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Aims Mobile phones, which are one of the most essential tools in social and professional life,
are rarely disinfected. So, these devices may become contaminated with a variety of bacterial
organisms. The aim of this study was to evaluate bacterial contamination and identify all
bacterial isolates of mobile phones related to social groups in Kufa Technical Institute and to
determine the efficiency of two disinfectants prepared on bacterial species.

Materials & Methods Fifty-one swab samples of mobile phones were randomly collected
from different people in the social groups of Kufa Technical Institute and cultured on selective
and enrichment media and incubated at 37°C for 24 hours. Then, the isolated bacteria were
identified by gram staining and biochemical tests and confirmed using Vitek 2. Next, two
disinfectants were prepared and their inhibitory activity against microbes compared to ethanol
alcohol-70% was investigated.

Findings Ten bacterial species were isolated and identified from mobile phones, which
included Staphylococcus aureus (49%), Staphylococcus epidermidis (12%), Pseudomonas
aeruginosa (11%), Staphylococcus haemolyticus (6%), Escherichia vulner (6%), Escherichia
coli (4%), Klebsiella pneumoniae (4%), Bacillus sp (4%), Pantoea spp (2%), and Cronobacter
C sakazakii (2%). Microbial growth was also reduced by the use of disinfectants, the first
disinfectant showed a higher inhibitory effect compared to the second disinfectant, while the
control disinfectant (ethanol-70%) had no effect on all tested bacteria.

Conclusion Bacteria colonize cell phones in social groups. Using disinfectants reduces bacterial
contamination on the surface of the mobile phone.
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Microbial Contamination from Mobile Phones ...

Introduction

Since human skin is in constant contact with
microbes, it is susceptible to colonization by specific
bacteria population. Almost each layer of adult
human epidermis is invaded by a variety of
microflora and sometimes contaminated with
harmful bacteria. During a phone conversation, the
mobile phone is in close proximity to the infectious
human body regions such as the mouth, nose, and
ears [l Microbiological hygiene standards are
required to maintain a person's health. People
frequently believe that microbes are isolated in
research labs, institutions, and health centers,
creating an erroneous sense of security in other
places. Inadequate knowledge of microbial origins
may lead to health concerns. Indeed, hand-to-hand
touch or contact with other objects transmits
around 80% of infections (2],

Mobile phones, sometimes known as "phones”, have
evolved into one of the most essential tools for both
social and professional life [31. The use of mobile
communication technology in healthcare and higher
education is increasing [. Every day, billions of
people use mobile phones (both keypad and smart
phone devices), which have become ingrained in
modern society. Mobile phone adoption in the
community increased dramatically from 10 to 60%
between 2011 and 2018 and is predicted to reach
79% by 2025 [l Mobile phones are rarely
disinfected and cumbersome to clean. As a result,
these devices may become contaminated with a
variety of bacterial organisms [11.

Zhao et al. studied the relationships between fomite
characteristics and human behaviors that affect
transmission routes using an Environmental
Infection Transmission System (EITS) model.
According to the study, tables and benches in
commonly touched public places have the highest
potential for transmission. The study found that
every interior surface of an aircraft, including tray
tables, armrests, seat covers, door knobs, and toilet
flush buttons, acts as a biothreat source, harboring a
variety of potentially dangerous microorganisms,
including viruses [.

The constant use of mobile phones by healthcare
workers (HCWSs) and the lack of disinfection make
them possible routes for transmission of bacterial
pathogens, including multi-drug-resistant organisms
[7]. Additionally, there are no restrictions on the use
of mobile devices in hospitals and the majority of
HCWs do not regularly disinfect their mobile devices
Bl Infectious diseases can spread by fomite-
mediated transmission in both public and medical
settings [°1. Several studies have been conducted to
quantify numerous microbial groups in mobile
phones, including fungal species, aerobic
mesophiles, Enterobacteriaceae coliforms [1% and E.
coli. Identifying microbial species may help
determine whether mobile phones may operate as
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reservoirs for microorganisms such as intestinal
bacteria, especially when populations of pathogenic
and opportunistic microbes are less than extremely
low levels. Microbial populations in mobile phones
may vary in response to their use in different
situations and regions. Regular handling, along with
the thermal conduction by the cell phone, creates an
ideal habitat for the growth of various bacteria that
are naturally present on our skin and in our
environment. Due to the frequent interaction of the
human epidermis with environmental pathogens, it
is prone to colonization by specific microbial
species. Given the widespread use and benefits of
mobile phones, it is quite simple to avoid the health
risks associated with them; this is particularly true
given that many users may be concerned about
personal hygiene and the number of individuals who
may share a phone. This frequent handling by
several users exposes the phone to a variety of
pathogens, making it an excellent carrier for bacteria
that inhabit every square inch of the phone [11],
The aim of this study was to evaluate bacterial
contamination and identify all bacterial isolates of
mobile phones related to social groups in Kufa
Technical Institute and to determine the efficiency of
two disinfectants prepared on bacterial species.

Materials & Methods

Study context: Fifty-one swab samples of mobile
phones were randomly collected from different
people in the social groups of Kufa Technical
Institute, including university lecturers,
administration staff, restaurant workers, garden
workers, and students. All participants in the study
completed a questionnaire about mobile phone
properties, usage patterns, mobile phone technical
parameters, and device cleaning and disinfection
practices.

Inoculation of swab samples: Wet swabs were
transferred to the microbiological laboratory of the
Community Health Department of Kufa Technical
Institute, then were cultured on selective and
enrichment media and incubated at 37°C for 24
hours.

Isolation and identification of bacterial species:
Pure colonies of bacterial isolates appeared in
selective media were identified using gram staining
and various biochemical tests [12].

Identity confirmation by VITEK-2 Compact
System: The kit was applied according to the
manufacturer's guidelines. This kit has recently been
used for rapid identification of G+ve and G-ve
bacteria.

Preparation of disinfectant A: This disinfectant
was prepared by adding 20 ml of artificial vinegar
(water, 5% acetic acid) to 20 ml of lemon juice, then
mixed with a vortex and stored at 37°C until use.
Preparation of disinfectant B: This disinfectant
was prepared by adding 20 ml of fresh Aloe vera gel
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taken from the leaves to 20 ml of lemon juice and 20
grams of NaCl. After filtering the contents through
Whatman No. 1 filter paper, it was stored at room
temperature until use.

Agar well diffusion technique: Wells with a
diameter of 5 mm were cut and swabbed on
sterile nutrient agar plates with organism's
overnight broth culture. Each of the two wells was
filled with about 0.1 ml of disinfectant 1,
disinfectant 2 and ethanol alcohol-70% and
incubated at 37°C. Following an incubation period
(24 hours), the antibacterial activity of the two
disinfectants was determined using zones of
inhibition (mm). The antagonistic activity of three
disinfectants against test organisms was
examined.

The inhibition activity of two disinfectant on
tested bacteria: The efficiency of two
disinfectants was evaluated by determining
microbial Kkilling using a spectrophotometer.
Microbial suspension of bacteria was prepared
after culturing on Nutrient broth at 37°C for 24
hours. 1.5 ml of bacterial suspension with a
concentration of 1.5 x 108 cells/ml was prepared
with 1.5 ml of disinfectant from the previous one.
The tubes were incubated for different time
periods (10 min, 1 h, 2 h, 4 h, 8 h, 24 h) at 37°C.
The optical density was calculated using a
spectrophotometer, taking into account the
reading of the results in each period on a
wavelength of 600 nanometers, as well as using N.
broth medium to zero the device before reading
the result.

Statistical analysis: Data were statistically
analyzed wusing appropriate techniques and
methods, including SPSS 24 software and one-way
analysis of variance at the level of p-value<0.05.

Findings

Table 1 presents the frequency distribution of social
group and mobile phone characteristics and the
conditions of its use.

All samples were contaminated with bacterial
species, so the rate of bacterial contamination was
100%. Ten bacterial species were isolated and
identified from mobile phones, which included
Staphylococcus aureus in the highest percentage

(49%),  Staphylococcus  epidermidis (12%),
Pseudomonas aeruginosa (11%), Staphylococcus
haemolyticus (6%), Escherichia vulner (6%),

Escherichia coli (4%), Klebsiella pneumoniae (4%),
and Bacillus sp (4%). The lowest percentage was
related of Pantoea spp and Cronobacter C sakazakii
with 2% (Figure 1).

Table 2 shows the frequency distribution of the
different types of bacteria isolated from mobile
phones, where 23 isolates of Staphylococcus aureus
were the dominant organism from mobile phones
with any type of source.
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Table 1. Frequency distribution of social group and mobile phone

characteristics and conditions of its use (n=51)
Characteristic

Occupation
Lecturers
Administration staff
Restaurant workers
Garden workers

Cell phone storing position
Handbag

Pocket of trousers

Shoulder bag

Jacket/Shirt pocket

Others

37 (72.5)
4(27.5

W S.haemolyticus

B P. aeruginosa

 S.aureus

B S.epidermidis

B Bacillus sp

B Pantoea spp

[ Cronobacter sakazakii
group

B Evulneris

[ Ecoli

= K. pneumoniae

Figure. 1. Percentage of bacterial isolates from mobile phones

Table 2. Frequency distribution of different types of bacteria
isolated from mobile phones of social groups
Collected
Isolated

samples, A
No. (% bacteria

No. of
isolates
bacteria

Source type

S. haemolyticus 2
S. aureus 3
P. aeruginosa 1

Administration
staff

6 (11.8)

P. aeruginosa 2
Pantoea spp 1
S. epidermidis 1
S. aureus 11

Garden workers 15 (29.4)
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Disinfectant 1 had a greater effect on bacterial
inhibition compared to disinfectant 2 (p<0.001).
There was a significant difference between the two
disinfectants for S. aureus, S.epidermidis, E.coli and K.
pneumoniae at all times (p<0.001). However, a
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significant difference was observed between
disinfectant 1 and 2 for the inhibition of E. vulneris,
Bacillus sp, Cronobacter C sakazakii group, P.
aeruginosa, S. haemolyticus, and Pantoea spp, at all
times (p<0.001), except 10 minutes (Table 3).

Table 3. Bacterial contamination of mobile phones before and after using disinfectants at different times (10 min, 1, 2, 4, 8, 24 hours)

Time Before D Disinfectant 1 Disinfectant P Time Before D Disinfectant 1 Disinfectant2 P
Escherichia vulneris Pantoea spp
10min 0.73+0.012  0.74%0.012 0.74£0.01= 0.171 10min  0.78+0.01=  0.79%0.012 0.83+0.022 0.003
1h 0.70+£0.01>  0.89+0.02° 0.73+#0.01=  0.001 1h 0.80+0.01>  0.86+0.01 0.89+0.001>  0.001
2h 0.80+0.01c  0.78+0.01¢ 0.72+0.012 0.001 2h 0.82+0.01c  0.73+0.01¢ 0.81+0.001=  0.001
4h 0.85+0.01¢  0.73+0.001¢ 0.54+0.01> 0.001 4h 0.86+0.01¢  0.60+0.001¢  0.70+0.001c  0.001
8h 0.90+0.01¢  0.50+0.01¢ 0.60+0.02c 0.001 8h 0.90+0.001¢ 0.40+0.001¢  0.60+0.01¢ 0.001
24h 0.99+0.01f  0.001+0.001f 0.00+0.001¢ 0.001 24h 0.99+0.01f  0.10+0.001f 0.25+0.03¢ 0.001
P-value 0.001 0.001 0.001 - P-value 0.001 0.001 0.001 -
Bacillus sp Staphylococcus aureus
10min  0.79+0.01=  0.80+0.012 0.78+0.01=  0.024 10min  0.75+0.001= 0.59+0.012 0.63+0.022 0.001
1h 0.80+0.01=  0.81+0.01= 0.76£0.01=  0.001 1h 0.70+0.01>  0.50+0.01P 0.60+0.001>  0.001
2h 0.85+0.01>  0.73+0.01b 0.72+0.001> 0.001 2h 0.80+0.02c  0.40+0.01c 0.50+0.01¢ 0.001
4h 0.89+0.01c  0.70+0.01c 0.63+0.02c 0.001 4h 0.83+0.01¢  0.32+0.01¢ 0.45+0.014 0.001
8h 0.90+0.02c  0.60+0.01¢ 0.50£0.02¢ 0.001 8h 0.90+0.001¢ 0.20+0.01¢ 0.30+0.02¢ 0.001
24h 1.00+0.01¢  0.20+0.01¢ 0.25%0.02¢ 0.001 24h 1.00+0.01f  0.00+0.001f 0.10+0.01f 0.001
P-value 0.001 0.001 0.001 - P-value 0.001 0.001 0.001 -
Cronobacter C sakazakii group Staphylococcus epidermidis
10min  0.82+0.01 0.84+0.02 0.82+0.01  0.139 10min 0.78+0.01=  0.56+0.012 0.62+0.022 0.001
1h 0.79+0.01 0.78+0.01 0.73+0.001 0.001 1h 0.70+£0.02>  0.50+0.01> 0.60+0.01= 0.001
2h 0.85+0.01 0.66+0.01 0.73+0.02  0.001 2h 0.82+0.02¢  0.45+0.01¢ 0.50+0.001>  0.001
4h 0.89+0.01 0.06+0.01 0.06+0.001 0.001 4h 0.87+0.01¢  0.30+0.001¢  0.42+0.02¢ 0.001
8h 0.09+0.01 0.45+0.02 0.49+0.01  0.001 8h 0.90£0.01c  0.25+0.01¢ 0.30+0.001¢  0.001
24h 0.01+0.001  0.01+0.01 0.20£0.01  0.001 24h 1.00+£0.01f  0.001£0.001f 0.12+0.01¢ 0.001
P-value 0.001 0.001 0.001 - P-value 0001 0.001 0.001 -
Pseudomonas aeruginosa Escherichia coli
10min  0.80+0.0012 0.73%0.022 0.83+0.03= 0.002 10min 0.76+0.01=  0.68+0.012 0.70+0.0012  0.001
1h 0.82+0.01>  0.73+0.01= 0.82+0.01=  0.001 1h 0.70+0.001> 0.63+0.01P 0.75+0.01b 0.001
2h 0.86+0.01c  0.68+0.02b 0.85+0.001> 0.001 2h 0.80£0.01c  0.55+0.02¢ 0.60+0.01¢ 0.001
4h 0.89+0.01¢  0.60+0.01¢ 0.70+£0.01c  0.001 4h 0.83+0.01¢  0.40+0.01¢ 0.50£0.001¢  0.001
8h 0.90+0.01¢  0.43+0.01d 0.60+0.001¢ 0.001 8h 0.98+£0.01c  0.30+0.01¢ 0.43+0.01¢ 0.001
24h 0.97+£0.02¢  0.001+0.001¢ 0.30+0.01¢  0.001 24h 1.00£0.01f  0.001+0.001f 0.10+0.01f 0.001
P-value 0.001 0.001 0.001 - P-value 0.001 0.001 0.001 -
Staphylococcus haemolyticus Klebsiella pneumoniae
10min  0.83+0.012  0.77+0.032 0.80+0.01=  0.005 10min 0.76+0.001= 0.75+0.012 0.79+0.01= 0.001
1h 0.80+0.001> 0.80+0.01b 0.88+0.01> 0.001 1h 0.70+£0.001> 0.86+0.02b 0.89+0.01b 0.001
2h 0.87+0.01c  0.73+0.001°¢ 0.86+0.02a  0.00 2h 0.80+£0.01c  0.75%0.001=  0.78+0.01¢ 0.001
4h 0.90+0.01¢  0.60+0.014 0.70+0.001¢ 0.001 4h 0.87+£0.01¢  0.60+0.01¢ 0.70+£0.001¢  0.001
8h 0.95+0.01¢  0.40+0.02¢ 0.60+0.01¢  0.001 8h 0.9240.01c  0.45+0.01d 0.60+£0.001¢  0.001
24h 1.00£0.001f  0.10+0.01f 0.30+0.01¢  0.001 24h 0.99+0.01f  0.10+0.01f 0.23+0.01f 0.001
P-value 0.001 0.001 0.001 - P-value 0.001 0.001 0.001 -

Analysis of dimensional comparisons using Duncan's multiple range test (letters)

Similar letters indicate no significant difference;

Dissimilar letters indicate significant differences

Figure 2 shows that the bacterial inhibition zone caused  Discussion

by disinfectant 1 is higher than that of disinfectant 2,  The significant incidence of microbial agents

while ethanol alcohol-70% has no inhibition zone.

Figure 2. Inhibition zone of Staphylococcus aureus resulted from
two disinfectant, and ethanol alcohol-70%. A: Disinfectant 1, B:
Disinfectant 2, C: Ethanol alcohol-70%

Health Education and Health Promotion

identified from mobile phones has been related to
unsanitary and unhygienic behaviors. In general, all
51 mobile phones sampled were completely
contaminated with a variety of bacteria. As in
healthcare settings, mobile devices in educational
institutions may act as a vehicle for microbial
transmission and may be contaminated with
potentially harmful microbes, which are often

components of  the human microbiota.
Undergraduate students often utilize their mobile
phones for academic, recreational, and/or
communication purposes regardless of their

location. Our data showed that health science
students use mobile phones in a microbiology
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laboratory. Cell phones may act as a storage and
source of pathogenic and non-pathogenic organisms
in certain environments and increase cross-
contamination [13l. A recent study examined both
phone surfaces and found no difference in the
incidence of bacterial contamination between the
two surfaces [14. This finding is consistent with
other studies [151.

According to several studies, women who carry their
smartphones in bags are associated with higher
bacterial levels, and the heat generated by the phone
and the inner surface of the bags may promote the
spread of bacteria [16. As a consequence, it was
determined that the female gender is a possible risk
factor for bacterial contamination of the phone.
Second, after covering (or the inner part of the
cover), users clean the back surface of the phone less
than the touch screen, which means that viruses
remain on the surface. Third, regular cleaning of
smartphones may help limit or eliminate bacterial
growth on smartphone surfaces. However, all of
them have been demonstrated to be associated with
bacterial contamination of the posterior surface.
Bacterial infections are increasingly spreading in
humans as community infections 171,

The study shows that smartphones have a positive
effect on  university  students' academic
performance; previous studies have shown similar
results [18-20],

According to this study, all mobile phones used by
medical workers were contaminated with
microorganisms, which is consistent with Chaman et
al.'s study [21l. These studies mainly focused on
mobile phones with conventional keypads.
However, limited studies have concentrated on
smartphones, claiming that 20.9-99.2% of them are
contaminated in healthcare centers [22 231 These
bacteria might have entered the phone through the
skin or via hand to hand contact. As previously
mentioned, these organisms are part of the normal
microflora present on the skin [24],

Microorganisms were found on two commonly used
household items: cell phones and computer
keyboards. Bacteria were found on 92% of mobile
devices and 96% of keyboards, showing an
ecosystem rich in gram-negative and gram-positive
bacteria, as well as harmful and non-pathogenic
bacteria. It was shown that 92% of the mobile
phones studied were microbiologically
contaminated, and Staphylococcus epidermidis was
the most common bacteria identified. These bacteria
as epiphytes and commensal bacteria may be found
in the physiological microbiota of the skin and
mucous membranes. Pal et al. found that coagulase-
deficient staphylococci were the most common
bacteria, accounting for roughly 81% of the total [25].
Based on the findings of this study, which is
consistent with our findings, bacteria isolated and
identified from mobile phones are the cause of
disease in humans.

Health Education and Health Promotion
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In the present study, Staphylococcus aureus was the
most prevalent bacterial species (49%) that was
isolated and identified from mobile phones.
According to numerous studies, Staphylococcus
aureus is the most common bacteria isolated from
personal mobile phones, more than any other
bacterial infection. This is a natural result because
this bacterium spreads more on the human skin
than any other bacterial infection, and it is one of the
most bacteria that comes into contact with the
surface of the phone screen [26],
The current investigation discovered that
Staphylococcus aureus is the most prevalent microbe
identified; this bacterium is a significant pathogen
that may be transmitted to the general population
through mobile phones. This observation is
consistent with the findings of other studies [271.
Another study showed that the frequency of E. coli
detected from mobile phones was 4%, which is
consistent with our findings [28. The detection of
gram-negative bacilli, which are a type of coliform
bacteria, indicated that the phone was contaminated
with feces. Bacilli are known as decomposing
bacteria. When food is prepared or eaten with
contaminated hands, food decomposition and
contamination increases almost dramatically.
Ulger et al. (131 and Soto et al. [29] revealed the
presence of various bacteria on cell phones and
reported that contamination occurs mostly through
the use of hands, bags, purses, and pockets, as well
as through the environment and food residue.
Increasing heat and humidity in the phone
stimulates microbial development and the formation
of biofilm on the surface of the device. The high
amount of bacteria recovered from commercial
phones in this research may be due to repeated use
of mobile phones and exposure to ambient microbes
on the hands and skin of users. This is in accordance
with previous research [3%. Frequent cleaning of cell
phones with disinfectant detergents or hand
sanitizers as well as frequent hand washing have
been suggested to reduce transmission of microbes
[31], The ability of cell phones to transmit pathogens
may be minimized by following proper cleaning and
disinfection procedures [321.
Simple control techniques are critical to prevent
device infection. Cleaning phones and PCs with
alcohol-70% may help reduce the bacterial load [331,
This finding is in consistent with other studies [34]. It
was shown that gram-positive bacteria are more
sensitive to Aloe vera gel extract than gram-negative
bacteria. As found in this study, the ethanolic extract
of A. vera gel acts as an antibacterial against
pathogens [331. It was also showed that the inner gel
of A. vera significantly reduces that the bacterial
biomass due to antibiofilm effect, which is in
agreement with the results of Cataldi et al. B3¢l
Verran performed a simple study in the United
Kingdom, cleaning the phone with antimicrobial
wipes and comparing the number of colonies
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present before and after cleaning B371. This finding is
consistent with other studies using chlorhexidine
digluconate and triclosan to reduce microbial
contamination 38,

Considering the results of the present study, people
should use personal hygiene methods such as
washing hands before and after handling food and
decontamination of phones to prevent bacterial
diseases. In the present study, a decrease in
bacterial contamination was observed after using
disinfectants (1 and 2) on the surface of mobile
phones. As a result, it is recommended that mobile
phones be sterilized once a week with suitable
disinfectants and not used in crowded places and
frequent hand washing promoted as a way to
prevent disease transmission.

The following are also recommended:

1. Conducting a sensitivity test for bacteria isolated
from mobile phone to find out the extent of their
contamination with antibiotic-resistant isolates

2. Conducting an extensive study on the presence of
other microorganisms on mobile phone

3. Avoid giving mobile phone to children at young
ages because the young child lick them, which poses
a health risk to him.

5. We must be careful not to place our mobile
devices in contaminated places, such as bathrooms,
laboratories, etc., to avoid contamination with
pathogenic bacteria.

Conclusion

Bacteria colonize cell phones in social groups, and
contaminated phones transmit pathogens that can
cause serious illnesses. Some of these bacteria are
toxic and contribute to illness and death in humans.
Using disinfectants reduces bacterial contamination
on the surface of the mobile phone.
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