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ABSTRACT
The use of mobile phones and earplugs among students have become popular and are easy route for drug-resistant bacteria. This study

aimed to determine the bacterial contamination on mobile phones and earplugs with their antibiotic resistance pattern among University students in
Lagos, Nigeria. A total of 100 phone and earplug swab samples were collected. The samples were cultured on different appropriate growth media.
Bacterial identification was done according to the standard bacterial procedures for identification. A total of 196 bacterial isolates were recovered
from both devices and further subjected to antibiotic susceptibility testing against 11 commonly used antibiotics using disc diffusion method. This
study revealed that mobile phones and earplugs had bacterial contamination of 48.5% and 51.5% respectively. Eleven bacterial species were
identified which included Klebisella pneumoniae (27%), Staphylococcus aureus (15.8%), Enterobacter aerogenes (12.8%), Proteus mirabilis (9.7%),
Escherichia coli (7.7%). The resistance pattern varied with 128 bacterial isolates highly resistant to cotrimoxazole (65.3%). Furthermore, 24.5%,
26.0% and 6.6% were multidrug-resistant, resistant to third generation cephalosporin among Enterbacteriaceae and methicillin-resistant
Staphylococcus aureus respectively. This study’s findings shows mobile phones and earplugs of university students were contaminated with drug-
resistant pathogenic bacteria. Therefore, frequent or constant use of these devices, sharing and keeping of long nails is discouraged to control the

spread of drug-resistant pathogenic bacteria.
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INTRODUCTION
Mobile devices have increasingly become a crucial part of

students' lives for communication, entertainment and/or academic
purposes worldwide ™M A global estimate of mobile phone user is
5.11 billion 1. Mobile phones and accessories are relatively abundant
in Nigeria due to their multipurpose functionality. There is a
significant proportion (25 - 40 million) of mobile phone users of
which 49% are students [@. Earplugs have grown increasingly popular
in recent times and aid in noise pollution reduction most especially in
public places B,

The mobile phone can serve as a source of transmission of
pathogenic bacteria in a population and subsequently, drug-resistant
bacteria which are a threat to human health could emerge M. There
has been an upsurge in the use of earphones among young adults in
recent years, as well as a high incidence of sharing among students
Bl Studies have shown its possible health implications; not limited to
pathway for invasion by microorganisms into the ear canal skin [,
The mobile devices and accessories are frequently contaminated with
bacteria. Consequently, due to their widespread usage by diverse

group of people, bacterial cross-contamination has increased.

Antimicrobial resistance continues to rise which in most
cases results from the inappropriate use of anti-microbials 1. Most
times, bacteria acquire resistance to “commonly- used” antibiotics
resulting to complicated or chronic infection . Examples of isolated
drug resistant bacteria from mobile devices include: Staphylococcus
aureus resistant to Benzyl penicillin 1, Escherichia coli,
Streptococcus pyogenes, Salmonella spp., Pseudomonas aeruginosa
and Shigella spp. demonstrated 100% resistant to Ampicillin and
Cefuroxime 129, Risk factors that promote the contamination of drug-
resistant bacteria include; the excessive use of broad spectrum
antibiotics. The hygiene habit between teenagers and young adults
has also been identified as possible risk factors [*4,

Mobile devices and accessories may serve as reservoirs for
a variety of microorganisms and subsequently; exogenous source of
infection among students; especially in hot-humid climatic regions of
the world 2. Report on the contamination of students’ mobile

devices and accessories with bacteria and the possible occurrence of
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drug-resistant bacteria is limited globally Y, Some mobile devices
harbors diversity of drug-resistant bacteria when frequently used in
close proximity to contaminated body parts. Such proximity can aid
transmission of drug-resistant bacteria. In Nigeria, studies on
universities students’ mobile phones has reported a significant
incidence (62%) of mobile phones colonized by drug-resistant
bacteria with existing report only on multi-drug resistance [,
Similar studies on continuous earplugs usage among adolescents and
young adults are rare in the literature. Moreover, there are limited
information on the class of drug-resistant bacteria isolated from both
mobile devices and accessories. Methicillin-resistant Staphylococcus
aureus and resistance to third generation cephalosporin by
Enterbacteriaceae have mostly been reported from hospital settings
in Nigeria [*4 1%, Thus, there is the need to monitor the prevalence of
drug-resistant bacteria isolated from mobile phone and earplugs of
university students in Lagos, Nigeria.

MATERIALS AND METHODS
Procurement of Drugs and Chemicals
All the drugs and chemicals (media) used in this study has

been procured from Liofilchem s.r.l., Italy and Oxoid, Cambridge,
United Kingdom respectively.

Study Area and Design
This cross-sectional study was done at the main campus of

Caleb University, Lagos, Nigeria. This private-owned University is
located in lkorodu-Itokin Road, Lagos with over 4,000 students.
Caleb University has a highly vegetative environment with cultural
diversity. This study was done from February — June, 2022.

Sample Collection
Informed consent was given prior to sample collection

which allowed the sampling of mobile phones and earplugs. A
questionnaire about the student’s device (mobile phone and earplug)
usage habits and other relevant data was retrieved. A total of 100
swab samples were randomly collected from 50 mobile phones and
50 earplugs of students across different Departments of the
University. The Samples were collected using moistened sterile
cotton swabs. The sterile swab sticks were previously moistened in
2ml of 1% sterile saline solution. The sterile swab sticks were gently
rolled over the surface of the earplugs and mobile phones.

Identification and Isolation of Bacteria
The phone and earplug swabs were inoculated onto the

following media plates (Oxoid, Cambridge, UK): Blood agar, Mac
Conkey agar, Mannitol salt agar and Eosin methylene blue agar;
aerobically incubated for 24 hours at 37°C. After incubation, discrete
colonies were sub-cultured on a freshly prepared Nutrient agar to
obtain pure culture.

The bacterial isolates were identified via morphological
description of colonies, gram staining, and biochemical tests- catalase
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test, motility test, urease test, citrate test, sugar fermentation test,
indole test, and heamolysis test.

Antimicrobial Susceptibility Test of Isolated Bacteria
Antimicrobial susceptibility testing was done for all

isolated bacteria using the modified Kirby-Bauer Disc Diffusion
method on Muller Hinton agar (Oxoid, Cambridge, UK). The agar
was inoculated with the test organism and antibiotic discs were
aseptically mounted. Standard for inoculum was 0.5 McFarland
standard. The susceptibility pattern of each bacterial isolate was
analysed and interpreted using the clinical and laboratory standards
institute’s standard criteria [, The antibiotics tested included:
Amoxicillin-Clavulanic  acid  (30ug),  Tetracycline  (30ug),
Ceftriaxone (30ug), Ciprofloxacin (5ug), Erythromycin (15 pg),
Cefotaxime (30 pg), Imipenem (10 pg), Gentamicin (10 pg),
Cotrimoxazole (50 pg), Ceftazidime (30 pg), Cefoxitin (30 pg)
(Liofilchem s.r.l., ltaly). The degree of susceptibility of the test
isolate to each antibiotic was determined by measuring the zone
diameter of inhibition in millimeters.

Analysis of Data
Data analysis was done using SPSS version 21.0 (SPSS Inc.

Chicago). Descriptive statistics was used to represent number and
percentage. Chi-square was used to establish association between
predisposing factors and bacteria isolated from the mobile devices
and earplugs. Statistical significant association was established when
P-value < 0.05

RESULTS & DISCUSSION

Prevalence of Bacteria from Mobile Devices and Accessories
To the best of our knowledge, this study provides the first

documented findings to assess, determine the prevalence and
associated risk factors of mobile phone and earplug contamination by
drug-resistant pathogenic bacteria in student community of Lagos,
Nigeria. The prevalence of bacteria on the mobile phones and
earplugs was 48.5% (95/196) and 51.5% (101/195) respectively.
Table 1 shows the prevalent bacteria isolated from both the mobile
phones and earplugs varied..

Table 1: Prevalence of bacteria isolates from mobile devices and accessories

Bacterial isolates Mobile Earplugs n | Total n (%)
phones n (%) | (%)
Klebsiella pneumoniae 29 (30.5) 24 (23.8) 53 (27.0)
Proteus mirabilis 8 (8.4) 11 (10.9) 19 (9.7)
Staphylococcus aureus 20 (21.1) 11 (10.9) 31(15.8)
Klebsiella oxytoca 17 (17.9) 1(1.0) 18 (9.2)
Enterobacter cloacae 1(1.1) 12 (11.9) 13 (6.6)
Enterobacter aerogenes 3(3.2) 22 (21.8) 25(12.8)
Citrobacter spp. 2(21) 4 (4.0) 6 (3.1)
Staphylococcus epidermidis | 6 (6.3) 2(2.0) 8(4.1)
Escherichia coli 1(1.1) 14 (13.9) 15 (7.7)
Micrococcus spp. 7(7.4) 0(0.0) 7 (3.6)
Aerobacter spp. 1(1.1) 0(0.0) 1(0.5)
Total (%) 95 101 196

The top four highest was K. pneumoniae (27% (53/196)), S.
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aureus (15.8% (31/196)), Enterobacter aerogenes (12.8% (25/196))
and P. mirabilis (9.7% (19/196)). Both mobile phones and earplugs
had proportion of K. pneumoniae 29% and 24% respectively and S.
aureus 20% and 11% respectively. Nevertheless, low proportion of
Enterobacter cloacae (6.6% (13/196)) Staphylococcus epidermidis
(4.1% (8/196)), Micrococcus spp. (3.6% (7/196)) and Citrobacter
spp. (3.1% (6/196)) were found from both mobile phones and
earplugs whereas Micrococcus spp. and Aerobacter spp. was isolated
only from mobile phones. A statistical significant association was
found between variables (frequent and constant usage of mobile
phones and earplugs, keeping of long nails, sharing of mobile phones
and earplugs and indiscriminate use of antibiotics) and bacterial
contamination of mobile phones and earplugs (p < 0.05) as shown in
Table 2

Table 2: Predisposing factors for the colonization of bacteria on mobile
devices and accessories (n = 100) among university students

Variables N (%) N (%) isolated | P-value
bacteria

Keeping of long nails 33(33) 39 (20) 0.03¢*

Frequent and constant usage of | 72 (72) | 71(36.2) 0.021*

mobile phones and ear plugs

Sharing of mobile phones and | 66 (66) | 67 (34.2) 0.019*

earplugs

Indiscriminate use of antibiotics 51 (51) 13 (6.6) 0.047*

Frequent use of alcohol based hand | 63 (63) 6(3.1) 0.068

sanitizers

KEY: *- statistically significant association (p < 0.05)

A significant number of studies have revealed the prevalence of
bacterial contamination of mobile phones and earplugs and other
accessories 11719 Here, the owverall prevalence of bacterial
contamination was 100% among mobile phones and accessories.
With 48.5% and 51.5% for mobile phones and earplugs respectively.
Study by Sepehri et al., (2009) in India reported somewhat similar
data for mobile phones of 40.6%. Contrary to studies reported from
Nigeria, Ghana, Iran, Slovakia, Italy with higher rates of 62%, 83.3%,
78.4%, 92%, 86% respectively 1923, There is paucity of global
information on bacterial contamination of earplugs belonging to
students; however, this study finding of 51.5% bacterial
contamination rate of earplugs contradict higher documented rates of
68% reported in Manipal among college students with frequent and
constant use of earphones . These discrepancies can be due to
difference in methodology, frequency of cleaning devices, hand-
washing practice and public awareness of disease transmission.

In this study, the most prevalent was K. pneumoniae (27% (53/196)),
S. aureus (15.8% (31/196)), Enterobacter aerogenes (12.8%
(25/196)) and P. mirabilis (9.7% (19/196)) and least with
Enterobacter cloacae (6.6% (13/196)) Staphylococcus epidermidis
(4.1% (8/196)). Similarly, study done by Koscova et al. 1 with a
high prevalence (33%) of K. pneumoniae among mobile devices in
Slovakia. Though, there have been findings with low contamination
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rate of 17.2%, 15.4% and 3.5% in Malaysia, Nigeria and Saudi
Arabia  respectively for Klebsiella pneumoniae 719281 This
bacterium is a major cause of both hospital and community-acquired
infections. In concordance to our findings, report of 16.2%
for Staphylococcus aureus in Saudi Arabia. Contrary to our findings,
studies with higher colonization rate of 20%, 54.1% and 56.0%
for Staphylococcus aureus have been reported in Nigeria, India and
Nepal respectively 192729 Although, Staphylococcus aureusis a
normal flora of the skin as well as nasal region; it is also notorious for
causing infections ranging from folliculitis, boils, sepsis, ear and
blood stream infection B%, The existence of E. aerogenes and E.
cloacae; gram-negative rods thus suggests the likelihood of faecal
contaminants on mobile phones and earplugs. In contrast to our
study, higher rate have also been reported 1], Another causative
agent of bacterial sepsis. Interestingly, Proteus mirabilis was among
the top four most prevalent bacteria (9.7% (19/196)). P. mirabilis
have not been reported from neither mobile phones nor earplugs of
university students according to previous studies ? 24, However, P.
vulgaris which was not detected in this study have been reported
from mobile phones in Malaysia with a 2.5% prevalence [,
Nevertheless, Al-Abdalall 9 reported a low prevalence (3.66%) of
P. mirabilis among mobile phones users in the city of Dammam,
Saudi Arabia. This is in contrast to our findings. P. mirabilis is a
normal flora of a healthy human intestine consequently; it can be
found in faeces. Faecal contamination of mobile phones and
accessories is possible with poor hygiene after defecation in
perspective.

Antibiotic Susceptibility Test Result
One hundred and ninety-six (196) pathogenic isolated

bacteria from both mobile phones and earplugs were subjected to
antibiotic  susceptibility testing against 11 antibiotics. The
susceptibility showed S. aureus (16%) susceptible to gentamicin,
ciprofloxacin, ceftriaxone, ceftazidime, E. coli (2%) was sensitive to
tetracycline, gentamicin and ciprofloxacin, 30% of Klebsiella
pneumoniae (30%) was sensitive to ciprofloxacin and gentamicin.
Proteus mirabilis (8%) was sensitive to gentamicin, cefoxitin and
tetracycline. Bacterial isolates from both maobile phones and earplugs
showed high degree of resistance to cotrimoxazole (65.3%),
tetracycline (55.6%), gentamicin (53.6%), erythromycin (53.1%) and
amoxicillin-clavulanic acid (52.0%); moderate resistance to cefoxitin
(47.0%), ciprofloxacin (46.4%) and lower resistance to ceftazidime
(36.7%), imipenem (35.2%), cefotaxime (30.1%) and ceftriaxone
(26.0%). High resistance was observed for erythromycin (44.2%) and
gentamicin (76.2%) among bacteria isolated from mobile phone
swabs and earplug swabs respectively as shown in Table 3 - 4.
Whereas, the least resistance was observed for the third generation
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cephalosporin: cefotaxime (9.5%) and ceftriaxone (35.6%) among

bacteria isolated from mobile phone swabs and earplug swabs
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mirabilis had the highest resistance to cotrimoxazole 52.8% vs.

89.5%.

respectively. In this study, Klebsiella pneumoniae and Proteus
Table 3: Antibiotic susceptibility profile of isolated bacteria from earplug swabs (n=50)
Antibiotics | KP(n=24) | PM(n=11) | SA(n=11) | EC(n=14) | CS(n=4) | SE(n=2) | EA(n=22) | EC(n=12) | Total(n=101)
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
AMX 18(75) 4 (36.4) 2(18.2) 11(78.6) | 1(25) - 22(100) 10(83.3) | 68 (67.3)
CAZ 9(37.5) 2(18.2) 2(18.2) 9(64.3) 1(25) - 15(68.2) | 8(66.7) 46 (45.5)
CRO 5(20.8) 1(9.1) 1(9.2) 6(42.9) 1(25) - 14(63.6) 8(66.7) 36 (35.6)
CLO 15(7.7) 11 (100) 7(63.6) 12(85.7) | 4(100) 1(50) 22(100) 12(100) 85 (84.2)
FOX 14(7.1) 9(81.8) 7(63.6) 8(57.1) 3(75) 1(50) 10(45.5) 9(75) 61 (60.4)
E 14(7.1) 3(27.3) 2(18.2) 10(71.4) | 1(25) - 22(100) 10(83.3) | 62 (61.4)
IMI 6 (25) 1(9.1) - 7(50) 1(25) - 19(86.4) | 11(91.7) | 45 (44.6)
TE 13(54.2) | 11(100) 8(72.7) 10(71.4) | 4(100) 1(50) 18(81.8) | 10(83.3) | 76 (75.2)
CIP 10(41.7) 9(81.8) 7(63.6) 9(64.3) 4(100) 1(50) 15(68.2) 12(100) 67 (66.3)
CN 13(54.2) | 10(90.9) 4(36.4) 11(78.6) | 4(100) 1(50) 22(100) 12(100) 77 (76.2)
CTX 7(29.2) 2(18.2) 1(9.2) 10(71.4) 1(25) - 20(90.9) 9(75) 50 (49.5)

KEY:

AMX- Amoxicillin-Clavulanic acid, E- Erythromycin, TE- Tetracycline, IMI- Imipenem, CN-Gentamicin, CAZ- Ceftazidime, CLO- Cotrimoxazole, FOX- Cefoxitin,

CRO- Ceftriaxone, CIP- Ciprofloxacin, CT X- Cefotaxime.

KP- Klebsiella pneumoniae, PM- Proteus mirabilis, SA- Staphylococcus aureus, EC: Escherichia coli, CS- Citrobacter spp.,

Enterobacter aerogenes, SE-Staphylococcus epidermidis.

EC- Enterobacter cloacae, EA-

Table 4: Antibiotic susceptibility profile of isolated bacteria from mobile phone swabs (n=50)

Antibiotics | KP(n=29) | EC(n=1) | SA(n=20) | KO(n=17) | PM(n=8) | MS(n=7) | EA(n=3) | CS(n=2) | Total(n=95)

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
AMX 9(31.0) 1(100) 6(30) 6(35.3) 7(87.5) 3(42.9) 1(33.3) 1(50) 34 (35.8)
CAZ 7(24.1) 1(100) 2(10) 5(29.4) 6(75) 3(42.9) 1(333) | 1(50) 26 (27.4)
CRO 5(17.2) 1(100) 1(5) 5(29.4) - 3(42.9) - - 15 (15.8)
CLO 13(44.8) 1(100) 10(50) 8(47.1) 6(75) 3(42.9) 1(33.3) 1(50) 43 (45.3)
FOX 10(34.5) 1(100) 5(25) 6(35.3) 4(50) 3(42.9) 1(33.3) 1(50) 31(32.6)
E 13(44.8) - 10(50) 8(47.1) 6(75) 3(42.9) 1(33.3) 1(50) 42 (44.2)
IMI 8(27.6) - 7(35) 5(29.4) 4(50) - - - 24 (25.3)
TE 12(41.4) - 9(45) 6(35.3) 3(37.5) 3(42.9) - - 33(34.7)
CIP 6(20.7) - 5(25) 5(29.4) 3(37.5) 3(42.9) 1(33.3) 1(50) 24 (25.3)
CN 7(24.1) - 7(35) 6(35.3) 3(37.5) 3(42.9) 1(33.3) 1(50) 28 (29.5)
CTX - - - 5(29.4) 2(25) 2(28.6) - - 9(9.5)

KEY:

AMX- Amoxicillin-Clavulanic acid, E- Erythromycin, TE- Tetracycline, IMI- Imipenem, CN-Gentamicin, CAZ- Ceftazidime, CLO- Cotrimoxazole, FOX- Cefoxitin,

CRO- Ceftriaxone, CIP- Ciprofloxacin, CT X- Cefotaxime.

KP- Klebsiella pneumoniae, PM- Proteus mirabilis, SA- Staphylococcus aureus, EC- Escherichia coli, CS- Citrobacter spp., EA- Enterobacter aerogenes, SE-

Staphylococcus epidermidis, KO- Klebsiella oxytoca, MS- Micrococcus spp.
In this study, bacterial isolates from both mobile phones
and earplugs showed the highest degree of resistance to
cotrimoxazole (65.3%). Comparable is the report by Khadka et al.,
(2018) with the highest resistance to cotrimoxazole among college
students in Kigali, Rwanda. Similarly, report from two different
studies in Bangdalesh 1232 had high resistance to tetracycline and
cotrimoxazole likewise our study. Furthermore, among the isolates
Enterobacter aerogenes was 92% resistant to amoxicillin-clavulanic
acid. On the contrary, from this study, previous studies tested
Enterobacter aerogenes against amoxicillin. Amoxicillin-clavulanic
acid is a renowned combination therapeutic agent of semi-synthetic
antibiotic, amoxicillin and a B-lactamase inhibitor, potassium
clavulanate Il The varying resistance pattern observed may have
resulted from the difference in geographic locations or the
inappropriate use of antibiotics by students as reported by Tagoe et

al., (2011) in Cape Coast on antibiotic use.
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Distribution of Drug-resistant Pathogenic Bacteria

The prevalence of drug-resistant bacteria was 57.1%. Table
5 shows the distribution of characteristics of resistance: multi-drug
resistance, resistance to third generation cephalosporin among
Enterbacteriaceae and methicillin-resistant Staphylococcus aureus
was 24.5%, 26.0% and 6.6% respectively. Multi-drug resistance was
found among Proteus mirabilis, E. coli, K. pneumoniae, K. oxytoca,
Enterobacter aerogenes and Citrobacter spp. with prevalence of
10%, 2%, 20%, 12%, 2% and 2% respectively. The antibiotics with
demonstrated ~ multi-drug  resistance  were  erythromycin,
cotrimoxazole, ceftazidime, tetracycline, cefoxitin, ceftriaxone and
imipenem. The S. aureus isolated from the student's mobile phones
showed a significant resistance to Cefoxitin. These isolates are
described as methicillin-resistant Staphylococcus aureus. Resistance
to third generation cephalosporins (ceftazidime and cefotaxime) was
the members of Enterobacteriaceae; K.

observed among

pneumoniae, E. coli, Proteus mirabilis, K. oxytoca in this study.
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Isolates from earplug swabs: Escherichia coli and Klebsiella
pneumoniae were multi-drug resistant to amoxicillin-clavulanic acid,
cefotaxime, ciprofloxacin, gentamicin, imipenem and tetracycline.

Table 5: Characteristics of the drug-resistant bacteria isolated from mobile
devices and accessories

Characteristics Mobile phones Earplugs Total

N (%) N (%) N (%)
Multi-drug Resistance 22 (23.2%) 26 (25.7) 48 (24.5)
Third generation | 21 (22.1%) 30(29.7) 51(26.0)
cephalosporin  resistance
among Enterobacteriacae
Methicillin-resistant 6 (6.3) 7(6.9) 13 (6.6)
Staphylococcus aureus
TOTAL 49 (51.6) 63 (62.4) 112 (57.1)

In recent times, drug-resistant bacteria have increasingly become a
global public health challenge leading high morbidity and/or
mortality rate. If not closely monitored could result to a global crisis
with difficult-to-treat diseases at the fore front. Here, multi-drug
resistant had prevalence of 24.5%. A similar multi-drug resistant
prevalence of 21.4%% has been reported in Nepal 9. In contrast,
higher multi-drug resistant prevalence data of 90.54%, 45.4% has
been documented among university students in Bangladesh and
Ghana respectively 12 21 In this study, multi-drug resistance was
found among E. coli, K. pneumoniae, K. oxytoca, Enterobacter
aerogenes and Citrobacter spp. which concordant previous studies in
Rwanda and Ethiopia B3 though, a significantly low prevalence
(9%) of multi-drug resistance have been reported in Rwanda.
Interestingly, only six and seven methicillin-resistant Staphylococcus
aureus were found to be isolated from the mobile phones and
earplugs of the university students in this study. The prevalence of
6.6% for methicillin-resistant Staphylococcus aureus in this study is
supported by a low prevalence of 4% and 5.9% reported in Southern
Brazil and Saudi Arabia respectively 2634, On the other hand, high
prevalence have been reported by few researchers 23U, Another
interesting aspect of this work is the emergence of third generation
cephalosporin resistance among Enterbacteriaceae. Here, a relative
prevalence of 26.0% was documented. This does not corroborate with
previous findings in Rwanda and Nigeria B3], Indeed, difference in
prevalence data is a reflection of the different geographical study area
and the methodologies applied. Our results reveals the possibility of
mobile phones and earplugs to contribute as source of different
pathogenic bacteria most especially drug-resistant. Consequently, it is
imperative to provide information either to university students or the
general population on effective prevention and control approaches
that will curtail the spread of these drug-resistant pathogenic bacteria.
The hypothesis that these mobile phones and accessories could be a
reservoir for drug-resistant pathogenic bacteria like multi-drug
resistant Klebsiella spp. Enterobacter spp., third generation
cephalosporin resistant Proteus mirabilis and methicillin-resistant
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Staphylococcus aureus among university students was supported by
findings from this study.

CONCLUSION
The mobile phones and earplugs of university students

were highly contaminated with disease- causing bacteria. These
bacteria had varied drug-resistant characteristics: multidrug resistant,
resistance to third generation cephalosporin and methicillin-resistant
Staphylococcus aureus. Consequently, mobile phones and earplugs
could aid the transmission of drug-resistant bacterial pathogens.
Therefore, frequent or constant use of mobile phones and earplugs,
sharing of mobile phones and earplugs as well as keeping of long
nails is strongly discouraged to control the spread of these drug-
resistant pathogenic bacteria.

REFERENCES

1. Martinez-Gonzales NE, Solorzano-lbarra F, Cabrera- Diaz E, et
al, 2017. Microbial contamination on cell phones used b¥
undergraduate students. Canadian Journal of Infection Control. 3
(4), Pages- 211-216.

2. Efiong JE, Aranuwa FO, 2017. Mobile Devices Features and
Usability: The Nigerian Utilization Experience. International
Journal of Computer Trends and Technology. 48(4), Pages- 200-
207. DOI: 10.14445/22312803/1JCTT-V48P137.

3. Ukaegbu-Obi KM, Nwankwo IU, Itaman VO, et al, 2019. A
Comparative Study of Microbes Associated with Earphones used
Among University Students of Michael Okpara University of
Agriculture Umudike, Abia State, Nigeria. Acta Scientific
Microbiology. 2, Pages- 2-7.

4. Bhoonderowa A, Gookool S, Biranjia-Hurdoyal SD, 2014. The
importance of mobile phones in the possible transmission of
bacterial infections in the community. Journal of Community
Health. 39(5), Pages 965-967. Doi: 10.1007/s10900-014-9838-6.

5. Ansari H, Mohammadpoorasl A, Rostami F, et al, 2014. Pattern
of Use of Earphone and Music Player Devices among Iranian
Adolescents. International Journal of Preventive Medicine. 5,
Pages- 776-781.

6. Mazlan R, Saim L, Thomas A, et al, 2002. Ear Infection and
Hearing Loss amongst Headphone Users. Malaysian Journal of
Medical Sciences. 9(2), Pages- 17-22.

7. Ayukekbong JA, Ntemgwa M, Atabe AN., 2017. The threat of
antimicrobial resistance in developing countries: causes and
control strategies. Antimicrobial Resistance and Infection Control.
6, Pages- 47. Doi: 10.1186/s13756-017-0208-x.

8. Martina PF, Martinez M, Centeno CK, et al, 2019. Dangerous
passengers: Multidrug-resistant bacteria on hands and mobile
phones. Journal of Preventive Medicine and Hygiene. 60(4),
Pages- E293-E299. Doi: 10.15167/2421-4248/jpmh2019.60.
4.1283.

9. Ya’aba Y, Chuku A, Okposi US, et al, 2020. Bacterial
Contamination Associated with Mobile Cell Phones among
Undergraduate Students of Federal University of Lafia, Nasarawa
State, Nigeria. Nigerian Journal of Basic Applied Sciences. 28(2),
Pages- 36-42. Doi: 10.4314/njbas.v28i2.5.

10. AL-Harmoosh AR, Nihad HM, Maytham MA, et al, 2018.
Surface of Mobile Phone: As a Carrier of Pathogenic Bacteria.
Research Journal of Pharmacy Technology. 10(10), Pages- 827-

Journal of medical pharmaceutical and allied sciences, Volume 11 — Issue 6, 4217, November — December 2022, Pages 5494 — 5499 5498



DOI: 10.55522/jmpas.V1116.4217
1830. D0i:10.5958/0974-360X.2017.00618.7.

11.Siiri K., Rando M., Tiina S, et al, 2017. High Level Bacterial
Contamination of Secondary School students’ Mobile Phones.
Germs. 7, Pages- 73-77. Doi: 10.18683/germs.2017.1111.

12.Savio RR, Fakhruddin ANM, Hafizur R, et al, 2020. Prevalence
of Multidrug- Resistant Bacteria on Mobile Phone Surface.
Journal of Microscopy and Ultrastructure. 8(1), Pages- 14-19.
Doi: 10.4103/JMAU.JMAU_7_19.

13. Akinyemi KO, Atapu AD, Adetona OO, et al, 2009. The potential
role of mobile phones in the spread of bacterial infections. Journal
of Infection in Developing Countries. 3(8), Pages- 628-632. Doi:
10.3855/jidc.556.

14. Akujobi CN, llo IA, Egwuatu CC, et al, 2013. Prevalence of
methicillin-resistant  Staphylococcus aureus (MRSA) among
healthcare workers in a tertiary institution in Nigeria. Orient
Journal of Medicine. 25 (3-4), Pages- 82-87.

15. Ezeanya CC, Agbakoba NR, Ejike C, et al, 2017. Evaluation of a
chromogenic medium for the detection of ESBL with comparison
to Double Disk Synergy Test. British Journal of Medicine and
Medical Research. 21, Pages- 1-11.
D0i:10.9734/BIMMR/2017/33259.

16.Clinical and Laboratory Standard Institute, 2020. Performance
Standards for Antimicrobial Susceptibility Testing. 30th edition,
CLSI supplement M100, Wanye, PA.

17.Hikmah N, Anuar TA, 2020. Mobile Phones: A Possible Vehicle
of Bacterial Transmission in a Higher Learning Institution in
Malaysia. Malaysian Journal of Medical Sciences. 27(2), Pages-
151-158. Doi: 10.21315/mjms2020.27.2.15.

18.Gurang B, Bhati P, Rani U, et al, 2008. Do mobiles carry
pathogens, Journal of Microbiology. 23, Pages- 45-76.

19. Srikanth P, Ezhil R, Suchitra S, et al, 2008. The mobile phone in a
tropical setting emerging threat for infection control. 17th
international congress on infectious disease workshop.

20. Sepehri G, Talebizadeh N, Mirzazadeh A, et al, 2009. Bacterial
contamination and resistance to commonly used antimicrobials of
healthcare workers’ mobile phones in teaching hospitals, Kerman,
Iran. American Journal of Applied Sciences. 6(5), Pages- 806—
810. D0i:10.3844/ajassp.2009.806.810.

21.0lu-Taiwo M, Laryea CA, Mykels DK, et al, 2021. Multidrug-
Resistant Bacteria on the Mobile Phones and Computer
Keyboards of Healthcare University Students in Ghana. Canadian
Journal of Infectious Diseases and Medical Microbiology. 2(10),
Pages- 1 -8. Doi: 10.1155/2021/6647959.

22.Tagoe D, Gyande V, Ansah E, 2011. Bacterial contamination of
mobile phones: when your mobile phone could transmit more
than just a call. Webmed Central Microbiology. 2(10), Pages- 1-
4. Doi: 10.9754/journal.wmc.2011.002294.

23.Kumar BV, Hobani YH, Abdulhagq A, et al, 2014. Prevalence of
antibacterial resistant bacterial contaminants from mobile phones
of hospital inpatients. Libyan Journal of Medicine. 9(1), Pages-
25451. Doi: 10.3402/Ijm.v9.25451.

24. Mukhopadhyay C, Basak S, Gupta S, et al, 2018. A comparative
analysis of bacterial growth with earphone use. Online Journal of
Health and Allied Sciences. 7(2), Pages- 4.

ISSN NO. 2320-7418

25.Koscova J, Hurnikova Z, Pistl J, 2018. Degree of bacterial
contamination of mobile phone and computer keyboard surfaces
and efficacy of disinfection with chlorhexidine digluconate and
triclosan to its reduction. International Journal Environmental
Research and Public Health. 15(10): Pages- 2238. Doi: 10.3390
/ijerph15102238.

26. Al-Abdalall AH, 2010. Isolation & identification of microbes
associated with mobile phones in Dammam eastern Saudi Arabia.
Journal of Family Community Medicine. 17(1), Pages-11-14.

27.Chauhan A, Garg S, Ranjan AA, et al, 2018. Prevalence of
microbial contamination of mobile cell phones in general
population of Delhi, India. Journal of Experimental and Clinical
Microbiology. 1(1), Pages- 12-15.

28.Selim HS, Abaza AF, 2015. Microbial contamination of mobile
phones in a health care setting in Alexandria, Egypt. GMS
Hygiene and Infection Control. 10, Pages- 1-9. Doi: 10.3205/
dgkh000246.

29. Adhikari S, Khadka S, Sapkota S, et al, 2018. Methicillin-resistant
Staphylococcus aureus associated with mobile phones. SOJ
Microbiology and Infectious Diseases. 6(1), Pages- 1-6.
Doi:10.15226/s0jmid/6/1/00190.

30. Tambe NN, Pai C, 2012. A study of microbial flora and MRSA
harbored by mobile phones of health care personnel. International
Journal of Recent Trends in Science and Technology 4, Pages- 14
—18.

31.Khadka S, Nshimiyimana JB, Thapa A, et al, 2018. Bacterial
profile of mobile phones used by college students in Kigali,
Rwanda. International Journal of Applied Microbiology and
Biotechnology Research. 6, Pages- 87- 94. Doi: org/10.33500/
ijambr.2018.06.010.

32.Chowdhury OA, Ahmed R, Dipu R, et al, 2020. Detection of
pathogenic bacteria associated with earphones used by students of
Stanford  University, Bangladesh. Standford Journal of
Microbiology. 101, Pages- 1-4. D0i:10.3329/sjm.v10i1.50723.

33.Bodena D, Teklemariam Z, Balakrishnan S, et al, 2019. Bacterial
contamination of mobile phones of health professionals in Eastern
Ethiopia: antimicrobial susceptibility and associated factors.
Tropical Medicine and Health. 27(47), Pages- 15-25. Doi:
10.1186/s41182-019-0144-y.

34. Andressa SJ, Gialiano CB, Alessandra VO, et al, 2019. Detection
of potentially pathogenic bacteria on cell phones of hospital and
university-based populations in Curitiba, Southern Brazil: A
cross-sectional study. Sao Paulo Medical Journal. 37(4), Pages-
343-348. Doi: 10.1590/1516-3180.2018.044305 072019.

35. Akujobi CN, Ezeanya CC, Aghanya NI, 2012. Detection of
Cefotaximase Genes of Beta Lactamase among clinical isolates of
Escherichia coli in a University Teaching Hospital, Nigeria.
Journal of Medical Sciences. 12(7), Pages- 244-247. Doi:
10.3923/jms.2012.244.247.

How to cite this article
Chinyere Ezeanya-Bakpa, Opeyemi Shorumu, Tomiwa

Ogunsoluju, 2022. Mobile devices and accessories are
reservoir for drug-resistant bacteria among university students
a cross-sectional study. Journal of medical pharmaceutical
and allied sciences, V 11 - | 6, Pages - 5367 — 5373. Doi:
10.55522/jmpas. V1116.4217.

Journal of medical pharmaceutical and allied sciences, Volume 11 — Issue 6, 4217, November — December 2022, Pages 5494 — 5499 5499



	Department of Microbiology and Biotechnology, Caleb University Lagos, Nigeria
	Department of Microbiology and Biotechnology, Caleb University Lagos, Nigeria.

