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Introduction: Hospitals face various types of disasters that require either decontamination
or disinfection interventions. These contaminants can be chemical, biological, radioactive, or
infectious, such as COVID-19. Further, there are few studies in the literature on factors
affecting decontamination in hospitals in Saudi Arabia.

Methods: Approximately 157 healthcare providers (doctors, nurses, and other specialists)
participated in this study. Principle component analysis was used to explore three factors in
Saudi Arabia that affect the ability of healthcare providers to decontaminate appropriately.
Results: Three factors were extracted: (1) having adequate skills to perform decontamina-
tion, (2) being adequately prepared for decontamination before a disaster occurs, and (3)
organizational barriers to decontamination. There was a positive correlation between the
skills and preparedness and a negative correlation between barriers and both skills and
preparedness.

Discussion: It is essential to prepare for decontamination during disasters more effectively
and to ensure that all healthcare providers have the requisite skills. Moreover, barriers to
decontamination must be investigated thoroughly to improve implementation.
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Introduction
Hospitals face disasters that can involve different contaminants, including biologi-
cal, chemical, radiological, or infectious, such as COVID-19.! This type of disaster
requires specific plans and preparedness since they run a high risk of harming
hospitals, patients, and healthcare providers from the contaminating substances.”
These contaminants can be in different physical forms (solid, liquid, or gas) and
include bodily fluids such as saliva or blood.*” Decontamination strategies are
some of the most important domains of planning and preparation for this type of
disaster to remove the harmful substances and disinfect the patients or equipment.®’
During an emergency situation or disaster, a quick response to cleaning and
disinfecting patients ensures the safety of current hospital patients and healthcare
providers by significantly reducing secondary contamination."®° However, some
infected or contaminated patients arrive at the hospital in need of urgent medical
intervention; hence, the timing of decontamination is crucial. The types and meth-
ods of decontamination also depend on the type of contaminant. The literature
reports five important types of decontamination. First, dry decontamination is very
useful for patients exposed to biological or radiation risks. This can be performed
by removing the patient’s clothes and giving them a full bath, washing their hands
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and face, then placing them in clean clothes before enter-
ing the hospital. The second type is eye decontamination,
which only requires clean water for all situations (biologi-
cal, chemical, radiation, or bodily fluids). The third type
addresses patients who have been contaminated on exter-
nal parts of the body, which can be removed using clean
water and antiseptic soap. The fourth type of decontami-
nation is used when the patient has ingested or inhaled
naturalizing substances. Finally, the fifth type is mass
decontamination of a large number of victims from
a chemical disaster, where water is used prior to removing
their clothes.'>'*!"!

The literature on decontamination for healthcare pro-
viders indicates that ensuring the availability of guidelines
in addition to education and training regarding improving

recommended.'>!3

decontamination  practice  are
Moreover, the literature available in Saudi Arabia suggests
that health care providers already possess adequate knowl-
edge regarding decontamination in terms of identifying
suitable personal protective equipment (PPE). However,
the participants lacked familiarity with decontamination
procedures in their hospitals.'*'*> Other issues related to
decontaminating mass casualties in hospitals in Saudi
Arabia are that the system is not fully developed and
some hospitals do not have a designated building for
decontamination (although this can be mitigated through
the use of decontamination tents in front of emergency
departments).'® Accordingly, it is essential to develop
a more detailed plan by identifying the decontamination
team, developing a protocol, and training the healthcare
providers to be prepared.'” Several studies in Saudi Arabia
have emphasized the importance of ensuring all hospitals
are prepared for decontamination. This would include
identifying the decontamination needs of each hospital,
ensuring the availability of PPE, identifying factors for
maintaining staff performance and privacy, determining
a process for triaging the contaminated patients, planning
for self-decontamination, and identifying those victims
that may need extra assistance.'®'®23

Despite some studies in the literature that focused on
the core knowledge of healthcare providers, preparedness,
and planning for decontamination during crises in Saudi
Arabia,

A notable omission is the factors affecting decontamina-

evidence remains lacking in several areas.

tion in hospitals.'®?°?%?*% Understanding such factors
will support the development of plans for all types of
disasters that require decontamination and ensure the
strongest readiness of healthcare providers to respond

effectively. This would be achieved through developing
educational programs, creating policies, training staff on
how to perform decontamination correctly, buying essen-
tial equipment and supplies, and performing drill exercises
based on specific disasters. Therefore, the aim of this study
is to explore the factors that can improve decontamination
in Saudi Arabian hospitals.

Methods

This research utilized a cross-sectional survey of all health-
care providers in major hospitals in Taif City, Saudi Arabia
(excluding military hospitals). The population of this study
is composed of healthcare providers who work in a hospital.
A non-random convenience sample was obtained: all health-
care providers were involved in this study except those who
had less than one year of experience in the hospital or were
not able to read and write in English (the main language of
all hospitals in Saudi Arabia). The number of samples was
chosen based on principle component analysis (PCA) requir-
ing a sample size >100.%

The authors created a scale for collecting data from
healthcare providers, which was rigorously evaluated for
validity and reliability using PCA. Items were considered
redundant and deleted if their loading was <0.40 on the
factor or not loaded to any factor if there was a cross-
loading for one item on two factors. The values of relia-
bility are reported in the results section. In terms of data
collection, ethical approval was received from the IRB at
the research department at the Directorate of Health
Affairs in Taif (IRB registration number HAP-02-T-067
with approval number 434 from 06/09/2020). This
approval was required by the selected hospitals despite
the authors being from Taif University. The researchers
collected data by arranging for the questionnaires to be
distributed by the education and training coordinators of
each hospital. An explanatory statement was provided for
participants in addition to the survey. However, explicit
consent was not sought from the participants—their com-
pletion and submission of the survey was considered suffi-
cient. It should be stated that this study was conducted in
accordance with the Declaration of Helsinki.

In total, 300 questionnaires were distributed in two
hospitals. Based on the response rate, data were entered
into Excel and then exported into SPSS (version 24) for
analysis.”” Data were screened for missing data and out-
liers and then tested for normality by calculating the skew-
ness and kurtosis of each item, which is required for PCA.
Redundant items were deleted on the cross-loading of
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items with differences between primary and secondary
loadings of >0.30 or if an item had no loading or a weak
loading (<0.40) on an associated factor.?®

Findings
In this study, 157 healthcare providers participated by
responding to the questions and returning the question-
naires, representing a total response rate of 52.33%. The
majority of the respondents were female (>80%), with
only 22 male participants. Four participants preferred not
to disclose their gender. The age of the participants was
classified into four groups, with approximately 50% being
in the 30-39 year age group and 35% in the 20-29 year
age group. Accordingly, >85% of the participants were
<40 years old. The majority of the participants were nurses
(78%), with physicians only accounting for 10%. More
details of this analysis are presented in Table 1

Prior to PCA, data screening was normal and appropriate.
The findings of PCA with varimax indicated that four items had
to be removed as they cross-loaded with other factors. From
the remaining 17 items, 3 factors were extracted as the follow-
ing 6 items were loaded in the first factor with engine values of
7.92 and variance of 46.62. The loading of the items ranged
from 0.84 to 0.52. All items reflected the confidence and ability
of the healthcare providers, labelling their skills as performing
decontamination. The descriptive finding for this factor was
M = 3.60, SD= 0.74, and Cronbach’s o value of 0.89.
The second factor contained seven items with Eigenvalues of
1.39 and a variance value of 8.20%. The seven items loaded on
this factor ranged from 0.72 to 0.55. All items were related to
participant preparedness for decontamination; therefore, this

Table 1 Demographics

Groups Subgroups Frequency Percent
Gender Female 131 82.45
Male 22 13.8%
| prefer not to say 4 2.5%
Total 157 98.7%
Age 20-29 58 36.5%
30-39 78 49.1%
4049 18 11.3%
50-65 3 1.9%
Total 157 98.7%
Job Physician 16 10.1%
Nurse 124 78.0%
Others 17 10.7%
Total 157 98.7%

factor was labeled as decontaminant preparedness, with M =
3.51, Sd = 0.74, and a Cronbach’s a value of 0.86. The third
factor comprised 7.94 from the total of variance with an
eigenvalue of 1.35 and loading of 0.73 to 0.67. Four items
were loaded on this factor, which outlined the barriers to the
decontamination process in hospitals (as perceived by the
healthcare providers). This factor was labeled as barriers for
decontamination with M = 2.68, Sd = 0.81, and Cronbach’s o
value of 0.77. Table 2 shows the findings of PCA and loading
of the extracted factors.

There was a strong positive correlation between skills and
preparedness (R = 0.70)—increasing skills demonstrably
enhances preparedness. The correlation between the skills
and barrier factor was R = —0.55, indicating how barriers
decrease as healthcare providers’ skills increase. Similarly,
the correlation between preparedness and barriers was R = —
0.56, which indicates that increased preparedness decreases
barriers to contamination implementation. Table 3 shows the
correlations between the factors.

Discussion
The findings of PCA indicate three factors were extracted from
the data skills, preparedness and barriers to decontamination
(as perceived by the healthcare providers). The majority of
participants were female healthcare providers, which was
expected as they dominate the nursing profession. The data
of this study were validated through PCA where redundant
items were removed, no loadings or cross-loadings were
deleted, and all validated items with an accepted loading to
arelated factor remained. In terms of reliability, all constructed
factors were reliable and valid in this study, as approved by the
statistics. To ensure that healthcare providers are ready for any
type of crisis (including pandemics such as COVID-19),
increased effort must be made by hospital managers, disaster
coordinators, decision makers, researchers, and educators to
ensure that responses (including decontamination) are
effective.?*°

The first factor identified in this study was related to the
core competencies of healthcare providers and their ability to
decontaminate infected or contaminated victims with confi-
dence. Decision makers internationally have recognized that
ensuring all healthcare providers have the necessary skills is
amajor concern. Therefore, identifying areas for improvement
is necessary in addition to helping healthcare providers under-
stand the correct use and appropriateness of PPE.** There are
five types of decontamination: chemical, radiation, and biolo-
gical decontamination, decontamination triage, and deconta-
minating hazardous substances. However, some important
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Table 2 Principles Component Analysis (PCA) Findings

Items Factors Descriptive
| 2 3 *M *SD
| am confident enough to perform chemical decontamination. 0.84 | 0.25 —0.18 | 3.49 | 0.97
| am confident enough to perform radiation decontamination. 0.82 | 0.14 —0.08 | 3.17 | 1.08
I am confident enough to perform biological decontamination. 0.80 | 0.28 —0.22 | 3.55 | 0.96
| am able to do decontamination triage. 0.73 | 0.39 —0.19 | 3.60 | 0.89
| am able to implement the basic level of decontamination in my hospital. 0.63 | 0.27 -0.35 | 391 | 0.77
| am familiar with the hazardous substances in the hospital. 0.52 | 0.35 —0.25 | 3.92 | 0.8l
Our hospital has a team responsible for decontamination tasks. 0.35 0.72 | -0.26 | 3.55 | 1.0l
The roles, responsibilities, and accountabilities related to decontamination are clear in our hospital. 0.29 0.71 -0.40 | 3.46 | 098
| received the training programs regarding decontamination in the workplace. 0.24 0.70 | —0.18 | 3.69 | 1.02

which involve hot, cold, and warm zones.

The set-up procedures for decontamination can be established outside my hospital during emergencies, | 0.23

0.70 | 0.06 332 | 0.86

Our hospital has an adequate number of decontamination experts. 0.16 0.65 | —0.31 | 3.40 | .0l
My organization supports the importance of developing a decontamination system. 0.24 0.64 | -0.34 | 3.65 | 1.02
| learned the required decontamination core competencies from my undergraduate curriculum. 0.13 0.55 | —0.04 | 349 | 1.09
The hospital does not have sufficient tools and checklists to support me to implement the —0.23 | 0.0l 0.73 | 289 | I.11
decontamination strategies.

The hospital management is not very interested in developing a decontamination system. -0.32 | -029 | 0.72 | 242 | |.05
The training opportunities | received on decontamination were ineffective. —0.01 | —0.21 | 0.68 | 2.69 | 1.02
We lack standardized protocols at the hospital level in Saudi Arabia. -0.33 | —0.25 | 0.67 | 2.71 1.06

Eigenvalue

792 1.39 1.35 - -

Variations %

46.62 | 820 7.94 - -

Note: The bold numbers are the loading weights >0.40.
Abbreviations: *M, mean; *SD, Standard deviation.

scales in Saudi Arabia have been developed to test nurses’ core
competencies in a disaster, which might be useful for decision
makers to identify further training needs for healthcare
providers.

Second, the concept of preparedness focuses on taking
actions to ensure hospital and healthcare providers are ready

531 When there are mass casualties in emer-

for disasters.
gency departments (such as when hospitals were overloaded
by COVID-19 cases in many countries), decontamination
through disinfection or cleaning becomes one of the most
critical issues.*>** To be well prepared, this study suggests
building a decontamination team, which could involve inci-
dent commanders, logistics managers, medical directors,

nursing directors, decontamination triage leaders, zone

managers, and security. Further, identifying the roles and
responsibilities of each member would prevent chaos by
ensuring perfect performance and an effective response
when cases arrive at the hospital.>®'”**3! Another issue
related to the preparedness factor identified in this study
was the notion that all hospitals must plan and implement
more effective decontamination training. As summarized in
the literature, some important topics in this training might
include the following: removing the different types of harm-
ful substance that might put patients and staff at risk of
contamination; identifying the possible risks and harm
from each substance or case; understanding the team and
each person’s role; knowing the supplies and equipment

required for each decontamination method; and the ability
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Table 3 Correlations Between Factors

Correlations Skills Preparedness Barriers
Skills Pearson correlation | 0.70** —0.55%*
Sig. (2-tailed) 0.0l 0.0l
N 159 158 158
Preparedness Pearson correlation 0.654** | —0.562%*
Sig. (2-tailed) 0.0l 0.01
N 158 158 158
Barriers Pearson correlation —0.551%* —0.562** |
Sig. (2-tailed) 0.0l 0.01
N 158 158 158
Note: **Correlation is significant at the 0.01 level (2-tailed).
to activate the plan for decontamination in addition to tria- Conclusion

ging contaminated patients when necessary,>!-1921-28.30.31

Finally, healthcare providers also acknowledged they faced
barriers to their practice, the most important being insufficient
tools and checklists. This issue has been reported by nurses in
previous studies in Saudi Arabia.?'***? Healthcare providers
in Saudi Arabia were confused about the types of PPE to use
during the response to COVID-19. The availability of proto-
cols and other specific tools would eliminate such confusion.**
Insufficient standardization of protocols and disaster planning
has also been identified as a significant barrier.'~%>>* The
ministry of health in Saudi Arabia highly recommends work-
ing with other health authorities to standardize the protocols
and plans for all types of disasters. Lack of effective training is
another issue that challenges healthcare providers in deconta-
mination. As reported in the international literature, effective
programs for Saudi hospitals must involve training for health-
care providers to enable them to perform the following: recog-
nize hazardous substances, perform basic decontamination,
implement advanced control of infection and contamination,
use PPE effectively, and assess and treat infected patients
effectively.'*>*>13 All of the aforementioned measures will
enhance preparedness and decrease the challenges faced by
healthcare providers during decontamination procedures.
Moreover, the strong relationship between skills and prepared-
ness and the negative relationship between skills and barriers
were identified in this study.

Limitations

This study investigated factors that affect the decontamination
process in hospitals from the perspective of healthcare pro-
vided achieved through a survey conducted in two hospitals
with a sample size of 157. However, further efforts are required
to contribute to understanding the factors in more detail.

Decontamination procedures for controlling contamination
and infection in any disaster are paramount to the safety of
hospitals, patients, and healthcare providers. However,
healthcare providers perceive there are certain impediments
that might affect the level of decontamination in their work
environment, including a lack of skills, inadequate training,
and insufficient preparedness. Improving these conditions to
overcome the barriers will necessitate significant effort from
decision makers, hospitals managers, disasters planners,
researchers, and educators. This would ensure healthcare
providers could maintain a high level of readiness to work
without any difficulties during decontamination procedures.
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