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Abstract:

Background and Objectives: Hospital acquired infections continue to be a major
issue for international health systems, despite advancements in contemporary
detection and treatment. Potential infections can be found on healthcare
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personnel’ cell phones. Mobile phones are seldom clean and are frequently
Volume é.lssue 9, 2024 handled before or after patient examinations and specimen processing without
Received: 26-03-2024 sufficient hand washing, despite the substantial risk of contamination. The
primary goal of this study was to separate, characterise, and determine the
Accepted : 28-04-2024 antibiotic susceptibility of various microorganisms found on the mobile phones of
doi: 10.33472/ AFJBS.6.9.2024.2160-2170 both healthcare and non-healthcare personnel.

Materials and Methods: Aseptic samples were obtained by rolling mobile
phones over agar plates. These plates were then incubated in aerobic conditions.
Following incubation, the plates were assessed for bacterial growth. The bacteria
were identified and subjected to antibiotic sensitivity testing using standard
microbiological methods.

Results: A total of 178 samples were analysed in this study, 118 of which came
from healthcare workers (HCWs) and 60 from non-HCWs (non-HCWs).
Methicillin-susceptible Staphylococcus aureus (15.9%) and Acinetobacter
baumannii (26.5%) were the most frequently isolated organisms from HCWSs'
mobile phones. Thirty samples (50.00%) of the sixty samples obtained from the
mobile phones of non-HCWs demonstrated the growth of seven different kinds of
bacteria.

Conclusion: The findings of our study indicate that bacteria are present on the
mobile phones of healthcare workers (HCWs), suggesting a potential for the
transmission of disease-causing microorganisms. These devices, which are not
only used for communication but also serve as potential reservoirs for pathogens,
can contribute to the spread of nosocomial infections. To minimize the risk of
such infections, it is crucial to enforce rigorous hand hygiene practices and
establish regulations regarding the use of mobile phones in hospital environments.
By implementing these measures, we can help reduce the incidence of healthcare-
associated infections.
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INTRODUCTION

The advancements in modern technology have made a significant impact on the
field of medicine. It has led to the development of innovative diagnostic techniques,
improved patient care, and more effective treatments, ultimately enhancing the
survival rates of individuals with various diseases. Furthermore, the rapid growth of
technology has also resulted in the creation of devices and technologies for personal
use. These include personal computers, pagers, wireless tablets, and mobile phones,
providing individuals with convenient and accessible means of communication and
information @, The establishment of the Global System for Mobile
Telecommunication (GSM) in Europe in 1983 marked a significant milestone in
enhancing communication systems worldwide @. The prevalence of mobile phones
has surpassed that of landline telephones in numerous countries. It is now common
for both adults and a significant number of children to own mobile phones ©).

The use of mobile phones in healthcare settings has improved patient
communication and delivery efficiency. Mobile phones make it possible for lab and
imaging findings, patient information, and photos to be sent quickly. This allows
doctors to use their phones to interact with clinicians, residents, and students while
doing bedside rounds. Mobile phones are another tool that healthcare workers
(HCWs) use to access literature and pharmacological knowledge, which helps with
learning and enhances clinical performance. The extensive adoption of mobile
phones in healthcare environments has transformed the exchange and application of
information, thereby helping patients and healthcare providers alike ®. Even while
computers and mobile phones have many advantages, people often ignore the risks
they may bring to their health ®. The usage of mobile phones has some hazards,
such as the transmission of germs that may cause nosocomial infections, noise,
diversions, lack of focus, compromised data security, and invasion of patient
privacy ®. The World Health Organisation (WHO) recognised the possible harm
that electromagnetic radiation from phones and base stations may cause in 2000.
They declared it to be dangerous for human health, stressing that it harmed sperm
and DNA in particular (. Because of the continual microbe interaction with our
skin, certain microbial species become colonised. The skin surface area of an adult
human averages 2 m?, and each individual can support around 1012 bacterial cells
®_ Mobile phones are in close proximity to the hands, mouth, nose, and ears of
people when they are on the phone®, The possibility of possible germs on the skin
colonising the mobile phones grows with this touch. Aronson et al. were the first to
raise the possibility that phones may aid in the transmission of illnesses back in
199709,

Healthcare-associated infections (HAIS) remain a major threat to international
health systems despite advances in diagnosis and treatment. It is estimated that 25%
of patients in impoverished nations get HAIs @Y. Healthcare workers' (HCWs')
hands are a major factor in the spread of many illnesses. Pathogenic bacteria may
infect a variety of items, including gloves, stethoscopes, neckties, bed rails, linens,
phones, horizontal surfaces, doorknobs, thermometers, nurses' uniforms, and
personal bags. When healthcare workers handle these inanimate things on a regular
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basis, their hands are infected with harmful germs, which they then pass on to
patients. These possible pathogens are stored on HCWs' cell phones. Mobile phones
are frequently used without sufficient hand hygiene procedures during or after
patient examinations and specimen processing, despite the substantial risk of
contamination. As a result, these cell phones become potential sources of infection,
endangering not just patients but also healthcare personnel and their families
(2) Moreover, the sharing of cell phones among HCWs and non-HCWs can directly
contribute to the spread of potential pathogenic bacteria within the community @2,
Individual differences exist in the makeup of microorganisms found on mobile
phones, especially when it comes to healthcare professionals (HCWSs) and the
general population. When compared to non-medical persons, the amount and
antibiotic susceptibility of bacterial isolates discovered on healthcare workers' cell
phones can differ. Cell phones belonging to HCWs reflect the hospital community,
whilst those belonging to non-HCWs represent the larger population. Thus, the goal
of this study was to look at the different kinds of germs that are on the phones of
these two types of people.

MATERIALS AND METHODS

Sample collection: Sterile swabs wet with sterile normal saline were used in
aseptic procedures. The cell phones' visible surfaces were covered with the swabs.
Particular care was taken to make sure that every surface, including the sides,
back, mouthpiece, earpiece, screen, and keypad keys of the cell phones, was
completely swabbed. Since these locations are frequently in touch with the fingers
and are hence more likely to contain bacteria, they were specifically targeted.
Strict precautions were taken to guarantee the precision and thoroughness of the
sample collecting procedure.

Sample inoculation: Once collected, the samples were promptly brought to the lab
for further analysis. They were injected into 5% sheep blood agar and
MacConkey's agar plates. Following that, these plates were incubated in an aerobic
condition at 37°C for an entire day. After the incubation period, the plates were
carefully examined to track the development and colony form of the isolated
bacteria.

Using accepted microbiological methods; the bacteria were identified and divided
into Gram-positive and Gram-negative categories. It was necessary to conduct
tests and analyses in compliance with established protocols in order to determine
the characteristics and features of the bacterial isolates.

Antibiotic susceptibility: Antibiotic sensitivity The Kirby-Bauer disc diffusion
technique was used to ascertain the bacterial isolates' susceptibility. In order to test
for antibiotic disc susceptibility, Mueller-Hinton agar plates were utilised in
accordance with the Clinical and Laboratory Standards Institute’'s (CLSI)
recommendations 4,

The antimicrobial drugs linezolid (30ug), erythromycin (15ug), clindamycin
(2ug), ciprofloxacin (5ug), cotrimoxazole (1.25/23.75ug), cefoxitin (30ug), and
tetracycline (30ug) were evaluated with their corresponding disc concentrations
for Gram-positive cocci.
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The antimicrobial drugs pipericillin-tazobactam (100/10 ug), ceftriaxone (30 ug),
cefepime (30 pg), imipenem (10 ug), cotrimoxazole (1.25/23.75ug), amikacin (30
pg), ciprofloxacin (5ug), and ampicillin (10pg) were evaluated with their
corresponding disc concentrations for Gram-negative bacilli.

RESULTS

A total of 178 samples were investigated in this study, of which 60 samples came
from non-HCWs and 118 samples were from HCWs. It was possible to isolate 151
bacteria from 118 HCW mobile phones. Of them, 40 (26.5%) Pseudomonas
aeruginosa and 57 (37.7%) Staphylococci were the most common pathogens.
Samples from healthcare workers (HCWSs) included physicians, nurses, medical
students, and technicians employed in a range of departments, including
wards,ICUs, labs, and operation rooms.
Sixty mobile samples were gathered from non-HCWs who had not visited a hospital
or interacted with patients in the previous month. Of the 118 samples provided by
HCWs, 25 (21.18%) and 17 (14.40%) came from the Department of Laboratory and
Outpatient, respectively, and accounted for the majority of the processed samples.
The largest number of samples processed from staff nurses and students,
respectively, was 50 (42.37%) and 44 (37.28%), among healthcare workers.Table 1
shows the distribution of samples by profession and area.

Table 1. Samples of mobile phones for HCWs are distributed based on their area
and profession.

Area Doctors Nurses Technicians Students | Area wise distribution of
samples
Laboratory Depatment 00 00 15 20 25
Medical Department 03 07 00 02 12
Dialysis unit 00 08 02 05 15
Intensive care unit 00 03 00 02 05
Emergency medical department 00 05 00 02 07
Operations theater unit 03 7 00 00 10
Outpatient department 05 06 02 04 17
Surgical Department 02 05 00 03 10
E.N.T Department 02 06 00 04 12
Orthopedics Department 00 03 00 02 05
Total NO. 15 50 19 44 118

It was possible to isolate 151 bacteria from 118 HCW mobile phones. Of these, the
most common pathogen was Staphylococcus species, accounting for 57 (37.7%)
[MSCoNS 19 (12.6%), MRSA 04 (2.7%), MRCoNS 07 (4.6%), and S. citreus 03
(2.0%)]. A. baumannii accounted for 40 (26.5%) of the total. Table 2 shows several
species of bacteria cultured from the mobile phone of the healthcare worker.
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Table 2. The quantity and kind of bacteria found on HCWs' cell phones

Isolated organism Number of isolated Percentage
(n=10) organism (%)
(n=151)

Methicillin susceptible Staphylococcus aureus 24 15.9
Methicillin susceptible coagulase negative Staphylococci 04 2.7
Methicillin resistant Staphylococcus aureus 19 12.6
Methicillin resistant coagulase negative Staphylococci 07 4.6
Staphylococcus citreus 03 2.0
Acinetobacter baumannii 40 26.5
Pseudomonas aeruginosa 23 15.2
Klebsiella pneumoniae 20 13.2
Citrobacter spp. 06 4.0
Escherichia coli 05 3.3

Total 151 100

Acinetobacter baumannii (31.78%) was the most frequently isolated bacterium
from HCWSs' mobile phones, followed by K. pneumoniae (19.20%). Table 3
displays the distribution of microorganisms recovered from HCWSs working in

various places.

Table 3. Distribution of bacteria isolated from mobile phones of healthcare

workers according to their location.

. " = | 8|8 | Number of total
< | % < % 2| E16 |2 |2 |.= | isolatdorganism
» | O %) @) 23| 8| E|D>D|28 |3
0| & @ x E|E[2|1218]° (n=151)
Area S| = S s S| 3 || 8|8 |u
wn o = . =
< N4 o 5
Laboratory depatment 01| 01 01 01 |03 | O7 | O7 | 03 | 02 | 02 28
Medical department 00 00 00 01 (01 | 04|04 |01 | 03|00 14
Dialysis unit 01 01 01 01 (01| 10|01 |03 |01]01 21
Intensive care unit 00 00 00 01 (00 | 03 |01 |01 | 00 | OO0 06
Emergency medical department 00 00 00 03 [ 00 | 03 |02 |02 | 01|00 11
Operations theater unit 00 00 00 01 (01| 03|01 |01 | 00/ O00 07
Outpatient department 01 01 01 02 (01| 08|06 |05 | 03|02 30
Surgical department 00 00 00 01 |00 | 03 | 02|02/ 02]00 10
E.N.T department 00 00 | 00 01 (00 | 03|02 |02 | 02|00 10
Orthopedics department 00 01 1 02 (00 | 04 |03 |02 | 01|00 14

MSSA: Methicillin susceptible Staphylococcus aureus; MSCoNS: Methicillin susceptible coagulase negative Staphylococci;
MRSA: Methicillin resistant Staphylococcus aureus; MRCoNS: Methicillin resistant coagulase negative staphylococci;

Acinetobacter baumannii (25.00%) and Klebsiella pneumoniae (50.00%) were the
most frequently isolated organisms from the technicians' mobile samples. Table 4
shows the distribution of bacteria from several HCW types.
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Table 4. Distribution of bacteria isolated from HCW’s mobile phones according to

the profession

Isolated micro-organisms Doctor Nurses Technicians Student
(n=151) (n=15) (n=50) (n=19) (n=44)
Methicillin susceptible 0 01 01 0
Staphylococcus aureus
Methicillin susceptible coagulase 0 01 02 01
negative Staphylococci
Methicillin resistant 01 01 01 01
Staphylococcus aureus
Methicillin resistant 02 05 06 03
Staphylococcus citreus 01 01 04 01
Acinetobacter baumannii 09 12 12 15
Pseudomonas aeruginosa 04 06 07 06
Klebsiella pneumoniae 03 08 11 00
Citrobacter spp. 02 04 08 01
Escherichia coli 00 01 03 01
Total 22 40 55 29

MSSA: Methicillin susceptible Staphylococcus aureus; MSCoNS: Methicillin susceptible coagulase negative
Staphylococci; MRSA: Methicillin resistant Staphylococcus aureus; MRCoNS: Methicillin resistant coagulase

negative staphylococci.

In the present study, samples from 60 non-HCW mobile phones were cultivated; 23
(46.00%) of these samples produced the growth of seven distinct bacterial species.
The most common organism among them was Acinetobacter baumanni (26.66%),
followed by Klebsiella pneumoniae (20.00%). Table 5 shows the distribution of

bacteria from non-HCWs.

Table 5. The number and type of bacterial agent that was extracted from non-

HCWs' mobile phones

Source type Number of samples | Number of culture Isolated organisms Number of isolated
collected positive samples organisms
MSSA 02
MSCoNS 01
MSSA 02
Non Health care MSCoNS 01
workers 60 33 Klebsiella pneumoniae 03
Acinetobacter baumanni 04
Citrobacter spp. 02
Total 15

Table 6 shows the antibiotic susceptibility pattern of staphylococci isolated from
mobile phones used by healthcare workers. The bacteria S. aureus and CoNS were

completely sensitive to linezolid.
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Table 6. Pattern of antibiotic susceptibility in Gram-positive bacteria isolated from
healthcare workers

S. aureus CoNS
Antibiotics (n=7) (n=18)
S R S R
LZ 7 00 18 )
E 5 2 17 01
CD 3 4 15 03
CIP 6 1 13 5
COoT 2 5 16 >
CX 2 5 15 3
TE 6 1 11 8

LZ: linezolid; E: erythromycin; CD: clindamycin; CIP: ciprofloxacin;COT: cotrimoxazole; CX: cefoxitin; TE:
tetracycline;CoNS: Coagulase negative staphylococcus

Of the bacteria classified as Gram-negative, P. aeruginosa was sensitive to
ciprofloxacin in 100% of cases, and amikacin in91.3%. Table 7 illustrates the
antibiotic susceptibility trend of Gram-negative pathogens recovered from
healthcare workers.

Table 7. Pattern of antibiotic susceptibility for Gram-negative bacteria isolated
from healthcare workers

P. aeruginosa A. baumannii K. pneumoniae E. coli Citrobacter
Antibiotics (n=23) (n=44) (n=23) (n=05) (n=7)

S R S R S R S R S R
PIT 16 07 40 4 20 03 03 02 05 02
CTR 13 10 30 14 21 02 03 02 00
CPM 16 07 20 24 18 05 03 02 00
IPM 20 03 30 14 23 00 05 00 05 02
COoT 15 08 31 13 20 03 03 02 05 02
AK 21 02 40 04 23 00 05 00 00
CIP 23 00 40 04 22 01 04 01 01

A 08 15 - - 05 18 01 04 00 7

PIT: pipericillin-tazobactam; CTR: ceftriaxone; CPM: cefepime; IPM: imipenem; COT: cotrimoxazole; AK:
amikacin; CIP:ciprofloxacin; A: ampicillin

DISCUSSION

The transmission of microorganisms that lead to healthcare-associated
infections (HAIs) is significantly influenced by the hospital environment. These
microorganisms have the ability to transfer from one individual to another or from
inanimate objects to hands, including pens, computer keyboards, stethoscopes,
bronchoscopes, cell phones, and landlines. In the current investigation, we
specifically examined the microbial colonisation of a particular inanimate object,
the cell phone. Modern mobile phones are multipurpose, non-medical devices that
can be used in both the home and in healthcare settings.The importance of mobile
phones as a communication tool in the community and in medical settings has
increased. They are also helpful for collecting epidemiological data and monitoring
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chronic conditions.Cell phones are surprisingly common in healthcare facilities,
even in highly sensitive areas like operating rooms and intensive care units, despite
their unknown microbiological load ®.A study found that cell phone bottoms are
frequently dirtier than toilet seats and shoe bottoms 9. Due to their frequent use,
mobile phones expose multiple users to a wide range of microorganisms, making
them effective carriers of pathogens. This is particularly true for skin, where the
combination of the heat from cell phones and the skin's natural temperature and
wetness—particularly on our palms—creates an environment that is favourable to
bacterial colonisation and growth.

As a result, these gadgets may contain a variety of possible pathogens and act as a
conduit for nosocomial infections in hospitalised patients 7. In the current
investigation, microbiological growth was detected on the mobile phones of
79.72% of healthcare workers (HCWs) and20.27 % of non-HCWs. The results of
our investigation regarding the rate of mobile phone contamination among health
care workers align with previous studies conducted by Ulger et al. @®, Marwa et
al' - Jaya Lakshmi et al. ®®, and Neha Sharma et al. ?Y. Our results are also
consistent with the study conducted by Misgana et al. ?® about the rate of mobile
phone contamination among non-HCWs. Our results are at odds with those of
Neha Sharma et al. @® who reported an 80% contamination rate among non-
HCWs' cell phones.

The findings unequivocally demonstrate that healthcare workers' (HCWSs')
mobile phones were significantly more contaminated than non-HCWs' mobile
phones. This disparity could have multiple explanations, such as direct patient
contact by HCWs and potential hospital noncompliance with infection prevention
protocols. Different types of bacteria that cause healthcare-associated infections
(HAIs) can be found in a variety of clinical settings. These bacteria include A.
baumannii, Pseudomonas species, and MRSA, to name a few notable ones @4 25),
Healthcare professionals' cell phones were the source of the bulk of the 178
bacteria that were found for this study, accounting for 57 (37.7%) of the total.
These bacteria are Staphylococcal species. Lawani et al. have seen and recorded
comparable patterns 9.

Given their usual presence in the skin flora, it is feasible to explain the
significant growth rate of Staphylococcal species—more especially, S.
epidermidis—on mobile phones in the current study. On the other hand, S. aureus
can cause a variety of illnesses, ranging from minor skin infections to more severe
conditions like bacteremia, pneumonia, and septicemia. Due to its resistance to S-
lactam medicines, Methicillin-resistant Staphylococcus aureus (MRSA) poses a
serious threat to human health ?7, Staphylococcus species account for 57 (37.7%)
of the organisms isolated from healthcare workers (HCWs) [MSCoNS 19 (12.6%),
MRSA 04 (2.7%), MRCoNS 07 (4.6%), and S. citreus 03 (2.0%)]. Another
common bacteria found on healthcare workers' cell phones was Acinetobacter
baumannii. A. baumannii is a gram-negative coccobacillus with a truncated rod-
like form. It is ubiquitous and can be found in water, soil, and the normal skin
flora. Because of the long-term survival of A. baumannii (MDR) in hospital
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environments and the establishment of numerous drug-resistant strains, MDR is a
nosocomial pathogen that carries potential harm 7. In this investigation, the
majority of mobile phones belonging to healthcare workers (HCWs) had
Acinetobacter baumannii isolates (26.5%).1t is alarming that healthcare workers
(HCWs) in crucial situations like intensive care units (ICUs), operating rooms,
dialysis centres, and doctor's offices have multi-drug resistance pathogens like A.
baumannii and MRSA. It was shown that the staphylococci isolated from cell
phones in this study were 100% susceptible to linezolid and 85.8% sensitive to
ciprofloxacin.  These outcomes agree with Dardi's ©®  findings.
99% of the A. baumannii isolates under study were sensitive to both amikacin and
ciprofloxacin. Pseudomonas aeruginosa showed susceptibility to amikacin
(82.60%) and imipenem (86.95%). K. pneumoniae exhibited 100% imipenem
susceptibility, 100% amikacin susceptibility, and 95.65% ciprofloxacin
susceptibility. In a separate study, Dardi ©® discovered that a number of
antibiotics, such as ceftazidime, ticarcillin, piperacillin, amikacin, netilmicin,
meropenem, and cefepime, were totally sensitive to Gram-negative bacilli isolated
from cell phones. Thirty (50%) out of the sixty mobile phone samples collected
from non-healthcare workers (non-HCWs) in this study showed germs growing on
them.Remarkably, the findings of this study diverge from those reported by
Misgana et al., who reported a higher growth rate of 56.06% (37 out of 66) from
mobile phone samples that belonged to non-HCW adults. Most of the organisms in
their examination were Staphylococci that were negative for coagulase.

CONCLUSION

Our findings clearly demonstrate the presence of bacterial colonisation on

mobile phones, which are frequently in close contact with the hands of healthcare
professionals. In addition to their ability to send signals, cell phones also have the
potential to spread disease. They might act as a suitable medium for nosocomial
illness germs to multiply, spread, and wreak havoc .Furthermore, compared to
healthcare workers, non-HCWs have less bacterial colonisation on their mobile
phones, according to our research.
These contaminated phones could expose the public to the spread of bacteria that
are resistant to drugs. laws prohibiting the use of cell phones in hospitals due to the
possibility of nosocomial infections .Depending on how HCWs use their phones
while working at the hospital, they could be an ally or an enemy.

REFERENCES

1. Soto RG, Chu LF, Goldman JM, Rampil 1J, Ruskin KJ. Communication in critical care
environments: mobile telephones improve patient care. Anesth Analg 2006; 102: 535-
541.

2. Ramesh J, Carter AO, Campbell MH, Gibbons N, Powlett C, Moseley H, et al. Use of
mobile phones by medical staff at Queen Elizabeth Hospital, Barbados: evidence for both
benefit and harm. J Hosp Infect 2008; 70: 160-165.



Page 2169 of 11
Mousa Muftah Khalil / Afr.J.Bio.Sc. 6(9) (2024)

3. Manning ML, Davis J, Sparnon E, Ballard RM. iPads, droids, and bugs: Infection
prevention for mobile hand- held devices at the point of care. Am J Infect Control 2013;
41:1073-1076.

4. Harish RT, Kairavi JD, Lopa PT, Saklainhaider SM, Tanuja BJ. Role of mobile phone in
spreading hospital acquired infection: A Study in different group of health care workers.
Natl J Integr Res Med 2011; 2:61-66.

5. Chinjal A.P, Mitesh N.K, Sanjay J.M. Bacteriological profile of cell phones of healthcare
workers at tertiary care hospital. JEMDS 2012; 1: 198-202.

6. Jaya Madhuri R, Saraswathi M, Mahitha G, Bhargavi M, Deepika S, Vijaya Lakshmi G.
Bacterial contami- nation of mobile phones and computers in microbiolog- ical
laboratories. European J Biotechnol Biosci 2015; 3: 51-55.

7. Visvanathan A, Gibb AP, Brady RR. Increasing clinical presence of mobile
communication technology: avoid- ing the pitfalls. Telemed J E Health 2011; 17: 656-
661.

8. Vilella A, Bayas JM, Diaz MT, Guinovart C, Diez C, Simd D, et al. The role of mobile
phones in improving vaccination rates in travelers. Prev Med 2004; 38: 503- 5009.

9. Akinyemi KO, Atapu AD, Adetona OO, Coker AO. The potential role of mobile phones
in the spread of bacte- rial infections. J Infect Dev Ctries 2009; 3: 628-632.

10. llusanya O, Adesanya O, Adesemowo A, Amushan N. Personal hygiene and microbial
contamination of mo- bile phones of food vendors in Ago-lwoye Town, Ogun State,
Nigeria. Pak J Nutr 2012; 11: 276-278.Philip AM. The normal microbial flora. N Engl J
Med.93-83 :307 ;1982

11. Elkholy M, Ewees I. Mobile (cellular) phone contam- ination with nosocomial pathogens
in Intensive Care Units. Med J Cairo Univ 2010; 2: 1-5.

12. Aronson SH. The Lancet on the telephone 1876-1975.Med Hist 1977; 21: 69-87

13. Kapil A (Ed). Ananthanarayanan and Paniker Text Book of Microbiology (2013).
Healthcare- associated infections. 9th edition. Universities Press, pp. 644-649.

14. Arora U, Devi P, Chadha A, Malhotra S. Cell phones a modern stay house for bacterial
pathogens. J K Science 2009; 11: 127-129.

15. Chawla K, Mukhopadhayay C, Gurung B, Bhate P, Bairy 1. Bacterial “Cell” Phones: Do
cell phones  carry  potential pathogens?  OJHAS  2009;  8(1): 8.
http://mwww.ojhas.org/issue29/2009-1-8.htm

16. Performance standards for antimicrobial susceptibility testing, “Twenty third information
Supplement. 2013. M100-S23. p.66.

17. Girma MM, Ketema A, Gemeda A. Bacterial con- tamination of mobile phones of
healthcare workers at Jimma University Specialized Hospital, Jimma, South West
Ethiopia. Int J Infect Control 2014; 11(1): 1-8.

18. Ulger F, Esen S, Dilek A. Are we aware how contam- inated our mobile phones with
nosocomial pathogens? Ann Clin Microbiol Antimicrob 2009; 8:7.

19. Jayalakshmi J, Appalaraju B, Usha. Cell phones as res- ervoirs of nosocomial pathogens.
J Assoc Physicians India 2008; 56: 388-389.

20. Marwa AE, Nadia ME. Mobile phones are silent threat.Int J Curr Microbiol App Sci
2015; 4: 199-205.

21. Neha S, Aruna S, Parihar RS, Khatri PK, Arvind C, Archana B. Prevalence and antibiotic
pattern of mi- crobes isolated from mobile phones of health care workers and non- health
care workers. Int Curr Micro- biol App Sci 2014; 3: 43-60.

22. Khivsara A, Sushma TV, Dhanashree B. Typing of Staphylococcus aureus from mobile
phones and clini- cal samples. Current Science 2006; 90: 910-912.

23. Goldblatt JG, Krief I, Klonsky T, Haller D, Milloul V, Sixsmith DM, et al. Use of cellular
telephones and transmission of pathogens by medical staff in New York and Israel. Infect
Control Hosp Epidemiol 2007; 28: 500-503.

24. Lawani EU, Oxford 10. Mobile phones of Healthcare workers: Friend or Foe. GIRA
2015; 4(3).



Page 2170 of 11
Mousa Muftah Khalil / Afr.J.Bio.Sc. 6(9) (2024)

25. Holmes JW, Williams MD. Methicillin-resistant Staph- ylococcus aureus screening and
eradication in the sur- gical intensive care unit: Is it worth it? Am J Surg 2010; 200:827-
831.

26. Peleg AY, Seifert H, Paterson DL. Acinetobacter bau- mannii: emergence of a successful
pathogen. Clin Mi- crobiol Rev 2008; 21:538-582.

27. Dardi CKG, Jaishreee SP. Study of micro-organisms and their antimicrobial susceptibility
pattern on mobile phones of health care workers from a tertiary care rural hospital. Adv
Biomed Pharma 2015; 2: 267-273.

28. Boyce JM, Pittet D. Guideline for hand hygiene in health-care settings. MMWR Recomm
Rep 2002; 51 (RR-16):1-45.



