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Abstract 

Introduction: Despite the large number of patients passing through and some invasive 

procedures, radiology may still be considered unlikely to transmit pathogens. However, 

radiation protection aprons touched by radiology professionals and shared between 

patients could be prone to contamination. Our goals were to (1) assess qualitatively and 

quantitatively the microorganisms present on the radiation protection aprons with a cross-

sectional study, and (2) determine the effectiveness of routine cleaning with an 

experimental design. 

Methods: For objective 1, 108 samples were collected on radiation protection aprons of two 

radiology settings: the diagnostic radiology (DR) setting, with a cleaning procedure in place, 

and the emergency setting without. Total cultivable bacteria, staphylococci, enterobacteria 

and fungi were quantified. For purpose 2, the number of total bacteria and staphylococci 

were compared between before and after cleaning the aprons. 

Results: The median number of total bacteria were respectively 0.97 and 1.56 cfu/cm2 in 

the DR and emergency settings, whereas the median number of Staphylococcus were 0.04 

and 0.15 cfu/cm2 in these settings (Objective 1). Thus, the number of microorganisms were 
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lower in the setting with the cleaning procedure, although significantly only for 

staphylococci (p = 0.025). Enterobacteria, fungi and Staphylococcus aureus were not 

detected in any sample. In the second part of the study, the median number of total 

bacteria dropped from 0.80 to 0.17 cfu/cm2 between before and after cleaning (p = 0.0017) 

and for Staphylococcus it decreased from 0.84 to 0.15 cfu/cm2 (p = 0.13). 

Conclusion: A number of microorganisms have been found, although the absence of 

enterobacteria, fungi and S. aureus is reassuring as they can cause serious healthcare-

associated infections. Our study showed that the cleaning of radiation protection aprons can 

significantly reduce the microbial load and should be encouraged. 

 

Introduction  

In recent decades, owing to the technological developments and population ageing the 

number of radiological examinations has increased globally. Consequently, many patients 

transit in radiology. Outpatients and hospitalized patients mingle, as well as cancer or 

immunocompromised patients and patients admitted to the emergency unit, who are at 

increased risk of infection (World Health Organization [WHO], 2011). Due to the diversity of 

patients who go through it, radiology is considered a hub, which can favor cross-

transmission of infectious microorganisms (Zhang & Burbridge, 2011). 

Added to this are invasive procedures such as CT-guided biopsies (Lopes Floro, Munckhof, & 

Coucher, 2018) or more commonly the injection of contrast media through a catheter 

(Saade, Bourne, Wilkinson, & Brennan, 2011). A systematic literature review highlighted the 

major risk of blood infection when using a catheter (WHO, 2011). For example, the hepatitis 

C virus was transmitted between patients after performing scanners with contrast media 

injection (Bibbolino, Pittalis, Schininà, Busi Rizzi, & Puro, 2009). The transfer was confirmed 

by the genetic resemblance between the viruses of the initially infected patient and those of 

the newly infected people. The transmission occurred when handling the intravenous line 

because of a defect in hand hygiene of healthcare workers between patients (Bibbolino et 

al., 2009). 

Healthcare-associated infections (HCAI) are deemed a global challenge as they affect 3.5 to 

12% of patients in developed countries (WHO, 2011) and up to 19% in developing ones 

(Allegranzi et al., 2011). Annually, these infections are responsible for 99 000 deaths in the 

USA and 37 000 in Europe (WHO, 2011), but also lead to longer hospital stay and impair 

patients’ quality of life. The repercussions are thus important for the safety of the patients 

and the healthcare professionals (Storr et al., 2017). The impacts on the health systems are 

massive with annual costs in the USA and Europe of at least US$ 30 billion (Scott, 2009) and 

€ 7 billion respectively (WHO, 2011). 

In high-income countries, the main HCAI affect the urinary tract, the surgical sites, the 

bloodstream, and the lower respiratory tract (WHO, 2011), and are caused by leading 

https://journals.oslomet.no/index.php/radopen/index


Ding, Weber, Oppliger 
Microorganism identification and environmental cleaning effectiveness in radiology settings 

Page 3                                 https://journals.oslomet.no/index.php/radopen/index  
 

pathogens such as Staphylococcus aureus, enterobacteriaceae, Pseudomonas spp., Candida 

spp, and Acinetobacter spp (WHO, 2011). Due to the increased spread of antimicrobial 

resistance in hospital setting, these infections can be difficult to eliminate. Furthermore, 

virulence and resistance to antimicrobial agents are enhanced by the aggregation of biofilm-

forming bacteria on medical devices, such as catheters, prostheses, and cardiac pacemakers 

(Hall-Stoodley & Stoodley, 2009). 

Accordingly, a number of recommendations encouraging thorough cleaning and disinfection 

of surfaces, hands and reusable instruments and equipment have been published (National 

Health and Medical Research Council [NHMRC], 2010; Storr et al., 2017; Boqvist & Rudi, 

2018). Studies have shown a reduction in the risk of pathogen transmission when the 

cleaning effort is increased, particularly in rooms where the prior occupant was infected or 

colonized by the target pathogens (Anderson et al., 2017; Datta, Platt, Yokoe, & Huang, 

2011). 

Cleanliness of reusable medical equipment is paramount when in direct contact with the 

patient. This is particularly the case for radiation protection devices used in radiology, such 

as radiation protection aprons (Johnston, Comello, Vealé, & Killion, 2010; Weber, Monnin, 

Elandoy, & Ding, 2015). Such equipment could be reservoirs of microorganisms, especially 

with proven lifespan of infectious organisms on inert substrates up to several weeks 

(Nyhsen et al., 2017; Otter, Yezli, Salkeld, & French, 2013). 

In spite of the contamination threat related to the use of shared clinical equipment and the 

transit of patients from various health facilities or services, few studies on the surveillance 

of environmental contamination and cleaning efficiency were conducted in radiology 

departments and none in Switzerland. In addition, to our knowledge only two studies 

considered radiation shielding aprons that, however, are in direct contact with patients 

(Boyle & Strudwick, 2010; Feierabend & Siegel, 2015). Nevertheless, the authors did not 

quantify the Staphylococcus load on the aprons. 

Our study, consisting of two phases, was intended to firstly identify and quantify the 

microorganisms -among which are staphylococci- on the radiation protection aprons of a 

teaching hospital. In this cross-sectional study, two settings were compared: one with an 

institutionalized cleaning protocol, the diagnostic radiology (DR) setting, and the other 

without, the emergency setting. Secondly, the effectiveness of routine cleaning procedure 

was assessed through an experimental study. The widely used agar plate method (ISO 

14698-1, 2003) was utilized for both studies. It offers the advantage of enumerating only 

viable microorganisms -thus constituting a potential source of cross-infection- over the 

adenosine triphosphate (ATP) method that detects without discrimination both living and 

dead organisms of any kind (Childress et al., 2017). 
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Methods 

Quantitative and qualitative assessment of the microorganisms: a cross-sectional study 

The study was conducted in the DR and emergency settings of one of the five university 

hospitals of the country. Whereas in the DR setting a routine cleaning procedure of the 

radiation protection equipment exists, this is not the case in the emergency one. 

The microorganism load was assessed on all the radiation protection aprons (19) of the 

radiology department. These aprons come from five rooms of the DR setting and three 

rooms of the emergency setting. The aprons are non-antibacterial and composed of a large 

central protective part and sometimes two straps to keep it around the patient. Samples 

were collected on the apron per se and on one strap, if the apron was equipped with straps. 

This was the case for eight aprons. 

Four types of microorganisms were sought: total cultivable bacteria, Staphylococcus, 

enterobacteriaceae and fungi. Accordingly, four types of sampling based on different 

standard methodologies were performed to assess their presence and number. For 

Staphylococcus swabbing technique was used, whereas the collections of total bacteria, 

enterobacteriaceae and fungi were achieved by application of contact plates of 55 mm in 

diameter, following the recommendations of ISO 14698-1 (2003). Thus, the presence and 

number of total bacteria was estimated with plate count agar medium (Oxoid). MacConkey 

agar (Oxoid) was used for enterobacteriaceae and Sabouraud Agar (Oxoid) for fungi. In the 

case of Staphylococcus, sterile and moistened swabs (bioMérieux) were stroked over a 

sampling area defined by a stencil of 125 cm2. Swabs were then stroked over a SAID agar (S. 

aureus chromid ID®, bioMérieux). To account for the inhomogeneous distribution of 

microorganisms on the garment and more accurately reflect the overall microbial load, the 

collections of each of the four samples types were made at different places for each apron. 

Incubation of the four types of plates was performed at 37°C for 48h. Then the colony-

forming units (CFU) were counted. In order to determine whether staphylococci were 

Staphylococcus aureus, StaphaurexTM Plus Latex Agglutination Test (Thermo ScientificTM) 

were used. A total of 108 samples were collected and counted. 

 

Before and after cleaning sampling: an experimental study 

This part of the study focused on the effectiveness of routine cleaning. As no cleaning 

protocol exists in the emergency setting, solely the aprons from the DR setting were 

considered in this part. Consequently, the 13 aprons from the five rooms of this hospital 

setting were sampled for the pre- and post-cleaning study. The number of aprons per room 

might slightly differ from that in the first phase of this study, since, although the aprons are 

assigned to a room, they are sometimes transported to another room to meet clinical 

practice needs, but always within the same setting (DR vs. emergency). 
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Sampling for the pre- and post-cleaning study consisted of seeking total bacteria and 

Staphylococcus. The presence of enterobacteriaceae and fungi was not assessed, given the 

results obtained for these microorganisms in the first phase of this study (see results part). 

The collection, incubation, counting and determination of the strains were carried out as for 

the "Quantitative and qualitative assessment of the microorganisms" section. The only 

difference being that sampling was performed once, then the aprons were cleaned, and 

sampling was repeated within 10 minutes. The location of sampling after cleaning was 

different from that before cleaning. This prevents strains from being removed by sampling 

in addition to those eliminated by cleaning. Cleaning was always done by the same 

radiographer, using disinfectant wipes (Cleanplanet Steriwipes®), following the habits of the 

service. He was asked to clean the aprons as usual. 

 

Statistical analysis 

Because the numbers of microorganisms were not normally distributed, their median values 

were reported. 

Owing to the different cleaning practice between the two settings, the numbers of 

microorganisms (total cultivable bacteria and Staphylococcus) observed on the DR and 

emergency aprons were compared with unilateral Wilcoxon Mann-Whitney tests. To test 

whether the numbers of microorganisms differ between before and after cleaning, 

unilateral paired Wilcoxon Mann-Whitney tests were realized. Statistical analysis was 

performed using R software (R Core Team, 2017). 

 

Results  

Quantitative and qualitative assessment of the microorganisms: a cross-sectional study 

The microorganisms detected on the radiation protection aprons and their numbers are 

presented in Table 1. For each DR room, the median number of total bacteria varied from 

0.29 (room 4) to 3.08 cfu/cm2 (room 6). Some staphylococci were present on some plates of 

agar medium, with median values from 0.01 (room 4) to 1.11 cfu/cm2 (room 6). The lowest 

median values of total bacteria and Staphylococcus were observed in the same DR room. 

Similarly, the highest median values of total bacteria and Staphylococcus were detected in 

the same room, but in an emergency room. The number of Staphylococcus (medians for 

emergency: 0.15 cfu/cm2 vs DR: 0.04 cfu/cm2; p = 0.025) and total bacteria (medians for 

emergency: 1.56 cfu/cm2 vs DR: 0.97 cfu/cm2; p = 0.22) were higher in the emergency 

compared to the DR setting; although the difference is significant only for Staphylococcus. 

None of the Staphylococcus was a Staphylococcus aureus. 
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Table 1. Sampling design and number of colony forming units (CFU) for total bacteria, fungus, 

enterobacteriaceae and Staphylococcus. 

Setting 
Room 

No. 

Apron 

No. 

Total 

bacteria 
Fungus Enterobacteriaceae  Staphylococcus 

Diagnostic radiology 1 1 8.82 0.00 0.00 0.05 

    2* 2.95 0.00 0.00 0.14 

  3* 1.64 0.00 0.00 0.01 

    4* 0.51 0.00 0.00 0.00 

Median 2.29 0.00 0.00 0.03 

  2 5 6.06 0.00 0.00 0.00 

  6 0.69 0.00 0.00 1.64 

    7* 0.04 0.00 0.00 0.04 

  8* 0.97 0.00 0.00 0.02 

Median 0.83 0.00 0.00 0.03 

 3 9* 0.84 0.00 0.00 0.07 

  4 10* 0.29 0.00 0.00 0.01 

 5 11 0.97 0.00 0.00 0.15 

Emergency 6 21 5.83 0.00 0.00 1.59 

    22* 0.34 0.00 0.00 0.62 

Median 3.08 0.00 0.00 1.11 

  7 23 1.60 0.00 0.00 0.16 

  24* 1.52 0.00 0.00 0.14 

Median 1.56 0.00 0.00 0.15 

 8 25 1.49 0.00 0.00 0.08 

    26 3.68 0.00 0.00 0.06 

Median 2.59 0.00 0.00 0.07 

Median for diagnostic radiology 0.97 0.00 0.00 0.04 

Median for emergencies 1.56 0.00 0.00 0.15 

              *Apron without straps 

 

Before and after cleaning sampling: an experimental study 

The changes in the number of microorganisms between before and after cleaning are given 

in Table 2. Before cleaning, the median values of total bacteria in the different DR rooms 

ranged from 0.52 (room 3) to 1.48 cfu/cm2 (room 1), and after cleaning, they ranged from 0 

(room 3) to 1.83 cfu/cm2 (room 5). The results show a reduction to up to 100% of the 

number of microorganisms after cleaning the lead aprons. The number of total bacteria was 
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lower after cleaning compared to before for each apron, except two (No. 4 and 11). The 

median values of total bacteria per apron significantly decreased between pre and post-

cleaning (total medians for pre-cleaning: 0.80 cfu/cm2 vs post-cleaning: 0.17 cfu/cm2; p = 

0.0017). No bacteria were observed, after cleaning, on three aprons originating from the 

same radiology room. The rooms where the aprons are the least contaminated after 

cleaning are those where the median number of total bacteria was lowest pre-cleaning. 

Before cleaning Staphylococcus was found in all aprons except for one (No. 9). After 

cleaning, no Staphylococcus was detected on this apron, as well as on three others (No. 7, 

10 and 13). The median number of Staphylococcus per room ranged from 0.34 (room 3) to 

1.12 cfu/cm2 (room 1) pre-cleaning. Post-cleaning, it ranged from 0 (room 3) to 1.75 

cfu/cm2 (room 2). As for total bacteria, cleaning decreased the number of Staphylococcus 

on each apron, except for three aprons (No. 6, 12 and 14). However, the reduced number of 

Staphylococcus on garments after cleaning, compared to before, was not significant 

(medians for pre-cleaning: 0.84 cfu/cm2 vs post-cleaning: 0.15 cfu/cm2; p = 0.13). None of 

the Staphylococcus was Staphylococcus aureus. 

Table 2. Sampling design and number of colony forming units (CFU) for total bacteria and 

Staphylococcus pre- and post-cleaning. 

Room 

No. 

Apron 

No. 

Total bacteria 

pre-cleaning 

Total bacteria 

post-cleaning 

Variation 

(%) 

Staphylococcus 

pre-cleaning 

Staphylococcus 

post-cleaning 

Variation 

(%) 

1 1 1,37 0,17 -87,69 0,65 0,15 -77,42 

 2* 1,60 0,29 -81,58 1,09 0,17 -84,62 

 3* 1,68 0,46 -72,50 1,35 0,34 -75,00 

 4* 0,51 0,72 41,67 1,14 0,21 -81,48 

 Median 1,48 0,38 -74,47 1,12 0,19 -83,02 

2 5 0,67 0,11 -84,38 0,84 0,11 -87,50 

 6 1,43 0,57 -60,29 0,88 3,39 283,33 

 Median 1,05 0,34 -68,00 0,86 1,75 102,44 

3 9* 0,63 0,00 -100,00 0,00 0,00 nf 

 10* 1,26 0,00 -100,00 0,88 0,00 -100,00 

 12 0,40 0,19 -52,63 0,21 3,77 1690,00 

 13 0,27 0,00 -100,00 0,46 0,00 -100,00 

 Median 0,52 0,00 -100,00 0,34 0,00 -100,00 

4 7* 0,80 0,04 -94,74 1,18 0,00 -100,00 

 14 0,40 0,15 -63,16 0,06 0,11 66,67 

 Median 0,60 0,09 -84,21 0,62 0,05 -91,53 

5 11 1,45 1,83 26,09 0,46 0,17 -63,64 

Total median 0,80 0,17 -78,95 0,84 0,15 -82,50 

*Apron without straps; nf: not feasible 
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Discussion 

The fight against nosocomial diseases should constitute a constant effort given the 

implications on patients and healthcare costs. In this study, we pointed out the occurrence 

of microorganisms on radiation protection aprons and the effectiveness of cleaning in 

reducing the frequency of microorganisms. 

The plates assessing the presence of total bacteria were all positive in the cross-sectional 

study characterizing and quantifying the microorganisms. They were also positive before 

cleaning in the experimental study. These results reinforce those reported in the only two 

other articles on patient-worn aprons, with 100% of contamination in England (Boyle & 

Strudwick, 2010) and 81% in the USA (Feierabend & Siegel, 2015). However, with maximum 

values as high as 10 or 16 CFU/cm2 the shield contamination levels in the UK exceed the 

values of ours. 

A majority of our aprons had staphylococci but no strain belonging to the species S. aureus. 

This is in contrast with a previous study where between 13 and 42% of lead shielding worn 

by health professionals were contaminated with S. aureus (La fauci, Riso, Facciolà, Merlina, 

& Squeri 2016). As in our study, the authors did not find any fungi; on the other hand, some 

of their aprons were contaminated by enterobacteria -organisms that are part of the 

commensal flora of our intestines- that we did not detect. The absence of S. aureus, fungi 

and enterobacteria in our samples suggests a good level of hygiene, which is reassuring 

because these microorganisms are responsible for serious infections. 

Antibacterial radiation protection aprons are launched on the market and appear in 

radiology departments. If our aprons exhibited this property, fewer microorganisms may 

have been detected. Note, however, that the antibacterial activity often concerns only one 

side of the shielding. In addition, few studies have tested the effectiveness of antibacterial 

surfaces in healthcare settings to reduce microbial contamination and HCAI. These studies 

show that the efficacy is not total, and the duration of the effect is not clearly established 

(see Muller et al., 2016 for a systematic review). Finally, the health and environmental 

security of the bactericidal agents often remain to be demonstrated and some of them can 

increase antimicrobial resistance (Adlhart et al., 2018; Hasan, Crawford, & Ivanova, 2013). 

Cleaning of shared equipment between patients is essential to reduce cross-transmission 

and strain frequencies (Storr et al., 2017). This effect is noted in our study with significantly 

fewer total bacteria on radiation shielding aprons after cleaning compared to before. The 

median value of staphylococci was also lower post-cleaning (0.15 cfu/cm2) compared to 

pre-cleaning (0.84 cfu/cm2), although not statistically significantly. Furthermore, 

significantly more staphylococci were quantified on the aprons of the emergency versus DR 

settings. If the difference was not significant for total bacteria, the median value for the 

emergency service was nevertheless higher (1.56 vs 0.97 cfu/cm2). These results may be 

explained by the absence of guidelines for aprons cleaning in the emergency setting 

whereas such guidelines exist in the DR setting. In addition, it is known that working in the 
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emergency room (Pittet et al., 2004) is a risk factor for non-adherence to hand hygiene, as is 

high workload (Nyirenda, ten Ham-Baloyi, Williams, & Venter, 2018; WHO, 2009). 

On five aprons, more microorganisms were quantified after cleaning compared to before. 

However, for each of these five aprons, the increase was solely noted for one type of 

microorganisms, either total bacteria or Staphylococci. For the other type, cleaning 

decreased the incidence of microorganisms. An explanation is that samplings at these two 

moments were performed at different locations on the same shield and that the microbial 

distribution on a single shield may not be homogeneous. Because of that, caution in 

interpreting results of this kind is necessary. Nevertheless, this research approach is of great 

interest in visualizing environmental contamination at a given moment, and in the 

identification of potential reservoirs (Karageorgopoulos & Falagas, 2008; NHMRC, 2010). 

Radiographers play a key role in maintaining a clean environment. An increase in cleaning 

frequency has been shown to promote control of outbreaks (Denton et al., 2004). Yet 

cleaning practices are often deficient (Nyhsen, Humphreys, Nicolau, Mostbeck, & Claudon, 

2016; Nyirenda et al., 2018). As reported in the literature, an explanation is the insufficient 

knowledge about microbiological risks (Abdelrahman et al., 2017; Nyirenda et al., 2018). 

Accordingly, recommendations highlight the importance of training professionals in the 

hands, equipment and environment cleaning, and at the infection risk (Nyhsen et al., 2017; 

Zhang & Burbridge, 2011). Levin et al. (2009) showed that an educational intervention 

significantly increased adherence to hygiene measures (such as hand washing and the use of 

gloves) and decreased the number of microorganisms found on x-ray machine. However, 

five months after this intervention period, the infection control was not sustained. 

Apart from education, other strategies have been proposed to improve compliance to 

infection control measure, including availability of cleaning products or practice auditing 

and feedbacks (Bibbolino et al., 2009; Zhang & Burbridge, 2011). In this context, our study 

highlighted the importance of regular cleaning in reducing the number of microorganisms. It 

enhanced the awareness of professionals (managers and clinicians) in this teaching hospital 

to the existence of potential human pathogens on commonly used equipment, the 

associated risks and the significance of regular equipment disinfection. 

 

Conclusion  

The use of a standardized testing protocol showed the microbial contamination of the 

aprons, even if no MRSA or Enterobacteriaceae was found. The equipment cleanliness is 

therefore essential for the health of both patients, who may be fragile or 

immunocompromised, and professionals of the whole hospital. By showing the 

effectiveness of disinfection in reducing the number of microorganisms, this study provided 

a positive reinforcement to radiographers to sustain a high level of compliance with hygiene 

recommendations. 
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