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Microbial contamination of mobile phones in a health care

setting in Alexandria, Egypt

Mikrobielle Kontamination von Mobiltelefonen in einer

Gesundheitseinrichtung in Alexandria, Agypten

Abstract

Aim: This study aimed at investigating the microbial contamination of
mobile phones in a hospital setting.

Methods: Swab samples were collected from 40 mobile phones of pa-
tients and health care workers at the Alexandria University Students’
Hospital. They were tested for their bacterial contamination at the mi-
crobiology laboratory of the High Institute of Public Health. Quantification
of bacteria was performed using both surface spread and pour plate
methods. Isolated bacterial agents were identified using standard mi-
crobiological methods. Methicillin-resistant Staphylococcus aureus was
identified by disk diffusion method described by Bauer and Kirby. Isol-
ated Gram-negative bacilli were tested for being extended spectrum
beta lactamase producers using the double disk diffusion method ac-
cording to the Clinical and Laboratory Standards Institute recommenda-
tions.

Results: All of the tested mobile phones (100%) were contaminated
with either single or mixed bacterial agents. The most prevalent bacterial
contaminants were methicillin-resistant S. aureus and coagulase-neg-
ative staphylococci representing 53% and 50%, respectively. The mean
bacterial count was 357 CFU/ml, while the median was 13 CFU/ml
using the pour plate method. The corresponding figures were 2,192
and 1,720 organisms/phone using the surface spread method.
Conclusions: Mobile phones usage in hospital settings poses a risk of
transmission of a variety of bacterial agents including multidrug-resistant
pathogens as methicillin-resistant S. aureus. The surface spread
method is an easy and useful tool for detection and estimation of bac-
terial contamination of mobile phones.

Keywords: mobile phones, bacterial contamination, hand hygiene, MRSA,
ESBL

Zusammenfassung

Zielsetzung: Es sollte die mikrobielle Kontamination von Mobiltelefonen
in einer universitaren Gesundheitseinrichtung untersucht werden.
Methode: Abstrichproben wurden von 40 Mobiltelefonen von Patienten
und Mitarbeitern im Universitatskrankenhaus in Alexandria entnommen.
Die mikrobiologische Analyse wurde im mikrobiologischen Labor des
Instituts fur Public Health durchgefluhrt. Die Quantifizierung erfolgte
sowohl durch direkte Ausbringung auf die Platte als auch durch Anlage
von Subkulturen zur Differenzierung. Methicillin-resistente Staphylococ-
cus aureus (MRSA) wurden mittels Plattchendiffusionsmethode nach
Bauer und Kirby identifiziert. Isolierte Gram-negative Organismen wurden
auf Vorkommen von ESBL-Bildung mittels der Doppeldiffusionsmethode
gemafl Empfehlung des Clinical and Laboratory Standards Institute
untersucht.

Ergebnisse: Alle untersuchten Mobiltelefone waren entweder mit einer
oder mehreren bakteriellen Arten kontaminiert. Am haufigsten wurden
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MRSA (53%) und Koagulase-negative Staphylokokken (50%) nachge-
wiesen. Als mittlere Anzahl von KbE ergaben sich 357 KbE mit einem
Median von130 KbE/ml pro Mobiltelefon im Plattengussverfahren. Die
korrespondierenden Werte betrugen 2.192 bzw. 1.720 KbE/Mobiltelefon

im Direktausstrich.

Schlussfolgerung: Mobiltelefone stellen ein Risiko in Gesundheitsein-
richtungen zur Weiterverbreitung nosokomialer Pathogen einschliefllich
MRSA dar. Auf der Oberflache von Mobiltelefonen kann die mikrobielle

Kontamination methodisch einfach nachgewiesen werden.

Schliisselworter: Mobiltelefone, mikrobielle Kontamination,

Handehygiene, MRSA, ESBL

Introduction

Mobile phones have become one of the most indispens-
able accessories of professional and social life. They are
increasingly becoming an important means of communi-
cation worldwide being easily accessible, economical and
user-friendly. They are widely used by the healthcare
workers (HCWs) and non-HCWs equally in every location.
With all the achievements and benefits of the mobile
phone, it is easy to overlook the health hazard it might
pose to its many users [1].

The constant handling of mobile phones by users in hos-
pitals (by patients, visitors and HCWs, etc.) makes it an
open breeding place for transmission of microorganisms,
as well as health care-associated infections (HAIs). This
is especially so with those associated with the skin due
to the moisture and optimum temperature of human body
especially our palms [2]. These factors and the heat
generated by mobile phones contribute to harboring
bacteria on the device at alarming levels. When we con-
sider a phone's daily contact with the face, mouth, ears,
and hands, the dire health risks of using germ-infested
mobile devices are obvious [3].

Unlike our hands, which are easily disinfected using alco-
hol-based hand rubs (ABHRs) that are made available
readily across all hospitals and medical facilities, our
mobile phones are cumbersome to clean. We even rarely
make an effort to disinfect them. As a result, these
devices have the potential for contamination with various
bacterial agents [4].

Doctors and healthcare staff working in critical areas as
intensive care units (ICUs) and operating units are highly
exposed to deadly micro-organisms. These mobile phones
used by HCWs often become carriers and may serve as
vectors and spread microorganisms wherever they are
taken along [5]. Colonized micro-organisms on the devices
of HCWs may be transmitted to patients even if patients
do not have direct contact with mobile phones [6]. These
organisms if pathogenic can be detrimental to the health
of the patients especially those in critical care units and
if the organisms transferred happen to be drug-resistant;
the situation becomes even more grave as it becomes
difficult to treat because of the limited drug options
available [7].

HAls affect more than 25 percent of admitted patients
in developing countries. In U.S. hospitals, they cause

1.7 million infections per year and are associated with
approximately 100,000 deaths. It is estimated that one
third of these infections could be prevented by adhering
to standard infection control guidelines [8]. Multidrug-
resistant (MDR) bacteria are commonly implicated in HAls
and can be challenging to eliminate [9].

This study was conducted to investigate bacterial contam-
ination of mobile phones in a hospital setting.

Materials and methods

Study design, sample size and study
setting

This cross sectional study was carried out during a period
of a month and a half from the beginning of March 2014
till the middle of April 2014.

Using Epiinfo version 6 based on the desire of detecting
a prevalence of mobile phone contamination of 97.5%
[10] and using a 95% confidence level and a 5% error
around the expected prevalence and an alpha error of
5%, the resulting minimum sample size required
amounted to 38 mobile phones.

A total of 40 mobile phones of patients and HCWSs at the
Alexandria University Students' Hospital (AUSH) were
tested for their bacterial contamination. The examined
mobile phones were randomly collected from 4 depart-
ments: laboratory, ICU, dialysis unit and triage area
(10 mobile phones from each department). A question-
naire was used for data collection of all the relevant in-
formation on tested mobile phones. Oral consents were
obtained from all individuals whose mobile phones were
included in the present study.

Samples collection and processing

Samples from mobile phones were collected using sterile
cotton swabs. Each swab was first moistened with sterile
peptone water and was rotated over the surface of both
sides of the tested mobile phone together with the keypad
in non touchscreen phones. All swabs were immediately
streaked (surface spread) over the surface of blood and
MacConkey’s agar plates. The cotton ends of these swabs
were cut off and soaked in 10 ml peptone water. All in-
oculated blood and MacConkey’s agar plates together
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with the inoculated peptone water tubes were transferred
rapidly to the microbiology laboratory at the High Institute
of Public Health (HIPH).

At the laboratory, blood and MacConkey’'s agar plates
were incubated aerobically at 37°C for 24 hours. The
inoculated peptone water tubes were vortexed and a one
ml from each tube was placed in a sterile petridish, then
15 ml of melted plate count agar medium was poured
over the sample portion. The agar was thoroughly mixed
with the sample portion and allowed to set and solidify.
The plates were then inverted and incubated aerobically
at 370C for 24 hours.

Quantification of bacterial isolates

The number of estimated colony forming units (CFU) for
each sample subjected to pour plate (PP) method was
then counted using the Quebec colony counter (Reichert,
USA) and recorded as CFU/ml. Isolated colonies on blood
and MacConkey’s agar plates using surface spread (SS)
method were counted and recorded as organisms/phone.

Identification of isolates

Isolated bacterial agents were identified according to the
standard microbiological methods described by Forbes
et al. (2007) [11]. They were identified using Gram’s
staining, colony morphology and appropriate biochemical
tests. For identification of Gram-positive cocci (GPC);
isolates that appeared as medium sized circular, white
or golden yellow with smooth convex surface and entire
edge and were B-hemolytic or non-hemolytic on blood
agar plates and were positive for catalase, slide and tube
coagulase and Voges Proskauer tests were considered
as Staphylococcus aureus (S. aureus). Non-haemolytic,
catalase-positive, coagulase-negative, bacitracin-sensitive
GPC were identified as Micrococcus spp., while catalase-
positive, coagulase-negative and bacitracin-resistant GPC
were considered as coagulase-negative staphylococci
(CoNS).

S. aureus and CoNS identified isolates were further
checked for their susceptibility to methicillin using oxacil-
lin (1 pg) and cefoxitin (30 pg) discs on Mueller Hinton
agar plates supplemented by 4% NaCl by disk diffusion
method described by Bauer and Kirby [12]. The inhibition
zone diameters were measured and interpreted as recom-
mended by the Clinical and Laboratory Standards Institute
(CLSI) [13].

As regards Gram-negative bacilli (lactose and non-lactose
fermenters), the oxidase, catalase, triple sugar iron agar
(TSI), indole, methyl red, Voges Proskauer, citrate (IMViC)
and urease tests were carried out for their identification.
They were further tested for being extended spectrum
beta-lactamase (ESBL) producers using the double disk
diffusion method according to CLSI recommendations.
Ceftazidime 30 ug, ceftazidime-clavulanate 30/10 ug,
cefotaxime 30 pg and cefotaxime-clavulanate 30/10 pg
discs were used. A =25 mm increase in a zone diameter
for either antimicrobial agent tested in combination with

clavulanate vs. the zone diameter of the agent when
tested alone confirmed ESBL producers [13].

Statistical analysis

Data were analyzed [14] using SPSS version 16.0, the
0.05 level was used as the cut off value for statistical
significance. Testing the distribution of data was done
using one sample Kolmogorov-Smirnov test and accord-
ingly parametric or non-parametric statistics is selected.
Counts and percentage were used for describing and

summarizing qualitative data, the arithmetic mean (X)
and the standard deviation (SD) were used as measures
of central tendency and dispersion respectively for nor-
mally distributed quantitative data, the median was also
used as a measure of central tendency for the non-nor-
mally distributed data. Mann-Whitney U test and Kruskal-
Wallis H tests were done for comparing two or more inde-
pendent quantitative non-normally distributed variables.
Wilcoxon signed rank test was done for comparing two
related quantitative non-normally distributed variables.

Results

The present work was conducted on 40 mobile phones
from patients and HCWs at AUSH. Ten mobile phones
were randomly selected from each of 4 hospital depart-
ments: ICU, laboratory, dialysis unit and triage.

This study enrolled the mobile phones of 16 (40%) nurses,
8 (20%) patients 7 (18%) workers, 5 (12%) laboratory
technicians and 4 (10%) doctors. Half of these cell phones
(50%) were touch screen phones and half (50%) were
keypad phones. About 58% were new and 42% were old
ones. The majority of these mobile phones did not have
covers 27/40 (68%).

The current work revealed that the majority of isolated
bacterial contaminants were mixed with more than one
organism. It has been found that all mobile phones tested
from the laboratory (100%) yielded mixed organisms,
followed by 90% from dialysis unit and 70% from triage
area. On the other hand, 60 % of the tested mobile
phones from ICU revealed only one (single) isolate. The
difference between these results was found to be highly
statistically significant (p-value = 0.000). Regarding the
categories of HCWs and patients, mixed bacterial contam-
inants had the upper hand in all categories. Of the
4 doctors tested mobile phones, 3 (75%) revealed more
than one organism. The corresponding figures for nurses,
lab technicians, workers and patients were as follows,
11/16 (69%), 5/5 (100%), 6/7 (86%), 5/8 (63%), respect-
ively. This was found to be statistically significant (p-value
= 0.040). In addition, of the 29 cell phones which were
recorded to be cleaned by their owners, 21 (72%) yielded
more than one organism. It has been also noted that the
majority of individuals enrolled in the present study report-
ed that they perform hand hygiene (HH) practices (37/40),
of these 28 (76%) grew more than one organism from

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

3/9



Selim et al.: Microbial contamination of mobile phones in a health ...

Table 1: Number of isolated bacterial agents in relation to place, work, mobile cleanliness and hand hygiene practices

Number of isolated bacterial agents
One organism | More than one organism Total Mean | SD | Median | p-value
No. % No. % No. %
Place
Hospital lab 0 0.0 10 100.0 10 [ 1000 | 39 |06 4.0
ICU 6 60.0 4 40.0 10 | 1000 | 1.7 | 11 1.0 0.000**
Triage 3 30.0 7 70.0 10 | 1000 | 20 | 0.9 2.0
Dialysis 1 10.0 9 90.0 10 | 1000 | 23 |07 2.0
Work
Doctor 1 250 3 75 4 11000 25 |17 2.0
Worker 1 14 6 86 7 | 1000 | 29 |12 3.0
Technician 0 0.0 5 100.0 5 | 1000| 38 |04 40 0.040*
Nurse 5 31 11 69 16 | 100.0 | 22 [1.0 2.0
Patient 3 38 5 63 8 | 1000 | 19 |08 2.0
Cleanliness
Yes 8 28 21 72.4 29 | 1000 | 23 |12 20 0.254
No 2 18 9 81.8 11 |1 1000 | 28 |12 3.0
Hand hygiene
Yes 9 24 28 75.7 37 {1000 | 24 |11 20 0.492
No 1 33 2 66.7 3 | 1000 | 30 |17 4.0
TOTAL 10 25.0 30 75.0 40 | 100.0 | 2.5 | 1.2 2.0

* P-value <0.05 statistically significant
**P-value <0.01 highly statistically significant

their cell phones. There was no statistical significant dif-
ference between any of these figures (p-value = 0.492)
(Table 1).

Observational surveys for HH compliance regarding World
Health Organization (WHO) HH moment 1 (before touching
the patient) and moment 4 (after touching the patient)
[15] in the ICUs of the AUSH during the study period were
as follows:

¢ Total HH compliance percentage for moments 1 and
4 in March 2014 = 378%. Nurses recorded the highest
compliance rate (67%).

¢ Total HH compliance percentage for moments 1 and
4 in April 2014 = 42%. Nurses recorded the highest
compliance rate (78%).

In this study, the bacterial count was performed by two
methods; PP and SS. The mean bacterial count was found
to be 357.10 CFU/ml, while the median was 13.00
CFU/mI by the PP method. The corresponding figures
were 2192.03 and 171.50 organisms/phone using the
SS method. SS method was found to yield much higher
number of isolates than PP method in count categories
of <10 (mean = 1294.9 and 4.5, respectively) and that
of 10-<100 (mean = 1909.0 and 33.5, respectively).
This was found to be statistically significant (p-value =
0.000). There was no statistical significant difference
between the two methods regarding the high counts (100
or more) p=0.144 (Table 2).

As regards isolated organisms in this study, methicillin-
resistant Staphylococcus aureus (MRSA) was detected
in 53% of the samples, followed by CoNS (50%), Bacillus
(43%), Diphtheroids (30%), methicillin-susceptible Sta-

phylococcus aureus (MSSA) (18%), E. coli and Viridans
streptococci (13% each), Micrococci (10%), Klebsiella
pneumoniae and ESBL Klebsiella pneumoniae (8% each).
The least encountered isolates were Acinetobacter bau-
manii and Candida (3% each) (Table 3).

In the present study, CONS were the most frequently en-
countered isolates from doctors’ mobile phones (40%),
followed by Bacillus spp. (20%), while MRSA, MSSA,
diphtheroids and E. coli represented 10% each. On the
other hand, MRSA was the most commonly isolated or-
ganism from nurses’ cell phones (20%), followed by Ba-
cillus and CoNS (17% each). Regarding laboratory techni-
cians, CoNS showed the highest percentage of isolation
(26%), followed by Bacillus spp. and diphtheroids (21%
each). MRSA has been isolated from 25% of workers’
mobile phones, while Bacillus accounted for 20% of isol-
ates. As for patients, MRSA was the most frequently
isolated organism (33%), followed by Viridans streptococci
(27%) and CoNS (13%). Bacillus, micrococci and diphther-
oids represented 7% each (Table 4).

MRSA were the most commonly encountered bacterial
contaminants and were more frequently found in ICU
(70%). Three ESBL Klebsiella spp. were isolated in the
current study from ICU, laboratory and triage area. Two
of the three isolates were revealed from workers mobile
phones and one from a nurse cell phone. On the other
hand, the one Acinetobacter baumanii strain encountered
in this study was isolated from the mobile phone of a
laboratory technician and was found to be multidrug-
resistant.

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

4/9



Selim et al.: Microbial contamination of mobile phones in a health ...

Table 2: Count of bacterial agents contaminating the 40 tested mobile phones using pour plate and surface spread methods

Count by PP method Count by SS method
Count P - - p-
categories . Geometric ' Geometric | yalue
Mean SD Median mean Mean SD Median mean
Below 10 45 2.4 4.0 3.9 | 12049 | 25845 54.0 123.1 | 0.000*
10- 33.5 23.3 29.0 266 | 1909.0 | 2931.8 171.5 293.9 | 0.000*
100 or more | 2268.2 | 3278.1 188.5 520.8 | 5433.3 | 2612.8 | 6500.0 32416 | 0.144
Total 357.1 | 1428.0 13.0 19.4 | 2192.0 | 3029.0 171.5 297.5 | 0.000*
*P-value <0.01 highly statistically significant
Table 3: Types of isolates from the 40 tested mobile phones
Organism type (n':(;b) %
MRSA 21 525
CoNS 20 50.0
Bacillus spp. 17 42.5
Diphtheroids 12 30.0
MSSA 7 17.5
E. coli 5 125
Viridans streptococci 5 12.5
Micrococci 4 10.0
Klebsiella pneumoniae 3 7.5
ESBL Kiebsiella pneumoniae 3 7.5
Acinetobacter baumanii 1 2.5
Candida 1 25
Table 4: Distribution of isolates according to owners of 40 tested mobile phones
Work
Organism type Doctors Workers Technicians Nurses Patients
No. % No. % No. % No. % No. %
MRSA 1 10.0 5 250 3 15.8 7 20.0 5 33.3
Bacillus spp. 2 20.0 4 20.0 4 21.1 6 17.1 1 6.7
Micrococci 0 0.0 1 5.0 1 53 1 29 1 6.7
CoNS 4 40.0 3 15.0 5 26.3 6 171 2 13.3
MSSA 1 10.0 0 0.0 0 0.0 5 14.3 1 6.7
Diphtheroids 1 10.0 2 10.0 4 211 4 11.4 1 6.7
E.coli 1 10.0 2 10.0 1 53 1 29 0 0.0
Acinetobacter baumanii 0 0.0 0 0.0 1 5.3 0 0.0 0 0.0
Klebsiella pneumoniae 0 0.0 0 0.0 0 0.0 3 8.6 0 0.0
ESBLKIlebsiella pneumoniae 0 0.0 2 10.0 0 0.0 1 29 0 0.0
Viridans streptococci 0 0.0 0 0.0 0 0.0 1 29 4 26.7
Candida 0 0.0 1 5.0 0 0.0 0 0.0 0 0.0
Total 10 | 100.0 | 20 | 100.0 | 19 | 100.0 | 35 | 100.0 | 15 | 100.0
Discussion patients and these patients are more vulnerable to hos-

Hospital acquired infection caused by multidrug-resistant
organisms is a growing problem in many health care insti-
tutions [16], [17], [18]. Hands, instruments, mobile
phones or other inanimate hospital objects used by HCWs
may serve as vectors for the nosocomial transmission of
microorganisms [4], [19], [20], [21]. Unlike fixed phones,
mobile phones are often used in these areas close to the

pital acquired infections [22], [23].

In this study, 40 mobile phones from 4 different depart-
ments of a health care setting were screened for the
presence of bacterial contamination. All of them were
having one or more organism. Similar results were repor-
ted by Tagoe et al. (2011) [2] where all 100 mobile
phones sampled were contaminated with varied numbers
of bacteria. Ustun and Cihangiroglu (2012) [10] found
that 98% culture-positive specimens were isolated from
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examined mobile phones of the HCWs. In a study conduc-
ted by Tambe and Pai (2012) [24] 83% of screened mo-
bile phones of the HCWs showed bacterial or/and fungal
contamination.

In a separate study, researchers found that 95% of
phones were contaminated with some kind of bacteria,
many of which were resistant to multiple antibiotics. By
also testing the participants’ hands, the researchers were
able to show that a significant number of germs were
transferred from their hands to their phones, and vice
versa. In fact, about 30% of the bacteria on the phones
ended up on the owner’s hands [25]. In a study done by
Meadow et al. (2014) [26] they characterized microbial
communities on smart phone touch screens to determine
whether there was significant overlap with the skin micro-
biome sampled directly from their owners. They found
that about 22% of the bacterial taxa on participants’ fin-
gers were also present on their own phones. Beckstrom
etal. (2013) [27] in their study of bacterial contamination
of the parent’s cell phone in the NICU and the effective-
ness of an anti-microbial gel in reducing transmission to
the hands found that all cell phones demonstrated bac-
terial contamination. 90% had the same bacteria on the
cell phone and their cleaned hands and 22% had no
growth on their hands after applying anti-microbial gel
after they had the same bacteria on the cell phone and
hands.

Effective HH compliance in hospitals plays a key role in
improving patient and provider safety, and in preventing
the spread of HAls. Despite this fact, HH compliance
among HCWs in general is unacceptably low especially
in developing countries [28]. During our study period, HH
compliance rates among HCWs were estimated to be
37% and 42%. This was in concordance with the results
of previous studies, where HH compliance rates ranged
from 5%-89%; average, 39% [29]. In addition, in our
study HH compliance was found to be higher among
nurses (67% and 78%, respectively). This agreed with the
findings of Rosenthal et al. in 2005 [30] and in 2013
[31]; where compliance was higher among nurses than
among other HCWs.

Lower rates of contamination were found by Kokate et
al. (2012) [5] and Mark et al. (2014) [32] where both
reported 60% contamination rates of examined mobile
phones of HCWs.

In the present study, the bacterial count was performed
by two methods; PP and SS. It has been found that in low
and moderate counts (<10 and 10 and more), SS method
yielded statistically significant higher numbers of organ-
isms than PP method, while in high counts (100 or more),
though SS method revealed higher numbers of isolates
than those yielded by PP method, yet this was not found
to be statistically significant. SS method is also easier
and less laborious compared to PP method. It has been
used by many researchers for enumeration and detection
of bacterial agents [10], [21], [24].

In the study by Pal et al. (2013) [33] the median colony
count for touch screen phones and keypad devices was
0.09 CFU/cm? (interquartile range (IQR) 0.05-0.14) and

0.77 CFU/cm’ (IQR range 0.45-3.52), respectively. Re-
sults from the study of Tagoe et al. (2011) [2] showed
high levels of bacterial contamination of mobile phones
used by students in the University of Cape Coast with an
overall mean viable bacterial count of 9.9x10° CFU/phone
using PP method. A United Kingdom study tested
30 mobile phones for levels of potentially harmful bacteria
or the total viable bacterial count (TVC). The results re-
vealed that 25% exceeded the acceptable TVC by
10 times and have 18 times the TVC as a handle on a
public restroom toilet [34]. It was estimated that the av-
erage cell phone harbors 25,107 bacteria per square
inch [25]. In general; the greater the concentration of the
microbe, the longer it survives and survival can range
from minutes to months. This is a cause for concern since
these pathogenic isolates are capable of causing diseases
in anyone who gets contaminated whilst using the mobile
phone [2].

In the current study, MRSA was detected in 53% of the
samples, followed by CoNS (50%), Bacillus (43%), diph-
theroids (30%), MSSA (185%), E. coli and Viridans strep-
tococci (13% each), micrococci (10%), Klebsiella pneumo-
niae and ESBL Klebsiella pneumoniae (8% each) and fi-
nally Acinetobacter baumanii and Candida (3% each). A
nearly similar result was reported by Angadi et al. (2014)
where MRSA was isolated from 53.3% of HCWs mobile
phones [7]. In the study by Tagoe et al. (2011) [2] the
isolated bacteria included Klebsiella pneumoniae (10%),
Citrobacter spp. (2%), S. aureus (4%), CoNS (15%),
Pseudomonas aeruginosa (4%), Salmonella spp. (3%),
Shigella spp. (2%), Proteus mirabilis (19%), E. coli (8%)
Bacillus cereus (23%), Streptococcus pneumoniae (10%),
Salmonella spp. (3%) and Shigella spp. (2%).

Tambe and Pai (2012) [24] reported that the isolation of
S. aureus was maximum in all the categories of HCWs
(54%), followed by micrococci (21%), diphtheroids (8%),
enterococci (4%), Pseudomonas, Citrobacter and Bacillus
spp. (3% each), Acinetobacter, Enterobacter and Strepto-
coccus viridans (2% each). In the study by Kokate et al.
(2012) [5] CoNS was the dominant organism (72%) fol-
lowed by diphtheroids (22%) and Aspergillus niger 2 (6%).
Rana et al. (2013) [1] found that out of the 50 samples
from HCWs, 10 were contaminated with S. aureus,
4 CoNS, one E. coli and Pseudomonas spp. together. Of
the 10 S. aureus 40% were resistant to methicillin.

In a study by Bhoonderowa et al. (2014) [35] CoNS was
the most prevalent (69 %) bacteria from mobile phones
of volunteers in the community. In 2014, a study carried
out by Raghavendra et al. [36] revealed that 52% of the
examined mobile phones of HCWs were contaminated
by S. aureus. In this work, it has been noted that staphy-
lococci were the most frequently encountered isolates.
This pathogen is of greater concern because of its vir-
ulence, its ability to cause a diverse array of life threaten-
ing infections, and its capacity to adapt to different envir-
onmental conditions [37]. It is also a well known fact that
organisms like S. aureus and CoNS resist dryness and
thus can survive and multiply rapidly in warm environ-
ments like cell phones [38].
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In a study carried out by Ustun and Cihangiroglu (2012)
[10] MRSA and ESBL-producing E. coli were detected in
10% and 11% of mobile phones samples, respectively.
Pal et al. [33] reported that 13% of phones grew either
MRSA or vancomycin-resistant enterococci.

The observed high rate of antibiotic-resistant bacteria
(MRSA and ESBL Klebsiella pneumoniae, accounting for
60% of the isolates) in this study could be attributed to
both the misuse and abuse of antibiotics. The prevalence
of antibiotic-resistant bacteria is a serious problem with
important implications for hospital infection prevention
and control program. Although the geographic distribution
of these bacteria is worldwide, the epidemiology and
dissemination patterns appear to differ within and across
regions [33].

In the present study, there was no statistical significant
difference in the mean viable bacterial count isolated
from different departments of the hospital or among dif-
ferent categories of HCWs or with the cleanliness of mo-
bile phones or implementation of hand hygiene practices.
However, mixed infection with more than one type of or-
ganism had the upper hand in this study. It was more
frequently observed in samples obtained from the hospital
laboratory (100%), followed by those from dialysis units
(90%) and triage (70%). On the other hand, 60 % of the
tested mobile phones from ICU revealed only one isolate.
Srikanth et al. (2010) [39] reported that polymicrobial
growth was detected in 71% of HCW mobile phones and
78% of corporate mobile phones. In addition, Chawala
et al. [40] documented that the majority of HCWS mobile
phones showed polymicrobial growth i.e. 40% mobile
phones showed two types of organisms, 28% showed the
presence of three or more types of organisms and only
25% were mono microbial. On the contrary, in the study
conducted by Ulger et al. (2009) [41], it was found that
49% of phones grew only one bacterial species, 34% two
different species, and 12% three or more different spe-
cies.

At the same time, mixed infection was found more among
laboratory technicians followed by workers than among
doctors and nurses. Technicians in the hospital laboratory
are often exposed to a wide range of pathogenic and
multi-resistant micro-organisms during handling different
types of samples in their work. In the study conducted by
Tambe and Pai (2012) [24] the isolation of bacterial flora
was seen to a greater extent among the laboratory tech-
nicians and the ward boys as compared to the nurses
and the doctors. Similar findings were reported by Trivedi
et al. (2011) [38] as the highest bacterial contamination
of mobile phones (52%) were found among HCWs other
than nurses and doctors, followed by nurses (50%) and
finally doctors (38%).

A practice guideline was issued by the community and
Hospital Infection Control Association (CHICA, Canada)
to address the issues of electronic devices in health care
settings. Some of their recommendations include that
hand hygiene should be performed between patient
contact and before and after accessing a device, manu-
facturer’s guidelines for use, cleaning/disinfection and

maintenance should be reviewed to ensure that these
guidelines meet the standards for cleaning and low-level
disinfection that are necessary for exposure to multidrug-
resistant organisms [42].

Conclusions

* Mobile phones were found to be highly contaminated
with bacterial agents.

* Their usage in hospital settings serves as a potential
vehicle for the spread of nosocomial pathogens includ-
ing multidrug-resistant pathogens as MRSA.

* The surface spread method is a simple and useful tool
for detection and enumeration of bacterial agents
contaminating mobile phones.

Recommendations

* Screening of mobile phones for bacterial contamination
is recommended especially within hospital critical
areas.

* Due care should be taken when using mobile phones
in health care settings especially during working hours
to reduce the risk of transmission of detrimental bac-
terial agents.

Notes

Competing interests

The authors declare that they have no competing interests
relevant to this paper.

Acknowledgment

We would like to express our deep thanks and sincere
appreciation to Dr. Ashraf Wahdan, lecturer of biostatistics
at the High Institute of Public Health, for his kind effort
in the statistical analysis performed in this study. We
would also like to extend our hearty thanks and deepest
gratitude to the members of the infection control team
at the Alexandria University Students’ Hospital.

References

1. Rana R, Joshi S, Lakhani S, Kaur M, Patel P. Cell phones - homes
for microbes. Int J Biol Med Res. 2013;4(3):3403-6.

2. Tagoe DN, Gyande VK, Ansah EO. Bacterial Contamination of
Mobile Phones: When Your Mobile Phone Could Transmit More
Than Just a Call. WebmedCentral Microbiology.
2011;2(10):WMC002294. DOI:
10.9754/journal.wmc.2011.002294

3. Singh A, Purohit B. Mobile phones in hospital settings: a serious
threat to infection. Occup Health Saf. 2012 Mar;81(3):42-4.
Available from: http://ohsonline.com/articles/2012/03/01/
mobile-phones-in-hospital-settings.aspx [cited 2014 Feb 18]

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

7/9


http://ohsonline.com/articles/2012/03/01/mobile-phones-in-hospital-settings.aspx
http://ohsonline.com/articles/2012/03/01/mobile-phones-in-hospital-settings.aspx

Selim et al.: Microbial contamination of mobile phones in a health ...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Brady RR, Wasson A, Stirling |, McAllister C, Damani NN. Is your
phone bugged? The incidence of bacteria known to cause
nosocomial infection on healthcare workers' mobile phones. J
Hosp Infect. 2006 Jan;62(1):123-5. DOI:
10.1016/j.jhin.2005.05.005

Kokate SB, More SR, Gujar V, Mundhe S, Zahiruddin QS.
Microbiological flora of mobile phones of resident doctors. J
Biomed Sci Eng. 2012;5:696-8. DOI:
10.4236/jbise.2012.511086

Kilic IH, Ozaslan M, Karagoz ID, Zer Y, Davutoglu V. The microbial
colonisation of mobile phone used by healthcare staffs. Pak J
Biol Sci. 2009 Jun 1;12(11):882-4. DOI:
10.3923/pjbs.2009.882.884

Angadi KM, Misra R, Gupta U, Jadhav S, Sardar M. Study of the
role of mobile phones in the transmission of Hospital acquired
infections. Med J DY Patil Univ. 2014;7(4):435-8. DOI:
10.4103/0975-2870.135256

Elsevier Health Sciences. Dangerous bacteria found on cell
phones of hospital patients. ScienceDaily. 1 June 2011 [cited
2014 Mar 22]. Available from: http://www.sciencedaily.com/
releases/2011/05/110531115416.htm

Sadat-Ali M, Al-Omran AK, Azam Q, Bukari H, Al-Zahrani AJ, Al-
Turki RA, Al-Omran AS. Bacterial flora on cell phones of health
care providers in a teaching institution. Am J Infect Control. 2010
Jun;38(5):404-5. DOI: 10.1016/j.ajic.2009.08.007

Ustun C, Cihangiroglu M. Health care workers' mobile phones: a
potential cause of microbial cross-contamination between
hospitals and community. J Occup Environ Hyg. 2012;9(9):538-
42.DOI: 10.1080/15459624.2012.697419

Forbes BA, Sahm DF, Weissfeld AS. Bailey and Scott's diagnostic
microbiology. 12th ed. St Louis: Mosby; 2007.

Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic susceptibility
testing by a standardized single disk method. Am J Clin Pathol.
1966 Apr;45(4):493-6.

Clinical and Laboratory Standards Institute. Performance
standards for antimicrobial susceptibility testing; Twenty-fourth
informational supplement, M100-S24. Wayne, PA: CLSI; 2014.

Daniel WW. Biostatistics: A foundation for analysis in the health
sciences. 9th ed. Hoboken, NJ: Wiley; 2009.

World Health Organization. Clean care is safer care. Save lives:
Clean Your Hands - WHO's global annual campaign. [cited 2014
Mar 17]. Available from: http://www.who.int/gpsc/5may/en/

Singh V, Aggarwal V, Bansal S, Garg SP, Chowdhary N. Telephone
mouthpiece as a possible source of hospital infection. J Assoc
Physicians India. 1998 Apr;46(4):372-3.

Kennedy KJ, Dreimanis DE, Beckingham WD, Bowden FJ.
Staphylococcus aureus and stethoscopes. Med J Aust. 2003
May;178(9):468.

National Nosocomial Infections Surveillance (NNIS) system report,
data summary from January 1992-April 2000, issued June 2000.
Am J Infect Control. 2000 Dec;28(6):429-48. DOI:
10.1067/mic.2000.110544

Brady RR, Fraser SF, Dunlop MG, Paterson-Brown S, Gibb AP.
Bacterial contamination of mobile communication devices in the
operative environment. J Hosp Infect. 2007 Aug;66(4):397-8.
DOI: 10.1016/j.jhin.2007.04.015

Singh S, Acharya S, Bhat M, Rao SK, Pentapati KC. Mobile phone
hygiene: potential risks posed by use in the clinics of an Indian
dental school. J Dent Educ. 2010 Oct;74(10):1153-8.

Schultz M, Gill J, Zubairi S, Huber R, Gordin F. Bacterial
contamination of computer keyboards in a teaching hospital.
Infect Control Hosp Epidemiol. 2003 Apr;24(4):302-3. DOI:
10.1086/502200

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Jeske HC, Tiefenthaler W, Hohlrieder M, Hinterberger G, Benzer
A. Bacterial contamination of anaesthetists' hands by personal
mobile phone and fixed phone use in the operating theatre.
Anaesthesia. 2007 Sep;62(9):904-6. DOI: 10.1111/j.1365-
2044.2007.05172.x

Elkholy M, Ewees |. Mobile (cellular) phones contamination with
nosocomial pathogens in intensive care units. Med J Cairo Univ.
2010;78(2):1-5.

Tambe NN, Pai C. A Study of microbial flora and MRSA harboured
by mobile phones of health care personnel. Int J Recent Trends
Sci Technol. 2012;4(1):14-8.

Clean link. Study: Public toilet is cleaner than the average cell
phone. 2013 Jul 18 [cited 2014 May 20]. Available from: http://
www.cleanlink.com/news/article/Study-Public-Toilet-Is-Cleaner-
Than-The-Average-Cell-Phone--15844#sthash.QlwJarRw.dpuf

Meadow JF, Altrichter AE, Green JL. Mobile phones carry the
personal microbiome of their owners. PeerJ. 2014 Jun
24;2:e447. DOI: 10.7717/peerj.447

Beckstrom AC, Cleman PE, Cassis-Ghavami FL, Kamitsuka MD.
Surveillance study of bacterial contamination of the parent's cell
phone in the NICU and the effectiveness of an anti-microbial gel
in reducing transmission to the hands. J Perinatol. 2013
Dec;33(12):960-3. DOI: 10.1038/jp.2013.108

Pittet D, Allegranzi B, Boyce J; World Health Organization World
Alliance for Patient Safety First Global Patient Safety Challenge
Core Group of Experts. The World Health Organization Guidelines
on Hand Hygiene in Health Care and their consensus
recommendations. Infect Control Hosp Epidemiol. 2009
Jul;30(7):611-22. DOI: 10.1086/600379

World Health Organization. WHO guidelines on hand hygiene in
health care. Geneva: WHO; 2009.

Rosenthal VD, Guzman S, Safdar N. Reduction in nosocomial
infection with improved hand hygiene in intensive care units of
a tertiary care hospital in Argentina. Am J Infect Control. 2005
Sep;33(7):392-7. DOI: 10.1016/j.ajic.2004.08.009

Rosenthal VD, Pawar M, Leblebicioglu H, Navoa-Ng JA, Villamil-
Goémez W, Armas-Ruiz A, Cuéllar LE, Medeiros EA, Mitrev Z, Gikas
A, Yang Y, Ahmed A, Kanj SS, Duenas L, Gurskis V, Mapp T,
Guanche-Garcell H, Fernandez-Hidalgo R, Klbler A. Impact of
the International Nosocomial Infection Control Consortium (INICC)
multidimensional hand hygiene approach over 13 years in 51
cities of 19 limited-resource countries from Latin America, Asia,
the Middle East, and Europe. Infect Control Hosp Epidemiol.
2013 Apr;34(4):415-23. DOI: 10.1086/669860

Mark D, Leonard C, Breen H, Graydon R, O'Gorman C, Kirk S.
Mobile phones in clinical practice: reducing the risk of bacterial
contamination. Int J Clin Pract. 2014 Sep;68(9):1060-4. DOI:
10.1111/ijcp.12448

Pal P, Roy A, Moore G, Muzslay M, Lee E, Alder S, et al. Keypad
mobile phones are associated with a significant increased risk
of microbial contamination compared to touch screen phones.
J Infect Prev. 2013;14(2):65-8. DOI:
10.1177/1757177413475903

Fox News. Mobile phone 18 times dirtier than toilet handles.
2010 July 30 [cited 2014 Aug 8]. Available from: http://
www.foxnews.com/story/2010/07/30/mobile-phones-18-times-
dirtier-than-toilet-handles/

Bhoonderowa A, Gookool S, Biranjia-Hurdoyal SD. The importance
of mobile phones in the possible transmission of bacterial
infections in the community. J Community Health. 2014
0ct;39(5):965-7. DOI: 10.1007/510900-014-9838-6

Raghavendra MP, Shruthi KC, Shivalingaiah B. Bacteriological
screening of hands and mobile phones of healthcare workers
and its management. Int J Recent Trends Sci Technol.
2014;10(1):92-7.

S

qrslen

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226 8/9


http://www.sciencedaily.com/releases/2011/05/110531115416.htm
http://www.sciencedaily.com/releases/2011/05/110531115416.htm
http://www.who.int/gpsc/5may/en/
http://www.cleanlink.com/news/article/Study-Public-Toilet-Is-Cleaner-Than-The-Average-Cell-Phone--15844#sthash.QlwJarRw.dpuf
http://www.cleanlink.com/news/article/Study-Public-Toilet-Is-Cleaner-Than-The-Average-Cell-Phone--15844#sthash.QlwJarRw.dpuf
http://www.cleanlink.com/news/article/Study-Public-Toilet-Is-Cleaner-Than-The-Average-Cell-Phone--15844#sthash.QlwJarRw.dpuf
http://www.foxnews.com/story/2010/07/30/mobile-phones-18-times-dirtier-than-toilet-handles/
http://www.foxnews.com/story/2010/07/30/mobile-phones-18-times-dirtier-than-toilet-handles/
http://www.foxnews.com/story/2010/07/30/mobile-phones-18-times-dirtier-than-toilet-handles/

Selim et al.: Microbial contamination of mobile phones in a health ...

37. Lowy FD. Staphylococcus aureus infections. N Engl J Med. 1998  Corresponding author:
Aug;339(8):520-32. DOI: 10.1056/NEJM199808203390806 Dr. Amani Farouk Abaza
38.  Trivedi HR, Desai KJ, Trivedi LP, Malek SS, Javdekar TB. Role of  Microbiology Department, High Institute of Public Health,
mobile phone in spreading hospital acquired infection. A study Alexandria University 165 EI Horreya Avenue. Alexandria
in different group of health care workers. Natl J Integr Res Med. ’ ’ ’
2011;2(3):61-6. Egypt
) ) amani_abaza@yahoo.com
39. Srikanth P, Rajaram E, Sudharsanam S, Lakshmanan A,
Mariappan U, Jagannathan K. Mobile phones: emerging threat
for infection control. J Infect Prev. 2010; 11 (3): 87-90. DOI: Please cite as
10.1177/1757177410364866 Selim HS, Abaza AF. Microbial contamination of mobile phones in a
) health care setting in Alexandria, Egypt. GMS Hyg Infect Control.
40. Chawla K, Mukhopadhayay C, Gurung B, Bhate P, Bairy I. 2015:10:Doc03.
Bacterial "cell" phones: Do cell phones carry potential pathogens? DOI: 10.3205,/dgkh000246, URN: urn:nbn:de:0183-dgkh0002461
Online J Health Allied Sci. 2009; 8(1):8. Available from: http://
www.ojhas.org/issue29/2009-1-8.htm
] ] ) o This article is freely available from
41.  Ulger F, Esen S, Dilek A, Yanik K, Gunaydin M, Leblebicioglu H.  pttp://www.egms.de/en/journals/dgkh/2015-10,/dgkh000246.shtml
Are we aware how contaminated our mobile phones with
nosocomial pathogens? Ann Clin Microbiol Antimicrob. 2009;8:7. i
DOI: 10.1186/1476-0711-8-7 Published: 2015-02-02
42. |PAC Canada position statements and practice recommendations. Copyright
Practice recommendations for infection prevention and control . . i o
. : . . ©2015 Selim et al. This is an Open Access article distributed under
lated to elect d health ttings. J 2012
[Z ,?e g 20012 i;:a;ozg] :\\//;ci;sb:g frz?n- h:fpt(;/siww‘?;a:ne the terms of the Creative Commons Attribution 4.0 License. See license
canada.org/links_position.php information at http;//creativecommons.org/licenses/by/4.0/.
gTSED
o GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226 9/9


http://www.ojhas.org/issue29/2009-1-8.htm
http://www.ojhas.org/issue29/2009-1-8.htm
http://www.ipac-canada.org/links_position.php
http://www.ipac-canada.org/links_position.php

