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Abstract

Globally, healthcare facilities face a great challenge in the form of hospital-acquired
infections (HAIs). Aside from the morbidity and mortality they cause, these illnesses are
also extremely costly. Research on infection transmission in the medical area has been

considerable, but not so much in the radiology department.

This study aims to identify the presence of multidrug-resistant (MDR) microbes on
surfaces that are frequently touched in Computed Tomography (CT), Magnetic
Resonance Imaging (MRI), Ultrasound (US), plain X-ray examination rooms, and
portable radiography that are susceptible to contamination, as well as to investigate the

potential dangers of contracting MDR organisms to patients and healthcare providers.

In this study, 160 swab samples were collected from the radiology department at a tertiary
care hospital in Palestine during May and June 2022. Samples were obtained from 80
predefined surfaces twice within and outside of CT and MRI examination rooms, as well
as from US and Plain X-ray machines and portable X-ray machines. Samples were taken
at 7:00 a.m. using cotton swabs following the regular cleaning procedure. Bacterial
colony-forming units (CFUs) per square centimeter (cm?) were calculated after swabbing

a 100 cm? surface.

Nearly all of the surfaces tested had bacterial CFUs. The highest contamination rate was
found on keyboards ranging from (1.2-8) CFU/cm?, the sides of patient tables (1.2-20)
CFU/cm?, knee coil (2.4-3) CFU/cm?, and patient leg supports (1.2-8) CFU/cm?,
Noticeable increase in the contamination was noticed in June comparing to May and this
was consistent with the increase in: number of isolated patients in the hospital, the
workload in the radiology department and number of patients referred to the hospital. In

our study, none of the examined sites showed contamination with MDR gram negative
X



bacteria like Extended-Spectrum Beta-lactamases producing Enterobacterales (ESPL) or
Carbapenemase-Producing Enterobacterales (CPE). On the other hand, methicillin
resistant Staphylococcus aureus (MRSA), vancomycin resistant Staphylococcus aureus
(VRSA) and vancomycin resistant Enterococcus (VRE) were detected. All of the
radiology department equipment and sites could be a source of bacterial infection
including MDR,; so, obligatory and committed disinfection protocol must be revised and

implemented in the morning and between patients.

Keywords: Radiology Department, MDR, Hospital-acquired infection, Bacterial

nosocomial infection, Contamination.
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Chapter One

Introduction and Theoretical Background

1.1 Introduction

Surfaces in the hospitals are often contaminated with microorganisms. Surfaces that have
been contaminated with germs can serve as a possible source of healthcare-associated
infections (HAISs). It has been believed that bacteria on contaminated surfaces cause
HAISs, but there are missed points about how transmission of these bacteria to the patient

occurs (1).

In intensive care units (ICUs), HAIs pose a major threat to patient health. As a result,
more than 30 percent of all ICU admissions are affected with these HAIs. Medical
procedures, the presence of several invasive devices that disrupt anatomical and
immunological protective barriers, and medication administration all put ICU patients at

risk for infection.

These factors combine to decrease the body's ability to fight off infection. The rise of
Multidrug-resistant organisms (MDROSs) has also been attributed to the widespread usage
of broad-spectrum antibacterial medicines (2). MDROs were found on hospital room

surfaces despite the use of terminal disinfection (3).

The radiology department is critical in medical diagnosis and treatment since it receives
a wide spectrum of in-patients and out-patients on a daily basis (4, 5). Dealing with
patients with various diseases and the use of different radiological equipment (Computed
Tomography (CT), Magnetic Resonance Imaging (MRI), Ultrasound (US), plain X-Ray,
and portable X-Ray machine ), results in intense traffic in the radiology department, and
this combined with loss of cleaning and disinfecting of modalities results in the
transmission and dissemination of nosocomial infection between patients (5), and from
HealthCare Workers (HCWSs) to patients by direct or indirect way (6).

In recent years, the rate of HAIs from radiology departments has grown, harming
HCWs and patients during treatment and complicating any radiographic
investigation/intervention (7, 8).



Nosocomial infections, also known as healthcare-associated infections (HAI), are
ilinesses that develop after a patient is admitted to the hospital but were not present upon
admission. These infections are typically picked up during a hospital stay and become
noticeable within the first 48 hours of being admitted (8, 9).

Previous literature has shown that the CDC has classified nosocomial infection sites into
13 types with 50 infection sites (10). They cause significant morbidity and mortality in
hospitalized patients (6), specifically in low-income countries rather than in high income

countries around the world (9-11).

In contrast to community-acquired infections (CAIs), these infections usually occur as a
result of pathogens taking advantage of patients whose normal defenses against infection

are contravened (5).

A range of microbes could cause nosocomial infection. As mentioned in the previous
research, the worst scenario will happen when this infection is caused by MDROs (8, 9).
The problem of MDROs first emerged in 1940, and has since become more difficult to
treat (10, 12), and a threat to global health, hospitalized patients, and HCWs (13). MDROs
impose a significant economic burden due to unnecessary longer hospital stays, a higher
risk of readmissions, and additional disease costs (7) (14). Poor hand hygiene and
environmental cleaning have the ability to transfer MDROs and colonize them in patients
(13-15).

The prevalence of MDR bacteria in hospitals may lead to the empiric selection of
antibiotics that target MDR bacteria, and intravenous antibiotic use within the past 90
days is a key risk factor for the emergence of resistance to various antimicrobial
medicines (16). Despite the importance of hospitalizations in the care of acute illnesses,
they also increase the chance of susceptible patients contracting a wide variety of
nosocomial infections, many of which are resistant to antibiotics. The infected person
may have contracted the disease from another patient, from a hospital worker, or from the
hospital itself (17).

High-touch surfaces in patient rooms, such as bed controls, bed rallies, call buttons, and

bedside tray tables, represent a critically important MDROs reservoir and increase the



risk of acquisition by other patients, visitors, and hospital staff who are exposed to them
(4, 18, 19).

Several studies suggest that disinfection is an important technique that helps control
microbial carriage in people who already have MDROs. In addition to the mentioned
techniques, there are several crucial infection prevention methods. Most infection
prevention techniques (e.g., environmental cleaning, hand hygiene, contact precautions,
active screening) are intended to prevent MDROs (or other Microbes) from spreading to
individuals who do not already have them. Disinfection offers a universal solution by

safeguarding both MDROs carriers and non-carriers (20).

Disinfection is becoming increasingly significant in most hospitals, because the number
of patients harbouring MDROs asymptomatically is growing over time (21).Increased
research on MDROs persistence in the hospital environment and subsequent transmission

recently resulted in a greater emphasis on hospital environmental hygiene (22-24).

One of the most prevalent causes of nosocomial infections is central-line-associated
bloodstream infection (CLABSI) (25). MDROs account for 20% to 67% of all CLABSISs.
CLABSI MDROs are difficult to treat and the indwelling catheter is difficult to remove,
making it critical to understand the best management strategy for critically ill hospitalized
patients (23).

Drug resistant and MDROs include Methicillin-resistant Staphylococcus aureus (MRSA),
Methicillin  resistant Staphylococcus epidermis (MRSE), Vancomycin-resistant
Staphylococcus aureus (VRSA),Vancomycin resistant Enterococcus (VRE), extended-
spectrum Beta-lactamases producing Enterobacterales (ESPL), Carbapenemase-
producing Enterobacterales (CPE)., Carbapenem resistant Acinetobacter baumannii
(CR-AB), and Carbapenem-resistant Pseudomonas aeruginosa (CR-PA) (7, 24, 26).

MDROs implications are measured depending on examining patients' medical records. It

also looks into their medical expenses, such as bed, nursing, medication, antimicrobial,

operation, therapy, laboratory, and inspection charge (18).

Multifaceted infection strategies make acquisition and infection with MDROs

challenging to avoid. It was found in the literature that it is difficult to avoid due to
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multiple potential transmission routes (transmission from patient to HCWs, transmission
from patient to hospital environment, transmission from HCWs to patient, transmission

from environment to HCWs, and overall patient-to-patient transmission) (22).

Several recent trials of universal disinfection involving the daily mouth, nose and skin
Chlorhexidine(CHG) bathing (low cost to implement with few adverse events) with and
without nasal mupirocin had also prompted widespread adoption of this practice in
hospitalized ICU patients (21, 27). This adoption is mainly due to evidence that universal
disinfection strategies reduce: 1- device-associated bacteremia (e.g. urinary catheter and
central line) 2- other causes of bacteremia such as surgical site infection, and bed sores.
The mentioned infection that can be avoided could be due to drug-resistant organisms.
Contact precautions are intended to reduce direct or indirect contact with carriers of drug-
resistant bacteria (20, 23) or their surroundings (22, 26). They extensively used it to
inhibit the spread of drug-resistant and MDROs in the hospital context (24).

1.2 Literature review

Increase in environmental contamination with various types of the most common
microorganisms will increase the rate of antimicrobial resistance and infection spread
because of multiple risk factors such as temperature and humidity (23), that already have
been found to increase the incidence of HAIs. In addition to other factors as the
prevalence of colonization of MDROs in the overall population and the incidence of
bacterial infection in the hospital (23). On the surfaces, the limit for microorganisms to

be significantly infectious and require concerns and control is 1 CFU/cm? (9).

S. aureus is both a commensal bacterium and a human pathogen. Approximately 20%-
30% of the human population is colonized with S. aureus (28-30). Also, inanimate
surfaces are well known to be colonized with Staphylococcus and this can contribute to
their transmission in the nosocomial setting (31). S. aureus can be divided into
methicillin-sensitive S. aureus (MSSA) and MRSA (30). Interestingly, a recent study
shows that it is 125 times less likely that a patient with a S. aureus infection is infected
with MRSA if he is a MSSA carrier (32).

S. epidermidis has long been thought to be a harmless commensal due to its widespread

colonization of human skin (33). S. epidermidis may be isolated from various types of



skin microenvironments, including dry, wet, sebaceous, and foot areas (34). Prior
research suggests that S. epidermidis is the most researched member of the Coagulase
negative Staphylococcus (CoNS) family. The same study found that it was formerly
employed as a commensal comparator to its more pathogenic relative, S. aureus (35).
Previous studies have emphasized that the S. epidermidis has emerged as the predominant
pathogen of sepsis in preterm infants (36).

There are numerous studies about MRSA and it is well known that MRSA is a major
cause of skin and soft tissue infection, respiratory and cardiovascular illness, and the

leading cause of nosocomial infection (37).

The presence of an indwelling catheter, prior antibiotic therapy (within the last 30 days),
in-hospital exposure time of five or more days, underlying Chronic Obstructive
Pulmonary Disease (COPD), and recent hospitalization all are important risk factors for
MRSA infection (38). MRSA is ubiquitous in both human body and in the environment
and has the ability to survive the inanimate objects. All of these give this bacterium ability
to be a potential health threat that results in increased morbidity, mortality, and prolonged
hospitalization (32, 38).

In a review article, the conclusion was drawn from previous investigation, intervention
studies, epidemiological studies and microbiological studies that the surfaces can be a
potential source of hospital-associated microorganism transmission (39). This validates
the critical need to enhance and optimize prevention, control, timely detection, and
effective treatment strategies for multidrug-resistant S. aureus strains (32, 38), including
the importance of ongoing surveillance of local antimicrobial resistance in S. aureus to

guide empiric antimicrobial therapy(40).

In a recent study, when cleaning surfaces by using a sodium-lauryl-sulfate-based
detergent can prevent MRSA transmission in health-care settings and reduce the risk of
surface contamination at hospital in general and radiology department in particular (41).
In a previous investigation involving bacterial detection, samples were obtained from CT
equipment, and the results indicated that the CT wrap was the most contaminated with

germs, prompting the development of a novel cleaning procedure (8).



Antimicrobial resistance (AMR) remains a global issue in the control of prevalent
bacterial infectious diseases in both developing and developed countries (42). The
resistance mechanisms of S. aureus are incredibly complicated, especially for MRSA(30).
Among HIV positive individuals, methicillin resistance was widespread in 2017 (86%)
and the percentage of MRSA significantly increased from 51.8 % in 2012 to 86 % in 2017.
Also, in 2016, there was a significant increase in S. aureus infections (35%; p<0.001)
and a (76%; p=0.0007)increase in MRSA infections (43).

There exists a considerable body of literature on antimicrobial resistance. In the literature,
intrinsic and acquired mechanisms of MRSA of antibiotic resistance was documented in
detail. Overall, MRSA has weak resistance to mupirocin, fusidic acid, and retapamulin
(44). This indicates the necessity to apply antibiotic surveillance and make sensitivity
testing of S. aureus before treatment and reduce use of broad-spectrum antibiotics to

significantly decrease the spread of MRSA and MSSA at hospital.

Radiological markers (38)and x-ray cassettes can serve as a bacterial reservoir including
is MRSA (19). To some extent, the subject of whether inanimate items in the radiography
department can induce cross-contamination among patients has been investigated, in one
investigation of lead aprons, bacterial samples were collected from various places on the
aprons before and after disinfection(4). There was a significant difference after cleaning
in the presence of the bacterial contamination. A similar study was carried out on
protective lead aprons (thyroid shields, shoulder-vests, and wrap-around skirts) in

surgical operating units, 88 out of 109 apron samples was contaminated (45).

Enterococci are part of the normal gastrointestinal flora (46), the most common aerobic
Gram-positive cocci in the intestines and lower female genital tract(47), have become the
second most common agents of nosocomial diseases (48), and are now ranked after

staphylococci (49).

Vancomycin-resistant Enterococci (VRE) have emerged as important nosocomial
pathogens. Drug resistant bacteria is commonly transmitted within healthcare settings
including patient-to-patient transmission (50-52),VRE environmental contamination
accounts for approximately 42% of VRE infected patients (23), and has been declared a
serious public health threat due to its high level of antibiotic resistance (52). While

hospital outbreaks are being reported (47, 52), commensal gut bacteria are commonly
6



detected in the hospital and community environments, these bacteria developed as
nosocomial and community-acquired pathogens due to their ability to develop high-level

resistance to antibiotics (53).

VRE may persist for extended periods of time on hands, gloves, and environmental
surfaces (54), and also has the ability to develop antimicrobial resistance these factors
contribute to its ability to cause nosocomial illness (49).The emergence of VRE has
become a major public health concern, despite rising rates of VRE infections elsewhere
in the world(55). In-hospital morbidity and mortality due to Enterococci Blood Stream
Infection (BSI) is affected more by Enterococcus species and underlying diseases than
by vancomycin resistance itself (46).

Antibiotic-mediated microbiota destruction and the consequent loss of balanced bacterial
colonization can result in intestinal VRE colonization, and lead to bloodstream infection

in hospitalized patients (52). VRE isolates can be resistant to multiple antibiotics(56, 57).

Patients colonized with these VRE strains should be prevented from contact with other
patients, as prevention and control measure. If such a strain is cultured from a clinical
sample, contact with patients should be monitored, and barrier measures (hand hygiene)
should be applied(47, 54, 58, 59). Therefore, it is critical to fight VRE and specially
Enterococcus faecium transmission in high-risk patients (60). There are limited data about

VRE surface contamination in radiology departments, this study investigated its presents.

The real pandemic outbreak of COVID-19, which killed several million people and had
major global economic consequences, is an indication that much more work is necessary
to tackle infectious diseases and the growing global issue of antibiotic resistance (61).In
case of hospitalized patients, the case-fatality rate linked with bacteraemia ranges from
35% to 50% and is usually associated with MDR gram-negative bacteria as ESBL and
CRE (62). The rise of CRE mediated by hydrolytic enzymes known as carbapenemases
has become a major global problem (61, 63).

Infection with either ESBL or CPE is linked to higher death rates, delay to successful
therapy, increase in length of stay and total healthcare expenses (64). CRE isolates have

been found in nosocomial and community-acquired infections (61, 65).



Carbapenems are a potent class of broad-spectrum antibiotics that are often the final line
of defense against MDR bacterial infections, Carbapenems are lactam antibiotics that
vary from penicillin by substituting a carbon atom for a sulfur atom and adding a double

bond to the penicillin nucleus's five-membered ring(61).

Globally, prevalent carbapenemases are found in Enterobacteriaceae including
Klebsiella pneumoniae carbapenemases (KPC)(66). K. pneumoniae that produces KPC is
a worldwide threat (67).In a recent study, bacterial contamination was found on almost
all selected areas in the radiology department including MRI and CT equipment,
fortunately no MDROs such as MRSA , ESPL, or CPE were detected(9).

The possibility that items in the radiology department can cause cross-contamination
among patients investigated is this research. The goal of this study is to determine the
presence of multidrug resistant organisms on high touched surfaces in the radiology
department, as well as to investigate the potential danger of contracting multidrug
resistant organisms to patients and healthcare workers.



Chapter Two
Methods

Materials and Methods
2.1 Study Design

A cross-sectional study design carried over at radiology department at Tertiary Hospital:

An-Najah National University Hospital, Palestine.

2.2 Study Population

The commonly hand-touched sites were assessed according to the previous studies (9),
and an adapted flow chart was created. Briefly, swab samples targeted the surfaces inside
and outside: plain X-Ray, CT, MRI, US and portable X-Ray instruments, in addition to

examination rooms, as shown in Table 1



Table 1

Commonly Hand-Touched sites

MRI CT CANON  CT SEMENS Interventional US for general X-Ray Portable X-Ray  Portable X-Ray
(1) (2 us (1) use (2) primax (1) care stream (2)
Canter of patient Head pillow  Head support Linear probe Linear probe X-Ray cassette X-Ray cassette  X-Ray cassette
table 1
Head support RT side edge RT side edge of Curve linear Curve linear Wall Bucky control Touch screen Touch screen
of patient table patient table probe probe panel
Head coil 1 Centre of Centre of Key board of US US keyboard Wall Bucky Hands of machine Hand of machine

patient table

patient table

Anaesthesia Injector Another table Touch screen of Small touch Touch screen of x-ray
machine control panel  inthe CTroom US screen tube

RT side gantry CT Keyboard Leg support - Table in control Prep medication table
control panel room

X-Ray cassette RT side gantry RT side gantry - Door of Centre of patient table

control panel

control panel

examination room

10



Leg support 2 LT side LT side gantry
gantry control control panel
panel

Table of US
tools

RT side edge of
patient table

Centre of gantry  Centre of gantry Centre of gantry

Hand of US

LT side edge of
patient table

Head pillow

Key board in control

room

Ear support Surface  of Prep medication
(Headphone) Emergency  table
trolley
Surface coil 1 Control room Keyboard in
keyboard control room

Mouse in the

control room

Mouse

RT side edge of LT side edge LT side edge of

Keyboard in

control room

x-ray keyboard

Large touch

screen

Patient table

patient table 1 of the patient the patient table
table

Surface coil 2 Injector touch Another table
screen in the CT room

Head coil 2 CT mouse CT Mouse

Knee coil Mouse in the -

Control room

11



Centre of patient
table 2

RT side edge of
patient table 2

LT side edge of
patient table 2

Leg support 1

12



2.3 Study time

The sample swabs were collected in two separate time periods, first one was during
May/2022 and the other one was in June/2022. The same sites were investigated and these

sites are described in Table 1.

2.4 Study sample and settings

160 swab samples were collected as described in Table 1. Each swab sample covered an
area of 100 cm? (around 10 cm*10 cm). Samples were taken during each month, every

other day.

Sampling was carried out with a sterile swab. The sterile swab was pre-soaked in sterile
normal saline and inserted directly after swabbing into a falcon tube with 2 ml Phosphate
Buffer Saline (PBS) and transported immediately to the microbiology lab at Faculty of

Medicine and Health Sciences at An-Najah National University.

2.5 Bacterial Culture and Detection

Each tube was vortexed for one minute and 100 pl were cultured into each of the

following agar plates:

1- Blood agar.

2- Chocolate agar.

3- MacConkey agar.

4-Mannitol salt agar (MSA).

5-MSA + Oxacillin (6 pg/ml) =» Methicillin Resistant Staphylococcus (MRS) detection.
6-MacConkey agar + Meropenem (1 pg/ml) =» CRE detection.

7-MacConkey agar + Cefotaxime (1 pg/ml) =» ESBL detection.

8-Bile esculin +Vancomycin (6 pg/ml) = VRE detection.

Antibiotics used in this study were purchased from Sigma Aldrich, while the media were
purchased from Oxoid. Media with antibiotics were prepared as described in the Clinical
& Laboratory Standard Institute (CLSI) 2021, and as described in the literature (68, 69).

All plates were incubated at 37 degree / 24 hours aerobically, while Chocolate agar plates

were incubated in 5% CO,.

13



American Type Culture Collection (ATCC) strains (E. coli ATCC 25922 and S. aureus
ATCC 25923) and clinically confirmed isolates (MRSA, ESBL, CRE and VRE) that
obtained from laboratory department at An- Najah National University Hospital were

used as control for the prepared media in each preparation.

2.6 Vancomycin resistance

Screening method was used to detect vancomycin resistance. In short, bile esculin media
was prepared with a concentration of 6 pg/ml, further confirmation was approached
through E-test. E test was applied for those strains that need to be screened for
vancomycin sensitivity; MRS detected using MSA + Oxacillin and colonies grown on

bile esculin agar with vancomycin.

2.7 Contamination rate calculation

After the incubation period, colonies on each plate were counted and the results were
presented after the calculations as CFU/cm? (calculation CFU/cm?: counted colonies
number * 0.2) as shown in Table 2.

2.8 Ethical Approval

Ethical approval was taken from institutional review board (IRB) at An-Najah National

University and An-Najah National University Hospital.

14



Chapter Three

Results

3.1 Bacterial Detection

Bacterial growth was nearly detected in all targeted sites. Regarding samples collected
in May, bacterial growth was detected in 49/80 sites. Samples collected in June showed
growth in 52/80 sites. Interestingly, in total 60/80 sites showed bacterial growth as shown
in Table 2 and 3.

In the radiology department as well as all other inanimate objects, gram-positive bacteria
are predominant in and out of CT, MRI, Plain X-Ray, US rooms, and Portable X-Ray,
while gram-negative was only detected in four sites as shown in Table 3 and 4.
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Table 2

Calculated contamination rate (CFUs/cm?) during the two months on both Blood and Chocolate agar from each sample source

May- Experiment

June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination
Number chocolate agar blood agar chocolate agar rate blood agar

1 Center of patient table MRI 1 0.6 0.2 0 0

2 MRI head support 0.6 2 0.4 0.2

3 Wall Bucky 0 0 0 0

4 Head pillow of CT CANON 0.6 0 2.2 0.4

5 RT side edge of patient table CT CANON 0 0 0.4 0.4

6 Center of patient table CT CANON 1.6 0.4 8.8 10

7 Head coil MRI 1 0.2 0.2 0 0

8 Control panel for contrast media injector 0 0 0 0

9 Wall Bucky x-ray control panel 0 0 0 0

10 X-Ray cassette 0 0 0 0.2

11 Keyboard of CT CANON 2 0.6 6 4
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May- Experiment June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination
Number chocolate agar blood agar chocolate agar rate blood agar

12 RT side gantry control panel CT CANON 0 0 0 0

13 X-Ray cassette of primax X-Ray portable 0 0 0 0

14 LT side gantry control panel CT CANON 0.4 1 0 0

15 Primax X-Ray portable touch screen 0 0.6 1 6

16 CT CANON gantry 0 0 0 0

17 Hand of primax X-Ray portable 0 0 0 0

18 Anesthesia Machine 0.4 0.2 0 0

19 RT side of control panel of MRI gantry 0.2 0 0 0

20 Table of MRI control Room 0 0 0.8 0.8

21 LT side of control panel MRI gantry 0 0 0 0

22 Touch screen of X-Ray tube 0 0 0 0

23 Core of MRI gantry 0 0 0 0

24 Table of prep medication in X-Ray room 0 0 0.8 0.2
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May- Experiment June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination
Number chocolate agar blood agar chocolate agar rate blood agar

25 Keyboard of US for general use 1.2 14 2.4 1.2

26 Patient table od US for general use 0.2 0 0 0

27 Earplug of MRI 0.2 0.2 0.8 04

28 Center of patient table X-Ray 0 0 0.2 0

29 MRI surface coil 1 0.2 0 0.2 0.2

30 RT side of MRI patient table 4.8 1 0 0

31 LT side of MRI patient table 1 0.4 0.6 20 20

32 Trolley emergency in CT CANON room 0.4 0 0.8 0.4

33 keyboard in CT CANON control room 3 0 0.6 1.6

34 CT Siemens Keyboard control room 4 8 6 6

35 CT Siemens mouse control room 0.8 0.4 0.6 0.4

36 CT Siemens inside gantry 0 0 0 0

37 CT Siemens center of patient table 0 0 0 0.4
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May- Experiment

June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination
Number chocolate agar blood agar chocolate agar rate blood agar

38 RT side edge of CT Siemens Patient table 0.2 0 0.6 0.4

39 CT Siemens head support 0.8 0.6 0 0.8

40 RT side CT Siemens gantry control panel 0 0 0 0

41 LT side CT Siemens gantry control panel 0 0 0 0

42 linear probe for interventional US 0 0 0 0

43 Curve linear probe for interventional US 0 0 0 0

44 The keyboard of interventional US 1 0.6 0.2 0

45 Touch screen of interventional US 0 0.2 0.2 0

46 Table of prep medication in CT Siemens room 0 0 0 0

47 Trolley emergency in CT Siemens room 0.2 0 0 0

48 Patient leg support of CT Siemens 0.2 0 0.6 1.2

49 Linear probe for US general use 0 0 2.8 0.6

50 Curve linear probe for US for general use 0.2 0 0.4 0.4
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May- Experiment

June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination
Number chocolate agar blood agar chocolate agar rate blood agar

51 Large touch screen for US for general use 0 0 12.8 0.4

52 Table of US for general use in control room 4.8 1.8 1.6 1.4

53 Door of US for general use examination room 0 0 0 0

54 Small touch screen for US general use 0.2 0 0.2 0.2

55 Patient tabel tools in US for general use room 0.8 0.2 0.6 0.4

56 Hand of US for general use 1 0.2 0.8 0.4

57 Patient Head pillow in US for general use room 0.6 0 0 0.6

58 Mouse of US for general use in control room 2.2 0.8 0.4 0.2

59 keyboard in control room of US for general use 3.4 0.6 1 0.2

60 RT side of X-Ray patient table 0.2 0 2.4 0.8

61 LT side of X-Ray patient table 0 0 0.2 0.4

62 Keyboard in control room od X-Ray 0 0.4 0.2 1

63 Hand of carestearm portable 8 0.2 0 0.8
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May- Experiment

June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination
Number chocolate agar blood agar chocolate agar rate blood agar

64 Carestream touchscreen portable 0.2 0.2 5.2 5

65 X-Ray cassette of carestream portable 0 0 0.4 0

66 LT side of patient table CT CANON 8 8 1.6 1.2

67 Touch screen of injector in CT CANON control room 0.2 0 18 1.6

68 Mouse of CT CANON 0 0.2 0 0.6

69 Mouse in CT CANON control room 0 0 0 0

70 Surface coil MRI 2 0 0 0 0

71 Head coil MRI 2 0 0 0 0

72 Knee coil 2.4 3 0.6 0.4

73 Center of MRI patient table 2 1.4 0 2.8 2.4

74 RT side edge of MRI patient table 2 2.8 4.8 3 0.6

75 LT side edge of MRI patient table 2 5.8 4.2 8.4 6

76 LT side edge of CT Siemens patient table 0.8 0 0.8 0
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May- Experiment June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination
Number chocolate agar blood agar chocolate agar rate blood agar
77 Keyboard of X-Ray in control room 3.2 3.4 6 8
78 Mouse of X-Ray in control room 0 0 1 0.8
79 Patient leg support 1 2.2 2.4 0.4 0.4
80 Patient leg support 2 MRI 2 3.4 8 5.4
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Table 3
Shows sample source and number of colonies on each plate during May.

Experiment 1: sample source Blood Chocolate macConky Manetol macConky macConky  Manetol Bile esculine
May Agar  Agar Agar Salt Agar with with Salt Agar  Agar with
meropenem cefotaxim with vancomycin
oxacilline

1 Center of patient table MRI 1 1 3 0 0 0 0 0 0
2 MRI head support 10 3 0 0 0 0 0 0
3 Wall Bucky 0 0 0 0 0 0 0 0
4 Head pillow of CT CANON 0 3 0 1 0 0 0 0
5 RT side of patient table CT CANON 0 0 0 0 0 0 0 0
6 Center of patient table CT CANON 2 8 0 8 0 0 1 0
7 Head coil MRI 1 1 1 1 1 0 0 0 0
8 Control panel for contrast media injector 0 0 0 0 0 0 0 0
9 Wall Bucky control panel 0 0 0 0 0 0 0 0
10 X-Ray cassette 0 0 0 0 0 0 0 0
11 Keyboard of CT CANON 3 10 0 0 0 0 0 0
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Experiment 1: sample source Blood Chocolate macConky Manetol macConky macConky  Manetol Bile esculine

May Agar  Agar Agar Salt Agar with with Salt Agar  Agar with
meropenem cefotaxim with vancomycin
oxacilline
12 RT side gantry control panel CT CANON 0 0 0 0 0 0 0 0
13 X-Ray cassette of primax portable 0 0 0 0 0 0 0 0
14 LT side gantry control panel CT CANON 5 2 0 1 0 0 0 0
15 primax X-Ray portable touch screen 3 0 0 0 0 0 0 0
16 CT CANON gantry 0 0 0 0 0 0 0 0
17 Hand of primax X-Ray portable 0 0 0 0 0 0 0 0
18 Anasthesia Machine 1 2 0 0 0 0 0 0
19 RT side of control panel of MRI gantry 0 1 0 0 0 0 0 0
20 Table of MRI control Room 0 0 0 0 0 0 0 0
21 LT side of control panel MRI gantry 0 0 0 0 0 0 0 0
22 touch screen of X-Ray tube 0 0 0 0 0 0 0 0
23 inside gantry of MRI 0 0 0 0 0 0 0 0
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Experiment 1:

sample source

Blood Chocolate macConky Manetol macConky macConky  Manetol Bile esculine

May Agar  Agar Agar Salt Agar with with Salt Agar  Agar with
meropenem cefotaxim with vancomycin
oxacilline

24 Table of prep medication in X-Ray room 0 0 0 1 0 0 0 0

25 Keyboard of US for general use 7 6 0 5 0 0 0 0

26 Patient table od US for general use 0 1 0 1 0 0 0 1 no black

colony

27 ear plugs of MRI 1 1 1 0 0 0 0 0

28 Center of patient table X-Ray 0 0 0 0 0 0 0 0

29 MRI surface coil 1 0 1 0 0 0 0 0 0

30 RT side of MRI patient table 5 24 0 11 0 0 0 0

31 LT side of MRI patient table 1 3 2 0 0 0 0 0 0

32 Trolley emergency in CT CANON room 0 2 0 0 0 0 0 0

33 Keyboard in CT CANON control room 0 15 0 0 0 0 0 0
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Experiment 1: sample source Blood Chocolate macConky Manetol macConky macConky  Manetol Bile esculine

May Agar  Agar Agar Salt Agar with with Salt Agar  Agar with
meropenem cefotaxim with vancomycin
oxacilline
34 CT Siemen’s Keyboard control room 40 20 0 0 0 0 2 0
35 CT Siemen’s mouse control room 2 4 0 0 0 0 0 0
36 CT Siemen’s inside gantry 0 0 0 0 0 0 0 0
37 CT Siemen’s center of patient table 0 0 0 0 0 0 0 0
38 RT side edge of CT Siemen’s Patient table 0 1 0 0 0 0 0 0
39 CT Siemen’s head support 3 4 0 0 0 0 0 0
40 RT side CT semen’s gantry control panel 0 0 0 0 0 0 0 0
41 LT side CT semen’s gantry control panel 0 0 0 0 0 0 0 0
42 linear probe for interventional US 0 0 0 0 0 0 0 0
43 Curve linear probe for interventional US 0 0 0 0 0 0 0 0
44 Keyboard of interventional US 3 5 0 2 0 0 0 0
45 Touch screen of interventional US 1 0 0 1 0 0 0 0
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Experiment 1: sample source Blood Chocolate macConky Manetol macConky macConky  Manetol Bile esculine
May Agar  Agar Agar Salt Agar with with Salt Agar  Agar with
meropenem cefotaxim with vancomycin
oxacilline
46 Table of prep medication in CT semen’s 0 0 0 0 0 0 0 0
room
47 Trolley emergency in CT semen’s room 0 1 0 0 0 0 0 0
48 Patient leg support of CT semen’s 0 1 0 3 0 0 0 0
49 Linear probe for US general use 0 0 0 0 0 0 0 0
50 Curve linear probe for US for general use 0 1 0 0 0 0 0 0
51 Large touch screen for US for general use 0 0 0 0 0 0 0 0
52 Table of US for general use in control room 9 24 0 9 0 0 0 0
53 Door of US for general use examination 0 0 0 0 0 0 0 0
room
54 Small touch screen for US general use 0 1 0 1 0 0 0 0
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Experiment 1: sample source Blood Chocolate macConky Manetol macConky macConky  Manetol Bile esculine
May Agar  Agar Agar Salt Agar with with Salt Agar  Agar with
meropenem cefotaxim with vancomycin
oxacilline
55 Patient table tools in US for general use 1 4 0 3 0 0 0 0
room
56 Hand of US for general use 1 5 0 3 0 0 0 0
57 patient Head pillow in US for general use 0 3 0 0 0 0 0 0
room
58 Mouse of US for general use in control room 4 11 0 3 0 0 0 0
59 Keyboard in control room of US for general 3 17 0 8 0 0 0 0
use
60 RT side of X-Ray patient table 0 1 0 0 0 0 0 0
61 LT side of X-Ray patient table 0 0 0 0 0 0 0 0
62 Keyboard in control room od X-Ray 2 0 0 0 0 0 0 0
63 Hand of carestearm portable 1 40 0 0 0 0 0 0
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Experiment 1: sample source Blood Chocolate macConky Manetol macConky macConky  Manetol Bile esculine

May Agar  Agar Agar Salt Agar with with Salt Agar  Agar with
meropenem cefotaxim with vancomycin
oxacilline
64 carestream touchscreen portable 1 1 0 0 0 0 0 0
65 X-Ray cassette of carestream portable 0 0 0 0 0 0 0 0
66 LT side of patient table CT CANON 40 40 0 18 0 0 3 0
67 Touch screen of injector in CT CANON 0 1 0 0 0 0 0 0

control room

68 Mouse of CT CANON 1 0 0 0 0 0 0 0
69 Mouse in CT CANON control room 0 0 0 0 0 0 0 0
70 Surface coil MRI 2 0 0 0 0 0 0 0 0
71 Head coil MRI 2 0 0 0 0 0 0 0 0
72 Knee coil 15 12 0 0 0 0 1 0
73 Center of MRI patient table 2 0 7 0 0 0 0 0 0
74 RT side of MRI patient table 2 24 14 0 11 0 0 1 0
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Experiment 1: sample source Blood Chocolate macConky Manetol macConky macConky  Manetol Bile esculine
May Agar  Agar Agar Salt Agar with with Salt Agar  Agar with
meropenem cefotaxim with vancomycin
oxacilline

75 LT side of MRI patient table 2 21 29 1 6 0 0 0 0

76 LT side of CT semen’s patient table 0 4 0 0 0 0 0 0

77 Keyboard of X-Ray in control room 17 16 0 3 0 0 0 0

78 Mouse of X-Ray in control room 0 0 0 0 0 0 0

79 Patient leg support MRI 1 12 11 0 6 0 0 2 0

80 Patient leg support 2 MRI 17 10 0 1 0 0 0 0

30



Table 4

Shows sample source and number of colonies on each plate during June

Experiment 2:

Sample Source

Blood chocolate macConky Manetol

macConky macConky Manetol  Bile esculine

June Agar Agar Agar  Salt Agar with with Salt Agar  Agar with
Meropenem cefotaxim with vancomycin
oxacilline
1 Center of patient table MRI 1 0 0 0 0 0 0 0 0
2 MRI head support 1 2 0 0 0 0 0 0
3 Wall Bucky 0 0 0 0 0 0 0 0
4 Head pillow of CT CANON 2 11 0 2 0 0 2 30
5 RT side of patient table CT CANON 2 2 0 1 0 0 1 0
6 center of patient table CT CANON 50 44 7 20 0 0 7 40
7 Head coil MRI 1 0 0 0 0 0 0 0 0
8 control panel for contrast media injector 0 0 0 0 0 0 0 0
9 wall Bucky control panel 0 0 0 0 0 0 0 0
10 X-Ray cassette 1 0 0 0 0 0 0 0
11 Keyboard of CT CANON 20 30 0 17 0 0 1 0
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Experiment 2: Sample Source Blood chocolate macConky Manetol macConky macConky Manetol Bile esculine

June Agar Agar Agar  Salt Agar with with Salt Agar  Agar with
Meropenem cefotaxim with vancomycin
oxacilline
12 RT side gantry control panel CT CANON 0 0 0 0 0 0 0 0
13 X-Ray cassette of primax portable 0 0 0 0 0 0 0 0
14 LT side gantry control panel CT CANON 0 0 0 0 0 0 0 0
15 primax X-Ray portable touch screen 30 5 0 20 0 0 2 10
16 CT CANON gantry 0 0 0 0 0 0 0 0
17 hand of primax X-Ray portable 0 0 0 0 0 0 0 0
18 Anesthesia Machine 0 0 0 0 0 0 0 0
19 RT side of control panel of MRI gantry 0 0 0 0 0 0 0 0
20 Table of MRI control Room 4 4 0 0 0 0 0 0
21 LT side of control panel MRI gantry 0 0 0 0 0 0 0 0
22 touch screen of X-Ray tube 0 0 0 0 0 0 0 0
23 inside gantry of MRI 0 0 0 0 0 0 0 0
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Experiment 2: Sample Source Blood chocolate macConky Manetol macConky macConky Manetol Bile esculine
June Agar Agar Agar  Salt Agar with with Salt Agar  Agar with
Meropenem cefotaxim with vancomycin
oxacilline

24 Table of prep medication in X-Ray room 1 4 0 1 0 0 0 0
25 Keyboard of US for general use 6 12 0 7 0 0 0 0
26 Patient table od US for general use 0 0 0 0 0 0 0 0
27 ear plugs of MRI 2 4 0 4 0 0 0 0
28 center of patient table X-Ray 0 1 0 0 0 0 0 0
29 MRI surface coil 1 1 1 0 1 0 0 0 0
30 RT side of MRI patient table 0 0 0 0 0 0 0 0
31 LT side of MRI patient table 1 100 100 0 60 0 0 0 0
32 Trolley emergency in CT CANON room 2 4 0 2 0 0 0 0
33 keyboard in CT CANON control room 8 3 0 9 0 0 0 0
34 CT Siemens Keyboard control room 30 30 0 30 0 0 0 0
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Experiment 2: Sample Source Blood chocolate macConky Manetol macConky macConky Manetol Bile esculine
June Agar Agar Agar  Salt Agar with with Salt Agar  Agar with
Meropenem cefotaxim with vancomycin
oxacilline

35 CT Siemens mouse control room 2 3 0 2 0 0 0 0
36 CT Siemens inside gantry 0 0 0 1 0 0 0 0
37 CT Siemens center of patient table 2 0 0 0 0 0 0 0
38 RT side edge of CT Siemens Patient table 2 3 0 1 0 0 0 0
39 CT Siemens head support 4 0 0 3 0 0 0 0
40 RT side CT Siemens gantry control panel 0 0 0 0 0 0 0 0
41 LT side CT Siemens gantry control panel 0 0 0 0 0 0 0 0
42 linear probe for interventional US 0 0 0 0 0 0 0 0
43 Curve linear probe for interventional US 0 0 0 0 0 0 0 0
44 Keyboard of interventional US 0 1 0 0 0 0 0 0
45 Touch screen of interventional US 0 1 0 0 0 0 0 0
46 Table of prep medication in CT Siemens 0 0 0 0 0 0 0 0

room
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Experiment 2: Sample Source Blood chocolate macConky Manetol macConky macConky Manetol Bile esculine
June Agar Agar Agar  Salt Agar with with Salt Agar  Agar with
Meropenem cefotaxim with vancomycin
oxacilline
47 Trolley emergency in CT Siemens room 0 0 0 0 0 0 0 0
48 Patient leg support of CT Siemens 6 3 0 1 0 0 0 0
49 Linear probe for US general use 3 14 0 6 0 0 0 0
50 Curve linear probe for US for general use 2 2 0 2 0 0 0 0
51 Large touch screen for US for general use 2 64 0 0 0 0 0 0
52 Table of US for general use in control 7 8 0 8 0 0 0 0
room
53 Door of US for general use examination 0 0 0 0 0 0 0 0
room
54 Small touch screen for US general use 1 1 0 1 0 0 0 0
55 Patient table tools in US for general use 2 3 0 2 0 0 2 0
room
56 hand of US for general use 2 4 0 5 0 0 0 0
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Experiment 2: Sample Source Blood chocolate macConky Manetol macConky macConky Manetol Bile esculine
June Agar Agar Agar  Salt Agar with with Salt Agar  Agar with
Meropenem cefotaxim with vancomycin
oxacilline
57 patient Head pillow in US for general use 3 0 0 3 0 0 0 0
room
58 Mouse of US for general use in control 1 2 0 0 0 0 0 0
room
59 keyboard in control room of US for 1 5 0 5 0 0 1 0
general use
60 RT side of X-Ray patient table 4 12 0 4 0 0 0 0
61 LT side of X-Ray patient table 2 1 0 0 0 0 0 0
62 Keyboard in control room od X-Ray 5 1 0 2 0 0 0 0
63 hand of carestearm portable 4 0 0 1 0 0 0 0
64 carestream touchscreen portable 25 26 0 2 0 0 0 0
65 X-Ray cassette of carestream portable 0 2 0 0 0 0 0 0
66 LT side of patient table CT CANON 6 8 0 7 0 0 3 0
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Experiment 2: Sample Source Blood chocolate macConky Manetol macConky macConky Manetol Bile esculine
June Agar Agar Agar  Salt Agar with with Salt Agar  Agar with
Meropenem cefotaxim with vancomycin
oxacilline
67 touch screen of injector in CT CANON 8 9 0 8 0 0 0 15
control room
68 mouse of CT CANON 3 0 0 0 0 0 0 0
69 mouse in CT CANON control room 0 0 0 0 0 0 0 0
70 surface coil MRI 2 0 0 0 0 0 0 0 0
71 Head coil MRI 2 0 0 0 0 0 0 0 0
72 Knee coil 2 3 0 4 0 0 0 0
73 Center of MRI patient table 2 12 14 0 6 0 0 0 0
74 RT side of MRI patient table 2 3 15 0 8 0 0 0 0
75 LT side of MRI patient table 2 30 42 0 22 0 0 3 0
76 LT side of CT Siemens patient table 0 4 0 0 0 0 0 0
77 Keyboard of X-Ray in control room 40 30 0 28 0 0 0 0
78 Mouse of X-Ray in control room 4 5 0 4 0 0 0 0
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Experiment 2: Sample Source Blood chocolate macConky Manetol macConky macConky Manetol Bile esculine

June Agar Agar Agar  Salt Agar with with Salt Agar  Agar with
Meropenem cefotaxim with vancomycin
oxacilline
79 patient leg support 1 2 2 0 2 0 0 0 0
80 leg support 2 MRI 27 40 0 27 0 0 0 0

38



3.2 Total Bacterial Contamination

Regarding bacterial contamination > 1 CFUs/cm?, in May, out of 80 sites examined, 21 sites (26%) had contamination, while in June, 22 sites

(27%) were considered as contaminated. In total, 29 sites showed contamination of > 1 CFUs/cm?, as shown in Table 5.

Table 5
Sites with contamination rate of >1 CFU/cm?, either on Blood or on Chocolate agar
May- Experiment June-Experiment
Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination rate
Number chocolate agar blood agar chocolate agar blood agar
2 MRI head support 0.6 2 0.4 0.2
4 Head pillow of CT CANON 0.6 0 2.2 0.4
6 Center of patient table CT CANON 1.6 0.4 8.8 10
11 Keyboard of CT CANON 2 0.6 6 4
14 LT side gantry control panel CT CANON 0.4 1 0 0
15 primax X-Ray portable touch screen 0 0.6 1 6
25 Keyboard of US for general use 1.2 1.4 2.4 1.2
30 RT side of MRI patient table 4.8 1 0 0
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May- Experiment June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination rate
Number chocolate agar blood agar chocolate agar blood agar
33 Keyboard in CT CANON control room 3 0 0.6 1.6
34 CT Siemen’s Keyboard control room 4 8 6 6
44 Keyboard of inteventional US 1 0.6 0.2 0
48 Patient leg support of CT semen’s 0.2 0 0.6 1.2
51 Large touch screen for US for general use 0 0 12.8 0.4
52 Table of US for general use in control room 4.8 1.8 1.6 14
56 Hand of US for general use 1 0.2 0.8 0.4
58 Mouse of US for general use in control room 2.2 0.8 0.4 0.2
59 Keyboard in control room of US for general use 3.4 0.6 1 0.2
60 RT side of X-Ray patient tabel 0.2 0 2.4 0.8
63 Hand of carestearm portabel 8 0.2 0 0.8
64 carestream touchscreen portabel 0.2 0.2 5.2 5
66 LT side of patient table CT CANON 8 8 1.6 1.2
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May- Experiment

June-Experiment

Sample Sample Source Contamination rate  Contamination rate  Contamination rate  Contamination rate
Number chocolate agar blood agar chocolate agar blood agar

67 Touch screen of injecter in CT CANON control room 0.2 0 1.8 1.6

72 Knee coil 2.4 3 0.6 0.4

73 Center of MRI patient table 2 14 0 2.8 2.4

74 RT side of MRI patient table 2 2.8 4.8 3 0.6

75 LT side of MRI patient table 2 5.8 4.2 8.4 6

77 Keyboard of X-Ray in control room 3.2 3.4 6 8

79 patient leg support 1 2.2 2.4 0.4 0.4

80 patient leg support 2 2 3.4 8 5.4
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3.3 Gram-positive: Staphylococcus (MSA-growth)

Concerning contamination with bacteria that can grow on MSA which is mainly

Staphylococcus, in May, out of 80 sites examined, 9 sites have contamination rate of > 1

CFUs/cm?, while in June 18 sites considered as contaminated. In total, 20 sites showed

contamination of > 1 CFUs/cm?, as shown in Table 6 and 10.

Table 6

Sites contaminated with bacteria that can grow on MSA agar during two months

Sample Number/ Sample source Mannitol Salt
Month Agar
CFUs/cm?
4/ May and June Head pillow of CT CANON 0.2/0.4
5/June RT side of patient table CT CANON 0.2
6/May and June Center of patient tabel CT CANON 1.6/4
7/May Head coil MRI 1 0.2
11/June Keyboard of CT CANON 3.4
14/May LT side gantry control panel CT CANON 0.2
15/June primax X-Ray portable touch screen 4
24/May and June Table of prep medication in X-Ray room 0.2/0.2
25/May and June Keyboard of US for general use 1/1.4
26/May Patient table of US for general use 0.2
27/June ear plugs of MRI 0.8
29/June MRI surface coil 1 0.2
30/May RT side of MRI patient table 2.2
31/June LT side of MRI patient table 1 3
32/June Trolley emergency in CT CANON room 0.4
33/June keyboard in CT CANON control room 1.8
34/June CT Siemens Keyboard control room 6
35/June CT siemens mouse control room 0.4
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Sample Number/ Sample source Mannitol Salt
Month Agar
CFUs/cm?
36/June CT siemens inside gantry 0.2
38/June RT side edge of CT siemens Patient table 0.2
39/June CT siemens head support 0.6
44/May Keyboard of interventional US 0.4
45/May Touch screen of interventional US 0.2
48/May and June Patient leg support of CT semens 0.6/0.2
49/June Linear probe for US general use 1.2
50/June Curve linear probe for US for general use 0.4
52/May and June Table of US for general use in control room 1.8/1.6
54/May and June Small touch screen for US general use 0.2/0.2
55/May and June Patient table tools in US for general use room 0.6/0.4
56/May and June Hand of US machine for general use 0.6/1
57/June Patient Head pillow in US for general use room 0.6
58/May Mouse of US for general use in control room 0.6
59/May and June keyboard in control room of US for general use 1.6/1
60/June RT side of X-Ray patient table 0.8
62/June Keyboard in control room of X-Ray 0.4
63/June Hand of carestearm portable 0.2
64/June carestream touch screen portable 0.2
66/May and June LT side of patient table CT CANON 3.6/1.4
67/June Touch screen of injector in CT CANON control room 1.6
72/June Knee coil 0.8
73/June Center of MRI patient tabel 2 1.2
74/May and June RT side of MRI patient tabel 2 2.2/1.6
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Sample Number/ Sample source Mannitol Salt
Month Agar
CFUs/cm?

75/May and June LT side of MRI patient tabel 2 1.2/4.4
77/May and June Keyboard of X-Ray in control room 0.6/5.6
78/June Mouse of X-Ray in control room 0.8

79/May and June Patient leg support MRI 1 1.2/0.4
80/May and June Patient leg support MRI 2 0.2/5.4

3.4 Gram-positive: MRS

Regarding the surface contamination with MRS. Six sites in May and 9 sites in June,

showed growth on MSA + Oxacillin, which means MRS is suspected to be present. Later

on, all suspected colonies confirmed as MRS after subculture. Out of 13 sites, only one

site has a contamination rate =1 CFUs/cm? in June, and none in May. However, the site

with contamination rate =1 CFUs/cm? is the center of patient table of CT Canon with

1.4 CFUs/cm?, as shown in table 7 and 10.

Table 7

Sites contaminated with MRS, on Mannitol Salt agar with Oxacillin.

Sample Sample Source Mannitol Salt agar with
Number/Month Oxacillin
CFUs/cm?
4/June Head pillow of CT CANON 0.4
5/June RT side of patient table CT CANON 0.2
6/May and June  Center of patient table CT CANON 0.2/1.4
11/June Keyboard of CT CANON 0.2
15/June Primax X-RAY portable Touch screen 0.4
34/May CT Siemens Keyboard control room 0.4
55/June Patient table tools in US for general use room 0.4
59/June Keyboard in control room of US for general use 0.2
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66/May and June LT side of patient table CT CANON 0.6/0.6

72/May Knee coil 0.2
T74/May RT side of MRI patient table 2 0.2
75/June LT side of MRI patient table 2 0.6
79/May Patient leg support 1 0.4

3.5 Gram-positive: Vancomycin Resistant Staphylococcus VRS

After MRS detected and confirmed, all MRS isolates were tested for vancomycin
sensitivity using E-test. In May, no VRS was detected, and all isolates were found to be
vancomycin sensitive Staphylococcus. Surprisingly, in June, 7 out of 13 detected MRS
were confirmed as VRS; namely, samples from Head pillow of CT Canon, center of
patient table CT Canon, right side gantry control panel CT Canon, primax X-Ray portable
touch screen, Patient table tools in US for general use room, keyboard in control room of
US for general use, and left side of MRI patient Table 5 and 10.

3.6 Gram-positive: (VRE)

VRE were detected in five of the examined sites, one site in May with a contamination
rate < 1 CFUs/cm?, while the other four times were in June, with a contamination rate of
>1 CFUs/cm?, as showed in Table 8 and 10.

Table 8
Sites harbors VRE in the radiology department, on Bile Esculine agar with Vancomycin.

Sample Source Bile esculin Agar

Sample with vancomycin
number/month CFUs/cm?
4/June Head pillow of CT CANON 6
6/June Center of patient table CT CANON 8
15/June primax X-Ray portable touch screen 2
26/May Patient table of US for general use 0.2
67/June Touch screen of injector in CT CANON control room 3
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3.7 Gram-Negatives

Our results showed that only four gram-negative bacteria were isolated from four
different sites during the two cohorts done in May and June 2022. Three of these
contaminated sites have contamination rate of < 1 CFUs/cm? during May, while the fourth
contaminated site (center of patient table — CT cannon) has a contamination rate of 1.4
CFUs/cm? and this contamination was detected in June, as shown in Tables 3, 4and Table
9 and 10.

Table 9
Samples with growth of gram-negative bacteria
Sample Sample Source CFU/cm?

number/month
6/June Center of patient table CT CANON 1.4
7/May Head coil MRI 1 0.2
27/May Ear plug of MRI 0.2
75/May LT side of MRI patient table 2 0.2

3.8 Gram-negative: ESBL and CRE
None of the equipment sites from the radiology department that were tested showed

growth of ESBL and CRE according to the data in Table 3,4, and Table 10 .

Table 10
Isolated Organisms in May and June

Isolated microorganisms May June Collectively
(May and June)
MRS 6 8 13
VRSA 0 7 7
VRE 1 4 5
CRE 0 0 0
ESBL 0 0 0
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3.9 Contamination rate

Because of the increasing number of patients and an increased number of referred patients
in June, the contamination rate average 1.3 CFUs/cm? is greater than in May 0.79
CFUs/cm?, as shown in 3 and 4 Tables, while for the study period (May and June), no
differences were noticed in the disinfectant materials used to disinfect the surfaces, the
time, and frequency at which the surfaces are cleaned.

Growth conditions affect the contamination rate, as the data showed in table S3,
contamination rate on chocolate agar was higher than contamination rate on blood agar
for almost all sites during the two cohorts. Chocolate agar has a higher contamination rate
than blood agar mostly because chocolate agar contains the lysed red blood cells with
better growth for the fastidious organisms and due to the fact that chocolate agar plates

were incubated in an anaerobic environment (70).

The results showed a contamination median value greater than 3 CFU/cm? from seven
common surface sites tested in the CT, MRI, US, and Plain X-Ray; center and sides of
the examination table X-Ray patient’s table, knee coil, MRI patient legs support, and all

of the radiology machine keyboards.

Alarming findings reveal that the highest contamination rate was found in: the CT
Canon’'s core of patient table and the large touch screen of US for general use; with 10
CFUs/cm? and 12.8 CFUs/cm?, respectively. Another alarming piece of data shows, the
high contamination rate on the: Right and Left side of MRI patient table 2, MRI patient
leg support 2, Keyboard in the X-Ray control room, Left side of patient table of CT Canon,
CT Siemen’s keyboard in the control room and Keyboard and table of US for general use;

in both cohorts, as data shown in Table 2.
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Chapter Four

Discussions

Gram-positive bacteria were more detected in the radiology department than gram-
negative ones, and this was expected. This result is consistent with the previous
investigations that have found that gram-positive were more common than gram-negative
bacteria on inanimate surfaces of the radiology department (9). It was demonstrated that
gram-positive bacteria have a stronger potential for surviving on inanimate surfaces and
environment (71). Furthermore, gram-positive bacteria also make up a significant portion
of the skin's microbiota (72). These are both possible explanations of: why gram-positive

bacteria are more common.

In our study, MRS contamination rate on the inert surface is relatively high 13/80 (16%).
On the other hand, in Sweden , swabs were taken from the bore, table, and wrap of two
quaternary care inpatient CT scanners, wrap was the most contaminated item on a CT
scanner and the prevalence of MRSA was significantly low (73). However, in another
study in Irland, from 125 sample collected from the radiology department, MRSA was

detected from one sample only, bore in the MRI gantry (12).

However, in earlier research on cassettes and lead aprons carried out in radiology
departments across the United Kingdom, there was no evidence of MRSA (4). In our
research, no MRS were detected from the MRI gantry, but the other 13 samples taken
from different sites of the radiology department equipment’s were positive with MRS.
MRSA was present on an X-ray cassette that had been utilized in the operation room (74).
In addition, our investigation showed no evidence of MRS and bacterial contamination
on X-Ray cassette as shown in Table 11 -see Appendix D-.

In general, the sample area makes up only a small portion of the overall surfaces, which
may reduce the sensitivity of the test when attempting to identify resistant bacteria that
are present in low numbers. In addition, the purpose of this investigation was to identify
any contamination on the surfaces inside and outside the radiology examination rooms

and equipment and whether they are more likely to be contaminated.
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In the majority of the CT, X-Ray, and US examination rooms both inside and outside, as
well as on the patient tables of the MRI machines, the keyboards contained a noticeable

bacterial contamination rate that ranged 1-8 CFU/cm?.

This has additionally been shown to be the case in other research, as they showed that
workstation sites in the radiology department have 64.3% (9 of 14) contaminated with S.
aureus and 21.4% (3 of 14) were contaminated with enteric organisms(9, 75). It is
probable that this is because medical staff members do not adequately disinfect their
hands after dealing with the patient within the examination room, or that they do not
regularly disinfect the keyboards and patient tables. Both of these factors contribute to
the spread of infection. There has been a lot of research on how important it is to practice

good hand hygiene in order to prevent the spread of infection(76).

The simplest, most effective and least expensive strategy to prevent the spread of
microorganisms is to practice strict hand cleanliness. In our study, a large number of
CFU/cm? was found in most cases on LT side of MRI patient table 2, center of patient
table CT CANON, and large touch screen for US for general use; with 8.4, 10, and 12.8
CFUs/cm?; respectively. One possible explanation is that the patients' clothing had been
in contact with their bodies for at least 15 minutes and HCWs hands when dealing with
patients during examination. In addition, the examination tables’ sides of MRI, CT and,

X-Ray had contamination rate ranging 1-8.4 CFU/cm?.

This may be due to the fact that patients set on the examination table with their skin in
close contact with the side of the examination table. The examination table's sides and
center, as well as the MRI knee coil and patient legs support, are most likely not
thoroughly disinfected. In general, a large number of surfaces showed bacterial
contamination that was higher than the permissible limit of one CFU/cm?. Meanwhile,
other studies showed low numbers of CFUs/cm? on the side of tunnel of MRI camera in
the radiology department (9) and a decrease in bacterial growth presence in the magnetic
field (77, 78).

The surfaces may have not been cleaned thoroughly enough and this may be a cause of
the infection. This could be the result of, for instance, an insufficient amount of staff
education on infection management, or it could be because the cleaning is not effective.

When deciding on a cleaning procedure, there are many factors to take into consideration.
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It should be efficient, but at the same time, it shouldn't have any negative effects on either

humans or the environment, and it shouldn't be too expensive (79).

Alterations to cleaning procedures and the kind of materials used have varying effects on
certain infections. A cleaning solution containing hydrogen peroxide is excellent against
bacteria and viruses, but it is harmful to humans and cannot be used for continuous

cleaning (80).

Self-disinfecting surfaces covered with copper and silver have also been studied, and this
has been demonstrated to minimize HAI. For the pathogen, efficiency, the environment,

and the economy to all benefit from disinfection procedures, further research is needed.

In the radiology department, fortunately, we detected a low number of CFU/cm?
approximately near zero CFU/cm? on the side of the Siemens CT gantry , patient table of
X-ray, head coil MRI, surface coils of MRI, and probes for interventional
ultrasonography compared to other sites in MRI examination room , side of X-Ray
patient table and probes of US for general use. Since patients contact this location
practically every time they use these machines, it is highly unlikely that it is disinfected

more regularly than other parts of the apparatus.

Concerning the effect that magnetic fields have on the number of bacteria present,
additional research needs to be carried out. We were able to detect substantial differences
in the contamination between months of May and June in the radiology department. In
June, patient isolation, workload, and the number of referral of patients were all higher
than in May. As reflection of that, average contamination rate from all sites in June was
1.3 CFUs/cm?, while in May, it was 0.79 CFUs/cm?. Moreover, six sites showed
contamination with MRS in May compared to 9 sites in June, with only one site in June

that had a contamination rate of > 1 CFUs/cm?.

Surprisingly, 7 sites showed contamination with VRS, and all were in June. Regarding
contamination with gram-negative bacteria, a contamination rate of > 1 CFUs/cm?, was
detected only from one site in June. In addition to that, VRE were detected in one site in
May with a contamination rate of < 1 CFUs/cm?, while it was detected from four sites in

June, with a contamination rate of >1 CFUs/cm?.
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4.1 Limitation of this study:

As the surfaces, machines and places have varied designs, speeds, and workload, it is
difficult to acquire samples with high consistency, so it is not easy to compare with other
studies from other times, places and countries. However, for our study to be comparable
as much as possible, we tried to be in alignment with similar research and other hygiene
studies(5). Other point in the limitation: employees who were made aware that
contamination would be monitored, may have increased their adherence to more hygienic
practices. As another restriction, it cannot be ruled out that the results could have differed
significantly if the trial was conducted during on-call hours and in the middle of the
workday between patients.
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Chapter Five

Conclusion

There is an ongoing debate all around the world regarding whether or not the setting of a

hospital contributes to the spread of HAIs. However, there is evidence from research that

supports the concept that hospitals can operate as a crucial reservoir of numerous

nosocomial infections in a variety of environments. These environments include surfaces,

medical equipment, and water systems.

In this investigation, it was concluded that:

1-

Radiology department could be a source of healthcare acquired infection. Gram-
positive bacteria were the most present bacteria and multidrug-resistant were detected
from various sites with a contamination rate which exceeded the limit of 1 CFU/cm?
in bacterial contamination.

Increasing in the work load, referred and isolated patient was proportional to the
increase in the contamination rate, presence of gram-negative and multi drug resistant
bacteria.

Surface cleaning and disinfecting must frequently focus on keyboards in the
radiology department, examination patient table sides and centers, knee coil, US
machine and patient legs support in particular.

Adapt a protocol for frequent testing of the contamination rate of the radiology
departments’ instruments to check the disinfectant is highly recommended.
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List of Abbreviations

Abbreviation Meaning

BSI Blood Stream Infection

CRE Carbapenemes- Resistance Enterococci

CT Computed Tomography

CAl Community-Acquired Infection

HAI Healthcare Associated Infection

HCWs Healthcare workers

MRI Magnetic Resonance Imaging

MDROs Multidrug Resistance Microorganisms

MSA Mannitol Salt agar

MRS Methicillin-Resistance Staphylococcus
MSSA Methicillin-Sensitive Staphylococcus aurues
MRSA Methicillin-Sensitive Staphylococcus aurues
usS Ultra Sound

VRSA Vancomycin-Resistance Staphylococcus aureus
VRS Vancomycin-Resistance Staphylococcus
VRE Vancomycin-Resistance Enterococci

ESBL Extended Spectrum Beta lactams
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Appendix D

Tables

Table 11

Compression with other studies for MRSA contamination.

Study Site Number of sample country Sample site Refer

Ireland 1/125 Ireland  MRI gantry Bore (12)
Palestine 13/80 Palestine -Head pillow of CT CANON -RT side This Study

of patient CT CANON -Center of
patient CT CANON

-Keyboard of CT CANON -Primax
portable touch screen -CT Siemns
keyboard in control room -Patient table
tool in US general room -Keyboard in
control room US for general use -LT
side patient table CT CANON -RT side
of MRI patient table 2 -LT side of MRI
patient table 2 -Knee coil

-Patient leg support 1

Sweden MRSA was Sweden  CT Scanner (Table, Wrap, Bore). (™)
significantly low
according to

RUL value
United No evidence of United  X-Ray cassettes and Lead aprons 4
Kingdom MRSA Kingdom
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