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Abstract

BackgroundandPurpose: Nosocomial infections are a growing problem in many health centers. Cell phones used by the medical
staff can act as a vector for nosocomial transmission of microorganisms. This study aimed to investigate the role of cell phones of se-
nior medical students in the spread of nosocomial bacterial infections in Amir-al-Momenin general hospital in Tehran in September
2015.
Methods: Thirty medical students were enrolled using convenience sampling method. Demographic data, perspectives, attitudes,
phone type, and frequency of cleaning of mobile phones were collected by questionnaires. Samples were taken from the phones
using a sterile swab moistened with a nutritive medium in order to assess the possibility of bacterial growth.
Results: A total of 53.3 percent of mobile phones were infected. Isolated bacteria were: Staphylococcus epidermidis (26.7%), Non-
albicans Candida (16.7%), Bacillus PSP (13.3%), Micrococcus PSP (10%), non-hemolytic Streptococcus and Enterococcus (each 6.7%), and Kleb-
siella and Staphylococcus aureus (each 3.3%).
Conclusions: Mobile phones can act as potential carriers of nosocomial infections which are significantly higher in male students’
phones and in smartphones. So, some restrictions should be applied to their use in sensitive areas of hospitals. Also, due to the sig-
nificant impact of cleaning mobile phones in reducing the frequency of bacterial contamination, attention to their regular cleaning
should be considered.
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1. Introduction

Nosocomial infections are growing increasingly and
causing high mortality; as such, they affect 25% of hospital-
ized patients in the developing countries (1). Annually, 1.7
million patients suffer from nosocomial infections in the
United States, 100,000 of which die (2). Pathogen agents
of nosocomial infections may spread through the hands of
hospital personnel, thermometers, stethoscopes, and even
children’s toys in intensive care units in the hospitals (1).

In 1982, the global will for using cell phones to commu-
nicate more easily first started in Europe. Now, cell phones
are essential devices for social and personal life. Although
they are usually kept in bags or pockets, they are in close
contact with people’s hands and face (3). Currently, cell
phones are used in any place. These places may include
dinner tables, kitchens, restaurants, gyms, and even bath-
rooms and WCs. These factors and the heat produced by
cell phones let bacteria grow on the surface of these de-

vices (2).

Cell phones are usually used in hospital corridors, lab-
oratories, or intensive care units which is dedicated to tak-
ing care of patients with severe diseases (1). Extensive use
of cell phones among medical personnel in hospitals is
kind of a contrast. The question is how to use cell phones
while reducing its disadvantages. For example, surgeons
can consult their colleagues and masters in urgencies or
seek help form technical personnel if some devices broke
during the operation. On the other hand, cell phone of the
surgeons may cause wound infection (4).

In Ulger et al.’s study in 2009, 94.5% of cell phones
were affected with different bacteria, 31.3% of which were
gram negative bacteria and 39.5% of the bacteria of users’
hands were resistant to cephtazidim. A total of 52% of
phones were infected with Staphylococcus aurous and 37.7%
of users’ hands were methicillin resistant (MRSA). Studies
have shown that the bacteria isolated form users’ hands
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and cell phones are the same (4). In another study which
was conducted by Ebrahim Badr et al. in 2012, it is shown
that the contamination of hospital personnel’s hands has
increased by 93.7% after using cell phones (3). In Bhat
et al.’s study in 2012, second culture, after cell phones
were cleaned by an alcohol pad, they showed no bacterial
growth (2).

Due to the importance of the hospital personnel and
medical students’ awareness of pathogen agents and the
importance of hygiene as well as the lack of studies about
the potential role of cell phones in spreading infections in
the country, current study was conducted to determine the
role of medical students’ cell phones in spreading bacte-
rial infections in Amir-al-Momenin Hospital in September
2015.

2. Methods

The current study is a descriptive analytical study per-
formed with cross sectional method in 2015. Study soci-
ety included senior medical students of Amir-al-Momenin
general hospital affiliated with Islamic Azad University of
Medical Sciences in Tehran in September 2015. Data sam-
plings were calculated from the infectious ward. Accord-
ing to the formula of the calculation of sample size in de-
scriptive studies giving 0.05 type I error, the 0.95 proba-
bility of cell phones’ bacterial contamination (based on
Akinyemi et al.’s (2009) study (3)), and the study accuracy
of 10% of bacterial contamination of cell phones, at least 20
people had to be included in this study. To achieve higher
accuracy, 30 participants were included.

Demographic information including age and gender,
viewpoint, attitude, type of cell phone, and the frequency
of cleaning the cell phone was collected via a question-
naire. Then, using sterile swabs, the sample was taken from
the surface of the students’ cell phones. In addition, after
cleaning the phone with alcohol cotton, another sample
was taken. Sterile swabs, tubes containing broth culture
media, plates of blood agar culture media, and Macconkey
agar culture media were used. Sterile swab was floated in
a tube containing liquid media, extracted and contacted
with a certain area in the surface of cell phones (5 cm2), and
then put into broth media. Then, tubes were transferred to
the laboratory and incubated at 37 degrees centigrade in
the incubator for 24 hours. Using a swab or aans, inocula-
tion was performed on the surface of solid media (blood
agar or Macconkey agar). After 24 hours, the number of
colonies at the surface of the culture media, wheatear be-
ing gram positive or gram negative, was calculated and the
differentiation of genus and species was done. Obviously,
the control tests of culture media and sampling of surface
after disinfecting were performed.

Lab’s protocol in this study was performed based on
clinical and laboratory standards institute performance
standards for antimicrobial susceptibility testing: twenti-
eth informational supplement in 2010 (5).

To determine the relation between qualitative variant,
chai-square test, and accurate fisher test and to compare
the averages between the two groups, T-test was used. In
all cases, the significance level was set to be 0.05.

3. Results

The results of this study are summarized in Table 1.
Mean age of participants was , 56.7% and 43.3% of them
were male and female, respectively. A total of 70% of stu-
dents had smartphones and 30% of them had non-smart
cell phones. All students were aware that microbial agents
might spread by cell phones and that this risk could be pre-
vented by cleaning the cell phones. A total of 50% of stu-
dents cleaned their cell phones more than once a day, 36.7%
just once a day, and 13.3% of them did not clean their cell
phones. It was shown that female students cleaned their
cell phones significantly more often than male students (P
= 0.026).

Table 1. Characteristics of Cell Phones, User and Microbial Contamination

Variant No. (%)

Phone Type
Smart 21 (70)

Non-smart 9 (30)

Status of awareness
Aware 30 (100)

Not aware 0

Status of attitude
Proper 30 (100)

Improper 0

Cell phone cleaning frequency (Per day)

Never 4 (13.3)

Once 11 (36.7)

Twice 12 (40)

Three times 3 (10)

Microbial contamination prevalence of cell phones of
students was 53.3% before cleaning and only 46.67% after
cleaning which showed a significant difference (P < 0.001)
(Figure 1). The prevalence of microbial contamination in
the cell phones of male students was significantly higher
compared to female students (70.6 % and 30.8% respec-
tively, P = 0.030). Moreover, the prevalence of microbial
contamination in smartphones was significantly higher
compared to non-smart cell phones (66.7% and 22.2% re-
spectively, P = 0.046).
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Figure 1. The Prevalence of Microbial Contamination of Cell Phones of Senior Med-
ical Students in a General Hospital Affiliated with Tehran University of Medical Sci-
ences

Collectively, 8 types of bacteria were isolated from sam-
ples of 30 cell phones before cleaning which are in ac-
cordance with frequency as follows: Staphylococcus epider-
midis in 8 cases (26.7%), non-albicans Candida in 5 cases
(16.7%), Bacillus sp. in 4 cases (13.3%), Micrococcus sp. in 3
cases (10%), non-hemolytic Streptococcus and Enterococcus
each in 2 cases (each 6.7%), and indeed Klebsiella and Staphy-
lococcus aureus each in 1 case (each 3.3%), (Figure 2). It is of
note that in samples after cleaning the cell phones, only 2
cases of positive culture were recorded, including: Staphy-
lococcus epidermidis and Micrococcus sp. each in one case.
Both of these cell phones had been contaminated with the
same microorganism prior to cleaning (Table 2).

Figure 2. Microbial contamination of Cell Phones of Senior Medical Students in a
General Hospital Affiliated with Tehran University of Medical Sciences

4. Discussion

Nosocomial infections are a growing concern in health
care centers (5-7). Hand, devices, cell phones, or other

Table 2. Results of T-Test

Variant No. (%) P Value

Rate of Phone
Cleaning

Male 17 (56.7)
0.026

Female 13 (43.3)

Microbial con-
tamination

Positive 16 (53.3)
< 0.001

Negative 14 (46.7)

Male, % 70.6
0.030

Female, % 30.8

Smart Phone
0.046

Non Smart
Phone

Isolatedmi-
croorganisms

Staphylococcus
epidermidis

8 (26.7)

0.026

Non-albicans
candida

5 (16.7)

Bacillus sp. 4 (13.3)

Micrococcus sp. 3 (10)

Non-hemolytic
streptococcus

2 (6.7)

Enterococcus 2 (6.7)

Klebsiella 1 (3.3)

Staphylococcus
aureus

1 (3.3)

nonliving things used by medical staff can act as vectors
to spread microorganisms (8-11). Contrary to landline
phones, cell phones being used in these centers, are used
in close contact with patients who are susceptible to the
infections (4, 12). This study was conducted to evaluate the
role of medical students’ cell phones on bacterial infection
spread in Amir-al-Moumenin hospital in September 2015.

Sepehri et al. studied on 150 randomly selected health
care worker’s in 3 teaching hospitals in 2007, too. Accord-
ing to the study that was performed in Kerman, Iran, 48
cell phones and 59 of dominant hands demonstrated bac-
terial contamination and Staphylococcus epidermidis. So,
cell phones might be a significant source of nosocomial
infections (13). In this study, 30 cell phones of 30 medical
students were evaluated to investigate bacterial infections.
Results showed 53.3% (16 cases) of microbial contamina-
tion.

Studies conducted around the world show the preva-
lence of microbial contamination in cell phones of med-
ical staff. Karabay et al.’s (1) study in Turkey showed that
91% of cell phones of medical staff were contaminated
with bacterial agents. In Bhat et al.’s (2) study in India,
99% of cell phones were contaminated with bacteria. In
Akineyemi et al.’s (3) study in Nigeria, 30.6% of cell phones
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of medical staff were contaminated with bacterial agent.
In Elkholy et al.’s (4) study in Egypt, 96.5% of samples
showed positive cultures. Another study in Turkey con-
ducted by Ulger et al. (14) showed that 94.5% of cell phones
of the operation room and ICU personnel were contami-
nated with various bacteria. In the study conducted by Ta-
goe et al. (15) in Ghana, 47% of cell phones of medical stu-
dents were contaminated with bacteria. In Sepehri et al.’s
(13) study in Kerman, 32% percent of cell phones of medical
staff were contaminated with bacterial agents. Results of
Sridhar et al. (16) in India indicates 70% of contamination
of the cell phones of health workers. Srikanth et al. (17) in
Singapore showed that 71% of cell phones of health work-
ers resulted in positive microbial growth.

As discussed above, some studies reported higher
prevalence of microbial contamination and some showed
lower prevalence compared to the reported prevalence in
this study. This may be due to different attitudes towards
infection spread via cell phones and the diversity of clean-
ing and disinfecting plans in different countries and differ-
ent health care centers.

Collectively, 8 types of bacteria were isolated from 30
cell phones, the most prevalent of which was Staphylococ-
cus epidermidis which was observed in 26.7% of samples (8
cell phones).

Staphylococcus epidermidis is the most important mem-
ber of coagulase negative staphylococcus and part of hu-
man normal microbial flora located in nasal mucus and
higher respiratory tract (18). This bacteria was long con-
sidered saprophyte due to its ubiquitous nature and rela-
tively low pathogenicity. However, in recent decades, as an
implantable medical device, such as catheters and prosthe-
ses, it emerged as an important nosocomial pathogen (19).
While no colonies of Staphylococcus epidermidis have been
observed on cell phones, cell phones can transfer these
pathogens by contacting with other plastic surfaces such
as catheters or prostheses, and by this way they let them
in the body (20). Generally, Staphylococcus sp. are becom-
ing prevalent and statistical analysis in most countries has
shown that staphylococcus epidermidis is the most preva-
lent cause of sepsis and of common causes of urinary tract
infections (18, 21).

The next microorganism isolated form the cell phones
of medical students according to prevalence, was non-
albicans Candida contamination which was observed in 5
cell phones (16.7%).

Candida sp. are ubiquitous organisms and opportunist
infectious agents in patients with immunodeficiency. The
increase in the prevalence of fungal infections in patients
with immunodeficiency has been prevalent (22-24) and it
has attracted higher attentions in recent decades (25, 26).
Although, Candida albicans, as the most prevalent cause of

candidiasis, is of great importance, recent epidemiologic
studies have shown that non-albicans Candida are replac-
ing Candida albicans (22, 23, 27-30) as it is observed that
the prevalence of candidemia has increased by 500% from
1980s (25) and more than 1.3% of all infections are caused by
non-albicans Candida sp.. Previous studies have shown that
candida may be isolated from 15 to 54% of health workers
(25). Thus, there is the risk of candida infection from exoge-
nous source for patients at risk.

The third prevalent microorganism isolated from med-
ical students’ cell phones, was bacillus sp. which was ob-
served in 4 cell phones (13.3%).

Bacillus bacteria are Gram-positive, sporulated, and
rrod-shaped. Their impact on human ranges from being
probiotic (31) to being severely pathogen. Many species
of this genus are associated with diseases related to food
products that can be severe or even lethal. Due to forming
spores, these bacteria are resistant to disinfectant agents
and may stay alive even after disinfection (32). Conse-
quently, there is always a major concern about the contam-
ination of foodstuff and hospital devices with species of
this bacteria (33-36) that cell phones can play a role as a vec-
tor. Based on previous studies conducted in Iran, the preva-
lence of bacillus species on hands of personnel and hospi-
tal surfaces were 60% and 26.3%, respectively (32, 37).

In this study, micrococcus sp. were the fourth preva-
lent isolated organism from cell phones of medical stu-
dents (10%). These bacteria are located in various places
such as water, soil and are part of normal skin micro-
bial flora, frequently found on devices which are not ade-
quately cleaned or disinfected (38). Generally, micrococcus
sp. are considered on-haring bacteria and up to authors’
knowledge, have not been reported as nosocomial infec-
tion agents. Though, rare cases of micrococcus infections
in patients with immunodeficiency, such as AIDS patients,
have been reported.

Non-hemolytic Streptococcus and Enterococcus, each
have been isolated form 2 cell phones of medical students
(each 6.7%).

Non-hemolytic Streptococcus are part of normal skin
microbial flora and of the most common bacteria found in
upper respiratory tract and conjunctiva which rarely cause
diseases in humans (39). Though, these bacteria have been
isolated from patients with pharyngitis (40, 41), pneumo-
nia (42), sepsis (43, 44), and cellulitis (45).

Enterococcus sp. are facultative anaerobic gram-
positive cocci observed couple or in short chains (46).
These bacteria are also part of female reproductive tract
and gastrointestinal tract (47). Two symbiotic species of
enterococci are Enterococcus faecalis (90% - 95%) and Ente-
rococcus faecium (5% - 10%) (48). Enterococci are the second
cause of nosocomial infections around the world and the
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main cause in the United States accounting for 20 to 30%
of infections (49). Generally, main infections caused by
enterococci include urinary tract infections, bacteremia,
endocarditis, and meningitis (48).

The least prevalent microorganisms isolated in this
study were Klebsiella and Staphylococcus aureus each in 1
case (each 3.3%).

Klebsiella sp. especially Klebsiella pneumonie are im-
portant members of entrobacteriacea and are opportunist
pathogens associated with nosocomial acquired infec-
tions such as neonatal infections, septicemia, pneumonia
, urinary tract infection, and wound infections (50). Gen-
erally, 3 to 7% of bacterial nosocomial infections are asso-
ciated with Klebsiella pneumonie which is the eighth major
pathogen in healthcare centers whose endangering preva-
lence is increasing (51, 52).

Among several Staphylococci sp., Staphylococcus aureus
is one of the most important pathogen agents and one of
the most common causes of nosocomial infections (53).
These bacteria, Gram-positive cocci, catalase and coagulase
positive, fixed and facultative anaerobic and do not form
spore (54). Staphylococcus aureus is usually found in hu-
man’s skin and respiratory tract and is the cause of various
infections including pneumonia and bacteremia (55). Me-
thicillin resistant Staphylococcus aureus, due to resistance
to beta-lactam antibiotics are of great importance in medi-
cal society. Nevertheless, it has been shown that the proba-
bility of their presence on cell phone surfaces is highly low
(56).

Generally, in studies performed all over the world, dif-
ferent bacteria have been isolated from cell phones of med-
ical staff in health care centers which are diverse both in
accordance with isolated bacteria and their prevalence.
These differences can be attributed to different causes in-
cluding difference in sampling society, number of sam-
ples, group of people who have been sampled, and possi-
ble errors in sampling and testing. Results of these studies
are reviewed briefly.

Isolated pathogens from medical personnel (doctor,
nurse, resident, and intern) in Karabay et al.’s (1) study
included Escherichia coli (40%), Enterococcus fecalis (20%),
Pseudomonas aeruginosa (20%), Pseudomonas fluorescens
(10%), and Klebsiella pneumonie (10%). Isolated bacteria
from cell phones of doctors and dentists in Baht et al.’s
(2) study included Staphylococcus aureus, Escherichia coli,
Klebsiella pneumonie, Acinetobacter, Enterococcus fecalis, and
Pseudomonas aeruginosa. The most prevalent isolated bac-
teria from health staff and workers in Akinyemi et al.’s
(3) study included Staphylococcus aureus (36.8%), coagu-
lase negative Staphylococcus (26.3%), Enterococcus fecalis and
Pseudomonas aeruginosa (each 10.5%), and Escherichia coli,
Klebsiella pneumonie, and Bacillus sp. (each 5.3%). Isolated

bacteria from cell phones of ICU staff in Elkholy et al.’s (4)
included 33% Staphylococcus, 20% Gram-negative bacteria,
24% coliform, 11% Enterococcus, and 12% yeast. In Ulger et
al.’s (14) study, 31.3% of cell phones of the operation room
and ICU staff, contained Staphylococcus aureus. In Tagoe et
al.’s (15) study, isolated bacteria form cell phones of med-
ical students included 23% of Bacillus cereous, 19% of Pro-
teus mirabilis, 3% of Salmonella, and 2% of Shigella. The most
common isolated pathogen from health care centers staff
in Sepehri et al.’s (13) study was Staphylococcus epidermidis
(32% of cell phones). In Sridhar et al.’s (16) study, 46% of
cell phones of health care staff were contaminated with
micrococci, 8% with coagulase negative streptococcus, 5%
with Staphylococcus aureus, 1% with Pseudomonas stutzeri,
2% with Acinetobacter baumannii, 1% with Citrobacter fre-
undii, 3% with Klebsiella oxytoca, 2% with non-albicans Can-
dida, 1% with trichosporon, and 1% with Aspergillus niger.
Pathogen bacteria of cell phones of health staff in the study
conducted by Srikanth et al.’s (17) included Staphylococ-
cus aureus, Escherichia coli, Klebsiella pneumonie, and Pseu-
domonas aeruginosa.

According to the answered questionnaire by the partic-
ipants, all the studied society were aware that cell phones
might be microbial vectors especially for nosocomial bac-
teria and indicated that cleaning cell phones could be help-
ful in reducing this risk. Nevertheless, 13.3% of partici-
pants did not clean their phone any time a day at all. This
rate is lower compared to previously reported rates. In
Ali Ghardashi et al.’s (57) study, it was proved that almost
94% of medical staff (doctors, medical students, nurses,
paramedics) were aware that cell phones might be micro-
bial vectors especially for nosocomial bacteria. However,
44% percent of them never cleaned their cell phones. In
Morioka et al.’s (58) study, despite the awareness of nurses
to wash their hands after routine procedures, 33.6% of
them did not wash their hands after using cell phones. In
Zakai et al.’s (59) study, 67.6% of medical students indicated
that they did not clean their cell phones even once a day.
Some other studies have shown that nearly 80 to 92% of
health care personnel do not clean their cell phones at all
(8, 60, 61).

Moreover, results of the current study showed that
cleaning cell phones results in a significant decrease in mi-
crobial contamination on the surfaces of cell phones, as
such microbial contamination was significantly less fre-
quent after cleaning the cell phones (P < 0.001). These
findings were consistent with previous studies; it has been
shown that a suitable method to disinfect cell phones is
cleaning them with alcohol 70% which results in less con-
tamination (9, 60-65).

Another result of this study was that there were statisti-
cally meaningful relations between gender and microbial
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contamination of cell phones (P = 0.030) as such, micro-
bial contamination prevalence was significantly lower in
female students compared to male students. In previous
studies performed by Barari et al. (66), the prevalence of
microbial contamination was lower in females, but the dif-
ference was not significant (P = 0.089). It may be due to
the serious attention of ladies to cleanness which is true
for their cell phones as well.

Moreover, findings of this study showed that there
is a statistically meaningful relation between type of cell
phones (smart or non-smart) on the level of microbial con-
tamination (P = 0.046). Microbial contamination of smart
phones were significantly higher compared to non-smart
cell phones. To our knowledge, this comparison has not
been performed before. Perhaps the most important rea-
son may be that smart cell phones provide much higher
software and hardware possibilities which result in being
more frequently used for longer periods of time which in-
deed results in higher spread of microbial agents.

Since cell phones of students are contaminated to
pathogen microorganisms, concerns of transmission of
contamination via cell phones especially in sensitive sec-
tions such as operation room, ICU and burning ward have
increased (9, 67). Thus, an important part of the safety
of patients (esp. patients at risk) is dedicated to lower-
ing the potential of contamination transmission via cell
phones (68). Consequently, it is suggested that medical
students be informed about possible ways of the transmis-
sion of nosocomial infections and how to prevent them be-
fore starting clinical practice in hospitals. Since, microbial
contamination is more prevalent in the male’s cell phones,
this instruction should be more emphasized on for male
students.

Since 13.3% of medical students indicated that they did
not clean their cell phones, and due to the presence of
these students in different wards of the hospital, their
cell phones might act as microbial vector. In this re-
gard, it is suggested that instruction and visual reminders
(brochures and posters) for attracting attention to the
cleaning of cell phones, limitation of cell phone usage in
sensitive sections, and keeping them clean be used in hos-
pitals; especially, since results have shown that cleaning
the cell phones reduces their contamination.

To prove the direct relationship between cell phone us-
age in hospitals with nosocomial infections and infection
transmission requires further evaluations. In this regard,
different pathogens’ capability to survive on the surface of
cell phones, survival time, and the risk of pathogen trans-
mission to patients should be further studied.
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