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Abstract: During the past year, health care environments have struggled to cope with the various
impacts of COVID-19 around the world. Health care facilities need to help strengthen resistance to
pathogen threats and provide care for patients and health workers in the safest possible way. Archi-
tectural design strategies can play a significant role in infection prevention and control. The current
study aims to examine the experiences of health workers with hospital spaces during the COVID-19
pandemic. Identifying the difficulties they face, the present study attempts to shed light on the role
of the health care layout configuration in combating pandemics. The authors conducted observa-
tions at four hospitals and a series of online semi-structured interviews with 162 health care staff
from March to May 2020. The study indicated that space configuration and the hospitalization of
patients, layout and circulation of the environment, operation services such as indoor environment
conditions, maintenance of health care system, and organizational support for health care staff were
the most critical factors affecting infection control in health care environments. The initial zoning
and separation of patients were the most effective methods of controlling infection. Hospitals with
clustered plan layouts were found to be the most effective buildings for the zoning of COVID-19
patients during the pandemic and for infection control.
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1. Introduction

During the past year, health care environments have struggled to cope with the various
impacts of COVID-19 around the world. Health care facilities need to help strengthen
resistance to pathogen threats and provide care for patients and health care workers in the
safest possible way. Architectural design strategies can play a significant role in infection
prevention and control. The current study aims to examine the experiences of health care
workers with hospital spaces during the COVID-19 pandemic. When a novel coronavirus
was reported in China in 2019, health care systems worldwide could not predict how it
would affect public health globally. Today, more than one year from the appearance of
the COVID-19 pandemic, we have a more progressive outlook over the danger of such
a disease. The importance of infection control has always been crucial in health care
environments, but it becomes even more critical during pandemics such as the COVID-19
pandemic.

Various factors affect infection distribution in health care centers. A single cough
in an indoor health care environment can generate hundreds of droplets, and a single
sneeze can generate thousands (up to 40,000) at speeds of up to 50-200 miles per hour,
with each droplet containing millions of viral particles [1]. Hospitals are environments
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where infectious droplets can be particularly hazardous since hospitalized patients are
often prone to infection due to preexisting illnesses [1].

For effective infection control in health care settings, it is essential to realize how
viruses are transmitted. As such, under different circumstances, information will affect
the choice of infection control measures in health care environments. Infected patients
discharge infectious droplets through breathing, coughing, or sneezing [2]. According to
the Centers for Disease Control and Prevention, infection with respiratory viruses in health
care environments is principally transmitted through three general modes: contact, droplet,
and airborne.

Contact transmission is spread through direct contact with an infected person (e.g.,
touching during a handshake) or a contaminated artifact or surface. The latter is sometimes
referred to as “fomite transmission.”

Droplet transmission is spread through exposure to virus-containing respiratory
droplets (i.e., larger and smaller droplets and particles) exhaled by an infectious person.
Transmission is most likely to occur when someone is close to the contagious person,
generally within about 6 feet.

Airborne transmission is spread through exposure to those virus-containing respira-
tory droplets containing smaller droplets and particles that can persist while suspended in
the air over long distances (usually greater than 6 feet) and time (typically hours) [3].

Even though the repeated sanitization of health care centers can reduce the incidence
risk of acquired infection, improper space management can increase the risk of infectious
disease transmission. Environmental designs have proved to affect infection control in
health care centers. The literature suggests that the design of the physical environment
strongly impacts hospital-acquired infection rates by affecting both airborne and contact
transmission routes [4,5]. As most health care centers were designed and constructed with
minimum knowledge of the new emerging infectious diseases of our century, such as
COVID-19, adopting a holistic view in the design and management of health care centers
for critical pandemic situations is essential. There is a need to understand the problems
and environmental contradictions of current health care design regarding infection control
to design better health care facilities in the future,

The purpose of this research is to highlight the role of environmental design on
infection control, focusing on the experiences of health care workers during the COVID-19
pandemic. The importance of the current study can be explained from various perspectives.
First, in the last few years, several studies have evaluated various aspects of hospitals. Some
of these studies have concentrated on plan configuration and design using observations
or space syntax methodology. Space syntax is a valuable methodology for analyzing
the spatial layouts and patterns of human activity in buildings and urban spaces. It
provides quantitative analyses of individual spaces and the entire layout by using clear
sightlines [6]. In his proposed model of system accidents, Rearson suggested that hospital
design may impact patient safety, directly or indirectly, relating to both active or latent
failure [4]. Studies indicate that aspects of health care design that directly impact patient
safety include air quality, lighting, patient room design, and other interior design elements
such as surface materials [7]. The second group of studies focused on the experiences
of patients and health care staff with health care environments, shedding light on the
positive and negative aspects of space. The majority of these studies were conducted
during typical everyday situations and not during pandemics. Hence, the current study
attempts to fill a part of this gap. The knowledge of the frontline staff can influence policy
implementation during pandemics. Second, studies suggest that health care workers may
experience a considerable amount of mental pressure during pandemics. Inappropriate
working conditions (high workload and sudden increase in referrals) besides the stressful
and high-risk working environment during the outbreak are among the most significant
barriers to implementing COVID-19 policies in Iran [8]. Proper hospital design can reduce
some of such tensions among health care staff. The results of the current study can provide
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great information for architects, hospital managers, and policy makers to bring more relief
to health care workers during pandemics.

2. Related Work

Studies suggest factors such as fear of contagion, concern for family health, quarantine
and interpersonal isolation, and trust in organizational support as influencing the behavior
of health care staff during epidemics [9]. Recent research from several countries during the
COVID-19 pandemic also has reported fatigue, distress, stress, and anxiety among health
care staff [10-13]. Moreover, health care staff and nurses affect patient care experiences due
to the time that they spend with patients [14]. Other studies show a positive correlation
between the positive nursing care experiences that patients have and good and healthy
work environments [15-17]. However, the problems that health care workers may face
during the COVID-19 pandemic may hinder them from caring for the infected patients [18].
There is an agreement that health care environments can reduce the amount of tension and
stress health care workers face on a daily basis. Proper hospital design and management
that decreases the chance of infection distribution can bring more relief to health care
workers. Accordingly, conducting this research is highly important and is of great value.

2.1. Design Attributes and Infection Control

Various environmental design attributes have been found to affect infection control
in health care spaces. Ulrich [5], for example, found that single rooms have advantages
over multi-bed rooms, as they reduce airborne transmission cross-infection from airborne
or aerosol droplet diseases. On the other hand, multi-bed rooms create a potential added
risk for airborne transmission [5]. Ensuite toilets in single rooms, compared to shared
bathrooms, are considered effective in containing outbreaks [5]. Moreover, studies suggest
that many surfaces close to infected patients become contaminated in hospitals, and
staff gloves and hands may become infected through contact transmission [19,20]. This
type of transmission is more common in multi-bed units [21]. Although not specific to
infection control, several studies focus on the design attributes and layouts of health care
environments in order to make them more effective. In this regard, Pangrazio [22] and
Jiang and Verdeber studied the impacts of circulation zones in health care settings on user
perceptions and experiences and suggested that such spaces could impact the positive
perceptions of patients towards their overall satisfaction with health care facilities [23].

In particular, poor design in health care environments can negatively impact staff
outcomes such as staff stress, fatigue, annoyance, burnout, and lack of hand-washing
compliance, leading to accidents and errors [7]. Dedicating spaces for working, resting,
changing, and storage is a critical factor influencing staff satisfaction [24]. In emergencies,
spaces that facilitate staff relaxation from psychological stress and work pressures could
positively impact staff work performance [25]. The visual environment provides essential
health benefits for patients [26] and impacts staff satisfaction [27]. For example, window
views to nature can improve patient recovery time and can reduce the stress levels among
nurses [24,28]. In addition to being a natural disinfectant, access to daylight also seems
to significantly impact patients and staff, affecting their visual comfort [20]. More recent
studies have shown that intrinsic features of glass such as transparency and brittleness are
also responsible for subjective feelings that can affect the overall psychological comfort of
building users [29].

2.2. Operation Strategies and Infection Control

A handful of studies suggest that health care-associated infection rates are lower
when the air quality is very good [5]. Air flow may transport infections, and there is a
need to manage high-risk patients separately from other patients [30]. Factors affecting
ventilation in hospitals include room air changes per hour, the direction of the airflow and
the air pressure, the type of air filter, the humidity, and ventilation system cleaning and
maintenance [31]. For example, a study of health care staff in 17 Canadian hospitals showed
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a strong correlation between the risk of acquiring tuberculosis and exposure to patients
in rooms with poor air quality and low air exchange rates but not with the ventilation of
respiratory isolation rooms [32].

Infections and cleanliness are related to hygiene in health care environments, and
the materials used in a hospital can have positive or negative effects on hygiene. For
example, Anderson et al. [33] found higher amounts of microorganisms on carpeted floors
than on bare floors. Noskin et al. [34] studied fabric-covered furniture and vinyl-covered
furniture and vinyl surfaces contaminated with vancomycin-resistant enterocci (VRE).
They suggested that vinyl also became contaminated. Therefore, the proper disinfection of
inanimate surfaces is known as an effective measure in reducing the number of hospital-
acquired infections [30,35].

Alcohol-based hand-rub dispensers and accessible hand-washing sinks are also known
to lower hospital-acquired infection rates [35]. Studies suggest that hand-washing compli-
ance is often insufficient (rarely reaching 45-50%) [36] and is consistently lower in units
with high bed occupancy rates [5]. Evidence advises placing sinks and alcohol/gel dis-
pensers near staff movement paths in visually prominent locations near work points, which
improves hand-washing compliance by 28% [37].

Daylight is an excellent bactericidal factor and can inhibit infection [30,38]. Studies
suggest that sunlight can kill various bacteria such as anthrax, tuberculosis, etc. [39]. More
recent research by Strong [40] indicates that diffused daylight over two layers of glass from
a north window is highly effective in killing hemolytic streptococci within thirteen days.
In contrast, a similar strain survived for 195 days in the dark in the same room.

3. Materials and Methods

In this study, we attempted to shed light on health care environment contradictions
in terms of infection control during a pandemic while focusing on the experiences of
health care workers. In the battle against COVID-19, frontline hospital staff are in direct
contact with patients and have a better understanding of the shortcomings of health care
environments. The current study applied an evidence-based design approach. Nowadays,
health care design is increasingly guided by rigorous research linking the physical envi-
ronment of hospitals to patient and staff outcomes. Health care design is moving toward
“evidence-based design” to enhance design decisions for a planned environment [41,42].
EBD in health care environments indicates a significant relationship between the built
environment and health-related outcomes. These include the reduction of medical errors
(including nosocomial/ hospital-acquired infections), the reduction of stress (and injuries)
on the medical staff, and improved patients healing [24,36,42].

The research methodology was qualitative and was based on the grounded theory,
where researchers begin with an area of study and allow the theory to emerge from the
data [43].

We conducted a series of interviews with the nursing staff and physicians from four
public and private hospitals in Kerman (namely: Afzalipour, Payambar Azam, Mehregan,
Bahonar), Iran (Figure 1). Among them, only Mehregan hospital was private. These
hospitals were chosen for this research because they used to admit COVID-19 patients
during a certain period. Currently, all COVID-19 patients are admitted to Afzalipour
Hospital.

Data were collected from March to May 2020. Due to the large number of patients
affected by the pandemic, there was no specific hospital for admitting these patients, and
they were distributed among different public and private hospitals. All four hospital
plans were different in terms of layout, space configuration, and the number of floors. The
selected hospitals are representative of typical hospital plans in Iran. Bahonar Hospital (A)
has several single and double-story linear plan buildings scattered in the hospital yard,
Afzalipour Hospital (B) shares a multi-story clustered plan, Mehregan Hospital (C) is a
linear multi-story building, and Payambar Azam Hospital (D) covers a square multi-story
plan. Figure 2 shows the layouts of the selected hospitals in Kerman.
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The semi-structured interview was designed as a flexible and broad survey. In general,
the interviews comprised two sections. The first section recorded demographic information
such as the participant’s age, gender, occupation (doctor or nurse), and years of experience
in the health care environment. In the second section, participants were queried about
the main problems and causes of infection distribution during the pandemic and how
the physical environment has exacerbated the condition for them. The participants were
asked to answer the following questions: (1) How do you evaluate the appropriateness of
your hospital design in terms of admitting COVID-19 patients? (2) In your opinion, what
design or management attributes of your hospital affect the distribution of infection in the
hospital? (3) What are difficulties you have faced in the hospital during the COVID-19
pandemic?

The interviews were conducted with 162 health care workers who were highly engaged
in the process, who perceived the danger of the virus, and who were working in a hospital
not initially designed for a pandemic. Respondents were selected to participate in the
survey by stratified random sampling. All participants were over 18 years of age and were
informed that the study was voluntary and that their data would be kept confidential.
In-depth, semi-structured interviews with frontline staff were conducted over WhatsApp
from March to May 2020, and audio was recorded with the consent of the participants.
Interviews lasted between 20 to 30 min. The interviews were recorded and transcribed
for further analysis. All of the transcripts were then thematically analyzed with a coding
approach by applying Ulrich’s [44] (and Brambilla et al. [24]) evidence-based design (EBD)
framework. Figure 2 shows the proposed framework of the study.

Bahonar Hospital (A)
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T
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Figure 1. Cont.
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Afzalipour Hospital (B)

Figure 1. Left: the building layouts of the studied hospitals. Right: the COVID-19 patient admission area in each hospital.



Sustainability 2021, 13, 9964

7 of 17

Audio Environment

Visual Environment

Safety Enhancement

Wayfinding system

Patient room features

Staff support spaces Family/Visitors” Space Features
Space configuration

Etc,,...

Identifying built environment

p /ith the current

. Built Evidence Based : =
Environement Design healthcar itics during

ek emergency outbreaks

Providing design and
operative solutions for future
hospitals

Figure 2. The proposed framework for the study.

4. Identified Problems
4.1. Space Configuration for the Hospitalization of Patients
4.1.1. Poor Isolation of the Infectious Ward

The infectious ward was one of the most essential parts of the hospital that was widely
used during the COVID-19 outbreak. However, there were no filter areas between the
infectious ward and the other sections, and it was only separated from the other areas by a
single door. Most of the participants argued that this section should have been properly
isolated from the other sections. Separating this section from the main hall with only one
door was of great concern since the door was left open most of the time. For this reason,
the probability of coronavirus transmission from the coronavirus ward to other wards and
the hospital hall was high. Some doctors voiced their concerns about the risk of disease
transmission associated with the poor design of hallways in one of the hospitals. One
participant stated that: “The way to other wards passes through the infectious ward, and
this is very risky”. Many therapists suggested that reducing the risk of disease transmission
requires some measurement in terms of isolation.

4.1.2. Improper or Absence of Spatial Isolation of Patients with COVID-19 from Others

There was a consensus on the special care needed for patients with COVID-19. In
some hospitals, one of the intensive care units of the hospital was assigned to these patients.
There was not much concern in hospitals where the intensive care unit was associated with
patients with COVID-19.

The medical staff’s concerns were related to the hospitals in which patients with
COVID-19 were not adequately separated from the other patients or the fact that the
intensive care units for patients with COVID-19 were in proximate distance to other
sensitive wards (e.g., pediatric or gynecological). In these cases, the possibility of virus
transmission to the sensitive wards increased. Regarding the limited capacity, patients
with COVID-19 were reported to be admitted to the same wards where non-COVID 19
patients had been hospitalized. Some added that the beds were very close to each other,
and patients with COVID-19 were not properly isolated from the non-COVID-19 patients.



Sustainability 2021, 13, 9964 8of 17

“Unfortunately, due to limited space and facilities, patients with COVID-19 and non-
COVID patients are in the same place, and only some beds for patients with COVID-19
have been isolated by a plastic cover”.

Hospitals can lower the incidence of nosocomial infections (hospital-acquired infec-
tions) during COVID-19 by the appropriate separation of the infectious ward from the rest
of the hospital system and by assigning intensive care units for patients with COVID-19.
The presence of empty and support areas, known as “lung” spaces, among different wards
provides a means for accommodating reconfigurations, expansions, or isolation areas [25].

4.1.3. Long Distance between Essential Parts

Nurses spend a lot of time engaging in unnecessary walking, which leads to a waste of
valuable time and leads to fatigue and stress [7]. One effective way to reduce walking is to
bring staff and necessary supplies closer to patients [45,46]. The excessive distance between
the essential wards such as the ICU and the CT scan area was reported to be the medical
staff’s source of confusion and fatigue. Some complained that the distance the patients
had to walk to reach the different sections of the hospital put health care workers at risk of
being exposed to the virus. A participant working at one of the hospitals suggested that:

“The long-distance between some related wards makes us walk a lot every day. This is
frustrating. There is a possibility of contaminating different wards of the hospital”.

In the case of COVI-19, it is important to reduce the distance between essential wards
to reduce unnecessary staff walking.

4.2. Layout and Circulation of the Environment

Circulation zones in hospitals are spaces that can be reached independently by the
public who use the hospital. Such spaces include the area in front of the entrance, the
entrance hall, reception areas, corridors, vertical connections, and waiting rooms [47].
However, according to health care workers, such places have a high risk for infection
transmission.

4.2.1. Problems with the Main Entrance/Shared Entrance for the CT Scan and Lung
Screening and the Inadequacy of Facilities

During the outbreak, one of the concerns for many health care workers was inappro-
priate entrance design. In most hospitals, the entrance was reported to be commonly used
by both the medical staff and the patients with COVID-19. This lack of isolation created a
high-risk environment. In some hospitals, the temperature and oxygen levels of all of the
people entering the hospital were screened. One of the hospital staff pointed out that:

“The medical staff and patients and escorts have to enter the hospital from the same door,
and apart from them, the staff has to take off their masks in the crowded entrance during
the exit and entrance to be recognized.”

“Unfortunately, there is just one door for patients and health workers. We cannot
distinguish the patients from their appearance until the doctor examines them and sees
if they are suffering from COVID-19. To go to the doctor’s room, they have to use the
entrance used by others and sit beside others, and the only thing that is being practiced is
wearing masks.”

“A separate entrance door is allocated to pregnant women.”

“There are several side entrances to the hospital, but the lack of attention to proper
signposts results in overcrowding in the main entrance.”

As it can be seen in Figure 3, the highest risk of infection transmission occurs here, as
health care workers, COVID-19 patients, and other patients share the same entrance.
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Figure 3. All patients share the same entrance (Mehregan Hospital).

The risk of transmitting the virus to other patients was reported to increase by insuffi-
cient CT scans. Transporting COVID-19 suspects and patients who have tested positive
to the radiology department was of great concern. Some complained about the limited
number of CT scan devices in the current situation and highlighted that this number did
not meet the requirement in these critical conditions.

“This hospital is designed for treating cardiovascular patients. Though we treat lung
patients, this hospital is not specifically designed for lung patients. The admission of a
large number of patients with COVID-19 has posed a serious challenge to the hospital in
recent months.”

4.2.2. Problems of the Emergency Department and Waiting Rooms

The lack of a separate and dedicated space for the initial assessment of COVID-19
suspects and for the temporary hospitalization of in-patients was frequently reported by
the health care workers. The absence of space for segregating COVID-19 suspects from
the other patients in the emergency was nerve-wracking. The suspects were reported
to stay in the emergency until their symptoms were checked. The COVID-19 positive
patients were stated to be transferred to the infectious ward or were hospitalized away
from other patients in the same emergency room. There was an agreement that this led to a
greater prevalence of COVID-19. The health care workers highlighted that this problem
was associated with the poor design of the emergency room. Some believed that patients
were more likely to contaminate the area while they were being tested.

“Unfortunately, in the emergency section, all the patients are placed together until they
are examined and referred to the relevant section. There are patients with COVID-19
and heart disease, etc.”

Only in the emergency of one hospital was the test performed in a special room, for
which there was a separate entrance.
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“Yes, fortunately, we have one special room for COVID patients. The protocols have
been followed in this regard, the tests are performed in a special room within the emer-
gency section.”

From the perspectives of health care workers, one of the hospital design problems
contributing to the spread of COVID-19 was the waiting room. Health care workers stated
that in some of the hospitals, the waiting room for the patients was poorly designed. People
had to stand in the corridors or wait in a small space where social distancing was not
practiced. Some hospitals did not even have a waiting room. According to one of the staff
members, the hall was very small and was poorly ventilated, and the arrangement of the
chairs and the number of chairs had not changed even though the number of patients and
their escorts had been on the rise.

“The waiting room is not suitable for hospitalization and admission of patients with
COVID-19 because the waiting room is small, there is no natural ventilation, and the
necessary distance cannot be observed at all.”

4.2.3. Improper or Absence of Spatial Isolation of Communication Spaces and Transporting
Patient Tested Positive

According to the health care workers, after screening patients in the emergency room,
the patients with COVID-19 needed to be transferred to the hospital wards, CT scans,
and intensive care sections of the hospital. However, there were no physically separated
corridors for these patients, and they had to use the corridors and stairs shared by other
people. The absence of spatial separation in communal spaces was reported to affect the
spread of COVID-19.

“If the test is positive, a CT scan of the lungs should be done immediately in the infectious
ward of the hospital. For a CT scan, patients and their escorts have to go to different
parts. The doctor often asks the acute cases to be hospitalized. This cohort of patients is
admitted to the third floor. Unfortunately, the location of this ward on the third floor
has created problems because the patients need to use different corridors and communal
spaces, and this expands the disease cycle.”

The strong relationship between the CT scan, infectious wards, and intensive care
units requires an appropriate space configuration that allows for the fast movements of
both patients and health care workers.

4.2.4. Lack of Sufficient Elevators

The increasing number of patients was reported to result in a shortage of elevators.
The common use of elevators by COVID-19 patients and their escorts were frequently
highlighted as a major concern. A nurse suggested that:

“There are six elevators for ordinary people and three elevators for transporting patients
in this hospital, of which one is supposed to be used for the patients with COVID-19.
Overcrowding at the visiting time makes the patients” supporters (who have spent several
hours directly with the sick person) use other elevators in this complex”.

“There are three elevators for transporting reqular patients, but since the time of breakout,
we are facing a shortage of elevators. To reach the elevators, we have to go through the
common corridors.”

Cross-contaminations in hospitals could be minimized by isolating treatment spaces
for COVID-19 patients through clear route separations and avoiding the use of horizontal
and vertical circulations for multiple areas [25].

4.3. Operation Services
4.3.1. Non-Segregation of Hospital Admission and Lack of Social Distancing Measures

One of the most important problems in all hospitals is the admission of patients with
COVID-19 along with other patients in one place. This was assumed to be the main cause
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of virus transmission. The medical staff reported that the restriction posed by the fixed
desks and partitions did not let the staff and nurses maintain a distance of 1.5 m from each
other. This was reported to increase the risk of infection among the medical staff.

“The problem with all hospitals is that the admission ward for COVID-19 has not been
isolated from the other wards.”

“The treatment staff can’t move tables and partitions, and they have to be very close to
each other and work in a small space.”

4.3.2. Improper Clothing Isolation and Disinfection of Equipment for
Non-COVID-19 Patients

Transferring the clothes and bedding of patients with COVID-19 along with those of
non-COVID-19 patients to the same laundries and sterile rooms was a concerning issue.
Some added that in some hospitals, though separate rooms were allocated for the clothing
of patients with COVID-19, the clothes of patients with COVID-19 were washed with those
of non-COVID19 patients together in the central laundry. Transferring all of the equipment
used in all of the wards to one place without spatial separation was expected to result in
the transmission of the disease to other staff or patients.

“This hospital has a central laundry, and it is not possible to separate and allocate a
separate place for the stuff of patients with COVID-19, and all washing is done inside
this place.”

“All hospital equipment and supplies for the patients with COVID-19 and non-COVID-
19 patients need to be disinfected. The disinfection is carried out in a sterile room.”

4.3.3. Lack of Indoor Environmental Conditions/Improper Lighting

Hospital lighting had been one of the most concerning issues in hospital design
since the COVID-19 outbreak. Some doctors argued that poor lighting and low light in
spaces such as hospital rooms, stairs, and corridors resulted in eye fatigue and allowed
environmental pollution to go unnoticed by the cleaning staff. The stress on the medical
staff, who were staying in a room without windows for long hours and who lacked chances
to be outdoors intensified the mental pressure on the medical staff and the patients.

“There is not enough light in the rooms, and the height of the rooms is very low. I do not
like to stay in hospital rooms for a long time. These spaces are too depressing.”

4.4. Organizational Support for Staff
4.4.1. Inadequate Resting Places for Medical Staff

One of the main concerns repeatedly mentioned in the interviews was the inadequacy
of the resting areas. Some complained that the areas in which the staff rested were shared
with people in other wards. This put the health of the staff in jeopardy. Despite the fatigue
and stress of the medical staff during the pandemic, there was no change in the quality and
size of the medical staff’s resting space compared to the past. According to the medical staff,
the small size of the resting areas and the lack of proper ventilation and facilities (e.g., space
for handwashing, personal wardrobes) and noise pollution caused by the proximity to the
wards harmed the resting quality of health care workers. The poor quality of health care
acoustics is a major environmental stressor that negatively impacts hospital occupants [44].

“The medical interns” and residents’ resting area has few facilities, and there are 3-4 beds
in each room. Since each one needs to be on call during the break, the ringing tone is of
annoyance to others. It would be better for each person to have a separate room.”

“There are six or eight people in a small room. Though each one needs to have his mask
on, social distancing is not observed.”

“The resting room is not separated from the ward. The nurses’ resting room is inside
the COVID-19 ward. The room is very crowded, and there are almost 10 beds in a
small room.”
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4.4.2. Inappropriate Eating Conditions of Treatment Staff

The staff dealing with patients with COVID-19 stated that they were under a lot of
stress, and providing facilities for them was perceived to help them mitigate work stress.

In most hospitals, the self-service food outlets had been closed since the COVID-19
outbreak. The food had been a taken away, and they had to have their meals in the resting
room or in their cars. Some health care workers complained about the annoying smell of
the food and the poor nutrition of the health care workers in the hospital environment.

“Since the time of the outbreak, we have not been to the self-service restaurant in the
hospital. I think each section should have a separate restaurant, and this area should have
access to the terrace and special open space.”

“The pantry is not close to the resting room and is near the place where there are lots of
patients, and the risk of contamination is anxiety-provoking.”

4.4.3. Improper Separation of Sanitation Services

One of the complaints of the health care personnel in some hospitals was the absence
or improper separation of the medical staff’s sanitation facilities (e.g., toilet, handwashing
basin) from patients. Some reported that health care workers had to use the patient toilet
services. Some complained that all sanitation services were placed in one area. The only
way to isolate the health care worker sanitation facilities was by locking them.

“In surgery, intensive care, and infectious wards, the sanitation services of the medical
staff and patients are separated from each other, but in the other wards, they are commonly
used by patients. This makes the medical staff feel anxious.”

Table 1 summarizes all the identified problems in the studied hospitals.

Table 1. The problem with the current hospitals can be summarized as above.

The Built Environment and Its

Impact on Health Outcomes and
Experiences of Staff during

COVID-19

Built Environment

Design Variables Main Problems

Lack of supportive environmental

factors to minimize

hospital-acquired infections

Problems with COVID-19 patients and others sharing
the main entrance
Problems with the emergency department and
waiting rooms
Improper spatial isolation of communal spaces and
transporting patients who have tested positive
through horizontal and vertical circulation
Poor isolation of the infectious ward
Improper or absence of spatial isolation of patients
with COVID-19 from others
Long distance between essential parts of the hospital
Improper clothing isolation and disinfection of

Layouts and circulations

Space configuration

Shared Facilities between

COVID-19 and other patients
Visual comfort measures
Staff resting rooms
Staff dining spaces

Lack of operation strategies

Lack of organization support
Social Distancing

Sanitation facilities

equipment for non-COVID-19 patients
Lack of improper lighting / lack of windows
Inadequate resting places
Inappropriate eating conditions of treatment staff
Lack of social distancing in staff rooms and
fixed furniture
Improper separation of sanitation services

5. Discussion

The design of health care buildings has evolved during history to fit into the demands
of the healing process. Health care design refers to the physical environment that includes
the interior design (e.g., furniture, fixtures, and materials), the configuration (e.g., relative
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locations and adjacencies of spaces), and the indoor environment (e.g., noise, air quality,
and lighting) of a hospital [7].

The emergence of the COVID-19 pandemic in 2019 highlighted the importance of
hospital design in a health care space. It further brought about the importance of infection
control in health care environments. While COVID-19 brought several challenges, enhanc-
ing health care worker and patient safety during the pandemic has not been very well
integrated into the design aspects of hospital buildings [48].

Compared to all of the countries involved in combating the pandemic, Iran has faced
one of the worst COVID-19 outbreaks in the world [49] and has had one of the highest
mortality rates of medical staff from COVID-19 [50]. Iran’s initially ineffective response
to the pandemic can be explained in terms of weakness in economic policy, failure to
coordinate public health initiatives, priority of treatment over prevention, insufficient
public engagement, and inadequate health care facilities [51]. Factors such as the imposed
sanctions have challenged Iran’s ability to cope with COVID-19. Some essential medicine
and laboratory equipment (such as diagnostic and protection kits) were not adequately
available during the outbreak due to complications in financial exchanges with most
countries [52]. Many health care workers have been risking their lives working under
unsafe and extremely stressful conditions. The health care staff has faced two significant
concerns during the pandemic: to treat patients with severe symptoms and to prevent the
spread of the virus among themselves and other patients.

Due to the importance of infection control in health care environments and the rising
number of COVID-19 patients, the current study identified contradictions in the health care
environment in terms of infection control during a pandemic in four different hospitals in
Kerman city, Iran, focusing on the experiences of health care workers.

The result of the study indicated that the hospitalization of patients the workplace of
the health care workers, the layout and circulation of the environment, the conditions of the
indoor environment, and the operation and maintenance of health care systems were the
most important factors affecting infection control in health care environments. The study
also shed light on the fact that the gap between the safety needs of health care workers and
the implementation of actual solutions during the COVID-19 pandemic is wide.

Moreover, a deep examination of health care worker responses revealed that the
majority of infection control barriers are rooted in the mutual admission and hospitalization
of COVID-19 patients with other patients. One of the key aspects to consider within the
functional program in relation to pandemics is the circulation in health care environments.
The staff, visitors, and patients who are not directed to the emergency department must
have their unique access. Flows that are typically differentiated between users and health
care workers must be further separated during emergencies to divide the flows of patients
with suspected or known infection from the other patients. Similarly, the staff working
in infection wards should not share facilities (dining area, toilets) with the other health
care workers. Supposing the physical layout and space management of health care centers
can minimize or increase the risk of infectious disease transmission. In that case, the
following question arises regarding various hospital design layouts: which layout might be
better suited for pandemic situations? A deep examination of health care workers reveals
that the isolation and separation of COVID-19 patients from the others at the entrance
might be the best solution. Based on EBD, Ulrich et al. [35] provided evidence related to
design factors that reduced the frequency of acquired infections in hospitals. The factors
include implementing single-bed rooms, effective air quality control, the placement of
alcohol-based hand-run dispensers, clean surfaces and floors, and proper water systems
designed to minimize water stagnation. However, the implementation of some of these
guidelines might not be possible during a pandemic crisis. For example, during the COVID-
19 outbreak, it has been hard to designate a separate room for COVID-19-infected Patients.
Crowded and poorly ventilated indoor environments represent more significant risks of
exposure to potentially infectious droplet nuclei and viral transmission [1,53]. Separating
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the COVID-19 section of hospitals can make ventilation much more efficient and easier to
implement.
The building plans examined in this study were:

Several single and double-story linear scattered buildings in the hospital yard.
A multi-story clustered plan.

A linear multi-story plan.

A square multi-story plan.

LN N

The health care workers shared fewer concerns for infection transmission in the
clustered plan layout (Afzalipour Hospital). Since clustered building plans have the
highest potential for the zoning and isolation of COVID-19 patients from others, they
imposed less stress among the health care staff. However, Afzalipour Hospital also has
several shortcomings. The WHO guidelines for infection control during pandemics have
not been fully implemented even in this hospital; for example, in most cases, all patients
are admitted to the emergency sector upon arrival. There is no filter at the entrance to
separate COVID-19-infected patients from other patients. COVID-19-infected patients
and the other patients also share circulation zones such as the entrance hall, reception
areas, corridors, vertical connections, and waiting rooms, maximizing the risk of hospital-
acquired infections for the other patients and the staff. Due to the sudden surges of patients,
some medical spaces, such as the CT scan and intensive care sections (ICU), are shared
among infected patients and other patients (it is not easy to convert standard patient rooms
to ICU rooms), increasing the risk of infection. Accordingly, the least risky decision for
infection control in health care environments during pandemics might be the complete
separation of COVID-19-infected patients from the other patients admitted to the hospital.
Scattered building layouts also allow for a complete separation of infected patients from
other patients (such as Bahonar Hospital). Another possible solution is to design health
care facilities with a flexible approach, where the layouts can transform rapidly to meet the
demands of both pandemics and permanent conditions. The use of modular architecture
that can be adapted during pandemics is one possible solution. The design of multiple
entrances, multiple staircases, and multiple elevators that can further separate a building
section or a building floor (in multi-story buildings) during pandemics are other possible
solutions for hospital design in the future. Meanwhile, health care facilities in both cases
must design adequate infrastructure that supports the conversion of existing spaces into
temporary ones; for example, standard patient rooms into ICUs or conference rooms into
treatment spaces.

Each of the discussed infection control measures substantially adds to the capital
and operating expenses of health care facilities. Building better designed health care
facilities from scratch, ideally with scattered layouts, will likely be costly and timely to
operate. Reorganizing existing health care spaces that allow for the separation of COVID-
19 patients from others is likely to be cheaper. Still, it may require relatively expensive
improvements to entrances, circulations (horizontal and vertical), ventilation, etc. The
designation of specific hospitals for COVID-19 patients seems to be an effective and
relatively inexpensive improvement. However, allocating some hospitals as a reception
center for COVID-19 patients may not always be possible due to the financial barriers they
face. The hospitalization of COVID-19 patients imposes additional costs to private health
care centers and hospitals and reduces their income due to the cancellation of elective
surgeries [54]. Further studies may conduct empirical research on the economic evaluation
of the required infrastructure costs in public hospitals needed to use resources during
pandemics efficiently. According to the World Health Organization (WHO), sustainability
in health care systems can be achieved when resources are used as effectively as possible
to benefit the health and well-being of current and future generations. The design and
organization of space and resilient and adaptive hospital layouts can significantly impact
health care sustainability through their efficiency during pandemics.

There are some limitations in this research. The case studies were limited to four
hospitals in Kerman. It is likely that the other public and private hospitals in the country
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face different environmental contradictions in terms of infection control. The online survey
method limited responses to those who could use a computer and who had internet access.
Face to face encounters with the staff would have enriched the possibility for more equally
inclusive and accurate research. The high risk of contamination in the hospitals was an
obstacle to conducting structured observations in the wards. Future research may address
these. Ultimately, while the COVID-19 pandemic will end as previous pandemics have, it
is evident that it will not be the last. Therefore, lessons learned from this research can help
design and manage resilient hospitals to deal with future pandemics.
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