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Cell phones may be an ideal habitat for colonization by bacterial pathogens, especially in hot climates, and may be a reservoir or
vehicle in transmitting nosocomial infections. We investigated bacterial contamination on cell phones of healthcare workers in
three hospitals in Saudi Arabia and determined antibacterial resistance of selected bacteria. A questionnaire was submitted to 285
healthcare workers in three hospitals, and information was collected on cell phone usage at the work area and in the toilet, cell
phone cleaning and sharing, and awareness of cell phones being a source of infection. Screening on the Vitek 2 Compact system
(bioMérieux Inc., USA) was done to characterize bacterial isolates. Of the 60 samples collected from three hospitals, 38 (63.3%)
were positive with 38 bacterial isolates (4 Gram-negative and 34 Gram-positive bacteria). We found 38.3% of cell phones were
contaminated with coagulase-negative staphylococci, particularly Staphylococcus epidermidis (10 isolates). Other bacterial agents
identified were S. aureus, S. hominis, Alloiococcus otitis, Vibrio fluvialis, and Pseudomonas stutzeri. Antimicrobial susceptibility
testing showed that most coagulase-negative staphylococci were resistant to benzylpenicillin, erythromycin, and rifampicin. Eight
isolates were resistant to oxacillin, specifically S. epidermidis (3), S. hominis (2), and S. warneri (2). A. otitis, a cause of acute otitis
media showedmultidrug resistance. One isolate, a confirmed hetero-vancomycin intermediate-resistant S. aureus, was resistant to
antibiotics, commonly used to treat skin infection. +ere was a significant correlation between the level of contamination and
usage of cell phone at toilet and sharing. Our findings emphasize the importance of hygiene practices in cell phone usage among
healthcare workers in preventing the transmission of multidrug-resistant microbes.

1. Introduction

+e popularity of cell phones with healthcare professionals
and lack of antiseptic practices make them potential routes
of transmission of bacterial pathogens [1]. It has been re-
ported that inanimate objects used by healthcare workers
including cell phones act as important origins of nosocomial
infections [2]. +e cell phones of healthcare workers may act
as reservoirs of nosocomial pathogens, which can be easily
transmitted from the cell phone by the hands of a healthcare
worker, thereby spreading bacterial isolates from one patient
to another in various hospital wards [3]. Nosocomial

infections are associated with significant morbidity and
mortality. Studies have shown that the most common
bacteria are coagulase-negative staphylococci, Escherichia
coli, and Pseudomonas [4] Coagulase-negative staphylococci
can invade the human body and cause serious infections,
including hospital-acquired blood stream and skin in-
fections [5]. +e increasing significance of multidrug-
resistant strains including staphylococci, among other eti-
ologic agents of nosocomial infections, imposes on re-
searchers the need to seek possible ways in the spread of
these pathogens and ensure their robust and effective pre-
vention. +erefore, the aim of the study was isolation and
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identification of bacteria from mobile phones. Moreover, we
determined antibiotic resistance of the isolates.

2. Materials and Methods

2.1.StudySetting. +is study was performed in three selected
hospitals in Riyadh Province, Saudi Arabia. Sixty swab
samples were collected from the cell phones of those vol-
unteers who consented for two months between September
and November 2017. Swab samples were collected by
swabbing the top portion of the cell phones using the BD
BBL™ culture swab™ collection and transport systems [6].
Aseptic practices were followed during the sampling process.
Of the 60 samples collected, 23 samples were obtained from
hospital A, 20 samples were from hospital B, and 17 samples
were from hospital C. In addition, written informed consent
was signed by all healthcare workers prior to sample col-
lection. Deanship of Scientific Research at Majmaah Uni-
versity approved the study with approval ethical number
(MUREC-Sept.25/COM-2017/120).

2.2. Bacterial Isolation and Characterization. Collected swab
samples were inoculated on 5% sheep blood agar and
MacConkey agar (Oxoid, UK) and incubated at 37°C for
48 hours. Different colonies were subcultured on nutrient
agar and 5% sheep blood agar to get pure colonies of the
isolates. +e preliminary identification of all isolates was
done using Gram stain and different biochemical tests in-
cluding catalase, oxidase and coagulase tests [6].

2.3. Bacterial Identification. Identification of isolated bac-
teria at the species level was performed with the Vitek 2
Compact system (bioMérieux Inc., USA) according to the
manufacturer’s instruction. A bacterial suspension of each
isolate was prepared by mixing the bacterial colony growing
on blood agar with 0.45% saline sodium chloride solution to
obtain a concentration of 0.5–0.63 McFarland units using
the VITEK DensiCHEK™ colorimeter (bioMérieux). +e
suspensions (2mL) were automatically loaded into the
VITEK 2 ID system (bioMérieux), using GP ID REF21342
and GN ID REF21341 cards for the identification of Gram-
positive and Gram-negative bacteria, respectively and the
version 07.01 release software.+e cards were read by kinetic
fluorescence measurement, and the results reported within
3 h [7]. Quality control for Vitek was done using Gram-
positive bacteria (Enterococcus casseliflavus ATCC 700327
and Staphylococcus saprophyticus BAA-750) and Gram-
negative bacteria (Enterobacter hormaechei ATCC 700323
and Stenotrophomonas maltophilia ATCC 17666). Skim
milk growth medium (20%) was used to store the identified
isolates and frozen at −20°C [8].

2.4. Antimicrobial Susceptibility Testing. To determine an-
timicrobial susceptibility testing for the isolates, 145 μL of
the bacterial suspension was drawn into 3mL of 0.45% saline
solution to further adjust the bacterial cell density. Vitek
cards were inoculated with the suspension vials and loaded

into the Vitek 2 automated reader-incubator using AST-
P580 (S. spp., Enterococcus spp., and S. agalactiae) and AST-
N291 (Gram-negative bacilli) cards. Results were interpreted
using Vitek 2 Compact software version 07.01 [7].

2.5. Questionnaire. We asked 285 healthcare workers in
selected hospitals to complete a questionnaire, which in-
cluded usage of cell phones at the work area and toilet,
cleaning cell phones by disinfectants, and awareness that cell
phones can serve as a source of infection.

2.6. Statistical Analysis. +e correlation matrix by using
Pearson’s linear correlation coefficient [9] to discover the
correlation between the contamination level and question-
naire variables (the usage of cell phones at the work area and
toilet, cleaning cell phones by disinfectants, sharing, re-
striction of using cell phone at work, and awareness that cell
phones can serve as a source of infection). +e value of the
correlation equal −1 indicates perfect negative correlation,
and the value equal +1 indicates perfect positive correlation;
p value < 0.05 was considered statistically significant.

3. Results and Discussion

3.1. Level of Contamination. +e results showed that 38
(63.3%) of the 60 cell phone sample swabs collected from
three hospitals were infected (Figure 1). Generally, the
frequency of contaminated cell phones varied between the
three selected hospitals, with the greatest contamination
found in hospital A, where 18 (78.23%) of 23 samples were
contaminated. Similarly, we found 70% (14/20) contami-
nation in hospital B, while 35.39% (6/17) of cell phone
sample swabs from hospital C were contaminated. Con-
tamination of the healthcare environment coupled with
nosocomial infections can lead to contamination of the cell
phones of healthcare workers [10]. +e hands of healthcare
workers can be contaminated with different bacterial
pathogens, and healthcare workers utilize cell phones in
laboratories, hospital halls, operating rooms, and intensive
care units [11]. +rough every phone call, SMS, or other use,
there is a risk that the cell phone comes into contact with
contaminated areas of the human body by hand-to-hand
contact or by hand to other areas, such as the mouth and ears
[3]. Furthermore, cell phones may act as a favorable habitat
for bacteria to colonize, especially under high temperature
and humid conditions [12].

3.2. Bacterial Identification. +irty-eight bacterial isolates
belonging to coagulase-negative staphylococci (CNS) (60.5%),
Staphylococcus aureus (2.6%), others Gram-positive (26.4%)
including Alloiococcus otitis, Micrococcus luteus, Globicatella
sulfidifaciens, Kocuria rosea, Dermacoccus nishinomiyaensis
and Facklamia hominis), and Gram-negative bacteria
(10.53%) including Vibrio fluvialis, Alcaligenes faecalis, Aci-
netobacter lwoffii, and Pseudomonas stutzeriwere identified as
cell phone contaminants. Eighteen isolates were isolated from
hospital A and 14 isolates from hospital B, while only 6
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isolates from hospital C. Samples from hospitals A and B had
higher contamination rates than those from hospital C. In
hospital A, 18 Gram-positive bacteria consisting of S. hominis
subsp. hominis (18.4 %), S. epidermidis (18.4%), S. capitis
(2.6%), Micrococcus luteus (2.6%), Globicatella sulfidifaciens
(2.6%), and Facklamia hominis (2.6%) were identified. In
hospital B, 11 Gram-positive bacteria, specifically S. epi-
dermidis (5.3 %), S. lentus (2.6%), M. luteus (5.3%), Alloio-
coccus otitis (5.3%), Dermacoccus nishinomiyaensis (5.3%),
and Kocuria rosea (2.6%), and 4 Gram-negative bacteria,
specifically Vibrio fluvialis (2.6%), Alcaligenes faecalis subsp.
faecalis (2.6%), Acinetobacter lwoffii (2.6%), and Pseudomonas
stutzeri (2.6%), were identified. In hospital C, the 6 Gram-
positive bacteria were identified as S. aureus (2.6%), S. hominis
subsp. hominis (5.6%), S. epidermidis (2.6%), and S. warneri
(5.3%) (Table 1).

Our study showed that coagulase-negative staphylococci
were the most frequently isolated bacteria among healthcare
workers (60.5%), particularly S. epidermidis and S. hominis.
Our findings are similar to those of Zakai et al. [13] who
reported coagulase-negative staphylococci were the most
abundant isolates (68%) from contaminated cell phones of
medical students in Saudi Arabia. It has been documented
that handling contaminated inanimate objects during casual
activities may cause hand-to-mouth transfer of pathogens.
Furthermore, it has been predicted that cell phones can be an
active origin of nosocomial infection as hand use to hold the
phone comes in close contact with strongly contaminated
body areas, such as the mouth, and ears [3]. In fact, nearly
30% of bacteria on cell phones are found on the hands of the
owner [14]. Coagulase-negative staphylococci have the
ability to create a biofilm on both animate and inanimate
objects, which poses a particular threat for individuals re-
ceiving valve prostheses, implants, or catheters [15]. It was
reported that coagulase-negative staphylococci are re-
sponsible for blood infections, of which S. epidermidis causes
67% of infections and other coagulase-negative staphylo-
cocci cause 33% [16].

3.3. Antimicrobial Susceptibility. Next, twenty-six Gram-
positive bacteria were selected for antimicrobial

susceptibility testing including 15 isolates from hospital A (S.
hominis subsp. hominis (7), S. epidermidis (7), and S. capitis
(1)), 5 isolates from hospital B (S. epidermidis (2), S. lentus
(1), and A. otitis (2)), and 6 isolates from hospital C (S.
aureus (1), S. hominis subsp. hominis (2), S. epidermidis (1),
and S. warneri (2)).

As shown in Table 2, our antimicrobial susceptibility
results indicate that most of the coagulase-negative isolates
from the three hospitals were resistant to benzylpenicillin
(MIC ≥ 0.5), erythromycin (MIC ≥ 8), and fusidic acid (MIC
≥ 32), with intermediate resistance to rifampicin (MIC ≤
0.5). Resistance to oxacillin (MIC ≥ 4) was observed in S.
epidermidis (30 %), S. hominis (22.2%), S. warneri (100%),
and S. lentus (100%). Similarly, Asaad et al. [17] reported that
coagulase-negative staphylococci isolates from nosocomial
bloodstream infections in Najran (Saudi Arabia) were highly
resistant to penicillin, oxacillin, and erythromycin, exhib-
iting sensitivity to vancomycin and teicoplanin. It has been
believed that coagulase-negative staphylococci are impor-
tant reservoirs of antimicrobial resistance genes and
resistance-associated mobile genetic elements, which can be
transferred between staphylococcal species. S. hominis, S.
epidermidis, and S. haemolyticus are reported to be multiple
drug resistant coagulase-negative staphylococci [18, 19]. It
was demonstrated that mecA gene is transferred from
coagulase-negative staphylococcal species to S. aureus in
vivo and has a role in emergence of more successful S. aureus
clones, cell adherence, and invasion [20, 21].

Interestingly, one isolate was confirmed as hetero-
vancomycin intermediate-resistant S. aureus (hVISA) by
standard Etest methods [22]. It was resistant to antibiotics
commonly used to treat skin infection including benzyl-
penicillin (MIC ≥ 0.5), oxacillin (MIC ≥ 4), clindamycin
(MIC � 4), and vancomycin (MIC � 2). A previous study

Table 1: Types of bacteria isolated from cell phones of healthcare
workers in selected hospitals.

Total Hospital
C

Hospital
B

Hospital
A Bacterium

1 1 — — Staphylococcus aureus

9 2 — 7 Staphylococcus hominis
subsp. hominis

10 1 2 7 Staphylococcus
epidermidis

1 — 1 — Staphylococcus lentus
1 — — 1 Staphylococcus capitis
2 2 — — Staphylococcus warneri
3 — 2 1 Micrococcus luteus
1 — — 1 Globicatella sulfidifaciens
1 — — 1 Facklamia hominis
2 — 2 — Alloiococcus otitis

2 — 2 — Dermacoccus
nishinomiyaensis

1 — 1 — Kocuria rosea

1 — 1 — Alcaligenes faecalis subsp.
faecalis

1 — 1 — Vibrio fluvialis
1 — 1 — Acinetobacter lwoffii
1 — 1 — Pseudomonas stutzeri
38 6 14 18 Total

0

5
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20

25

Hospital C Hospital B Hospital A

Positive
Negative

Figure 1: Bacterial frequency in collected samples from cell phones
in selected hospitals.
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reported that hVISA may not only be associated with
persistent bacteremia and treatment failure but may also be a
precursor of the vancomycin intermediate S. aureus phe-
notype [23]. In Saudi Arabia, the occurrence of community-
and hospital-acquired methicillin-resistant S. aureus in-
fections is recorded; however, there are no available reports
regarding hVISA [24].

We found that A. otitis, a cause of acute otitis media, was
resistant to clindamycin (MIC � 4), erythromycin (MIC ≥ 8),
vancomycin (MIC � 1), nitrofurantoin (MIC � 128), and
teicoplanin (MIC � 4). A. otitidis has been frequently
documented as one of the most prevalent bacteria in middle
ear aspirates of patients with otitis media with effusion [25].
Recently, it was reported that A. otitidis plays a role in the
pathogenesis of otitis media with effusion, in which it forms
both single- and multi-species biofilms with other bacteria,
thus promoting multidrug resistance [26].

3.4. Questionnaires. Based on completed questionnaires, we
found that 222 (77.9%) participants used their cell phones at
work, 160 (56.1%) shared their phone with colleagues, and
128 (44.9%) never cleaned their phones. In addition, 23.8%
of participants (68/285) believed that cell phones could serve
as a source of bacterial transmission, and over half of the
participants (61.5%) reported that they agreed with re-
striction rules for using cell phones in the college. However,
according to the opinions of participants, 110 (38.5%) did
not agree with these rules (Figure 2).

Data on the correlation between contamination level and
questionnaire variables are shown in Table 3. +ere was a
significant correlation between the contamination level and
usage of cell phone in toilet and sharing (P< 0.05). By
contrast, no significant correlation was found between
contamination level and the usage of cell phones at the work
area, cleaning cell phones by disinfectants, restriction of
using cell phone at work, and awareness that cell phones can
serve as a source of infection. +ere was, however, a positive
correlation between the contamination level and the usage of
cell phones at the work area and cleaning cell phones by
disinfectants. Mkrtchyan et al. [27] reported that Staphy-
lococcus species are common toilets isolates, and 37.8% of
the isolates were drug resistant which can be freely trans-
ferred to the environment. Bhoonderowa et al. [28] reported
that sharing mobile phone within females was associated
with high bacterial load. It was recommended by previous
studies that the level of bacterial contamination on the cell
phones of healthcare workers can be reduced by reduce
sharing [29].

4. Conclusion

Our study demonstrably highlights that the cell phones of
healthcare workers can be contaminated by a wide range of
bacteria including multidrug resistance bacteria. Bacteria
may be readily able to adhere to the surface of cell phones,
and the heat emitted by the cell phone enhances bacterial
growth. +ese bacteria can then be transferred to the owner

22.1

77.9

No
Yes

No
Yes

No
Yes

No
Yes

No
Yes

No
Yes

Cell phone usage at the work area

56.5
43.5

Cell phone usage in the toilet

44.9
55.1

Cell phone cleaning

43.9
56.1

Cell phone sharing

38.5

61.5

Restriction of using cell phone
in hospital

23.8

76.2

Awareness of cell phones being 
a source of infection

Figure 2: Survey results of cell phone use among healthcare workers (n � 285) at selected hospitals.
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of the cell phone, patients, and the community. Based on our
presented data, there is a lack of awareness of using cell
phones in toilets and sharing among healthcare workers that
may contribute to a significant risk of transmitting
multidrug-resistant bacteria through unguarded cell phone
use. +e development of active preventive strategies is
needed to reduce the risk of cross infection.
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