation.”® Furthermore, Peng et al also confirmed that the application of the SHEL
management model in the department of radiology during the COVID-19 epidemic improved individual coping ability
and department team cohesion, improved the comprehensive quality of department nosocomial infection management
and contributed to the prevention and control of COVID-19 in the department of radiology.**

During the implementation of the SHEL model, through the training system process, the analysis of respiratory
exposure cases, daily online regular meetings and psychological support improved the management level of the software
element. Hardware facilities were improved through the application of various cooling measures, communication
facilities and dual monitoring equipment. The clinical environmental element was improved by clarifying divisions,
placing process signs on the walls, scientifically arranging shifts and setting up rest areas. Clarifying the responsibilities
of the infection management team and infection control specialists and providing training and guidance for each staff
member improved the infection control awareness and exposure risk handling capabilities of staffs.

Therefore, the application of the SHEL management model comprehensively improved infection management and the
level of control in Fangcang shelter hospitals.

The limitations of this study were that the study period was short and the sample size was small; therefore, further
research and exploration will be carried out by extending the study time and expanding the sample size.

Summary

To sum up, the application of the SHEL model comprehensively improved the infection control management level in
Fangcang shelter hospitals, helped reduce the risk of respiratory exposure by various staff and was an important
guarantee for Fangcang shelter hospitals in completing treatment tasks.

Data Sharing Statement

The data underlying this article will be shared at reasonable request to the corresponding author.
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