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Abstract

In this study, the microbial contamination of smartphones from Italian University students was analyzed. A total of 100
smartphones classified as low, medium, and high emission were examined. Bacteria were isolated on elective and selective
media and identified by biochemical tests. The mean values of cfu/cm?® were 0.79+0.01; in particular, a mean of 1.21 +0.12,
0.77+0.1 and 0.40 +0.10 cfu/cm” was present on smartphones at low, medium, and high emission, respectively. The vast
majority of identified microorganisms came from human skin, mainly Staphylococci, together with Gram-negative and
positive bacilli and yeasts. Moreover, the main isolated species and their mixture were exposed for 3 h to turned on and off
smartphones to evaluate the effect of the electromagnetic wave emission on the bacterial cultivability, viability, morphol-
ogy, and genotypic profile in respect to the unexposed broth cultures. A reduction rate of bacterial growth of 79 and 46%
was observed in Staphylococcus aureus and Staphylococcus epidermidis broth cultures, respectively, in the presence of
turned on smartphone. No differences in viability were observed in all detected conditions. Small colony variants and some
differences in DNA fingerprinting were detected on bacteria when the smartphones were turned on in respect to the other
conditions. The colonization of smartphones was limited to human skin microorganisms that can acquire phenotype and

genotypic modifications when exposed to microwave emissions.

Introduction

Nowadays, mobile phones are considered as essential mate-
rial goods and it was estimated that, there are as many
mobile phones as humans on the planet [14].

The first mobile phones were only capable of remote
voice transmission while, modern smartphones are able to
transfer any form of language, receive messages and emails,
surf the web, chat, and buy and sell quickly and easily any-
where in the world. Technology has allowed to overcome
the face-to-face communication, to get in touch with any-
one from a distance and see in real time what happens in
the world [12]. Smartphones are managed through a glass
touchscreen via direct contact with fingers and the touch-
screens become potential carriers of the microbiota pre-
sent on the hands. Consequently, the presence of various
microorganisms, undoubtedly related to mechanical waves
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or electromagnetic radiation emitted by smartphones, also
depends on personal hygiene, industrial and occupational
environments, and health [7, 20]. For example, the use of
smartphones in the clinical environment can become a mean
of bacterial transmission; in fact, it is important to consider
the smartphone hygiene and disinfection [9]. Loyola et al.
[11] observed that Enterobacteriaceae contamination on
phones of Intensive Care Unit workers was frequent and
suggested that phones could represent potential indicators
to monitor the bacterial contamination in hospital units.

Moreover, smartphones emit electromagnetic waves and
it is important to assess how they can influence the micro-
bial population present on the smartphone touchscreens.
Each data sheet of the various models of phones shows the
electromagnetic wave emission index which is defined as
specific absorption rate (SAR). SAR is the amount of energy
absorbed in a unit time for the tissue mass units (W/Kg,
energy absorbed for Kg) [13].

In this study, the rate of microbial contamination was
investigated on the smartphone touchscreens of 20-22-year-
old Italian University students. Then, the effect of smart-
phones at medium electromagnetic wave emission on the
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microbial morphological features and on microbial DNA
fingerprinting to evaluate potential changes in shape or in
DNA profiles was analyzed.

Materials and Methods
Collection Data and Microbiological Analysis

A total of 100 smartphone touchscreens collected among
students of the Microbiology Teaching Laboratory of the
Department of Pharmacy of University “G. d’Annunzio”
(Chieti, Italy) were analyzed. Students were informed of
the study and they have voluntarily agreed to participate in
the study.

An area of 25 cm? was bordered by a handmade filter
frame of sterilized UV paper rays and placed on touchscreen
for microbial recovery. A sterile dry cotton swab was rubbed
intensively ten times in the inner area of the frame of the
touchscreen, then immersed in sterile saline solution (NaCl
0.9%) and vortexed for 2 min. The swab was spread on Tryp-
tic soy agar plates (TSA, Thermo Fisher, Milan, Italy) and
incubated at 37 °C aerobically for 48 h. The saline solution
was centrifuged at 10,000 rpm for 5 min and then the pellet
was suspended in 100 pl of saline solution and spread on
TSA plates. After incubation for 48 h at 37 °C under aerobic
conditions, the colony forming units (cfu)/cm?® were deter-
mined. Microbial colonies were sub-cultured on selective
media (Mannitol Salt Agar, MacConkey Agar, Sabouraud
Dextrose Agar, Cetrimide Agar, and on TSA with 5% defi-
brinated sheep blood) (Thermo Fisher, Milan, Italy) and
incubated at 37 °C for 48 h. Microorganisms were identified
by API STAPH-IDENT system with conventional methods
for the identification of Staphylococcus species and API
Coryne system (bioMérieux, France) and VITEK® 2 Com-
pact system for identifying coryneform bacteria. Yeasts were
detected through colony morphology analysis and micro-
scopic observation. Isolated microorganisms were stored at
—80°C in microbanks (Pro-Lab Diagnostics, U. K.).

All analyzed smartphones in this study were classified for
their electromagnetic waves emission following SAR clas-
sification [13], and during the collection procedures were
turned on.

Effect of Electromagnetic Waves on Microorganisms

To evaluate the effect of electromagnetic waves emission on
microbial growth and morphology, the main isolated spe-
cies Staphylococcus aureus, Staphylococcus epidermidis,
Corynebacterium jeikeium, and their mixture were exposed
to smartphones. For the experiments, smartphones classi-
fied with as medium waves emission (SAR value 0.61 W/
Kg) were used. For the experiments, S. aureus ATCC 6538
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previously not exposed to smartphone radiations was also
included as control strain.

Strains were recovered from —80 °C and cultured for the
experiments in Trypticase Soy Broth (TSB, Thermo Fisher,
Milan, Italy) at 37 °C for 18-24 h under aerobic condi-
tion. The broth cultures were diluted 1:10 v/v in TSB and
refreshed for 2 h at 37 °C in aerobic condition in an orbital
shaker at 160 rpm. Then, the broth cultures were standard-
ized at optical density at 600 nm (ODg,) =0.15 and cfu were
detected by spreading on TSA at 37 °C for 48 h.

Test tubes containing 15 mL of broth cultures with each
separated species and 15 mL of mixed standardized broth
cultures were exposed for 3 h to turned on and turned off
smartphones at room temperature in the dark; 15 mL of
unexposed separated and mixed broth cultures were pre-
pared in the same way, as control. After exposure, the cfu/
mL were determined for each condition tested to evaluate
the cultivability.

Bacterial shape was detected by Gram staining and
observed by optical microscopy (Leica Microsystems Spa,
Milan, Italy) after 3-h exposure. The number of bacillary and
coccoid forms or cells cluster was determined by examina-
tion of slides for each condition and each slide was con-
trolled by three microbiologists [4].

For the evaluation of cell viability, BacLight Live/Dead
viability kit (Molecular Probes, Invitrogen Detection Tech-
nologies, USA) was used [6].

Three independent experiments were performed in
triplicate.

DNA Amplified Fragment Length Polymorphism
Analysis (AFLP)

The exposed cultures to a turned on and off smartphone and
the corresponding unexposed control were also studied for
their DNA fingerprintings by AFLP analysis to evaluate the
presence of micro- or macroevolutions induced by electro-
magnetic waves.

The chromosomal DNA of microorganisms of each broth
culture exposed to turned on and off smartphone and con-
trol was extracted using QIAamp Tissue DNA isolation
Mini Kit (QIAGEN S.p.A., Milan, Italy). The AFLP of the
strains were generated by HindIII-AFLP (HindIII digestion
and AFLP analysis) following the methodology reported by
Cellini et al. [4]. Amplified DNA products were separated
by electrophoresis in 2% (w/v) agarose gel at 30 V for 18 h.
Gels were stained with ethidium bromide and photographed.

The AFLP-PCR fingerprintings of strains were analyzed
with Gel Compar Software, Windows version 4.1 (Applied
Math, Kortrijk, Belgium) [8]. AFLP patterns were normal-
ized using the 0.1-kbp standard molecular size.

The DNA fingerprintings were compared by using the
similarity coefficient of Jaccard [S;] that indicates the
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relationship of the strains and were calculated using band
positions for the Gel Compar program. S, divides the num-
ber of both tracks using the following formula S; =nAB/
[(nA +nB) —nAB], where nAB is the number of bands com-
mon for A and B; nA is the total number of bands in A; and
nB is the total number of bands in B [5].

Statistical Analyses

All data were expressed as the mean + standard deviation
(SD) of three independent experiments in triplicate. Proba-
bility levels (P) of <0.05 were considered statistically signif-
icant. t-Student and one-way analysis of variance (ANOVA)
were used to compare the differences between the values of
cfu between smartphones of male and female and the cfu/
cm? at low, medium, and high emission.

Results

A total of 100 smartphone touchscreens were analyzed and
out of these, 90 smartphones (32 at low emission, 27 at
medium emission, and 31 at high emission) showed bacte-
rial growth. For all analyzed smartphone touchscreens, the
mean value of cfu/cm?, obtained from the swab and from the
extraction fluid from swabs, was 0.79+0.01 and, in particu-
lar, a mean of 1.21+0.12, 0.77 +£0.10, and 0.40+0.10 cfu/
cm? was recovered on smartphones classified as low (37),

medium (29), and high emission (34), respectively. These

data were statistically significant when compared to each
other (P <0.05).

The main isolated microorganisms were Gram-positive
bacteria, such as Staphylococci (75.3%), Corynebacterium
spp- (6.2%), yeasts (16.5%), and some Gram-negative bac-
teria (2%). Among Staphylococci, the major amount was
coagulase negative and few of them were coagulase positive
such as S. aureus. It should be noted that 43% (39/90) of the
smartphone touchscreens harbored more than one species
and 57% (51/90) had a single microorganism growing on
the media. Table 1 shows the percentage of Gram-positive
cocci, yeasts, Corynebacterium spp., and Gram-negative
bacilli isolated on smartphone touchscreens at low, medium,
and high emission.

There was no difference between the rates of microbial
growth on smartphones belonging to males or females. The
microorganisms isolated on smartphones of males were
Gram-positive cocci, whereas on smartphones of females
Gram-positive cocci, Gram-positive, and Gram-negative
bacilli and yeasts were prevalent.

The effect of electromagnetic waves on bacterial cul-
tivability evaluated through the exposure of S. aureus, S.
epidermidis, C. jeikeium, and their mixture to a smart-
phone at medium emission, is shown in Table 2. When the
smartphone was turned on, the percentage levels of bac-
terial growth reduction in respect to the unexposed broth
cultures was 79 and 46% for S. aureus and S. epidermidis,
respectively; the microbial growth reduction rates were also
recorded on a turned off smartphone which were 33 and

Table 1 Distribution
percentage of various isolated
microorganisms on smartphones
classified as low, medium, and

Smartphone SAR classification

Gram-positive Yeasts (%) Corynebacterium Gram-neg-

high emission

cocci (%) spp- (%) ative bacilli
(%)
Low emission (N° 32) 69 25 3 3
Medium emission (N° 27) 66.7 259 3.7 3.7
High emission (N° 31) 82.8 17.2 - -

Table 2 Effect of electromagnetic waves emission on bacterial cultivability

Microorganisms Smartphone® Unexposed sample
Turned on Turned off
cfu/mL +SD % of cfu/mL +SD % of reduction cfu/mL +£SD

reduction®

1.8x107£2.0x10® 79
1.32x108+£9.0x107 46
2% 10°+1.5%10° 0
6.4x10"+£2.1x10% 21
1.55%107£4.37x10% 60

S. aureus

S. epidermidis

C. jeikeium

Mixed culture

S. aureus ATCC 6538

8.5x107 +2.0x 10°
2.45x%10%+8.2x 107
2x10°+1.7x10°
8.07x 107 +1.0x 10°
3.91x107 +1.83 %10’

57x10"+£3.5x10° 33
1.6x108+£9.1x107 35
2.1x10°+1.8x10° 0
7.1x10"£25%10° 13
3.08x107+9.85x10° 21

#Smartphone at medium emission (0.61 W/Kg SAR value)

®Percentage of bacterial growth reduction in respect to the unexposed sample

@ Springer



S. Di Lodovico et al.

35%, respectively. For C. jeikeium there was no difference
in all studied conditions. The mixed culture reduction rates
when exposed to a turned on and off smartphone were 21
and 13%, respectively. The microbial growth reduction rates
obtained with exposure to a turned on and off smartphone, of
the control strain S. aureus ATCC 6538, were 60 and 21%,
respectively.

Representative images of all detected broth cultures at
different conditions are shown in Fig. 1.

The reduction of coccoid microbial population was rel-
evant when bacteria were exposed in separated species with
less clustering in turned on condition displaying a similar
behavior also for the reference strain (Fig. 1, up line, col-
umns a, b, ). The effect of turned on and off smartphone on
C. jeikeium was of a marked shape elongation in respect to
the unexposed samples (Fig. 1 column c). Figure 2 a shows
images of mixed cultures where the cocci exposed to turned
on smartphone were smaller than the unexposed broth cul-
ture and appeared less stained in respect to the other sam-
ples; cocci exposed to turned on and off smartphone were
less clustered in respect to unexposed cells.

Figure 2b shows the effect of electromagnetic waves on
bacterial viability. Live/Dead staining images showed that
there were no differences in damaged cells (red cells) at each
condition and the amount of bacterial numbers was similar
when culture was exposed to smartphone turned off and in
the control.

In Fig. 3, the exposed cultures and the corresponding con-
trols were compared for their DNA fingerprinting to evalu-
ate the presence of DNA modifications. The results showed
that for S. aureus, there were significant differences between
exposed to turned on and off cultures in respect to unexposed
control with the absence of bands in 1000-1500 bp region.
A similar trend was observed on S. epidermidis DNA fin-
gerprinting. In particular, the comparison of the S. aureus
DNA fingerprinting exposed to turned on and off smart-
phone with respect to the unexposed broth culture displayed
a Jaccard coefficient of 71%. The Jaccard coefficients for S.
epidermidis DNA fingerprinting exposed to turned on and
off smartphones in respect to the control were equal to 100
and 80%, respectively. Otherwise, there was no significant
difference in DNA fingerprinting of C. jeikeium in all condi-
tions (Jaccard coefficient of 100%).

Discussion

Smartphone is constantly used to communicate, to chat, to
learn about world news, and it is a simple tool to use with
touch suggesting a microbial connection between microor-
ganisms found on the skin and those present on touchscreen
smartphone [1, 2, 10, 16, 23]. Accordingly, in the present
study, the obtained data showed that Staphylococci spp. were
the most isolated species on smartphone touchscreens. As

S. aureus S. epidermidis C. jeikeium Mixed culture S. aureus
ATCC 6538
a b c d e
; : i e (/_\L [ TR L
Turned Lis N /'ﬁ\n o
urned on 9 J &
smartphone e \\\/ :

Turned off
smartphone

Unexposed
sample

Fig. 1 Effect of smartphone at medium emission waves on microbial morphology of a S. aureus, b S. epidermidis, ¢ C. jeikeium, d mixed cul-
tures, and e S. aureus ATCC 6538. Gram staining. For all panels the magnification is original. Magnification x1000
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Turned on smartphone

Turned off smartphone

Unexposed sample

-

Fig.2 Effect of smartphone at medium emission waves on microbial
morphology (a) and viability (b) of mixed culture. Up images a: rep-
resentative images of bacterial planktonic population stained with
Gram staining after 3-h exposition to turned on, turned off smart-
phones, and unexposed broth culture. Down images b: representative
images of bacterial planktonic population stained with Live/Dead

reported by Shahin-Jafari et al. [18], the species of bacteria
detected on smartphone touchscreens could be related to
the life style, healthcare, and hygienic behaviors at work of
the owners, strata of society [2] and the microbial quality of
environments. For example, the presence of Streptococci is
correlated with the lung infection, pharyngitis, and tonsil-
litis and Candida albicans is associated with the skin and to
human mucous membranes [18].

Bhoonderowa et al. [3] observed a higher bacterial load
when the smartphones were not covered by protective film
and when they were not stored in plastic bags with a greater
number of cfu/mL on female smartphones. In this study,
the total number of the isolated microorganisms was not
significantly different between female and male groups but
there were differences in terms of the typology of isolated
species; in particular, Corynebacterium spp. were isolated
only from female smartphones. In a study by Meadow et al.
[14], the authors found that the bacterial community compo-
sition of female fingers was similar to the bacterial popula-
tion detected on smartphones. However, this correlation was
not observed while comparing microbial species detected
on male fingers.

Smartphones emit microwave radiation in the carrier
frequency range of 900-1800 MHz [24] and their effects

staining after 3 h of exposition to turned on, turned off smartphones
and unexposed broth culture. The cells stained in red (Propidium
iodide) expresses a compromised membrane integrity (damaged),
whereas green-stained bacteria (SYTO 9) remained viable. For all
panels, the magnification is original. Magnification x1000

were studied in terms of bacterial growth, morphological
features, and DNA fingerprintings. The major related effect
was on the morphological features of bacterial cells; in fact,
when the smartphone was turned on, the bacterial shapes
were modified and the bacteria were smaller, longer, and
less colored with respect to the other conditions. Exposed
coccoid bacteria, displayed small colony variants (SCVs)
together with slow growth rate in respect to the unexposed
broth culture, and this SCV status is related to stress condi-
tion [22]. Exposed bacilli showed lengthened bacterial forms
suggesting an alteration during cell division as reported also
by other authors [4]. These changes have also been reported
by Torgomyan et al. [21] which showed that smartphone
waves can change cells morphology and size.

The Live/Dead staining images showed that cells were
viable in each condition and probably, the electromagnetic
waves interfere with the microbial cell division but they do
not express bactericidal activities.

The effect of smartphone microwaves was also evalu-
ated on DNA fingerprinting. A remarkable level of micro-
evolution for S. aureus, exposed to smartphone turned on,
underlined some genotypic variants. Melendez et al. [15]
demonstrated that the microwaves can lyse bacteria and
fragment microbial DNA in a short time of 30 s. The cell
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S. aureus  S. epidermidis  C. jeikeium

M a b c¢c a b ¢ a b c¢c M

Fig.3 Representative amplified fragment length polymorphism
(AFLP) profiles of S. aureus, S. epidermidis, C. jeikeium after 3 h
of exposition to turned on (lines a), turned off (lines b) smartphone,
and control (lines c). DNA size standards (0.1 kbp marker) are in the
lanes marked “M”

lysis can be associated with osmotic processes and it is
a time-dependent effect. Moreover, Soghomonyan et al.
[19] suggest that the millimeter waves at high frequency
interfere with cellular mechanisms in bacteria involving
bacterial plasma membrane, substances transport, and
energy-transforming processes and genome. Effects on
bacterial DNA or genome are strongly dependent on the
frequency of electromagnetic fields and genotoxic effects
involve cell membrane adjustment processes and alteration
of DNA repair processes [17]. These morphological and
genetic modifications can represent an immediate response
of bacteria to the stress induced by radiations.

Recently, the use of smartphones, in particular in the
young population like University students, has increased
significantly, suggesting their potential role as source of
microbial contamination.

This study evaluates the microbial composition of
smartphones in University students and the correlation
between bacterial number and emission intensity, reveal-
ing a major microbial contamination on low emission
smartphones. Microwaves emitted by smartphones induce
stress in bacteria that react in terms of modifications in
the cellular morphology and in DNA fingerprinting; these

@ Springer

interesting results need further investigations for the effect
of microwaves on bacterial population.

In conclusion, despite the low number of microorganisms
found on turned on smartphones, a correct hygiene and use
of protective plastic bags could result useful to avoid poten-
tial microbial proliferation.
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