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Abstract

The use of information technology in clinical settings has brought with it the issue of infection-control
that has not been adequately defined, particularly in the Kingdom of Saudi Arabia, where the pace of
digital growth has exceeded the accompanying assessment of related microbiological risks. A cross-
sectional descriptive survey was conducted to determine adherence to infection -control measures and
technological device contamination in the four Ministry of Health hospitals in Saudi Arabia, including
240 health-care workers and 480 environmental swabs at the medical-surgical ward. Structured
observation was used, in which WHO hand-hygiene audit instruments were used as well as
microbiological screening of the devices, and statistical analysis was performed using ANOVA,
multivariate logistic regression, and correlation analysis. Hand-hygiene performance (55.5+ 13.9%) and
device-cleaning compliance (30.5+16.0%) were found to be statistically lower among physicians
compared to nurses and respiratory therapists (p=0.001). Mobile telephones displayed the highest
contamination (85%), followed by an average bacterial count of 56.8+26.2 CFU. The contamination of
the devices that had not been washed for 2 h increased 2.9 times (p <0.001). Multivariate analysis
revealed the device type, spatial location, and frequency of cleaning as independent predictors of
contamination (AUC = 0.892). These findings suggest that the rate of technology adoption has exceeded
the development of infection-control policies in hospitals in Saudi Arabia, which in turn identifies the
key areas of intervention, including physician education, obligatory disinfection of devices, and provision
of point-of-care disinfectants.

Nursing Specialist - Makkah Health Cluster!

Nursing Specialist-Hera General Hospital- Makkah?

Nursing technician - Forensic Medicine Department, Forensic Medical Services Center, Makkah Region?
Health Administration Specialist - Forensic Medicine Department, Forensic Medical Services Center,
Makkah Region*

Xray Technician - Forensic Medicine Department, Forensic Medical Services Center, Makkah Region®
X-ray Technician — Almahjar Center -Jeddah®

Nursing Technician- Forensic Medicine Department at the Forensic Medical Services Center in the
Makkah Region’

Emergency and Disaster Nursing -Eradah Mental Health Complex-Taif -Saudi Arabia®

Nursing Technician- Forensic Medicine Department at the Forensic Medical Services Center in the
Makkah Region’

Nursing Technician- King Faisal Hospital in Makkah'°



10 Barnawi et al.

Keywords: Infection control; healthcare technology; bacterial contamination; hand hygiene
compliance; Saudi Arabia

Introduction

Healthcare-associated infections (HAIs) remain one of the main concerns of patient safety across the
globe, and they impact hundreds of millions of patients annually, with a considerable contribution to
morbidity, mortality, and healthcare expenses [1]. The World Health Organization estimates the number
of patients in developed countries to be around 7 % and in developing countries to be around 10% within
hospital admission as having acquired at least one HAI throughout this hospitalization [2], and the cost
to the economy is more than 7 billion Euros/year in Europe alone [3]. The HAI reduction strategies
continue to be based on the practice of infection prevention and control, especially hand hygiene and
environmental cleaning [4]. Nonetheless, the speedy adoption of technology in clinical care provision
has brought about unheard levels of complexity in the process of infection control, which has resulted in
possible vectors of pathogen spread that no one could have imagined when the conventional IPC
protocols were developed [5].

The development of technological devices in the health care profession has revolutionized clinical
practice in the last two decades. Mobile phones, tablets, vital-signs monitors, computers on wheels, fixed
workstations, and many others have become ubiquitous in patient-care areas [6], enabling access to
electronic health records, clinical-decision support, and real-time communication among health-care
teams [7]. Although the technologies can certainly improve the quality and efficiency of care, the
implementation of these technologies creates surfaces that are often touched by different healthcare
workers and patients, but are not subject to the standard cleaning practice [8]. The alarming levels of
contamination of such devices have been reported in international studies: [9] found that 78 per cent of
hospital-based electronic equipment contained potentially pathogenic microorganisms, including
methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococci (VRE) [10].
Likewise, a study of European centres indicated that mobile phones possessed by health-care workers
were just as contaminated with bacteria as their hands, indicating that such devices act as the continuation
of the bacteria flora of the health-care worker [11].

The connection between the presence of technology and the outcome of infection control has gained
more and more interest in the international literature. An evidence-based review performed by [12]
involving 47 studies in North America, Europe, and Asia found that technological devices in healthcare
environments continued to show contamination rates over 60, with gram-negative bacilli found on 25-40
percent of sampled surfaces [13]. Notably, the molecular-typing studies have made known genetic
similarity between environmental isolates of devices and clinical infection strains, which have proven
the pathways of transmission [14]. However, there are still gaping knowledge gaps about the behavioural
aspects of technology-related infection control, namely how healthcare workers incorporate the practice
of cleaning devices into the workflow and whether the knowledge about the risk of contamination can
lead to a change in the practices [15].

In the Middle Eastern setting, this convergence of technology and infection control has not been tackled
by a great deal of research. Digitisation of health care is another area that Saudi Arabia has invested in
significantly as part of its Vision 2030 activities [16], and electronic health record implementation is
more than 75% in the facilities of the Ministry of Health, and extensive use of mobile technologies by
the healthcare workers in Saudi Arabia [17]. The culture of health care in the Kingdom, which is
characterised by a multinational workforce, high patient throughput, and specific cultural practices, might
affect the behaviour of infection control not discovered in studies carried out in the Western environment
[18]. Investigations of the regions have been conducted mainly on the traditional infection control
indicators; [19] achieved a hand-hygiene compliance ratio of 45-65% in Saudi hospitals, which aligns
with the global standards.

The urgency in this investigation was occasioned by a number of congruent factors. To start with, there
is no Saudi-specific data on technology-related infection control that restricts the options of local
infection-preventionists to create evidence-based protocols that consider the healthcare environment in
the Kingdom [20]. Second, recent experience in the international community indicates that repeating the
current cleaning procedures for the technological devices is not enough since healthcare workers tend to
treat technological devices as personal instead of clinical equipment and neglect to disinfect them
regularly [21]. Third, the COVID-19 pandemic increased awareness of the role of fomite-mediated
transmission, and there are no systematic evaluations of post-pandemic practice.

The gap within the research that the present study fulfilled was thus as follows: whereas much literature
is available on general infection-control compliance and individual studies are conducted to investigate
environmental contamination [22], there is hardly any research to evaluate the impact of technology
presence on infection-control practices and outcomes in integrated clinical settings [23]. In addition, no
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such research has been carried out so far in the Saudi Arabian medical-surgical units, where cultural,
organisational, and infrastructural peculiarities can generate peculiar patterns.

The study aimed to find the answers to the following research questions: (1) What is the rate of
compliance with infection-control behavior among health-care workers in medical-surgical units after
the introduction of technology? (2) What is the degree and type of microbial contamination in
technological equipment in these units? (3) What are the predictors of device contamination, and how do
infection-control practices relate to the levels of contamination? The answers to these questions were
worked out by means of a cross-sectional observational design that reflected the healthcare worker
practices, microbiological samples of technological tools, and unit-level infection data at the four Saudi
Arabian hospitals.

The importance of this study lies in the fact that it could inform evidence-based policy-making regarding
technology-based infection control in Saudi health-care institutions, add regional data to the global
literature, and serve as a basis of intervention research on the gaps that have been identified in practice
[24]. This investigation would produce actionable knowledge to be applied by infection-preventionists,
policy-makers, and administrators of hospital facilities who were at the crossroads of technological
innovation and patient safety by systematizing existing practices and patterns of contamination [25].

Methodology

Research site

The current study was conducted at four government hospitals, which are also under the Ministry of
Health in the Kingdom of Saudi Arabia, with a specific target on medical and surgical inpatient units.
These facilities were selected based on their already developed digital health systems and preparedness
of the technological infrastructure.

Research Design
Study Design: Cross sectional observational design was adopted.

Design Justification: The cross-sectional design was chosen because it is feasible, given the ability to
produce a current snapshot of the current infection control practices and technology-associated
contamination patterns at a single time. Such a design enabled simultaneous evaluation of several
variables (such as compliance with hand hygiene, device cleaning behavior, and microbial
contamination) without interfering with the study environment. The observational technique was selected
to capture the true picture of what happens in the wards, which reduces the Hawthorne effect and offers
a baseline of data for future interventional studies.

Sampling Strategy

Population: The target population was composed of health-care professionals such as nurses, physicians,
and respiratory therapists handling the work in the medical-surgical units, along with the technological
devices utilized in the patient care areas.

Sampling Method: A stratified random sampling was adopted. The stratification of units was initially
done by specialty (medical versus surgical), and then health-care workers in each stratum were randomly
selected. In the case of equipment sampling, all technical devices of high touch, which were present in
the chosen patient rooms and nursing stations, were included.

Sample Size: There were 240 health-care workers in four hospitals, including 60 people each. It was
calculated using a 95 per cent confidence level and a 5 per cent margin of error, with a preliminary
compliance rate of 50 per cent being used. In the case of environmental sampling, 480 swabs were
sampled on 240 devices (anterior and posterior of each device).

Inclusion/Exclusion Criteria: Health care workers were to be included in case they had direct contact
with patients and used technological equipment during shifts. The exclusion criteria were those workers
on leave during the collection of data and those who refused to join. The sampled devices were wheel-
mount computers, fixed workstations, mobile telephones, and vital-signs monitors (at least 24 hours)
located in the patient care area.

Data Collection Methods

Instruments: Three main instruments were used. To begin with, systematized observation checklists
(including those by the World Health Organization, hand-hygiene audit instruments) documented
adherence to infection control measures. Second, transport medium sterile-flocked swabs made of nylon
were used to sample the surface of devices and the hands of health-care workers. Third, the validated
questionnaire was used to gather the demographic data and self-reported practices of technology use.
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Procedure: The time of data collection lasted eight weeks. Morning shifts (7:00 AM to 3:00 PM) when
the activity was at its peak were observed. Observation had a duration of 30 minutes for each participant
using standardised observation forms. Microbiological samples were taken right after observation
periods by using sterile methods- swabbing the whole palm surface of both hands and the anterior and
posterior surfaces of each technology device. The samples were taken to the laboratory facilities within
two hours under controlled temperatures.

Pilot Testing: A pilot was carried out two weeks before the actual data collection in a sample of 30
health-care workers to observe the protocols of the observation, clarity of the questionnaire, and
processing of the lab work. Some slight adjustments in the time of observation and the swabbing methods
were introduced according to the pilot results.

Ethical Issues: Each participating hospital and the Ministry of Health gave a positive response to the
ethical considerations. All the participants signed an informed consent after a detailed description of the
study purposes and procedures. The study ensured anonymity by assigning individual identification
codes, and no personal identifiers were to be entered in data collection forms.

Variables and Measures

Operational Definitions: Infection control compliance was determined as the percentage of observed
opportunities where the recommended hand hygiene or device cleaning protocols were adhered to.
Contamination of devices was determined as the occurrence of any type of pathogenic microorganisms
on sampled surfaces expressed in colony-forming units per square centimetre.

Measurement Tools: Compliance was measured with the help of the observation tool developed by
WHO to measure compliance, namely Five Moments for Hand Hygiene, and modified to cover
technology-related moments. Microbial counts were determined using standard plate count on nutrient
agar and selective media to identify particular pathogens such as methicillin-resistant *Staphylococcus
aureus, vancomycin-resistant Enterococci, and Gram-negative bacilli.

Reliability and Validity: The WHO observation tool is known to have a good established inter-rater
reliability with a kappa of above 0.80 within past studies. Microbiological procedures were based on the
Clinical and Laboratory Standards Institute. The two independent observers performed 10% of the
observations at the same time to determine the inter-rater reliability, with a 92% agreement. Positive and
negative controls were included in the laboratory analyses in the context of each batch of samples.

Data Analysis Plan

Analytical Methods: Descriptive statistics were an overview of the demographic variables, the
compliance rate, and the contamination. The inferential tests were done using Chi-square tests to compare
the types of devices and professional groups involved categorically. Multivariate logistic regression
studied predictors of contamination and adjusted predictors based on confounding variables such as hand
hygiene compliance, frequency of cleaning the devices, and patient load. Pearson coefficient
correlational analyses were done to investigate the relationship between self-reported practices and
observed behaviours.

Software: Analysis of data was performed with the help of SPSS version 27.0 (IBM Corporation,
Armonk, NY, USA). The data on microbiological results were entered into Excel spreadsheets that were
checked by entering them twice and then transferred to SPSS.

Reason: These are the methods of analysis that are consistent with the positivist approach, which can be
used in testing the hypotheses with the help of statistical significance. Regression modelling allows the
simultaneous presence of several factors that can affect contamination outcomes, and the descriptive
statistics will provide extra information on the current practice trends in Saudi facilities.

Ethical Considerations

Consent: The Institutional Review Board of the Ministry of Health, Saudi Arabia, granted its ethical
approval (Approval Number: MOH-IRB 2024-789). Other site-specific consents were acquired by the
respective hospital administrations.

Results

Demographic and Professional Characteristics of the Population of the Study

In this study, 240 healthcare workers (162 nurses (67.5)-54 physicians (22.5)-24 respiratory therapists
(10.0)) took part. The proportion of the participants in medical units was the same as in surgical units (n
1 = 120, n 2 = 120). Most of the participants were women (60.07) and aged 20-40 (75.0%) years.
Professional experience: forty-two point five percent (42.5 percent) had 5 -10 years of clinical practice,
and (30.0%) had over 10 years of experience. Morning shifts constituted 52.5% of the observations, with
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evening shifts (32.5%) and night shifts (15.0) subsequent. Chi-square analysis showed that there was no
difference in the demographic distribution between medical and surgical units that had significant
differences (p>0.05 in all comparisons), and this showed a comparable group (Table 1).

Infection Control Compliance Interprofessional Categories

Important differences in both levels of compliance in terms of infection control were present between
professional groups (Table 2). The one-way analysis of variance showed that the level of compliance
with hand hygiene between professional groups differed significantly ( F =24.36, p < 0.001, partial 2 =
0.171). There was the highest compliance with hand hygiene among respiratory therapists, 72.9%, with
a standard deviation of 10.2%, nurses, 70.5%, with a standard deviation of 12.1%, and the lowest with
physicians, 55.5%, with a standard deviation of 13.9%. Post-Hoc analysis through Tukey HSD test
established that physicians were much less compliant (p < 0. 001) compared to nurses and respiratory
therapists (p= 0.342).

The compliance with device cleaning was also of the same nature (F=18.92, p<0.001, partial n
2=0.138). The highest compliance was observed among respiratory therapists (50.5 per cent plus or
minus 15.2 per cent), nurses (45.5 per cent plus or minus 18.1%), and once again, the lowest compliance
was recorded by physicians (30.5 per cent plus or minus 16.0 per cent). It is worth noting that compliance
with device cleaning was significantly lower than that of hand hygiene in all the professional groups,
with mean scores being slightly 25-30 percentage points lower than the hand hygiene rates.

The usage of alcohol-based hand rub was significantly different (F = 15.67, p <0.001), with the highest
usage of alcohol-based hand rub per contact with patients belonging to respiratory therapists
(2.8+0.9 mL), then nurses (2.6 £ 0.9 mL), and physicians (1.8 + 0.8 mL). There was also a difference in
the patterns of glove utilisation between professions ( F =8.94, p<0.001 ), with the highest number of
glove pairs per shift worn by nurses (9.3+3.5), respiratory therapists (7.9+2.9), and physicians (6.1
+2.7). Compared to other types of units, surgical units always had higher compliance rates at all
measures; however, the differences were not significant in stratified analyses.

Bacterial Infection of Technological Equipment

Microbiological examination of 480 samples taken in technological equipment showed extensive
contamination (Table 3). All in all, potential pathogenic microorganisms grew on 342 samples (71.3).
The prevalence of contamination was highest in mobile phones (85.0 %), computers on wheels (80.0 %),
fixed workstations (65.0%), and vital signs monitors (55.0°). ANOVA was used to show that there were
significant differences in the mean bacterial counts among the types of devices (F 28.64, p 0.001). The
highest bacterial load was recorded in mobile phones (56.826.2CFUcm -1), which were also comparable
to computers on wheels (48.622.4CFUcm -1), and finally, vital signs monitors were the least
contaminated (24.215.8CFUcm -1). The number of samples in which MRSA was isolated (19.6 %) was
the largest, followed by mobile phones (30.0 percent) and computers on wheels (23.3%). Gram-negative
bacilli were observed in 150 samples (31.3%), and most often on mobile phones (40.0 per cent) and
computers on wheels (35.0%). Specific pathogens' distribution differed greatly according to device type
(24.68,p<0.001).

Devices, which were not washed in the last two hours, were contaminated considerably more than the
recent ones (t -12.84, p 0.001). The mean bacterial counts of 52.6 24.8 CFU per cm 2 of unclean device
were compared with 18.4 12.6 CFU per cm 2 of clean device, which exhibited a difference of 2.9. The
presence of pathogen was also significantly greater on dirty devices, with MRSA being detected in 25.3%
vs. 7.7% (2 =18.42, p = 0.001 ) and gram-negative bacilli in 38.9% vs. 11.5% (2 =32.16, p=0.001 ).
The place was a significant factor affecting the level of contamination (F =15.92, p<0.001). The highest
number of bacteria was recorded in devices in patient rooms (52.8 + 24.6 -1 cm 2 ), then in nursing
stations (28.4 + 18.2 -1 cm 2 ) and in corridors (16.2 + 12.4 -1 cm 2 ). Post-hoc tests revealed that there
were significant differences between all location pairs (p <0.01).

Technological Devices Contamination Predictors

Several logistic regression analyses were used to determine independent predictors of device
contamination (Table 4). The last model showed an excellent fit (Hosmer-Lemeshow 2 = 6.84, p=0.554),
as well as 64.2% of variance in the outcomes of contamination (Nagelkerke R 2 = 0.642), 84.6 percent
overall classification, and an area under the ROC curve of 0.892 (95 percent CI = 0.86-0.92).

A predictor that was important was device type. Mobile phones presented higher odds of being
contaminated by far (8.33 times) (95% confidence interval (CI): 3.38 to 20.52, p=0.001), computers on
wheels showed higher odds (6.30 times) (95 percent confidence interval: 2.77 to 14.33, p=0.001), and
fixed workstations presented higher odds (2.61 times).
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Hours elapsed since last cleaning was a powerful continuous predictor, and each hour added to the odds
of contamination by 79% (OR=1.79,95% CI=1.41-2.27, p=0.001). There was a significant difference
between the odds of contamination depending upon the location of the device, with patient rooms (11.71
times, 95% CI 4.2332.45, p=0.001) and at the nursing stations (3.25 times, 95 % CI 1.377.71, p=0.007)
having higher odds of contamination than the areas in corridors.

The odds ratio of contamination was found to be 6.82 times higher in shared devices as opposed to
dedicated devices (95% CI: 3.2414.38, p =0.001). A high likelihood of having contaminated devices in
surgical units was 2.32 times higher than in medical units (95% CI: 1.244.34 p=0.009). There was a
protective effect of a high level of hand-hygiene compliance in device users; a l-percentage point
increase in compliance was associated with a 6-percentage-point reduction in odds of contamination
(OR=0.94, 95%CI= 0.90-0.98, p=.003).

The kind of cleaning agent had a statistically significant influence on the results of contamination (Wald
2 18.64, p 0.001). The odds of contamination were reduced by 96, 94, and 71 % by disinfectant wipes,
alcohol-based cleaners, and water alone, respectively, as compared to nothing (p=.001).

Relationships between Contamination Outcomes and Infection Control Practices

The analysis of correlation showed that there are good correlation relations between infection-control
practices and contamination parameters (Table 5 ). There were significant negative relationships between
device -cleaning compliance and total bacterial count (r=-0.72, p=0.001), and hand-hygiene compliance
and bacterial count (r=-0.64, p=0.001). The same was also observed in device-cleaning frequency, which
had an inverted relationship with contamination (r -0.68, 0.001). Hand-hygiene compliance and presence
of MRSA (r 0.48, p < 0.001) and device-cleaning compliance and presence of Gram-negative bacilli (r
0.58, p < 0.001) were found to have moderately negative relationships. The use of alcohol-based hand-
rub had a negative correlation with all of the measures of contamination, with the highest correlation
with the total bacterial count (r= -0.56, p=-0.001).

Infection-control practices were found to have significant correlations with unit-level healthcare-
associated infection rates. The strongest relationship was found with device-cleaning compliance (r= -
0.62, p=0.001), then device-cleaning frequency (r= -0.54, p= 0.001), and hand hygiene compliance (r=
-0.46, p= 0.001). The rate of healthcare-associated infections also had a positive correlation with the
bacterial contamination indicators, such as total bacterial count (r=0.54, p <0.001), the presence of
MRSA (r=0.48,p<0.001), and the presence of Gram-negative bacilli (r=0.52, p These relationships
were validated by partial -correlation analysis (adjusted by hospital and unit type) where device-cleaning
compliance was the variable that had the greatest independent relationship with reduced bacterial
contamination (r -0.68, p- less than 0.001).

Hospital-Level Variations

Analysis of variance on the basis of multivariate analysis demonstrated gross variations in the patterns
of contamination among the four hospitals involved in the study (Wilks A =0.642, F =8.94, p=0.001,
partial =0.184). Post-hoc comparisons showed that Hospital 3 has much lower contamination rates of all
types of devices compared to other hospitals (mean bacterial counts 28.4 16.2 CFU/cm 2 versus 42.6-
51.8 CFU/cm 2, p 0.01 in all cases). The highest compliance rates with device-cleaning (52.4, + 14.6%)
and the most common application of approved disinfectants (78.2 %) were also observed in this hospital,
which implies that factors on the facility level determine the results of contamination.

Infection Control Compliance by Professional Category
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Bacterial Contamination Levels by Device Type
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TABLE 1: Demographic and Professional Characteristics of Study Participants (N=240)

Medical Surgical Total
Characteristic Catego Units Units (N=240) 2 p-
gory (n=120) (n=120) n (%) x value
n (%) n (%)
IProfessional 480 0.090
Category ’ ’
162
Nurses 78 (65.0) 84 (70.0) (67.5)
Physicians 30 (25.0) 24 (20.0) 54 (22.5)
Respiratory
Therapists 12 (10.0) 12 (10.0) 24 (10.0)
Gender 2.14 0.144
Male 42 (35.0) 54 (45.0) 96 (40.0)
Female 78(65.0) | 66(55.0) (1;;3 0
pge  Group 3.67 | 0299
(years) ' ’
20-30 48 (40.0) 42 (35.0) 90 (37.5)
31-40 42 (35.0) 48 (40.0) 90 (37.5)
41-50 24 (20.0) 18 (15.0) 42 (17.5)
>50 6 (5.0) 12 (10.0) 18 (7.5)
Years of 521 | 0074
Experience ’ '
<5 years 36 (30.0) 30 (25.0) 66 (27.5)
102
5-10 years 54 (45.0) 48 (40.0) (42.5)
>10 years 30 (25.0) 42 (35.0) 72 (30.0)
Shift Worked 1.89 0.389
. 126
Morning 60 (50.0) 66 (55.0) (52.5)
Evening 42 (35.0) 36 (30.0) 78 (32.5)
Night 18 (15.0) 18 (15.0) 36 (15.0)
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TABLE 2: Infection Control Compliance Rates by Professional Category and Unit Type

Nurses Physicians Respiratory
. (n=162) (n=54) Therapists F- p- Partial
Variable Mean =+ Mean + (n=24) statistic value n?
SD SD Mean + SD
Hand
Hygiene 24.36 <0.001 | 0.171
Compliance
(%)
Medical 684 =+ 52.3 +
Units 12.6 14.2 712108
Surgical 72.6 =+ 58.7 +
Units 11.4 13.5 745£9.6
. 705 =+ 55.5 + 72.9 +
Combined 12.1a 13.9b 10.2a
IDevice
Cleaning 18.92 <0.001 | 0.138
Compliance
(%)
Medical 428 =+ 28.6 +
Units 18.4 16.2 484=15.6
Surgical 482 + 324 +
Units 17.6 15.8 526+148
. 455 =+ 30.5 + 50.5 +
Combined 18.1a 16.0b 15.2a
IAlcohol-
IBased Hand
Rub Usage 15.67 <0.001 0.117
(mL/patient
contact)
Medical 24 =
Units 0.8 1.6+£0.7 2.6+0.9
Surgical 28 =
Units 09 1.9+0.8 29+£0.8
Combined 2.6+ 1.8+0.8b 2.8+0.9a
0.9a
Glove
Utilization 8.94 <0.001 0.070
(pairs/shift)
Medical 84 =
Units 39 5.8+2.6 72+£28
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Nurses Physicians Respiratory
. (n=162) (n=54) Therapists F- p- Partial
Variable Mean =+ Mean + (n=24) statistic value n?
SD SD Mean + SD
Surgical 10.2 =+
Units 36 6.4+2.38 8.6+£3.0
Combined g'ga Tl 614270 | 79429

TABLE 3: Microbial Contamination of Technological Devices by Device Type and Cleaning Status
(N=480 samples)

Samplle Mean MRS Gram-
s with Bacterial A Negati -
Device Any . & ANOV p
Type n Pathog Count Positi ve AT valu
y en  n (CFU/cm ve n Bacilli e
%) 2)+SD (%) n (%)
By Device 28.64 <0.001
Type
Computers 12 96 48.6 + 28 42
on Wheels 0 (80.0) 22.4a (23.3) (35.0)
&’gfﬁs o 12 78 324 + 18 30
s 0 (65.0) 18.6b (15.0) (25.0)
Mobile 12 102 56.8 =+ 36 48
IPhones 0 (85.0) 26.2a (30.0) (40.0)
\Vital Signs 12 66 242 % 12 24
IMonitors 0 (55.0) 15.8¢ (10.0) (20.0)
By
Cleaning t-test
Status
Cleaned
15 78 184 % 12 18
(past 2 -12.84 <0.001
hours) 6 (50.0) 12.6 (7.7) (11.5)
I(\:Igane ‘ 32 264 526 + | 82 126
(>2 hours) 4 (81.5) 24.8 (25.3) (38.9)
By
Location 15.92 <0.001
IPatient 28 240 52.8 &+ 72 108
Room 8 (83.3) 24.6a (25.0) (37.5)
Nurse 14 84 284 % 18 30
Station 4 (58.3) 18.2b (12.5) (20.8)
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Sampilt% Mean MRS Gram-
. s W Bacterial A Negati p-
Device Any . ANOV
Tvpe n Pathog Count Positi ve AF valu
P en  n (CFU/cm ve n Bacilli e
%) )+ SD (%) n (%)
. 18 162 +
Corridor 48 (37.5) 12.4¢ 4(8.3) 6(12.5)

TABLE 4: Multiple Logistic Regression Analysis - Predictors of Technological Device Contamination
(N=480 samples)

Wald Odds 95% i
Predictor Variable Category B SE ) Ratio CI for p
Y (OR) OR value

Device
Type (Reference: Vital
Signs Monitor)

Computer on 2.77-

Wheels 1.84 0.42 19.20 6.30 1433 <0.001

Fixed 1.24-

Workstation 0.96 0.38 6.38 2.61 550 0.012

Mobile 3.38-

Phone 2.12 0.46 21.24 8.33 2050 <0.001
Time  Since  Last . 1.41-
Cleaning (hours) Continuous 0.58 0.12 23.36 1.79 297 <0.001
Location (Reference:
Corridor)

Patient 4.23-

Room 2.46 0.52 22.38 11.71 3 45 <0.001

Nurse 1.37-

Station 1.18 0.44 7.19 3.25 771 0.007
Device Shared
Status (Reference:
IDedicated)
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Wald Odds 95%
Predictor Variable Category B SE ) Ratio CI for 5 élue
X (OR) OR
Shared 3.24-
Among Staff 1.92 0.38 25.52 6.82 1438 <0.001
Unit Type (Reference:
Medical)
. 1.24-
Surgical 0.84 0.32 6.89 2.32 434 0.009
Hand Hygiene ) 0.90-
Compliance of Continuous 0.02 9.00 0.94 ’ 0.003
0.06 0.98
User (%)
Cleaning Agent
Used (Reference: 18.64 <0.001
INone)
Alcohol- - 0.02-
based )84 0.68 17.45 0.06 0.22 <0.001
Disinfectant - 0.01-
Wipes 312 0.72 18.78 0.04 0.18 <0.001
Water Onl . 054 | 527 | 029 0.10- 1 0022
y 1.24 : : ' 0.83 '
Constant 136 0.82 5.15 0.16 0.023

TABLE 5: Correlation Matrix - Relationships Between Infection Control Practices and Contamination

Outcomes
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Variable 1 2 3 4 5 6 7 8
1. Hand Hygiene 1.00
Compliance (%) ’
2. Device Cleaning 0.68%* 1.00
Compliance (%) * ’
3. Device Cleaning 0.52%* 0.74%* 1.00
Frequency (times/shift) * * ’
4. ABHR Usage 0.71* 0.58* %
(mL/patient contact) * * 0.44 1.00
5. Total Bacterial s s ox s
Count (log CFU/cm?) 0.24 0.12 0.28 0.16 1.00
6. MRSA Presence . % _ " . " - 0.62
(1=Yes, 0=No) 0.18 0.14 0.16 0.42% o 1.00
7. Gram-Negative . ox s - 0.58 0.46 1.0
Bacilli Presence 0'12 0'18 0'10 0.44%* ok ok 0
8. Unit HAI Rate (per s . s - 0.54 0.48 0.5 1.0
1000 patient-days) 0'16 0'22 0'14 0.38* *ox woE 2% 0
Partial Correlation Coefficients (Controlling for Hospital and Unit Type):
Controlled Relationship r p-value
Hand hygiene compliance with bacterial 058 <0.001
count
Device cleaning compliance with bacterial 0.68 <0.001
count
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Controlled Relationship r p-value

Device cleaning frequency with MRSA
presence

-0.42 0.002

Discussion

The current paper has investigated infection control attitudes within the medical-surgical units as a result
of the introduction of new technology in healthcare institutions in Saudi Arabia. The results demonstrated
that there were enormous discrepancies between the recommended guidelines and actual practice, with
important implications for patient safety [26].

The finding that physicians showed less consistent compliance with hand hygiene (55.5%) and with
device cleaning protocols (30.5%) than nurses and respiratory therapists is consistent with the trends in
the body of literature on infection control [27]. In such disparities [28] have reported in a landmark study
conducted in a multicenter whereby the physician compliance was less than 40% within the European
hospitals. This ongoing phenomenon could be due to hierarchies in the profession, time during clinical
rounding, and varying focus on infection control in medical training [29]. Its biological relevance
becomes quite evident once it is assumed that the doctors often study several patients in a row, which
may be the source of spreading the pathogens between the individuals [30].

The compliance with device cleaning was significantly lower than with hand hygiene compliance in all
professional groups, which is also consistent with the results of recent research by [31], who found that
only 22% of healthcare workers cleaned shared workstations routinely. Microbiological information was
a strong indicator of the implications of this oversight, as devices that were not washed in the last two
hours were almost three times more likely to have bacteria [32]. This time dependence gives the basic
kinetics of microbial growth; in good conditions, most pathogenic bacteria exhibit logarithmic growth
with generation times of 20 to 30 minutes [33]. Bacteria thrive in the microenvironment on the surfaces
of the devices due to the availability of organic substances and water.

Mobile phones became the most contaminated devices, 85.0 per cent of which contained the pathogens,
and the mean bacterial counts were 56.8 CFU -1 cm 2. These results are in line with those of [34], who
cultured pathogenic microorganisms in 94.5% of mobile phones of healthcare workers in Turkish
intensive care units [35]. Phone cases are porous, heat is produced when using a phone, and there is a
tendency to touch the phone without washing hands [36], which means that the environment is very
favorable to the survival of microorganisms. The fact that MRSA was isolated from 30.0% of the mobile
phones is especially worrisome, considering the fact that this organism can live on non-animate surfaces
even during prolonged exposure to favorable conditions up to seven months, as remarked [37].

The close correlation between device location and the contamination level gives information about the
dynamics of the transmission. The odds of contamination were 11.7 times higher in patient rooms than
in corridors, which signifies that it is closer to the primary reservoir of healthcare-associated pathogens
colonized and infected patients [38]. The physical distance-decay curve that is being observed, whereby
the contamination reduces steadily as one moves away in patient rooms to nursing stations and then to
corridors, is consistent with aerosol dispersion models and contact transmission gradients reported in the
environmental microbiology literature [39].

During contamination, disinfectant wipes decreased the odds of contamination by 96% versus no
cleaning, whereas water alone reduced the contamination by 71%. This disparity indicates the action
mechanisms- disinfectants have chemical substances that ruin a bacterial cell wall [40], denature proteins,
or oxidize cell constituents, and attain elimination and destruction. The removal of bacteria is mostly by
mechanical means without bactericidal action, similar to that of the water-based cleaning, so the
remaining organisms can survive and multiply on the wet surfaces [41].

This relationship between the contamination of devices and unit-level rates of healthcare-associated
infections (r=0.54) indicates that technology is a possible reservoir that is not acknowledged and
contributes to transmission cycles [42]. Although correlation is not causal association, it is biologically
plausible that genetically related environmental isolates and clinical infection strains are biologically
connected [43]. The negative correlation is more significant with device cleaning compliance (r = -0.62)
than with hand hygiene compliance (r -0.46), suggesting that technology-oriented interventions can have
significant infection prevention outcomes [44]. There are a variety of limitations that should be
considered. The design was cross-sectional, and thus, this could have missed changes with time. Behavior
could have been affected by observation, even though the Hawthorne effect is minimized. Viability
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duration and pathogenicity of isolated organisms were not identified by microbiological sampling, but
their presence [45]. The four-hospital sample is not necessarily representative of all Saudi healthcare
facilities, as it varies in the region in terms of resources and training.

The findings have significant implications for the practice of infection control. To start with, physician-
specific interventions should be given first priority, which may include technology-based reminders and
feedback [46]. Second, there is an urgent need for specific device cleaning procedures and responsibility,
especially on mobile phones that are currently in a regulatory vacuum, neither regarded as medical
devices needing sterilization nor regularly covered by general cleaning rules and procedures [47]. Third,
having alcohol wipe dispensers at point-of-care sites, as opposed to central storage facilities, can
potentially raise the frequency of cleaning by lowering the obstacles to efforts. Fourth, it is necessary to
study in the future whether antimicrobial surface covers or ultraviolet disinfection systems might be able
to offer consistent protection between the bouts of manual cleaning.

Conclusion

This paper has revealed that the implementation of technology usage in Saudi medical surgical units was
evenly accompanied by inefficient infection control activities, with physicians being the least compliant
and mobile phones being the most contaminated. The study was able to address its aims and objectives
by measuring the level of compliance, detection of contaminated devices, and also developed effective
links between cleaning behaviors and the low presence of pathogens. The scientific value of this study is
that it supplied the first complete evidence on the relation of technological device contamination to
infection control practices in Saudi Arabia, which is a key regional knowledge gap. Increased physician
involvement should take great priority in the future, as well as compulsory cleaning measures that should
be put in place, and the use of automated cleaning devices should be considered as a way of reducing the
risk of infection in more digital healthcare settings.

References

1. Kamble, R. S. (2020). Healthcare-associated infections: A threat to patient safety. Legal Issues in Medical
Practice, 87.

2. McFee, R. B. (2009). Nosocomial or hospital-acquired infections: an overview. Disease-a-Month, 55(7),
422.

3. Bardossy, A. C., Zervos, J., & Zervos, M. (2016). Preventing hospital-acquired infections in low-income
and middle-income countries: impact, gaps, and opportunities. Infectious Disease Clinics, 30(3), 805-
818.

4. Roghi, A. (2023). The Limits of the Human Species in the Face of Sustainable Development: A
Multidisciplinary Approach. Cambridge Scholars Publishing.

5. Singh, V., Kumar, V., Sable, H., Verma, A., & Chouhan, A. P. S. (2026). Strategies for Prevention and
Control of Infection for Health and Well-Being. In Allied Healthcare in Practice (pp. 191-222). Apple
Academic Press.

6. Mehmood, F., Mumtaz, N., & Mehmood, A. (2025, March). Next-generation tools for patient care and
rehabilitation: a review of modern innovations. In Actuators (Vol. 14, No. 3, p. 133). MDPL

7. Albargi, A. A. (2025). Technology in Patient Care: Harnessing Interprofessional Collaboration to
Improve Safety, Efficiency, and Outcomes. Saudi J Med Pharm Sci, 11(10), 989-996.

8. Han,J. H,, Sullivan, N., Leas, B. F., Pegues, D. A., Kaczmarek, J. L., & Umscheid, C. A. (2015). Cleaning
hospital room surfaces to prevent health care—associated infections: a technical brief. Annals of internal
medicine, 163(8), 598-607.

9. Zemene, G., Bernabe Nkwette, F., & Aloysius Nkweze, N. (2018). Prevention of Hospital Acquired
Infection: Focus on Methicillin-Resistant Staphylococcus Aureus and Vancomycin-Resistant
Enterococcus.

10. Van Niekerk, J. C. (2022). Bacterial contamination of airway management and ventilation equipment in
the South African pre-hospital environment. University of Johannesburg (South Africa).

11. Morubagal, R. R., Shivappa, S. G., Mahale, R. P., & Neelambike, S. M. (2017). Study of bacterial flora
associated with mobile phones of healthcare workers and non-healthcare workers. Iranian journal of
microbiology, 9(3), 143.

12. Thandar, M. M., Rahman, M. O., Haruyama, R., Matsuoka, S., Okawa, S., Moriyama, J., ... & Baba, T.
(2022). Effectiveness of infection control teams in reducing healthcare-associated infections: a
systematic review and meta-analysis. International journal of environmental research and public health,
19(24), 17075.

13. Russotto, V., Cortegiani, A., Raineri, S. M., & Giarratano, A. (2015). Bacterial contamination of
inanimate surfaces and equipment in the intensive care unit. Journal of intensive care, 3(1), 54.

14. Seth-Smith, H. M., Rooney, A. M., & Egli, A. (2025). Strain Typing (Bacterial, Viral, Fungal, and
Mycobacterial). Manual of Molecular Microbiology: Fundamentals and Applications, 48-73.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

24 Barnawi et al.

Alrshah, Y. M. S., Alqufayli, M. S. S., Aalalhareth, H. S. M., Alaiajam, M. H., Alnasib, F. M. S., &
Almsfooh, N. S. M. (2024). Optimizing Infection Control Through Interprofessional Collaboration: An
Integrative Review Of Roles, Responsibilities, And Evidence Across All Healthcare Departments. The
Review of Diabetic Studies, 153-165.

Alsehani, F. N. (2026). Harnessing Artificial Intelligence and Digital Technologies for Sustainable
Healthcare Delivery in Saudi Arabia: A Comprehensive Review, Issues, and Future Perspectives.
Sustainability, 18(3), 1461.

Alshamrani, N. S. (2024). Digital Health Transformation Through EHRs in Saudi Arabia. International
Journal of E-Services and Mobile Applications, 17(1).

Steinecker, H. W. (2025). Challenges and Strategies of Implementing the World Health Organization
Infection Control Protocols in Rural Ugandan Hospitals (Doctoral dissertation, The Medical College of
Wisconsin).

Mutsonziwa, G. A., Mojab, M., Katuwal, M., & Glew, P. (2024). Influences of healthcare workers'
behaviours towards infection prevention and control practices in the clinical setting: A systematic review.
Nursing open, 11(3), e2132.

Alharbi, S. S., Alsudayri, A. S., Alaqil, A. A., Mudaffer, A. M., Algethami, A. S., Algrib, A. M., ... &
Alanazi, M. D. M. (2024). Reducing Healthcare-Associated Infections Through Integrated Control
Measures. The Review of Diabetic Studies, 243-261.

McDonnell, G. E., & Alevizopoulou, G. (2025). Decontamination and device processing in healthcare.
John Wiley & Sons.

Salwa, M., Haque, M. A, Islam, S. S., Islam, M. T., Sultana, S., Khan, M. M. H., & Moniruzzaman, S.
(2022). Compliance of healthcare workers with the infection prevention and control guidance in tertiary
care hospitals: quantitative findings from an explanatory sequential mixed-methods study in Bangladesh.
BMJ open, 12(6), e054837.

Lim, O., Chua, W. Y., Wong, A., Ling, R. R., Chan, H. C., Quek, S. C., ... & Somani, J. (2024). The
environmental impact and sustainability of infection control practices: a systematic scoping review.
Antimicrobial Resistance & Infection Control, 13(1), 156.

Al Matared, M. M. D., Mubarak, W. M., Binhamim, H. H. A., Al Saleem, D. M. H., Mahdi, Y. H., Al
Qahs, M. A. S., ... & Alyami, M. M. A. (2025). Infection Control Practices In Saudi Hospitals: Strategies
For Prevention And Improvement In Healthcare Settings. Cultura: International Journal of Philosophy of
Culture and Axiology, 22(8s), 1-13.

Firoozi, A. A., & Firoozi, A. A. (2025). Foundations of Safety and Compliance in Healthcare
Architecture: Navigating Building Codes, Accreditation Standards, and Sustainability Practices. In
Transformative Design in Healthcare: Infection Control and Patient Well-being through Architectural
Innovation (pp. 265-314). Cham: Springer Nature Switzerland.

Mohammed, S. A. S. N. (2024). Advancing patient safety culture: A systematic review of strategies and
best practices in Riyadh, Saudi Arabia. International Journal, 12(6).

Alenzi, F. E. (2026). Hand Hygiene Compliance Among Healthcare Workers, Ministry of Health
Hospitals, the Kingdom of Saudi Arabia; an Observational Study From 2019 to 2022 (Master's thesis,
Alfaisal University (Saudi Arabia)).

Khatrawi, E. M., Prajjwal, P., Farhan, M., Inban, P., Gurha, S., Al-ezzi, S. M., ... & Hussin, O. A. (2023).
Evaluating the knowledge, attitudes, and practices of healthcare workers regarding high-risk nosocomial
infections: A global cross-sectional study. Health Science Reports, 6(9), e1559.

Gossi, F., Becker, C., Gross, S., Arpagaus, A., Bassetti, S., & Hunziker, S. (2025). Communication on
Rounds: The Role of Rounds Culture and Communication in Patient Care and Teaching. Deutsches
Arzteblatt International, 122(13), 362.

Endale, H., Mathewos, M., & Abdeta, D. (2023). Potential causes of spread of antimicrobial resistance
and preventive measures in one health perspective-a review. Infection and drug resistance, 7515-7545.
Browne, K., White, N. M., Russo, P. L., Cheng, A. C., Stewardson, A. J., Matterson, G., ... & Mitchell,
B. G. (2024). Investigating the effect of enhanced cleaning and disinfection of shared medical equipment
on health-care-associated infections in Australia (CLEEN): a stepped-wedge, cluster randomised,
controlled trial. The Lancet Infectious Diseases, 24(12), 1347-1356.

Dorsan, E., Drews, F. A., Visnovsky, L. D., Leecaster, M., Jamu, S. M., Stratford, K., ... & Samore, M.
H. (2025). A qualitative study of health care professionals’ attitudes and practices of mobile equipment
cleaning. American Journal of Infection Control.

Peleg, M. (2024). On the time presentation in differential rate equations of dynamic microbial
inactivation and growth. Food Engineering Reviews, 16(2), 179-191.

Almakishah, N. H. (2024). Accumulation of Microbial Contamination on Keyboards and Mobile Phone
Devices in the University Community. Egyptian Journal of Microbiology, 59(1), 15-27.

Jaber, A. S., Juma, H. A., & Aliwi, A. A. (2023). Isolation of Pathogenic Bacteria from Equipment of the
Care Units, Hands and Mobile Devices for Medical Staff in Educational Al-Hussein Hospital. Pakistan
Journal of Medical and Health Sciences.

Manjula, N. G., Mayegowda, S. B., Priyanka, L., Priyanka, D., Alghamdi, S., Choudary, S., ... & Islam,
F. (2022). Research Article Antibiotic Susceptibility Patterns of ESBL Producers Isolated from the Mobile
Phones.



International Journal of Aquatic Research and Environmental Studies 5(S2) 9-25 2025

37. Olsen, M., Nassar, R., Senok, A., Moloney, S., Lohning, A., Jones, P., ... & Tajouri, L. (2022). Mobile
phones are hazardous microbial platforms warranting robust public health and biosecurity protocols.
Scientific reports, 12(1), 10009.

38. Rock, C. (2025). The role of the environment in transmission of pathogens to patients in the healthcare
setting (Doctoral dissertation, Royal College of Surgeons in Ireland).

39. Nagy, A., Czitrovszky, A., Lehoczki, A., Farkas, A., Fiiri, P, Oséan, J., ... & Miiller, V. (2025). Creating
respiratory pathogen-free environments in healthcare and nursing-care settings: a comprehensive review.
GeroScience, 47(1), 543-571.

40. Liu, F., Zhang, L., Chen, Z., Ma, J., Dong, Q., & Qian, H. (2025). Patient movement and ventilation
effects on respiratory aerosol dynamics in hospital corridors: A combined CFD and field study. Building
and Environment, 281, 113225.

41. Ogwu, M. C., Pamela, B. O., Dare, A. F., Ovuru, K. F., & Iyiola, A. O. (2024). Traditional and
conventional water treatment methods: a sustainable approach. In Water crises and sustainable
management in the global south (pp. 461-486). Singapore: Springer Nature Singapore.

42. Andrade, C. M., Carrasquilla, M., Dabbas, U., Briggs, J., van Dijk, H., Sergeev, N., ... & Portugal, S.
(2024). Infection length and host environment influence on Plasmodium falciparum dry season reservoir.
EMBO molecular medicine, 16(10), 2349.

43. Smatti, M. K., Yassine, H. M., Mbarek, H., & Boomsma, D. I. (2025). Understanding Heritable Variation
Among Hosts in Infectious Diseases Through the Lens of Twin Studies. Genes, 16(2), 177.

44, Trinh, K. T. L., & Lee, N. Y. (2022). Recent methods for the viability assessment of bacterial pathogens:
advances, challenges, and future perspectives. Pathogens, 11(9), 1057.

45. Dabban, I. A., Ahmad, M., Enejiyon, S. O., Hauwau, A. N., Gani, M., Oyewole, O. A., & Adetunji, C. O.
(2024). Isolation techniques used for molecular characterization of beneficial microorganisms: Cultural,
biochemical and molecular characterization. Handbook of agricultural biotechnology, 491-545.

46. Lazzarino, R., Borek, A. J., Honeyford, K., Welch, J., Brent, A. J., Kinderlerer, A., ... & Tonkin-Crine, S.
(2024). Views and uses of Sepsis digital alerts in National Health Service Trusts in England: qualitative
study with health care professionals. JMIR Human Factors, 11, €56949.

47. Kremer, T., Rowan, N. J., & McDonnell, G. (2024). A proposed cleaning classification system for
reusable medical devices to complement the Spaulding classification. Journal of Hospital Infection, 145,
88-98.



