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Abstract: Mobile phones (MPs) are commonly used both in the personal and professional life.
We assessed microbiological contamination of MPs from 108 students in healthcare professions
(HPs), in relation to their demographic characteristics and MPs handling habits, collected by means
of a questionnaire. Cultural and biochemical tests were performed, and statistical analyses were
carried out. Staphylococci were present in 85% of MPs, Enterococci in 37%, Coliforms in 6.5%;
E. coli was never detected. Staphylococcus epidermidis was the most frequently isolated staphylococcal
species (72% of MPs), followed by S. capitis (14%), S. saprophyticus, S. warneri, S. xylosus (6%), and by
S. aureus (4%). Heterotrophic Plate Counts (HPC) at 37 °C, ranged from 0 to 1.2 x 10* CFU/dm?
(mean = 362 CFU/dm?). In univariate analysis, the male gender only was significantly associated
with higher HPCs and enterococcal contamination. Multiple linear regression models explained
only 17% and 16% of the HPC 37 °C and staphylococcal load variability, respectively. Developing
specific guidelines for a hygienic use of MPs in clinical settings, for preventing cross-infection risks,
is advisable, as well as introducing specific training programs to HP students. MPs decontamination
procedures could also be implemented in the community.

Keywords: cell phone; students; health occupations; fomites; cross infection; Staphylococcaceae;
hygiene; epidemic

1. Introduction

Mobile phones (MPs), and smartphones in particular, are one of the most common items people
carry around with them, in both their professional and personal lives [1,2].

According to United Nations Public Administration Network (UNPAN), approximately 30% of
the world’s population had a smartphone at the end of 2014 [3]. The number of cellular phones in the
world has been steadily increasing in the last years—it reached almost the same number as the world
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population in 2017 and is expected to reach a remarkable figure of 1.5 devices per capita by the end of
the current year [4].

The use of MPs occurs in hospital, by patients, visitors, and healthcare workers (HCWs) [1].
Smartphones provide better communication, and sharing of information among healthcare workers
(HCWs) and between HCWSs and patients; they can lead to improved quality of healthcare, especially
in terms of faster communication and promoting a prompt clinical diagnosis [5-8]. Due to their many
benefits, any associated risk with their use is minimized or not considered [7].

The role of fomites in the transmission of infectious diseases in healthcare institutions was
extensively investigated [9]. Inanimate objects can host and carry microorganisms from the surrounding
environment. These microorganisms can then be transferred to another substratum, including the
human body [10]. In this regard, the infectious potential of telephones was first suggested by
Aronson et al. [11]. According to the classification of Earle H. Spaulding, MPs fall into the category
of non-critical items [12]. However, since the hands of HCWs play an important role in the genesis
of healthcare-associated infections (HAIs), MPs can act as carriers of the hands” microbiota, thus,
representing potential reservoirs for pathogenic microorganisms [13-15]. Furthermore, heat generated
by MPs can enhance bacterial growth [7].

MPs can be more problematic compared to other fomites—born to be transported, they can
facilitate intra- and inter-wards transmission of microbial pathogens. Handling MPs during patient
care procedures, HCWs could easily transmit microorganisms from patients to their mobile phones
and vice versa [5]. This could facilitate the spread of potential pathogens to the community [1,7,16].

HAISs have increased significantly during the last decades, reaching a pooled prevalence of 7.6%
in high-income countries and 10.1% in low- and middle-income countries. [3,12,17]. In addition,
infections caused by multidrug-resistant staphylococcal and enterococcal strains are a growing problem
in many healthcare institutions [16].

The WHO, the Centers for Disease Control and Prevention (CDC) and the Association for
Professionals in Infection Control and Epidemiology (APIC), recommend hand hygiene as the main
standard procedure for the control of transmission of infectious agents and the prevention of HAIs [3].
It was estimated that up to 1/3 of all HAIs could be prevented by hand hygiene [18].

Furthermore, MPs were proposed to act as “Trojan horses” in propagating pathogens, including
viruses, during epidemics and pandemics [19] Our study was aimed at evaluating the microbial
contamination of MPs from students of various healthcare profession degree courses at the Tor Vergata
University (Rome, Italy), all of whom were actively frequenting medical or surgical units as a part of
their professional training.

2. Materials and Methods

2.1. Study Sample

The study included a convenience sample of 108 students from Tor Vergata University, Degree
Courses in Healthcare Professions (Nursing, Midwifery, and a Healthcare Management Master Class),
attending their internship at Health Care Facilities affiliated with the same University.

Enrollment was on voluntary basis and was strictly anonymous. After having received an
exhaustive information about the research purposes, students willing to participate in the study were
asked to fill in a short anonymous questionnaire and to provide their own MPs for microbiological
analyses. Informed consent was obtained from each participant prior to questionnaire administration
and MP sampling. Study data were managed in accordance with relevant guidelines and regulations
(i.e., Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016, on the
protection of natural persons with regard to the processing of personal data and on the free movement of
such data, and repealing Directive 95/46/EC (General Data Protection Regulation)). The study protocol
was approved by the Independent Ethical Committee of Fondazione PTV — Policlinico Tor Vergata
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(Policlinico Tor Vergata Hospital — PTV, Rome 00,133 — see: http://www.ptvonline.it/cei_temp.asp),
trial register number: 32.20.

2.2. Questionnaire Administration

The questionnaire included a general demographic section (gender, degree course, year of
course, type of structure for the internship, and weekly attendance frequency) and a specific section,
consisting of 7 items covering their habits related to the use of MPs (use in the healthcare environment,
frequency of cleaning, method of cleaning, last cleaning date, use of a phone cover, use of the MPs
with gloves, and means of transport used to reach university on the day of sampling). The seven items
had a multiple-choice answer, with the possibility for some of them, to provide additional information.
A space was also provided for any notes/suggestions the students wanted to add.

Enrollment sessions took place from October 2018 to February 2019 and were carried out at the
Tor Vergata University, soon after classes. Some classes were attended by students from two or more
degree courses. A maximum of 20 volunteers per session were enrolled. Each filled-out questionnaire
was given a progressive number for data recording and processing.

2.3. Microbiological Analysis

After filling in the questionnaire, the students made their MPs available for microbiological analysis.
Alginate-tipped sterile swabs were used to sample the touchscreen surface; the usual procedures for
small environmental surfaces were applied [19-24]. Swabs were then re-suspended in 2.5 mL SRK
solution (Copan Diagnostics, Murrieta, USA). Each swab tube was given the same progressive number
as the questionnaire; the tubes were then immediately transferred to the Environmental Microbiology
Laboratory of the University.

The subsequent analysis included a quantitative evaluation of the Heterotrophic Plate Count
(HPC), both at 37 °C (HPC 37°C) and at 22 °C (HPC 22 °C), of Enterococci, of E. coli or total Coliforms
and Staphylococci. In addition, identification of the isolated staphylococcal strains was performed,
using biochemical tests.

The above microorganisms and parameters are commonly used in environmental analyses,
as indicators of the hygienic quality of surfaces [24-31]. Moreover, Staphylococci, Enterococci,
and Coliforms are often involved in HAIs [16,32,33] and were already isolated from MPs in previous
studies [6,15,18,34,35].

The tubes were handled as follows:

- for the determination of HPC 37 °C and HPC 22 °C, 500 puL from each sample was poured in two
empty sterile plates, then 16 mL of Plate Count Agar (PCA) medium (Biokar diagnostics, Allonne,
France) was added and the plates were incubated at 37 °C and 22 °C, respectively, for 48/72 h;

- for the determination of Staphylococci, Enterococci, and E. coli or Coliforms, 250 puL per sample
were spread on sterile plates containing the appropriate solidified media—Baird Parker Egg Yolk
Tellurite Agar (Biokar diagnostics, France), Slanetz and Bartley agar (Biokar diagnostics, France),
and Harlequin E. coli or Coliform chromogenic medium (Neogen Culture Media, Lansing, USA),
respectively. The plates were then incubated at 37 °C for 48/72 h.

After the appropriate culture times, the plates were observed, and colony counts were carried out.
The results were expressed as CFU/dm? and recorded on a printed form.

For a qualitative evaluation of the staphylococcal species, the morphology of the colonies was
evaluated macroscopically; then the different types were isolated and identified via the miniaturized
biochemical test API Staph (Biomerieux, France), according to the manufacturer’s instructions.

2.4. Statistical Analysis

All data were recorded on an Excel® worksheet. For descriptive analysis of the questionnaire,
we expressed each variable in terms of number and percentage; regarding microbiological quantitative
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results, we expressed variables in terms of mean, standard deviation (SD), median, and interquartile
range (IQR), stratifying according to questionnaire variables. For qualitative analysis, we built a
Heatmap with R software v. 3.6.2 (The R Foundation, Vienna, Austria) [36]. We chose to categorize 3 of
the continuous variables into dichotomous ones (i.e., HPC 37 °C and 22 °C and Staphylococci), using a
threshold of 100 CFU/dm?2. We applied a 100 CFU/dm? threshold, according to Castiglia et al. [37],
allowing us to highlight differences more effectively, across variables.

For the Staphylococcus species, E. coli, Coliforms, and Enterococci, we plotted the frequency
of occurrence. In order to graphically show the relation between the questionnaire variables of
interest and the bacterial concentrations, we plotted the samples in scatter plot, through R [36].
Bacterial concentrations were expressed as natural logarithm (In) of CFU/dm?, while for each categorical
variable the mean value and the 95% Confidence Interval (IC) were reported.

Quantitative analyses were performed through SPSS ver. 22.0 (SPSS Inc. Chicago, IL, USA).
Kruskal-Wallis test was used to determine if there were differences in CFU/dm? between groups,
across the following variables—gender, year of the course, type of internship site, weekly attendance
at the internship site, cleaning frequency, cleaning method, type of phone case, and means of
transport used.

Variables with a significance threshold of p < 0.2 were used to run multiple linear regression
models; Box-and-whisker plots were built to show the distributions of HPC 37 °C, HPC 22 °C,
Enterococci, and Staphylococci for each variable selected for the multiple regression models.

3. Results

3.1. Demographic Description

Sampling was carried out in 11 enrollment sessions. The demographic characteristics of the
population sample and the overall results of our survey are shown in Table 1. A total of 108 students
agreed to take part in our study, accounting for about two-thirds of the total available population
(n = 158). Most of them were female (85.5%), consistent with the overall population attending the
considered degree courses in our university (data not shown). About half of the students (54.6%) were
attending their training internship for 6 days a week, while the others (except for one of them) reported
an attendance frequency of 5 days a week or less. The Nursing Course resulted the most represented
degree course (54.6%), and the majority of students were attending their second bachelor year (64.8%).

About the touchscreen cleaning habits, up to 13.9% of the students declared to have never cleaned
their phone, while only 2.8% of them stated to clean the phone daily. Most of the students (38.9%) used
a disinfectant-based method of cleaning, including disinfectant gels, sprays, alcohol-based products,
or a combination of these. The use of water-based products was the second most frequent method
(29.6%), i.e., water and soap, or wet towels and wipes. Eighteen percent of the students used “dry”
methods, such as glass-cleaning cloth, lens wipes, and handkerchiefs. With regard to the type of phone
cover, most students (67.6%) had a silicone case, 11.1% of them had a flip-cover, while 21.3% did not
use any cover at all.

Regarding the means of transport used to reach the University on the day of sampling, the answers
were almost evenly split between public (39.8%) and private transport (45.4%).

The great majority (93.5%) of the enrolled students declared to use their phones while inside the
hospital units, but 72.2% declared to never touch their MPs while wearing gloves; 14.8% actually used
their MPs with gloves on, and only 2 (1.9%) changed the gloves soon afterwards.
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Table 1. Demographic characteristics and habits of the sampled students.

Variable Values n %
Gender * Male 16 148
Female 92 852
Nursing sciences 59 546
Course of study Obstetrics 29 269
Hearing aid techniques 3 2.8
Master in management for coordination of health professions 16  14.8
Unknown 1 0.9

First year, bachelor course 0 0
Year of the course * Second year, bachelor course 70  64.8
Third year, bachelor course 1 102
First year, master course 26 24.1
Second year, master course 1 0.9
Ambulatory care 17 157
Type of internship site * Medical ward 26 241
Surgical ward 51 472
Intensive care 4 3.7
Not reported 10 9.3
7 days 1 0.9
6 days 59 546
Weekly attendance at the 5 days 19 176
internship site * 4days 5 46
3 days 16 148
<3 days 5 4.6
Not reported 3 2.8
Daily 3 2.8
Weekly 29 269
Cleaning frequency * Monthly 28 259
Half-yearly 20 185
Yearly 13 120
Never 15 139
Disinfectants 42 389
Cleaning method * Water 2 296
Dry towel 18 167
Nothing 16 148
One day to a week before sampling 36 333
Last cleaning performed Two weeks to six months before sampling 41 380
Never 18 167
Not reported 13 120
Flip cover 12 111
Type of phone case * Case 73 676
No case/cover 23 213
Public 43 398
Means of transport used * Private 49 454
Both public and private 4 3.7
Not reported 12 111
Use of the smartphone during Yes 101 935
training in hospital No 7 65
Yes 16 148
Use of the smartphone with Yes, but then I change the gloves 2 19
gloves during training No 78 722
Not reported 12 111

* Variables selected for statistical analyses.
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3.2. Microbiological Results

All analyzed smartphones showed some degree of bacterial contamination, although with a wide
variability on both quantitative and qualitative terms. Quantitative results of microbiological analyses
for HPC at 37 °C and at 22 °C, E. coli, total Coliforms, Enterococci, and Staphylococci are reported in
Supplementary material, Table S1.

HPC positivity was observed in 104 (96.3%) samples incubated at 37 °C and in 101 (93.5%)
incubated at 22 °C. The four plates found to be negative for bacterial growth at 37 °C, showed some
CFU at 22 °C; the opposite was noticed in the 7 samples found to be negative at 22 °C. Fourteen
samples (13%) showed only HPC positivity but no Coliform, enterococcal, or staphylococcal growth.
Total Coliforms were detected in 6.5% of the samples, Enterococci in 37.0%, while Staphylococci
resulted highly represented (85.2%). Escherichia coli was never detected.

The most frequently isolated species of Staphylococci was Staphylococcus epidermidis (72.2% of
the MPs), followed by S. capitis (13.9%), S. saprophyticus (5.6%), S. warneri (5.6%), S. xylosus (5.6%),
S. aureus (3.7%), S. chromogenes (3.7%), S. cohnii cohnii (0.9%) and S. simulans (0.9%). Micrococcus spp.,
which was also detected by the API Staph test, was retrieved in 12.9% of the samples. A maximum
of 3 different species were identified simultaneously in the same plate; such a situation occurred in
7 different samples; 31 MPs showed 2 different microbial species, while in the remaining 52, a single
species was identified.

Figure 1 shows a Heatmap highlighting the quantitative presence of different bacterial strains,
in relation to the described variables and at the two different incubation temperatures. In particular,
HPC 37 °C and Staphylococci were well-represented in relation to all the tested variables, with higher
loads in students using flip cover or dry towels. S. epidermidis was the more represented staphylococcal
species in the tested samples, whereas S. warneri was found preferentially in Intensive Care Units and
S. capitis was associated with the use of a flip cover.
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Figure 1. Heatmap showing the distribution of the microbiological findings in relation to students’
demographic characteristics and habits.
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The scatter plots reported in Figures 2 and 3 showed that the distribution of samples according
to the staphylococcal and enterococcal loads was substantially overlapping when the samples were
grouped according to the type of degree course (Master degree or Bachelor degree) (Figure 2b), the place
of training (Figure 2d), and the cleaning frequency (Figure 3a). Comparatively lower loads were
found in those who used both public and private transport (Figure 2c), although the low sample size
(n = 4) was responsible for a wide confidence interval. On average, higher loads of Staphylococci and
Enterococci were found in MPs from male individuals (Figure 2a) and in those using dry methods to
clean the devices (Figure 3b); Staphylococci alone were present in greater quantities in individuals
using flip covers (Figure 3c). A scatter plot on E. coli and Coliforms was not built, due to their rare

detection in our samples.
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Figure 2. Scatter plots showing distribution of samples based on staphylococcal and enterococcal
load—In(CFU/dm?)—according to students’ demographic characteristics—gender (a); degree course
(b); means of transport (c); and place of training (d).
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Figure 3. Scatter plots showing distribution of samples based on staphylococcal and enterococcal
load—In(CFU/dm?)—according to students’ smartphone-related habits—cleaning frequency (a);

cleaning method (b); and cover type (c).
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At the univariate analysis level, only gender was found to significantly influence bacterial loads,
in terms of HPC 37 °C, HPC 22 °C, and Staphylococci (p < 0.05); using significance threshold of p < 0.2,
to search for variables to inform regression models, we found more variables to be included in the
models (see Figures 4 and 5).
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Figure 4. Box plots showing samples’ distribution by gender (a) and level of study (b).
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a) CLEANING METHODS

100000
10000

1000

CFU/dm?

HPC 37°C- HPC37°C- HPC37°C- HPC37°C - |HPC22°C- HPC22°C- HPC 22°C- HPC 22°C - [Enterococci - Enterococci - Enterococci - Enterococci i
Nothing ~Disinfectants ~ Water ~ Diytowel | Nothing Disinfectants ~ Water ~ Diytowel | Nothing Disinfectants ~ Water ~ Dry towel |ci—Nothing Disinfectant - Water - Dry Towel

p=0.226 p=0.560 p=0.127* p=0.082*

b) CLEANING FREQUENCY

100000

10000
1000
o
£
T 100
=)
i
O 1
1
01
HPC 37 °C-HPC 37 °C -HPC 37 °C HPC 22 °C -HPC 22 °C -HPC 22°C
Dailyto  Monthlyto Yearlyto | Dailyto Monthlyto Yearlyto | - Dailyto -Monthlyto - Yearly to|ci—dailyto i-monthly i-yearlyto
weekly ~hafiyeary  never | weekly halfyearly never | weekly haffyearly never | \eekly  toyearly  never
p=0.051* p=0.226 p=0.132* p=0.423
¢) TYPE OF COVER
100000
10000
1000
£
T 100
>
[
O 1
1
01
HPC 37 °C-HPC 37 °C -HPC 37 °C JHPC 22 °C -HPC 22 °C -HPC 22°C
Nothing  FlipCover ~ Case | Nothing FlipCover ~ Case | -Nothing - Flip Cover - Case |ci—Nothing — FlipCover ci— Case
p= 0.155* p=0.227 p=0.780 p= 0.055*

Legend: *variable not significant at the univariate analysis, but selected for linear regression model;
** variable significant at the univariate analysis, and selected for linear regression model

Figure 5. Box plots showing samples’ distribution by cleaning method (a), cleaning frequency (b),
and type of cover used (c).

Regarding Coliforms, only one predictor was identified (i.e., the cycle of studies), and the
consequent linear regression model resulted in an R = 0.107 (see also Table S2 in supplementary
material). Despite the selection of several variables, no model could adequately predict the variables
of interest—the type of cover, gender, frequency, and method of cleaning combined, could only
explain 17% of the HPC 37 °C variability, while the type of cover, method of cleaning, and gender
combined explained about 16% of the staphylococcal load variability. The remaining models all had
R-square < 0.15.

4. Discussion

The results of our study showed that the touchscreens of MPs were often colonized by
bacteria, including pathogenic and opportunistic species, in line with previous studies on this
subject [1-3,5-9,12-16,18,19,35,38-40].

All MPs in our sample showed at least some degree of bacterial contamination, different from
other previous reports [1,3,5-9,12-16,19,35,38-40], but in accordance with some other ones [2,18].
This difference could be explained by the technique we adopted, namely standard methods of
environmental microbiology, evaluating mesophilic and psychrophilic flora, through the HPC 37 °C
and HPC 22 °C [25,26,28,41,42]. Even if HPC was a generic value per se, it was considered a
good indicator of hygiene quality of surfaces, regardless of specific bacterial species that could be
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identified [26]. However, in our study, the usual HPC threshold values of <500 CFU/dm? [26,30] or
<250 CFU/dm? [25,28,41] did not seem to be sufficient to guarantee adequate hygienic quality level of the
MPs surfaces. Based on our results, two different tolerance thresholds for HPC 37 °C could be proposed,
depending on the risk level of the hospital unit—a restrictive cut-off of 15 CFU/dm? for units at high
risk for HAIs (only staphylococcal presence in 44% of MPs, in the absence of S. aureus in our sample),
as already at 20 CFU/dm? of HPC 37 °C, Enterococci were observed in 6% of samples and Staphylococci
in 56%; and a higher threshold of 35 CFU/dm? was observed for the other units (0% Coliforms,
8% Enterococci, but with loads <100 CFU/dm?, and 60% Staphylococci, loads <100 CFU/dm? in our
sample). With higher values of HPC 37 °C, we first observed the occurrence of high staphylococcal
loads (230 CFU/dm? for HPC 37 °C of 40 CFU/dm? ), then higher enterococcal loads (100 CFU/dm? for
HPC 37 °C of 45 CFU/dm?), and eventually the appearance of Coliforms (for HPC 37 °C of 65 CFU/dm?)
and of S. aureus (for HPC 37 °C of 70 CFU/dm?).

The presence of Coliforms and Enterococci indicates bad individual hygienic habits or accidental
contamination through the fecal route [26,30,43]. S. aureus was considered to be a marker of insufficient
hygienic quality for surfaces in hospital settings [25,26]; its pathogenicity and widespread antibiotic
resistances must be also taken into account [44,45].

Our findings showed that male gender, flip cover, and dry towel were predictors of the presence of
HPC 37 °C, Enterococci and Staphylococci. All measured microbiological parameters were significantly
higher in the smartphones of male participants. According to previous studies, female students
reported to have better attitudes towards hand hygiene, and a higher rate of hand hygiene practice
than the males [46,47]. The report of higher bacterial loads on MPs owned by male individuals
was inconsistent in the literature [9,48], and sometimes a better attitude towards hand hygiene was
associated with worse hand hygiene practice [49,50].

As expected, coagulase-negative Staphylococci (CoNS) were the most commonly isolated bacteria
from our samples, being part of the human skin flora [51], as documented by the many species
identified, namely S. epidermidis, S. capitis, S. saprophyticus, S. warneri, S. xylosus, S. chromogenes, S. cohnii
cohnii, and S. simulans.

In our series, the presence of S. aureus colonies was observed in a much smaller percentage of
cases (3.7%), when compared with the presence of CoNS (85/108; 78.7%). This result was in line with
previous observations on the subject [1,3,5-8,12,13,15,16,18,30,38,40,52], although our S. aureus values
were even lower than those reported in most of such studies.

To date, the etiological role of CoNS in human diseases was extensively reported, especially in
hospital settings, where some of these species might act as leading opportunistic pathogens or could
even have emerged as truly pathogenic bacteria, particularly in immunocompromised patients [32,52].

In addition, these bacteria showed increasing tendency to develop antibiotic resistances, making
the management of such infections even more difficult [32,53,54].

Staphylococcus epidermidis was the most frequently isolated staphylococcal species from our
samples. It possessed a high capacity of biofilm production, allowing it to adhere to and survive
on many different biological or artificial surfaces [55]. For this reason, it was considered to be the
main cause of implanted medical device contamination, and thus of infection of patients carrying
such devices [56]. In our series, S. epidermidis was found in 78 out of 108 of the samples, representing
72.2% of the overall population and 85.7% of all plates that were positive for the Staphylococcal species.
It could be inferred that the biofilm-producing features of this species could make it highly resistant on
touchscreen surfaces, allowing it to be easily carried throughout the facilities/hospital units. Therefore,
it could be useful to adopt appropriate disinfectant cleaning methods for the decontamination of MPs.

Staphylococcus saprophyticus, although being a commensal species in the human skin and
gastrointestinal tract, was associated with lower urinary tract infections (UTIs)—in particular, it was
reported as being second only to Escherichia coli as the etiological agent of UTIs in young and
middle-aged women [32,57]. Moreover, similar to S. epidermidis, it might become highly pathogenic
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when reaching the bloodstream, through intravenous drug administration, dialysis, catheter insertions,
or spinal anesthesia [3].

S. capitis is a part of the human cutaneous bacterial flora, especially on the scalp and arms. It is an
opportunistic pathogen, causing prosthetic joints infections and cases of bloodstream infections from
catheters, bacterial endocarditis, peritonitis in CAPD, and neonatal sepsis. Thus, it is considered to be
a serious pathogen, especially in neonatal settings [32,54].

Micrococci are nowadays reclassified under the class Actinobacteria, [32] thus, phylogenetically
distinct from Staphylococci; nevertheless, many species of the two genera share the same
microenvironments in the human body [58]. In addition, just like some Staphylococcus species,
Micrococci can be found on food, as well as in the environment. Micrococcal species were reported
to cause pulmonary infections, bacterial endocarditis, and bloodstream infections from catheters; the
risk seemed to be increased in immunocompromised patients [58,59].

Colonization of MPs by Coliform and Enterococcal species is very important from a clinical point of
view; not only are they a well-known cause of HAIs, but they also show a wide degree of emerging
antibiotic resistances, thus, representing a life-threatening danger, especially in vulnerable patients
(i.e., elderly, immunosuppressed, and those with multiple comorbidities) [33,60,61].

In our sample, cellular phones that were frequently cleaned as well as those that were seldom
or never cleaned, showed lower contamination levels than the MPs in the intermediate cleaning
frequencies. For explaining this finding, we could assume the possibility of the development, over time,
of a local flora on the MPs’ screens, counteracting an excessive proliferation of a single bacterial species
through competitive inhibition. In this setting, therefore, we could formulate the hypothesis that
cleaning the touchscreen could alter the established microbial balance, similar to what happens for
hand microbiota [62], giving rise to a greater and disordered bacterial growth after cleaning, once the
effect of the disinfectant fades off.

On the other hand, as already shown in previous works, the bacterial contamination of an MP could
simply reflect the particular skin bacterial flora (microbiota) of an individual [51,63]. The microbiota
hypothesis could represent one of the possible explanations to our results—in fact, no significant
differences in bacterial contamination were observed in relation to the degree course attended, the
type of transport used (private or public), and the department of training. In this sense, especially in a
healthcare environment, it would become more appropriate than ever to focus on proper hygienic
procedures (hand washing, proper use of disposable gloves), before and after performing activities on
patients, and possibly on cleaning MPs, at least before and after hospital working shifts.

In addition, this underlined the importance of accurate hand hygiene even outside the working
environment, as emphasized by the WHO [26]; in fact, the risk of transferring pathogenic and possibly
drug-resistant bacteria from the hospital to the community, and not only the opposite, should be
considered as well [64].

Our findings about phone usage by students were very similar to those of a survey conducted in
North America at the onset of Covid-19 pandemic, which aimed to find out the habits of nurses on
MPs use in different hospital settings (our results compared to the PDI healthcare study’ ones—use of
mobile phones in hospital: 93% vs. 84%; use without gloves on—72% vs. 84%; frequent cleaning of
the MPs—33% vs. 41%); the only relevant exception was the use of disinfectants for MPs cleaning,
which we found to be less frequent (39% vs. 72%) [65]. These data could be seen as an opportunity to
improve knowledge and practices on MPs management in healthcare settings.

5. Conclusions

This study allowed us to assess the contamination of MPs in terms of microbiological indicators
and to correlate it to the characteristics and habits of the examined population in a healthcare setting.
This experience also gave us the opportunity to inform the students about the microbiological risks
their MPs can pose, thus, taking a first step towards a more systematic educational intervention on the
potential risks related to these devices, in healthcare degree courses. Training students of healthcare
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professions about the possible risks associated with the use of MPs in the field of HAIs, could be an
example of good practice to be implemented into University degree courses.

In accordance to what was reported by Raza et al., 2017 [3], it is neither advisable nor useful to
ban the use of mobile phones in healthcare settings, as MPs proved to be highly valuable for rapid
communication between health professionals, patients, and for ad-hoc applications. Thus, the future
objectives should be focused on the development of specific guidelines for the proper management of
these devices (e.g., frequency and method of decontamination, proper use of gloves, etc.) in hospital
settings [66,67], just like other usual medical tools.

Particular habits, such as the use of a flip cover and cleaning the MP with a dry towel, in our
work were associated with higher HPC 37 °C, staphylococcal, and enterococcal growth—in our
opinion, if these results were confirmed through further research, these habits should be discouraged
among HCWs.

Still, the importance of proper hand hygiene should never be underestimated. MPs are one
of the most highly touched surfaces according to the CDCs, and, during the current Covid-19
pandemic, hand hygiene has been recommended as a key infection control strategy by all leading
health societies [19,68]; besides, it has long been established as the main standard precaution for the
prevention of HAIs [3]. MPs are a high-risk surface, as they can come into contact with the hands,
face, mouth, and droplets, with the potential effect of negating hand hygiene, and to act as Trojan
horses [19,68].

The actual increased societal awareness has led major MPs companies such as Apple, Samsung,
and Google to release guidance for proper MPs disinfection [65], while CDCs recently published advices
to be followed for cleaning and disinfecting high touch surfaces like MPs, at home [68]; according to
CDCs, when no producer’s guidance is available, alcohol-based wipes or sprays containing at least
70% alcohol should be used to sanitize electronic devices.

To the best of our knowledge, only two other studies on bacterial contamination of MPs were
performed in Italy so far [15,69].

This work was a preliminary, hygienic-sanitary-oriented, evaluation of bacterial colonization of
MPs of healthcare professions students, performed in a territorially limited setting.

Further, larger studies are planned to be conducted in the future, extending the focus on other
microorganisms responsible for HAISs, or evaluating the antibiotic resistances of the retrieved species.
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