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ABSTRACT

Mobile phones can act as a potential microbiological threat, serving as vehicles
to transfer contamination from place to place. The aim of this study was
therefore /) to detect the contamination rate of mobile phone surfaces with
microorganisms and organic matter using ATP bioluminescence tests; ii) to
identify and to quantify the microorganisms present on mobile phones’ surfaces
owned by different groups of students, divided according to their course of
study; Jii) to examine the success of different methods for the elimination of
microorganisms from mobile phone surfaces. About 60 % of 35 mobile phones
exceeded 100 RLU according to ATP measurements. In 90 % of 90 swabs
taken from mobile phones, more than 5 CFU/100cm? were determined. In
addition to total aerobic mesophilic microorganisms (90 %), bacteria of the
genera Staphylococcus (65 %) and the Enterobacteriaceae family (39 %) were
most often identified. Among all tested procedures for the elimination of
microorganisms from surfaces, a putty containing a special antibacterial
compound proved to be the most effective. The results show that mobile
phones can be considered to be a factor of microorganism cross-contamination.
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INTRODUCTION

Interactions between microorganisms and contact material surfaces
play an important role in biology and different technologies, including
the food, pharmacy and service industries [1]. Different materials are in
contact with different types of microorganisms and their forms, which
can harm human health because of their pathogenic properties [2].
Bacteria readily adhere to wet surfaces and form organised colonies of
cells enclosed in an extracellular polysaccharide (EPS) matrix that facili-
tates adhesion to surfaces and each other [3]. Materials have different
characteristics for adhering and loading for various contaminants, in-
cluding bacteria, yeasts, fungal and bacterial spores, and viruses. Due
to adhesion, they serve as vehicles to transfer contamination vectors
from place to place. If the contact materials allow microbes to survive,
the probability of transferring contamination to the next recipient is con-
sequently very high, which has strong impact on the safety and quality
of final products or service [4].

Mobile phones have become an integral part of modern telecommuni-
cations. In many countries, more than half of the population uses a
mobile phone. According to the recent estimation by International Tele-
communication Union (ITU) there were more than 4.6 billion mobile
phone subscriptions around the world at the end of year 2009, and this
number surged to 5.3 billion in next year [B]. In Slovenia, the mobile
telephones were used by more than 2.1 million users at the end of
2010 (1 % and 3 % more than over one and two years ago respective-
ly), which is more than number of inhabitants, and continues to in-
crease [6].

It is important to be aware of the new health risks that new products
and new behaviours can introduce. With the emergence of the mobile
phone, telephony has completely permeated public space, with people
talking on the phone in most public places, such as buses, swimming
pools, streets, shopping centres, gyms etc. [7]. Mobile phones have
become part of so-called emotional technology and are an indispensa-
ble accessory, both professionally and privately, used frequently in envi-
ronments of high bacteria presence [8]. Users are in an emotional rela-
tionship with their phone and feel connected with them, which is a
consequence of personalised mobile devices and services [9].

Not much research has been done on the microbiological status of mo-
bile phone surfaces. Mostly studies conducted in hospital environments
can be found, but studies among the general population are rare. Re-
search on the microbiological status of mobile phone surfaces in food
industry could not be found. This is in spite of the fact that work posi-
tions where usage of mobile phone is unavoidable can be identified in
both hospitals and the food industry. Different studies reviewed by
Brady et al. [10] examining mobile phones owned by health care work-
ers report presence of pathogenic bacteria (up to 15 % of all cases). It
is alarming that mobile phones have been found to harbour a variety of
multidrug-resistant pathogens. According to Cuttler et al. [11], in the
general population, one of six mobile phones in Britain is contaminated
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To detect the contamination
rate of mobile phone surfaces
with microorganisms and
organic substances, a
preliminary investigation was
conducted on 35 mobile
phones owned by students of
health sciences.

with faecal matter. As presented by Khivsara et al. [12], mobile phone
contamination and hand contamination suggest cross contamination.
One should be aware that mobile phones can act as a potential “Trojan
horses”, through which unclean device is introduced into the clean
working operation.

The purpose of this study was therefore /) to estimate the contamina-
tion rate of mobile phones with an ATP bioluminescence test; ii) to
identify and to quantify the microorganisms present on mobile phones’
surfaces owned by three different groups of students divided according
to their course of study; and iii) to investigate the success of different
methods for eliminating microorganisms from mobile phone surfaces.
Students were chosen as a population because mobile phones are very
popular among them. Regarding their course of study, students of
health and of food science were chosen, because personal hygiene is
an important part of their study. Both groups are also foreseen as work-
ing in hygienically more sensitive environments in comparison to stu-
dents of computer science, who were chosen as a control group without
that special knowledge.

Although lower microbiological quality of phone surfaces was expected,
the results show that mobile phones can be considered to be a factor of
microorganism cross-contamination.

MATERIALS AND METHODS

Sampling

To detect the contamination rate of mobile phone surfaces with micro-
organisms and organic substances, a preliminary investigation was con-
ducted on 35 mobile phones owned by students of health sciences.
The phones were examined using the rapid ATP bioluminescence test.
Special Ultrasnap swabs (with luciferase enzyme) were taken from both
front and back surfaces.

In order to determine the microbiological quality, 90 standard swabs
were taken from the phone surfaces, from three sub-groups (30 swabs
per sub-group) of students, according to their course of study (health
science, food science or computer science).

The effectiveness of various cleaning procedures for mobile phones was
tested by collecting classical swabs from 30 randomly collected mobile
phones. The swab was at first taken from one half of the mobile phone.
The second half of the surface was then treated with one of the clean-
ing or disinfection agents: 70 % alcohol, dry paper towels or a putty
containing a special antibacterial compound (Cyber Clean, Joker AG/AS,
Switzerland) and swabbed afterwards. The total bacterial count was es-
timated with standard microbiological methods.

ATP bioluminescence method

ATP bioluminescence measurements were carried out according to
manufacturers’ instructions (Ultrasnap™, Hygiena, Germany). The biolu-
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minescence was measured with a System Sure Il Luminimeter (Hyg-
iena, Germany). The method is based on the determination of adenos-
ine triphosphate (ATP) by means of luminescence measurement during
enzymatic oxidation of luciferin by luciferase. The emitted radiation
coming from the swab was measured by a luminometer and is ex-
pressed in Relative Light Units (RLU). The results are directly related to
the amount of ATP on the surface of the swab and consequently to the
amount of organic matter and microbiological contamination remaining
on the examined surface [13]. After sampling, the Ultrasnap™ swabs
were activated by breaking the tops of the containers to release the lu-
ciferaze enzyme. After 15 seconds, the emitted light was measured by
luminimeter [14].

Microbiological examination

The samples were examined with standard classical microbiological
tests for reliable numbers of aerobic mesophilic microorganisms, colif-
orm microorganisms, the representatives of genera Enterococcus, Sta-
phylococcus, Bacillus and fungi. After the sampling, the swabs were
transferred into the tubes with 5 mL of sterile saline solution and mixed
using Vortex. 1 mL of the suspension was transferred into a petri dish
and mixed with melted medium. The total bacterial count at 30 °C was
enumerated on PCA agar (Merck, Germany), according to the EN ISO
4833 standard [15].

For the enumeration of enterococci in swabs, KF Streptococcus agar
with a TTC supplement (Merck, Germany) was used according to the
ISO 7899-2 standard [16] and the manufacturer’s instructions [17].

For the enumeration of coagulase-positive staphylococci (Staphylococ-
cus aureus and other species), the Manitol Salt Phenol Red Agar (Mer-
ck, Germany) and Baird Parker with RPF supplement agar (Biolife, Italy)
were used [18]. The isolates were additionally identified by using API
Staph biochemical tests (bioMerieux, France) and APl WEB Programme
V4.0. The number of yeasts and moulds in samples the yeast-extract-
glucose-chloramphenicol agar (YGC) (Merck, Germany) was used.

Yeast and mould colonies growing on the plates were counted after five
days of incubation at 25 °C [19].

After activating the bacterial spores with thermisation at 80 °C for 10
minutes, the number of members from the genus Bacillus was deter-
mined on B. cereus selective medium MYP (Merck, Germany) The
plates with the samples were incubated at 30 °C for 24 to 48 hours.
Colony morphology, cell morphological and physiological characteristics
were determined using conventional procedures [20].

For the determination of the number of Enterobacteriaceae and pres-
ence of presumptive E. coli, the DEV ENDO Agar (Merck, Germany)
was prepared, mixed with the sample and incubated at 37 °C for 24
hours [17].

Haemolytic activity of Staphylococcus and Bacillus isolates was deter-
mined on blood agar (Brain Heart Infusion Medium, Merck, Germany,
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All bacterial isolates from
the selection media were
selected by microscopic
examination according gram
staining, oxidase and
catalase tests.

with defibrinated sheep blood) prepared by Institute for Microbiology
and Immunology, Slovenia.

All bacterial isolates from the selection media were selected by micro-
scopic examination according gram staining, oxidase and catalase tests.

STATISTICAL ANALYSES

Mathematical-statistical data processing was performed using Micro-
soft Office Excel 2010 and IBM SPSS Statistics 20.

RESULTS AND DISCUSSION

Preliminary investigation with ATP Bioluminescence

The bioluminescence method is in accordance with European Directive
93/43/EEC for the intended use of rapid methods in hygiene control,
and has the widest application in the food industry, restaurants, hospi-
tals and other facilities where rapid determination of the degree of con-
tamination is necessary. The mean RLU value of all 35 analysed mobile
phones was 158.3, with a wide range between 6 and 572 RLU. In
eight cases, luminometer response was above 200 RLU and two cases
even above 500 RLU. High luminometer response indicates the pres-
ence of ATP-containing living cells, meaning ATP from bacteria, yeast,
and mould as well as ATP from any organic residue on the investigated
surface. Although there is strong correlation between ATP and microbial
cells, according to the manufacturers’ instructions and some other au-
thors, the RLU units cannot be transferred into colony-forming units
(CFU) [13, 21, 221.

Microbiological examination

Several authors have studied the microbiological colonisation of mobile
phones [23, 24] particularly among healthcare workers. Studies that
explore the microbial colonisation of mobile phones in the general pop-
ulation are much rarer. During the microbiological examination of the
swab samples in 81 (90 %) of 90 cases, microorganisms were detect-
ed in 97 %, 93 % and 80 % of 30 tested samples for students of
health, food and computer science courses of study, respectively. With
these results, the assumption of Srikanth et al. [25] is confirmed, i.e.
that the contamination of mobile phones in the everyday environment is
possible. However, the differences regarding study course were not sta-
tistically significant for any of identified group of microorganisms
(p > 0.05). The most commonly represented groups were Enterobacte-
riaceae family and genus Staphylococcus (Fig. 1). Enterococcus spp.
was found only in samples of food science students, where Bacillus
species and fungi were also more frequently identified in comparison to
other two sub-groups (Figure 1). Relatively low average values of total
aerobic mesophilic microorganisms in comparison to normal human
hand skin colonisation ranging from 3.9 x 104 to 4.6 x 106 CFU/cm?
[26] were revealed. However, as reported by Pittet et al. [27], fingertip
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contamination ranges from O to 300 CFU, when sampled by agar con-
tact methods. Nevertheless, higher values were expected, especially for
the Staphylococcus spp. as part of human skin resident flora and Enter-
coccous spp. as an indicator of faecal contamination, considering that
almost 50 % of users of public toilets in Slovenia [28] do not wash their
hands after using the toilet. Similar situations were also observed in
Australia [29] and USA [30]. In general, resident flora is less likely to
be associated with infections, but may cause infections in sterile body
cavities, in the eyes, or on non-intact skin [31]. The Enterobacteriaceae
is a large family that includes many of the pathogens, such as Salmo-
nella spp., Escherichia coli, Yersinia pestis, and Shigella spp. [32]. A
similar pattern of microorganism distribution was also identified by Ulg-
er et al. [33], who investigated the level of contamination of mobile
phones with nosocomial pathogens. They also identified Staphylococ-
cus spp., S. aureus, Enterococcus spp. and fungi.

In Table 1, Pearson correlation coefficients between total aerobic meso-
philic microorganisms and other isolated groups of microorganisms are
presented. It can be concluded that number of total aerobic mesophilic
microorganisms is highly synergistic with Staphylococcus spp. (correla-
tion coefficient > 0.8) among health and food science students. Sur-
prisingly, this correlation is not present among computer science stu-
dents, indicating a more heterogeneous group regarding microbiological
colonisation of their mobile phones. The same situation can be ob-
served also in the case of Enterobacteriaceae although with lower syn-

ergy.

More detailed species of Staphylococcus were investigated further, to
explore how many of the potentially infectious species are present.
Among genus of Staphylococcus, species S. warneri (40 %), S. epider-
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Figure 1.

Percentage distribution of individual
group of microorganisms on the
surface of mobile phones among
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study. The numbers above the
horizontal line represent average
values (CFU/100 cm?) of all samples
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Table 1.

Pearson correlation coefficients between number of aerobic mesophilic microorganisms and other isolated groups of

microorganisms.

Total aerobic mesophilic microorganisms
Health science Food science Computer science
Enterococcus spp. 0.000 0.387 0.000
Staphylococcus spp. 0.872 0.819 0.172
Enterobacteriaceae 0.678 0.592 0.118
Bacillus spp. 0.000 - 0.029 - 0.054
Fungi 0.044 0.052 0.000

People are natural reservoirs
for S. aureus, a frequent
cause of infections in both
the community and hospitals,
although asymptomatic
colonisation is far more
common than infection.

midis (30 %), S. capitis (10 %), S. sciuri (10 %), S. xylosus (5 %) and
S. aureus (5 %) were identified. S. aureus was the only representative
of coagulase-positive staphylococci, while all the other species belong
to the group of coagulase-negative staphylococci. S. epidermidis, S.
warneri along with S. aureus are part of human skin resident and tran-
sient flora [35] but can cause sudden illness in people, especially those
with compromised immune system. They are also agents of nosocomial
infections [35]. People are natural reservoirs for S. aureus, a frequent
cause of infections in both the community and hospitals, although
asymptomatic colonisation is far more common than infection. It is esti-
mated that 20 % of people are long-term carriers of S. aureus [35]. Al-
though S. epidermidis and S. warneri are not usually pathogenic, peo-
ple with compromised immune systems are often at risk for developing
an infection. These infections can be either nosocomial or community
acquired [36].

The gender ratio among all students whose mobile phones were ana-
lysed was 48 (54 %) women against 42 (46 %) men. In the group of
health science students, females were dominant (90 %), in contrast to
the group of computer science students which, with the exception of
one female student, was entirely male. The group of food science stu-
dents consisted of 67 % females and 33 % males. With an independ-
ent t-test, the average amount of microorganisms regarding gender was
analysed. The relationship between gender and the microbiological sta-
tus of mobile phones has proven to be statistically significant
(p = 0.047) in case of Staphylococcus spp. The data analysis (Figure
2) confirmed that on the mobile phones of female users are significantly
more colonised with this genus compared with males. One of the rea-
sons for this discrepancy could be the generally known more frequent
use of facial cosmetics by females. In spite of added preservatives, cos-
metic products, especially those with high water content, are subject to
constant and variable microbial contamination from the domestic envi-
ronment, consumers’ hands and body fluids, from the moment of open-
ing until the moment of discharge. Due to their ability to proliferate on
many different substrates, genera like Pseudomonas and Staphylococ-
cus are often found in contaminated cosmetics [37]. However, this situ-
ation should be further investigated, considering also to the time and
the way mobiles phone are mainly used (for texting or talking).
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Whether the shape of the mobile phone (block, slider or flip and touch-
screen) affects its microbiological status, was also investigated. The
most common type was touchscreen (44.4 %) flowed by the block
shape (40.0 %) and slider or flip (both at 15.6 %; hereinafter consid-
ered as one group). The difference in average values regarding total aer-
obic mesophilic microorganisms was the most obvious, although statis-
tically not significant (p > 0.05), with values of 150.9, 105.2 and
74.4 CFU/100 cm? for block, touchscreen and flip/slider, respectively.
The higher average values for older style mobile phones in comparison
to the touchscreen are most probably the consequence of the shape
and the fact that in spite of relatively similar material for mobile phone
shells, on touchscreens fingerprints hinder clear views of the screen and
owners “clean” them more often. As presented further, microorganisms
can be eliminated from the mobile phone surface simply with paper
towels and friction.

Removal of microorganisms from the mobile phones’ surfaces

Most gram-positive bacteria, such as Enterococcus spp., S. aureus and
especially bacterial spores, can survive on dry surfaces for several
months. Furthermore, many gram-negative species, such as Acineto-
bacter spp., E. coli, and Shigella spp., are able to spend months on dry
surfaces [38]. Manufacturers of mobile phones describe in general how
users should maintain their phones. The instructions for proper mainte-
nance and cleaning provided by mobile phone manufacturers [39, 40]
do not give any specific recommendations regarding cleaning itself.
They just warn against the use of corrosive chemicals, cleaning solvents
or strong detergents. Considering the mobile phone shape, it comes into
the contact with exposed surfaces of the body (mouth, nose, ears) dur-
ing each phone call. Mobile phones are usually also not a subject of
standardised cleaning, and there is also a lack of professional recom-
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mendations on how to clean/maintain the mobile phones to meet hy-
giene standards in everyday life, or in different working environments if
their use is unavoidable.

Some recent studies [8, 33, 40] conducted in a hospital environment
confirmed that the transfer of microorganisms from the hands of health
workers on the mobile phone surface and vice versa. If we translate this
into the general population where, according to the Co-operative Group
report [40], 32 % of people use their mobile phone when they use the
toilet and consider the fact that almost half of the people do not wash
their hands after using it [11, 28, 29, 301, one needs to be aware that
the transfer of potentially pathogenic microorganisms on the mobile
phone surfaces is not exceptional. According to Cuttler et al. [11], 16 %
of hands and 16 % of phones were found to harbour bacteria of a fae-
cal origin, where those who had bacteria on their hands were more
likely to have bacteria on their phone as well. In such situations, hand
washing is the simplest and also the most effective measure to prevent
the spread of agents responsible for communicable diseases.

In Table 2, the efficiency (based on reduction rate of total aerobic mes-
ophilic microorganisms) of three different procedures for the elimination
of microorganisms is presented. Paper towels were chosen to test
whether elimination with physical force can be achieved. Antibacterial

.(I;?)I:r:faazrison of elimination efficiency for aerobic mesophilic microorganisms using paper towels, antibacterial putty and 70 %
ethanol.
<RI MY ez e bef:;zlijn{::\:::tion aftngilr‘:t/e:\‘l’gI:ion efEf:::r:::?;"()‘;)
1 12 3 75
2 12 0 100
3 212 65 69
4 Faper 15 2 87
5) 11 2 82
6 178 1 99
7 29 4 86
8 48 3 94
9 15 0 100
10 . . 740 1 99
1 Anthtcttyenal 39 0 100
12 252 1 99
13 22 0 100
14 419 7 98
15 110 1 99
16 64 1 98
17 70% 12 S 75
18 Ethanol 92 21 77
19 27 3 89
20 10 0 100
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putty was chosen as a product meant especially for the cleaning of
electronic devices, for which manufacturer claims that in one minute of
contact time bacteria such as E. coli, P. aeruginosa, S. aureus, and
fungi can be inactivated. Ethanol (70 %) was chosen as the disinfecting
agent that should inactivate all the bacteria present on the surface. The
antimicrobial activity of alcohols results from their ability to denature
proteins. Alcohol solutions containing 60-80 % alcohol are most effec-
tive, with higher concentrations being less potent, as a consequence
that proteins are not denatured in the absence of water [43]. Alcohols
have an excellent in vitro germicidal activity against gram-positive and
gram-negative vegetative bacteria (including multidrug-resistant patho-
gens such as MRSA), and a variety of fungi [43, 44]. However, they
have virtually no activity against bacterial spores or protozoan oocysts,
and very poor activity against some non-enveloped (non-lipophilic) vi-
ruses [44]. Alcohols are also not good cleansing agents, and their use is
not recommended when visible dirt is present on the surface [43].

Each procedure was tested on 10 randomly collected mobile phones
(N=30). Samples for which initial colonisation (before intervention) was
below 10 CFU/ swab were not included in the calculation to avoid the
risk of mislead information, considering the high differences when cal-
culating percentages on small absolute numbers. The average elimina-
tion rate was 85.4 %, 89.7 %, and 98.6 % for paper towels, ethanol
and antibacterial putty respectively. Although (or because of) the high-
est (219.3 CFU/swab) mobile phone average colonisation was cleaned
with antibacterial putty, this procedure was most effective. The results
also show that significant amount of microorganism can be removed
with “dry cleaning” where only paper towel and physical force are ap-
plied. The lower efficiency of ethanol in comparison to antibacterial put-
ty could be the consequence of several factors, such as the cleaning
procedure itself, antibacterial putty physical properties, mobile surface
properties and contact time.

CONCLUSIONS

Preliminary testing with ATP bioluminescence gave evidence that a sig-
nificant amount of organic material is present on mobile phone surfaces.
It is important to be aware that ATP bioluminescence is a fast and sensi-
tive screening technique for hygiene control, especially for control of
cleaning efficiency, although this method cannot replace standard micro-
biological examination, which is also able to identify the bacterial species
present on surfaces. While the observed situation indicates poor hygiene
awareness of mobile phone users regarding cleaning of their electronic
accessories, more specific microbiological investigation was further em-
ployed. During the microbiological examination, we found that beside
aerobic mesophilic micororgnisms, the most common group of microor-
ganisms are representatives of the genus Staphylococcus (also part of
resident human skin flora), and that mobile phones of female users are
significantly more colonised. Parallel swabbing of users hands and/or ears
should be taken to obtain insight regarding what is the most common
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hygienic point of view, more
effective measure.

source of this microorganism on mobile phone surfaces. Testing the suc-
cess of different methods for the elimination of microorganisms from mo-
bile phone surfaces gave surprising but not conclusive results in favour of
antimicrobial putty. However, further investigation with more samples
should be performed to confirm these results. The efficiency of alcohol in
comparison to other antimicrobial agents should also be tested on differ-
ent types of surfaces. Today’'s mobile phones are important devices for
professional and social lives of their users. Every mobile phone is in prin-
ciple and mostly controlled by hand; therefore, personal hygiene and
hand hygiene are important measures in preventing the transmission of
microorganisms from our hands to the different surfaces and vice versa.
It should be noted that in addition to proper cleaning of mobile phones,
prohibiting or restricting their use at the workplace in hygiene-sensitive
work processes is generally more logical and, from the hygienic point of
view, more effective measure. People, whose behaviour in their working
environment and private life is not always in accordance with good hy-
giene practice, often present a hidden microbiological risk factor. While
the usage of mobile phones has greatly increased in recent years, there is
an emerging need to supplement the principles and guidelines of good
hygiene practice with rules for the proper handling of mobile phones in
hygiene-sensitive work processes.
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