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ABSTRACT

Introduction. Smartphones (SP) of health-care-workers and trainees could be easily and quickly contaminated by pathogens.

The purpose of the study. To evaluate effectiveness of the disinfection with 70% isopropyl alcohol (IPA) on SP contamination, identify the
prevalence of bacterial contamination of SP used by health sciences students at Sfax, Southern Tunisia and to delineate its associated factors.
Materials and Methods. It was a prospective, pre-post quasi-experimental study in the Institute of Nursing Sciences of Sfax to assess SP’
contamination before and after disinfection with 70% IPA conducted between September and November 2021 among 100 trainees in the
clinical services of the two University Hospital Centers of Sfax, Southern Tunisia (Habib Bourguiba Hospital and Hedi Chaker Hospital) and
who were carrying SP during their internship.

Results. A total of 100 enrollees were included in the survey. The mean age was 20.37 + 0.7 years. There were 58 (58%) females giving a
male-to-female ratio of 0.72. The contamination rate of SP was of 62% among participants. Associated factors of SP contaminations were the
34 year level (OR = 2.6; p = 0.049), working at a pediatric ward (OR = 2.7; p = 0.042), working at intensive care unit (OR = 3.2; p = 0.018)
and working at Habib Bourguiba University Hospital (OR = 2.5; p = 0.026). Isolated germs were coagulase negative Staphylococci (79%),
followed by Bacillus spp. (42%), Micrococcus spp. (29%), Corynebacterium spp. (11.3%) and gram-negative-bacilli of the environment
(6.4%). Disinfection with 70% IPA had proven to be effective, as it had allowed a reduction rate of 96.25% of the growth of germs.

Research limitations. It included the cross-sectional design, through which it was possible to assess only the association between facts, but not
to confirm causal relationships and temporality.

Conclusions. High level of bacterial contamination of trainees’ SP was observed causing high risk for pathogens spread. The surface spread
method using 70% IPA seem to be simple, effective and riskless for SP disinfection.
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PE3IOME

Beenenne. CMapTQoHBI, HCIONIb3yeMble MEAUINHCKAME paOOTHUKAMH U CTAKEPAMHU, OJBEPIKEHBI BEICOKOMY PHCKY 3arpsi3HEHHUS IIaTOT€HaMU.
Iean nccenoBanust — ONEHUTH 3P (HEeKTUBHOCTS Ae3nH(EKINHN 3arps3HEHHBIX cMapThoHOB 70% m3onponmnoseiM crimproM (UIIC), onpene-
JIUTH PaCIPOCTPaHEHHOCTh OAKTEPHATIBHOTO 3arPsI3HEHUS cMapT(OHOB, HCIOJIB3YEMBIX CTYACHTAMH MEJULIMHCKHX By30B B Cdaxce, FOxxHOM
TyHuce, 1 yCTAaHOBHTH CBSI3aHHBIE C 3TUM (haKTOPBI.

Marepnaa u Meroabl. B MHctutyte cectpunckoro nena Cdaxca Juis OLEHKH 3arpsisHeHHs cMapT(oHOB 1o u mnocie aesuHpexunu 70%
UIIC B nepuox ¢ ceHTsiOps 1o HostOps 2021 T. IpOBEEHO MPOCIEKTUBHOE, MPE/-IIO0CTKBA3NIKCIIEPUMEHTAIBHOE UCCIIEIOBAaHNE C YIacTHEM
100 cTa)képoB B KIIMHUYECKHX CIy’kK0ax JBYyX yHUBEPCUTETCKUX O0NMbHUYHBIX IeHTpoB Coaxca, FOxubiii Tyrnc (6ompanma Xabubda bypruost
u 6onpauNa Xenu Llakepa).

PesyabTarel. Beero B onpoce mpunsnu yuactue 100 yenoek. Cpennuii Bospact coctasun 20,37 + 0,70 roga. Cpean Hux 66110 58 (58%)
JKEHIL[MH TIPY COOTHOIICHUH MYXYWH U keHIuH 0,72. YpoBeHb 3arps3HeHust cMapThoHoB coctaBmi 62%. ComyTcTBYIOIMMHU (akTopaMu
3apakeHus1 cMapTPoHOB ObLTH 3-i ron 00yuenus (OR = 2,6; p = 0,049), padora B neauarpuueckom otaenenun (OR =2,7; p = 0,042), pabora
B oTaenenun uaTeHcuBHoi tepamun (OR = 3,2; p = 0,018) u pabora B yHUBepcuTeTckoii bonpaume Xabuda bypruosr (OR = 2,5; p = 0,026).
BbIH BBIIEICHBI IITAMMBI KOATyJIa300TPUIIATENbHBIX CTadUIOKOKKOB (79%), Bacillus spp. (42%), Micrococcus spp. (29%), Corynebacterium
spp. (11,3%) u rpamoTpumaTenbHble 6akTepun B OKpyskaromei cpene (6,4%). Jesundexuus 70% UIIC okazanacsk 3¢ eKTHBHOH, TOCKOTBKY
OHa IM03BOJINIIA CHU3UTh TEMIIBI POCTa MUKPOOOB Ha 96,25%.

Orpannyenusi ucciuenoBanus. OHO BKIIOYAJIO MONEPEYHOE CEYEHHE, C MOMOLIBI0 KOTOPOTO MOXKHO OBUIO OLICHHUTH TOJBKO CBSI3b MEXKIY
(axTamy, HO He TTOATBEPIUTE IPUINHHO-CIEACTBEHHBIE CBA3U U JMHAMUKY 3apaKCHHSI.

3axJi0uenne. BrIcOkHi ypoBeHb GAKTEpPHAIBHOTO 3arpsi3HEHUST CMAapT()OHOB Y CTyACHTOB IIPUBOIUT K BHICOKOMY PHCKY PAacIpOCTPaHCHUS
naroreHoB. Metox 06paboTkn nmosepxHocTH cMaphoroB 70% UIIC npencTtaBnsercs mpocTsiM, 3¢ GEKTHBHBIM 1 O€30TIaCHBIM IS [Ie3HH(EK-
U cMapT(OHOB.

Knroueevie cnosa: 3acpi3HeHue; ()6‘3MH¢€KZ4M}1,' C6A304HHblEe C OKA3AHUEeM Me()uuuncmﬁ nowvouwju MH¢€KZ4MM,' CMapm(])OHbl

Co0uroneHue 3THYECKHX CTAHIAPTOB. MccienoBanue He TpeOyeT NpeacTaBICHIS MHCHHS KOMUTETa [0 OMOMETUIIMHCKOM STUKE HITH APYTUX
JOKyMEHTOB.
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Introduction

The first cellular phone call worldwide was on April 3,
1973 [1]. Then, modern technology had rapidly contributed
to develop technologies for individual and common use
[2]. Thus, this technological improvement had drastically
change personal as well as professional lives particularly with
appearance of smartphones (SP) [1]. Similarly, to other fields,
the medical domain experienced the resounding effects of
the SP with a profound impact as it became one of the most
indispensable accessories of professional and social life [1, 3].
Afterwards, the use of SP had been banned in some health care
facilities because of their electromagnetic interference with
medical equipment [4]. Then, it was found that the interference
hypothesis was not well established with a resurgence of
interest in the use of SP. Consequently, SP had become a
widely used accessory in the hospital setting and healthcare
professionals refer to SP as a means of communication and
a source of information [1, 4]. In addition, SP use requires
keeping them close to different parts of the body: the face, nose,
mouth, ears and hands, which are colonized by germs and are
sources of infection [5]. Repetitive hand contact, as well as the
temperature generated by the SP itself, creates an environment
conducive to the growth of germs, which are normally present
on the skin [6]. Thus, SP seem to be a perfect habitat for
colonization by several pathogens [ 7] particularly in healthcare
settings where they could be easily and quickly contaminated
by pathogens from the hospital environment, patients, and
medical devices [8]. Then, constant use of SP by healthcare
workers and trainees in different care facilities, particularly
with the lack of disinfection, make them potential routes
for pathogens transmission including multi-drug-resistant
organisms [3, 7]. Consequently, SP could be incriminated in
healthcare associated infections (HAI) [1-3, 7, 8] which are
one of major concern for healthcare systems around the world
and are significantly associated with higher rates of morbidity
and mortality as well as increased hospitalization costs [9].
According to the World Health Organization (WHO), HAI
occur in 7 out of every 100 hospitalized patients in developed
countries and in 10 to 15 per 100 patients in developing
countries [9]. In southern Tunisia, prevalence of HAI was
9.02% in South Tunisian University Hospitals in 2019 [10].
Furthermore, the incrimination of SP in transmission of HAI
have been demonstrated in various studies worldwide [9, 11,
12]. A previous study came to a result that pathogenic bacteria
are present on approximately 40% of patients’ SP and on
approximately 20% of hospital staff” SP [13]. A particular
attention should be paid for students and trainees while
performing internships at hospitals. Their frequent use of SP
in several sites raises the opportunity for cross-contamination,
especially if no safety practices are common among them
[14]. In light of what was mentioned and the scarcity of
data assessing contamination of SP in healthcare facilities in
Tunisia, the present study aimed to evaluate effectiveness of
the disinfection with 70% IPA on SP contamination, identify
the prevalence of bacterial contamination of SP used by health
sciences students (HSS) at the two University Hospitals Centers
of Southern Tunisia (Habib Bourguiba University Hospital:
HBUH and Hedi Chaker University Hospital: HCUH) and to
delineate associated factors of bacterial contamination of SP.

The purpose of the study. To evaluate effectiveness
of the disinfection with 70% isopropyl alcohol (IPA) on
SP contamination, identify the prevalence of bacterial
contamination of SP used by health-sciences-students at Sfax,
Southern-Tunisia and to delineate its associated factors.

Prevention of infectious diseases

Methods

Study design. It was a prospective, pre-post quasi-
experimental study conducted in the Institute of Nursing
Sciences of Sfax to assess SP’ contamination before and
after disinfection with 70% IPA. It was over a period of three
months: September, October and November 2021.

Study population. All students enrolled in the 2nd and the
3rd year levels during the academic year 2021-2022, who were
trainees in the clinical services of the two University Hospital
Centers of Sfax, Southern Tunisia (HBUH and HCUH) and
who were carrying SP during their internship were eligible
to participate in the present survey. Inclusion criteria covered
students enrolled in the Institute of Nursing Sciences of Sfax
(2" and 3" year levels) who willed to participate in the study.
Exclusion criteria were being enrolled in the first academic
year because they had not to be trainers in Sfax University
Hospitals. Non-inclusion criteria were not accepting to
participate in the survey or students who were absents the day
of survey.

Data collection procedure. The study protocol was
rigorously written, with clear and precise objectives by expert
teams. After reviewing literature, a French self-administered
questionnaire divided into three sections was standardized then
distributed. The first section addressed general information of
enrollees such as age, gender, academic year and previous
training in intensive care unit. The second part gathered
information on SP use (seniority, frequency and causes of SP
usage). Finally, the third part assessed the SP hygiene such
as information about necessity of disinfection, frequency and
product used for disinfection as well as hand hygiene after SP
use and culture results were later announced.

The first step was to collect data from questionnaires
distributed to enrollees. Then, samples from the SP were taken
before and after disinfection as mentioned below. Samples
were identified by marking the same number on the swab
and the corresponding information card. Pre-disinfection
and post-disinfection swabs were distinguished by marking
them with the index “a” for pre-disinfection swabs and “b”
for post-disinfection swabs. Besides, the two swabs had the
same number for the same SP. The samples were sent rapidly
to the regional hygiene laboratory in a cool box containing an
ice pack, for analysis. Afterwards, identification was based in
colony morphology, gram staining and biochemicals reactions.

After applying hydro-alcoholic gel on hands and wearing
gloves, the samples were taken with sterile swabs dampened
with sterile physiological serum. The swab was taken from
the entire surface of the SP likely to be in contact with the
hands (screen and back surface), making tight striations in
three directions: horizontally, vertically and diagonally, and
turning the swab to load it with as many germs as possible.
Then the intervention to evaluate was the disinfection with
70% IPA. It was performed using 70% IPA sprayed on a sterile
microfiber cloth. We have waited two minutes, the time for
the disinfectant to be effective. Then, sample was recollected
again according to the same modality. On receipt, the swabs
were separated to distinguish those made before disinfection
from the ones made after. Each swab was discharged into 0.5
ml of sterile saline. The resulting suspension was inoculated
on different culture media which were prepared according to
the laboratory’s recommendations. Inoculation was done by
a calibrated loop using the four-quadrant inoculum depletion
technique. After 48 hours, the cultures were observed. The
colonies that appeared were counted, identified and noted.
Identification was based on the appearance of the colonies as
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Table 1. General characteristics

Tabauna 1. O0mias xapakTeprucTuka

Number of participants

Variables Ymcno y9acTHUKOB
Ilepemennbie
n %
Enrollees data | Ceedenus 06 yuacmuukax uccie0o8anus
Gender male | My>XcKoit 42 42
Ion N
female | skeHCKHI 58 58
Age <20 years | ner 62 62
B

ospact > 20 years | met 38 38
Academic year 2" year | 2-i rox 68 68
C §

POIC ODYHeHIA final year | nocnenHuii Kypc 32 32
Hospital of training Habib Bourguiba University Hospital | Kinauka Yausepcurera Xa6ub bypru6a 71 71
C . L .

TANHPORIA B IUTHHIIKe Hedi Chaker University Hospital | Knuauka YauBepcutera Xenn Yakep 29 29
Ward of training pediatric ward | meTckoe oTieneHue 17 17
M

CCTO CTaxHpoBKH adult ward | TepaneBTHYeCKOE OT/IENICHUE 83 83
Ward of training type medical | TepaneBTHUECKOE OTIEICHHE 25 25
IT .

POHL CTaXMPOBKN surgical | Xupyprudyeckoe oTAeNeHNne 65 65

intensive care unit OTaeNeHIe HHTEHCUBHOW Tepauu 10 10
previous training in intensive care unit 23 23
npeablAyIas CTaXKUPOBKA B MajaTe MHTEHCUBHON Teparnuu
SP information | Ceedenus o cmapmeonax
Seniority of actual SP < 6 months | mec 13 13
CpOK HCIIOJIB30BaHMs JAHHOTO
cMapTdhoHa 6-12 months | mec 29 29
1-2 years | ner 5 5
> 2 years | et 53 53
Frequency of SP use <2 times/day | pa3 B 1eHb 0 0
YacToTa HCTIOIB30BaHUSA .
cMapTdhoHa 2-5 times/day | pa3 B 1eHb 20 20
6-20 times/day v pa3 B 1eHb 37 37
> 20 times/day | pa3 B 1eHb 43 43
Causes of SP use at hospital ~ surfing on internet | morck B HHTEpHETE 63 63
ITpUYMHBI HCTIONB30BAHUS di 1 55 55
cMapTdOHa B KITHHHIKe responding calls | oTBeT Ha BXOAAIIHE 3BOHKH
using applications | BcIIonb30BaHNE IPUIOKECHUI 41 41
chronometer, calculator | XpoHOMETp, KaIbKYIATOP 14 14
Frequency of SP disinfection  no disinfection | 6e3 ne3unpexun 57 57
YacroTa ne3unpexunu .
cmapTdhona 1 time/semester | pa3 B cemecTp 7 7
1 time/month | pa3 B Mecsin 10 10
1 time/week | pa3 B Henemo 15 15
after each use | moce Ka)J10T0 UCIOIB30BAHUS 11 11
Product used for SP hydroalcoholic gel | BogHO-CIMPTOBOI TEIIH 51 51
disinfection .
CpesicTBo /uis IesHE(eKH wipes | BlIaxXHbIE caneTKu 22 22
cMapTdoHa alcohol solution | crimpToBO# pacTBOp 14 14
bleach | orGenuBaroiee cpeacTro 2 2
hand hygiene after SP use 19 19

THTHEHNYECKast 00paboTka PyK MOCiIe HCIIOIb30BaHs cMapTdoHa
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Table 2. Culture results after 48-hours incubation

Tadmuma 2. Pe3ynsraTbl MUKpOOHOIOTHYECKOTO aHAN3a
oCIie HHKyOaruu B TeueHue 48 4

Number Positives
Isolated germs of samples cultures, %
BeieseHHbIE ITaMMEI KonnuaectBo  ([TonoxkutenbHbIe

00pa3oB ITOCEBEL, %0
CNS | Koaryna3a-HeratiuBHble 49 79
CTa(pUITOKOKKH
Bacillus spp. 26 42
Micrococcus spp. 18 29
Fungi | ['puGs 15 242
Corynebacterium spp. 7 11.3
Gram-negative bacilli 4 6,4

in the environment
I'pam-oTpunarenbpHbIe OaKTEPU
B OKpY’Kalollel cpene

well as Gram staining followed by immersion microscopy and
other standard chemical reactions. Indeed, the colonies whose
microscopic study showed Gram-positive cocci were tested
for catalase and DNAse.

Statistical analysis. Data analysis was performed using
the Statistical Package for Social Sciences (SPSS) computer
software in its 20" version. We checked the normality of the
distribution of the quantitative variables, by the Kolmogorov—
Smirnov test and the Shapiro—Wilk test. Descriptive analysis
was performed for quantitative data by mean, standard
deviations for normally distributed variables and by median
and interquartile range for non-normally distributed variables.
For qualitative data, frequencies and percentages were used
as applicable. A Univariate regression analysis was performed
to predict potentially significant determinants of positive
culture of SP. A p-value of < 0.05 was considered statistically
significant.

Ethical consideration. An oral and confirmed consent was
obtained from all participants. It had been approved by the
regional ethical committees. Samples from the SP were taken
by an authorized and well-trained paramedical personnel.
All samples were taken by the same person, according to an
explained and written protocol and under the most aseptic
conditions possible.

Prevention of infectious diseases

Results

Enrollees Data. Among a total of 197 HSS enrolled in
the 2" and the 3 year during the 20212022 academic year,
100 enrollees accepted to participate in the survey giving a
response rate of 50.7%. The mean age was 20.37 + 0.70 years.
There were 62 (62%) participants aged > 20 years. Of the
100 trainees, 58 (58%) cases were female giving a male to
female ratio of 0.72. There were 71 (71%) cases affected at
Habib Bourguiba university hospital. According to the ward
of training, there were 17 trainees assigned to a pediatric ward.
Being affected at an intensive care unit was noted in 10 cases.
There were 68 (68%) students enrolled in the 2™ year level.
Of all, 23 (23%) enrollees had a training in intensive care unit
previously (Table 1).

Smartphone Information. The seniority of the actual SP
was above 2 years in 53 (53%) cases. Forty-three cases (43%)
used their SP more than 20 times per day. Of all, 83% were
using their SP during their internship. Surfing on internet to
search clinical information was the main cause of use in 63%
followed by responding calls in 55% and using applications in
41%. Of all participants, 39% were informed about necessity
of SP disinfection before and after internship in hospitals.
Regular disinfection of SP was noted in 43 (43%) cases. Of
whom, 15 (15%) participants disinfected their SP 1 time per
week. Hydroalcoholic gel was the main product used in 51%
(n = 22). Only 19 (19%) students had the habit to disinfect
their hand after SP use and 82 (82%) cases perceived that their
SP could carry pathogens (Table 1).

Swab data: assessing contamination of smartphones.
There were 62 % positive culture, indicating contamination of
the SP. Among whom, 58% were poly-microbial. For isolated
pathogens, the predominant germs were coagulase negative
Staphylococci (CNS). They were isolated in 49 samples.
Bacillus spp., Micrococcus spp., Corynebacterium spp., and
gram-negative bacilli of the environment were present in 26,
18, 7, and 4 samples, respectively (Table 2).

After using 70% IPA the rate of culture positivity was 3%.
The total growth reduction rate was 96.25%, with variability
between the different germs isolated as shown in Table 3.

Associated factors of smartphone contamination (positive
culture): Results of univariate analysis

Positive culture of SP was significantly associated with the
3 year level (odds ratio (OR) = 2.6; p = 0.049), working at
adult ward (OR = 2.7; p = 0.042), working at intensive care
unit (OR = 3.2; p = 0.018) and working at Habib Bourguiba
University Hospital (OR =2.5; p = 0.026) (Table 4).

Table 3. Reduction rate of microbial growth after disinfection with 70% IPA
Tadsmuna 3. CrenieHs nopasieHus pocta Oakrepuit mocie ne3nHpexmn 70% U30IpONHIOBEIM CITUPTOM

Number of colony forming unit | Yucno KOE

Germ
ITamMBbI

before disinfection
10 Ae3UHGEKIINN

Growth reduction rate, %

after disinfection Temnsl mogasieHus pocta, %

nocne JIe3uHpEKIUH

CNS | Koarynaza-HeratiuBHBIE CTa(MIOKOKKI
Fungi | [puGst

Micrococcus spp.

Bacillus spp.

Corynebacterium spp.

Gram-negative bacilli in the environment
I'pam-oTpHiatenbHbie GAKTEpHH B OKPYKAIOLIEH cpejie

150 1 99,3
102 13 87,25
64 1 98,43
40 0 100
31 0 100
13 0 100
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Table 4. Associated factors of SP contamination
Taduauna 4. akTopbl, CBI3aHHBIC ¢ HHPEKIIMOHHBIM 3arpsi3HEHUEM cMapThOoHa

Positive Negative Crude OR
. culture culture (95% CI)
Variables
Honoxutensusie | OtpunarensHeie | OTHOMIEHHE p
IIepemennble
IIOCEBBI ITOCEBHI 1IaHCOB
n (%) n (%) (95% )
Enrollees data | Ceedernus 06 yuacmmuukax ucciedoeanus
Gender male | My>XcKoit 27 (64.3) 15 (35.7) - 0.4
IMon female | xxeHckuii 41 (70.7) 17 (29.3) 1.3(0.5-3.0) 04
Academic year 2 year level | 2-ii kypc 42 (61.8) 26 (38.2) - 0.04
Cpox obyuerns 3% year level | 3-if kypc 26 (81.3) 6 (18.8) 2.6(1.1-7.4) 0.04
Ward of training adult ward | TepaneBTHYeCKOE OTIENICHUE 60 (72.3) 23 (27.7) 2.7(1.6-8.9) 0.04
Mecto craxuposku pediatric ward | neTckoe oTeneHue 8 (47.1) 9(52.9) - 0.04
medical ward | TepaneBTHYECKOE OTIEIICHHE 12 (48) 13 (52) 1 0.02
surgical ward | Xupyprudeckoe oTIeIeHUE 47 (72.3) 18 (27.7) 1.7 (1.2-3.6) 0.02
intensive care unit 9 (90) 1(10) 32(1.6-6.5) 0.01
OT/IE/IeHNEe HHTCHCHBHOM Teparim
Hospital of training Habib Bourguiba University Hospital 53 (74.6) 18 (25.4) 2.5(1.4-8.0) 0.02
CraxxupoBKa B KIMHUKE Knunnka Yausepcutera Xa6ub Bypruba
Hedi Chaker University Hospital 15 (51.7) 14 (48.3) - 0.02
Knuanka Yausepcurera Xenu Yakep
SP information | Ceedenus o cmapmegponax
Frequency of daily SP use <20/day | cyT 36 (63.2) 21 (36.8) - 0.2
Hacrora nenonpsosanus >20/day | cyT 32 (74.4) 11 (25.6) 1.7(0.7-4.0) 02
cMmaptdona:
Information about necessity no | HeT 42 (68.9) 19 (31.3) 0.9 (0.3-2.1) 0.8
of SP disinfection yes | ma 26 (66.7) 13 (33.3) - 0.8
OcBeIOMIIEHHOCTB O HEOOXOIMMOCTH
JIe3UH(EKINN cMapThoHa
Regular disinfection of SP no | HeT 44 (65.7) 23 (34.3) - 0.4
Peryipras nesungexims yes | ma 24 (72.7) 9(27.3) 1.3(0.5-3.5) 04
cmaptdona
Hand hygiene after SP use no | HeT 54 (66.7) 27(33.3) - 0.5
Turnenneckas 06pabotka pyk  yeq | g 14 (73.7) 5(26.3) 14(04-43) 05
HOCJIE MCIIOJIb30BaHus cMapTdoHa
Discussion by Parul Dipak Shah et al. [18] and Canales MB et al. [19]

Several studies were carried out in different countries
to assess the bacterial contamination of SPs in hospitals or
elsewhere. The collection protocol was by swabs in most cases.
Sterile cotton swabs are the most commonly used for surface
sampling [15]. According to a literature review conducted
between 2005 and 2019 among 71 published studies on
bacterial contamination of SP, 66 surveys used swabbing with
a sterile cotton swab moistened with a saline solution [16].

To the best of our knowledge, this was the first survey
conducted at local area evaluating SP use among HSS in
Southern Tunisia. Our study targeted a young population with
a mean age of 20 years. This age group had been associated
in the published literature with excessive use of SP with high
rates of SP dependence among them [17]. This was in line
with our results finding 43% of enrollees using their SP more
than 20 times per day.

Several studies have been conducted in healthcare
facilities to assess contamination of staff” SP. The rate found
in the present survey was 62% which was concordant with
Olsen and al’ findings of an average culture positivity rate of
68% [16]. Besides, it was lower than what was mentioned

finding respectively rates of 96% and 82% of mobile phone
contamination.

The most isolated bacteria specie was coagulase negative
Staphylococci in 79% of cases, which was consistent with
literature data. In fact, an Indian survey reported a rate of
78% of isolated CNS [18]. Our rate was higher than findings
from Saudi Arabia and united states showing rates of 52.8%
and 75% respectively [7, 19]. Other studies had shown that
isolated germs from SP and touch screens were in part germs
of the normal human skin flora. A German survey found
that Gram-positive cocci were among the most common
germs isolated from SP [20]. Previously, there was a general
consensus to classify the bacteria of the normal human
flora as non-pathogenic germs. Besides, recently, clinical
importance of these germs increased and their etiological
role in certain community or nosocomial infections had been
well established. They act as opportunistic or pathogenic
germs, especially when transmitted to immunocompromised
individuals [21]. In addition, normal human skin flora
had expressed more resistance to antibiotics, which may
complicate their management [21]. CNS are able to create a
biofilm on inanimate surfaces, which could cause problems
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particularly in patients receiving a valve prosthesis, implant
or catheter [15]. Apart from CNS, Bacillus spp. were isolated
in 42% of cases. The role of Bacillus spp. in the induction
of infections had also been confirmed in the literature.
A retrospective study was conducted in 2018 on samples of
Bacillus cereus isolated in 9 hospitals in France [22]. These
germs were responsible for localized infections in 8% of
cases, and 72% of patients had Bacillus cereus bacteremia.
In 62% of the cases, it was considered the etiological agent of
infections and was managed by an adapted antibiotic therapy.

At the third place, micrococci were isolated in 29% of
cases. These germs were also found in 27.7% of the studies
published in this context [19]. These are environmental
germs that have been incriminated in pulmonary infections,
bacterial endocarditis and bacteremia after catheter infections.
However, we did not isolate Staphylococcus aureus, although
this germ was found in 91.5% of the studies concerning
health care personnel [16]. S. aureus had been considered a
marker of poor hygiene quality in health care facilities [23].
A previous Tunisian study in 2019 that targeted SP from
students in order to characterize Staphylococci strains.
It showed that S. aureus was isolated in 79.1% of studied
devices and that their multiple antibiotic resistance index was
ranging from 0.444 to 0.812 [23]. Since the contamination
of the SP reflects the human skin flora, it can be concluded
that the hands of the staff included in the present study are
free of pathogenic germs. This could be explained by the
habit of hand hygiene and SP disinfection introduced since
the COVID-19 pandemic and reinforced by foundation of
hygiene departments in university hospitals of Sfax.

Arriving to factors associated with positive culture of
SP, this rate had no significative difference between males
and females in this survey. Besides, higher rate of bacterial
growth in male subjects was noted in the study conducted by
Cicciarella Modica et al. [11]. Students of third year level had
significantly higher rates of positive culture than those enrolled
in second year. This result could be explained by the fact that
older students should have harder trainees and more difficult
tasks as they are at the final step of their academic career and
they are preparing to start their professional experience. Thus,
they are more exposed to have contaminated SP. In addition,
working in intensive care unit was statistically associated with
positive culture of SP. This result was previously supported
by a Turkish survey [24]. Authors explained this result by the
routine of patient body care given to patients in intensive care
unit which could lead to higher contamination of hands and
consequently of SP.

Atthe same context, working in adult ward was significantly
associated with higher prevalence of positive culture. This fact
was previously supported by an African survey showing lower
prevalence of contamination in pediatric wards [9].

While many recommendations had been established for
hand hygiene practice, the Centers for Disease Control and
Prevention had recently introduced recommendations for
fomite hygiene and disinfection (including SP) after the
rapid emergence of COVID-19 pandemic [16]. Likewise, this
practice is not yet adopted widely. Indeed, 67% of students
of the present survey did not disinfect their SP regularly. This
rate was higher than Iranian results showing that 28% of dental
students never disinfected their phones [25]. In addition,
Zaman and Helmi’ survey, found that 8.75% of participants
admitted never to disinfect their SP [21]. This rate variability
between studies could be explained by the difference in the
degree of awareness of the need for SP hygiene.

Prevention of infectious diseases

Generally, it is strongly recommended to daily disinfect SP,
especially in healthcare settings. The disinfection procedure
should involve an effective intervention that respects the
nature of the screen’s tactile surface [16].

Finally, we found that alcohol, as a disinfectant, reduces
the detection of germs on the surface of the SP with a reduction
rate of 96%. This result was previously supported by previous
survey conducted among dental staff finding that the use of
swabs moistened with 70% IPA had a significantly reduction
of the contamination rate of SP with 98% of efficiency [25].
Although the use of wipes with chemicals could damage the
SP screen, it had been noted that treatment with 70% IPA is a
safe and simple mean of disinfection, resulting in membrane
damage and rapid denaturation of the proteins, interfering
with the metabolism of the microorganism causing bacterial
lysis. At the same context, large technology companies such
as Apple had updated recent guidelines on SP maintenance,
suggesting that SP cleaning could be simply by application
of 70% IPA or disinfecting wipe. In general, hydroalcoholic
solutions are a better way to disinfect SP as they are effective
and safe.

Recommendations and Conclusion

All objects with frequent hand contact, including SP, can
serve as reservoirs. Thus, contamination of the healthcare
workers’ hands is a major factor in the transmission of
healthcare associated infections at hospital environment,
making it necessary to promote good hand hygiene in that
environment [26]. At the same context, several studies
have addressed the issue of hand contamination and its
incrimination in infectious diseases transmission. The results
were impressive. An Indian survey conducted on 2018 in
which they assessed simultaneously the contamination of
SP and the staff hands showed that the species from the SP
and the dominant hand of the staff had the same bacterial
species, suggesting the role of the hand in the transmission
of germs over phones [18]. Thus, the established role
of SP in the transmission of germs and the induction of
healthcare-associated infections requires the implementation
of prevention measures. Frequent hand hygiene as well as
periodic and regular disinfection of SP will reduce the risk
of transmission of potential pathogens [5].

In the context of preventing healthcare-associated
infections, the WHO had stated that “in most cases, the hands
of healthcare workers are the vehicle of transmission from
source to patient”. Therefore, hand hygiene is at the head
of Standard Precautions list and is undoubtedly the most
effective measure for infection control. Thus, health care
workers should be aware of the need for good hand hygiene,
either by washing or by rubbing with a hydroalcoholic
disinfectant, in order to eliminate potentially pathogenic
germs. Hand hygiene is indicated, after touching objects in the
hospital environment, since these could be contaminated with
germs. Nowadays, and after the emergence of COVID-19, the
practice of hand hygiene had fortunately increased, especially
since hydro-alcoholic products had shown their effectiveness
against bacterial and viral germs. Hand rubbing is an effective
and quick method (20 to 30 seconds according to the WHO).
The guidelines and means for good hand hygiene should be
within sight and reach of health care personnel to optimize
this practice.

Given the causal role of SP in the spread of germs at
hospital setting, and given that it is exposed to all types of
environments, corresponding hygiene should be considered.
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IpodunakTrka HHPEKIMOHHBIX 3a00IeBaHHN

The use of the SP in the bathroom, even if followed by hand
washing, may result in contamination by germs harbored by
the SP and then by the hands. Therefore, this device should not
be used in the toilet, bathroom, or other contaminated areas.
The Centers for Disease Control and Prevention recently
published guidance for cleaning frequently touched surfaces
at home (such as SP) and indicated that if no cleaning product
instructions were specified by the supplier, wipes or sprays
containing at least 70% IPA should be used for disinfecting
electronic devices. The awareness of the importance of
disinfecting SP had prompted some companies such as
Apple, Samsung and Google to introduce a guide for proper
disinfection.
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