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Abstract
Millions of people worldwide are suffering from infections acquired in hospitals. Contaminated equipment and 
hospital environments are known sources of infection. Mobile phones are used in hospitals without restrictions, 
regardless of their unknown microbial load. This study aimed to determine the level of bacterial contamination 
of mobile phones of health care workers at Jimma University Specialized Hospital in comparison with non 
health care workers’ mobile phones.

A cross-sectional comparative study was used to conduct this study. The pattern of mobile phone use and 
cleaning practice of study participants were assessed using a questionnaire. Swab specimens were collected 
from known exposed areas of mobile phones and eluted in sterile normal saline. Colonies were counted using 
calibrated wire loop technique and growths were identified following standard bacteriological technique. 
Kirby-Bauer disc diffusion method was used to determine the antimicrobial sensitivity tests of the isolates. Data 
analysis was performed using SPSS version 16.

A total of 71.2% (94/132) of mobile phones showed evidence of bacterial contamination from which 61.7% 
(58/94) were contaminated with >5 colony forming units/cm2. The degree of bacterial contamination was 
higher among health care workers mobile phones (OR= 4.50; 95% CI 1.85-10.98). A total of 112 bacterial 
organisms were isolated with 33 Staphylococcus aureus, 61 coagulase negative staphylococci, 12 Bacillus 
species, 4 Micrococcus species, 1 Serratia species and 1 Klebsiella pneumoniae. Thirty nine percent (5/13) of 
meticillin resistant S. aureus were vancomycin resistant. Health care workers mobile phones were more likely 
contaminated with meticillin resistant S. aureus than non health care workers’ mobile phones (OR=12.83; 
95% CI 2.15-37.45). All of the study participants never wash their hands after mobile phone use and 75.5% 
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(50/66) of health care workers answered that they used their mobile phones while attending patients. 

Health care workers mobile phones were more contaminated than non health care works’ mobile phones. The 
majority of the resistant isolates were from health care workers’ mobile phones. 

Keywords: Cell phones; Equipment contamination; Bacterial infections; Health personnel; Cross infection

Introduction
Globally, hospital acquired infection is an increasing 
concern1-3 and it is also true in Ethiopia.4-6 It is caused by a 
wide range of pathogens, many of which are becoming 
increasingly resistant to standard antimicrobial 
agents.7-8 At least 90% of hospital acquired infections 
diagnosed in hospitals were caused by bacteria.9 The 
source of these infectious agents could be either from 
endogenous10 or exogenous sources.11 Health care 
equipment12-13 and health care environments14-15 are a 
significant source of hospital acquired infections. 

Hand hygiene is promoted for prevention of hospital 
acquired infections and it is simple to implement in 
developing countries where resources are limited.16 
However, the potential transmission of diseases via 
contaminated devices or other items that are not 
considered in routine cleaning schedules is often 
overlooked17 and they are a possible source of 
microbes in the health care environment.7 Gowns, 
gloves, bedside stethoscopes, neck ties, bed rails, 
sheets, telephones, horizontal surfaces, door knobs, 
thermometers, nurse’s clothing and personal bags are 
contaminated by pathogenic bacteria.18-19 The hands 
and gloves of healthcare workers readily acquire the 
pathogens after contact with contaminated hospital 
surfaces and equipment, then transfer these organisms 
to subsequently touched patients.2

There is the standard that identification of an indicator 
organism of potential high-risk to patients in any 
amount and, the finding of total aerobic colony count 
>5 colony forming units/cm2 from a hand contact 
surface, whatever the identity of the organisms, 
indicates that there might be an increased risk of 
infection for the patient in that environment.20 A 
personal mobile phone is a frequently touched device 
in health care environments, but it is not usually 
included in routine cleaning schedules. It can be 
contaminated by resistant nosocomial pathogens 

and health care workers (HCWs) use it during patient 
examination.21-22 Studies also demonstrate incidences 
of infectious diseases are greater in those people who 
use contaminated mobile phones.23

Although most personal objects are stored in changing 
rooms, mobile phones often accompany the staff into 
the operation room, intensive care unit and wards 
where calls are made or answered while attending 
patients.24 Mobile phones are used in the hospital 
without restriction and the majority of HCWs neither 
clean their mobile phones regularly nor wash hands 
after using their mobile phones.25 Further sharing of 
mobile phones between HCWs and non HCWs may 
distinctly facilitate the spread of potentially pathogenic 
bacteria to the community.26

Mobile phones are potential threats in infection control 
practices and could exaggerate the rate of hospital 
acquired infections. The hygiene risk involved in 
using mobile phones in the hospital setting and in the 
community has not yet been determined in Ethiopia. 
Thus, the purpose of this study was to determine the 
degree of bacterial contamination and resistance 
against commonly used antimicrobials found on the 
HCWs mobile phones at Jimma University Specialized 
Hospital in comparison to mobile phone of non HCWs.

Methods
A cross-sectional comparative study was conducted 
from June 15, 2011 to October 21, 2011. Healthcare 
worker study participants were randomly selected and 
proportionally allocated from the following hospital 
units; from the Operation Room (OR) 21 HCWs, 
Surgical wards - 10, Gynaecology and Obstetrics wards 
- 10, Intensive Care Unit (ICU) - 6, Paediatrics ward 
- 11 and Laboratory - 8. For non HCWs participants, 
31 Jimma college instructors and 35 administrative 
staffs were selected after stratification based on their 
occupation and simple random sampling was applied 
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to each stratum. Using a predesigned and piloted 
questionnaire, the pattern of mobile phone use and 
cleaning practice of the randomly selected study 
participants were assessed.

To determine the degree of bacterial contamination 
and type of isolates, a sterile cotton swab moistened 
with sterile normal saline was rolled over a measured 
area of exposed outer surfaces of the mobile phones.  
Included were the most frequent areas of contact with 
the fingers: the buttons of the keypad, earpiece, back 
side and lateral side of the phone. After gentle mixing, 
the eluted specimen was inoculated on 5% defibrinated 
sheep blood agar (Oxoid UK) using a calibrated wire 
loop and incubated at 37°C for 24 to 48 hours. Growth 
was checked every 24 hours and colonies were 
counted using a colony counter and multiplied by the 
correction factor in order to obtain colony forming unit/
ml. Finally degree of contamination was calculated by: 
total colony forming unit/ total area sampled. Growths 
were identified to genus and species level following 
standard bacteriological technique. 

The antimicrobial sensitivity tests of the isolates 
were determined using the Modified Kirby-Bauer 

disc diffusion method. The isolates susceptibility was 
tested for antibiotics listed in the national guideline for 
standard treatment. Data analysis was performed using 
SPSS version 16.0.

Results
A total of 66 HCWs and 66 non HCWs who had a mobile 
phone were included in the study. Bacteriological 
analysis of swab samples from the mobile phones 
showed that 86.37% (57/66) of HCWs and 56.06% 
(37/66) of non HCWs mobile phones had evidence of 
bacterial contamination. Sixty two percent (58/94) of 
the contaminated mobile phones showed growth of 
>5 CFUs/cm2 of which HCWs mobile phones accounts 
74.1% (43/58). HCWs mobile phones were more 
contaminated compared to the non HCWs mobile 
phones (OR= 4.96; 95% CI 2.11-11.67). More over 
the degree of bacterial contamination was also higher 
among HCWs mobile phones than non HCWs mobile 
phones (OR= 4.50; 95% CI 1.85-10.98). Totally 112 
bacterial organisms were isolated (Table I). 

Thirty nine percent (5/13) of meticillin resistant S. 
aureus (MRSA) and 29.60% (8/27) of meticillin resistant 
coagulase negative staphylococci (MRCoNS) were 

Table I. Type of bacterial isolate from mobile phones of HCWs and non HCWs at JUSH and Jimma Teachers 
College, Jimma, Ethiopia, 2011

Isolates Group of study participants
P- Value OR (95%CI)Healthcare 

workers
Non healthcare 

workers

S. aureus 17 16 0.137 0.518 (0.218-1.234)

CoNS 40 21 0.295 1.587 (0.668-3.770)

Bacillus species 9 3 0.318 2.020 (0.509-8.024)

Micrococcus species 2 2 0.626 0.607 (0.082-4.512)

K. pneumoniae 0 1

Serratia species 1 0
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vancomycin resistant. HCWs mobile phones were 
more likely contaminated with MRSA than non HCWs 
mobile phones (Table II). Klebsiella pneumoniae and 
Serratia species were resistant to all the beta-lactam 
antimicrobials used including cefotaxime. MRSA was 
isolated on the mobile phones of study participants 
from all wards, except the gynaecology and obstetrics 
wards. Multiple bacterial species were isolated from 
single mobile phones of HCWs and non HCWs (Table 
III).

None of the study participants washed their hands 
after mobile phone use and 75.50% (50/66) of HCWs 
answered that they used their mobile phones while 
attending patients. Fifty percent (50%) of HCWs do 
not wash their hands, before attending their patients. 
All of the participants used the same phone at home 
and in the work place. In addition, 95.50% of HCWs 
and 77.30% of non HCWs stated that they shared their 
mobile phones with their colleagues at work place and 
home.

Antimicrobials
Study 
participants

Phenotypic results 
of antimicrobial 

susceptibility 

Total P value OR (95%CI)Sen Res

Cefoxitin
HCWs 6 11 17

0.005 12.833 (2.154-76.446)Non HCWs 14 2 16

Oxacillin
HCWs 6 11 17 0.005

12.833 (2.154-76.446)Non HCWs 14 2 16

Penicillin
HCWs 2 15 17 0.052

5.833 (0.988-34.436)Non HCWs 7 9 16

Ampicillin
HCWs 2 15 17

0.026 7.500 (1.276-44.085)Non HCWs 8 8 16

Ceftriazone
HCWs 1 16 17

0.001 69.333 (6.426-748.059)Non HCWs 13 3 16

Ciprofloxacin
HCWs 7 10 17

0.007 21.429 (2.275-201.865)Non HCWs 15 1 16

Gentamycin
HCWs 10 7 17

Non HCWs 16 0 16

Tetracycllin
HCWs 15 2 17

0.026 0.133 (0.023-0.784)Non HCWs 8 8 16

Clindamycin
HCWs 15 2 17

0.948 0.933 (0.115-7.553)Non HCWs 14 2 16

Erythromycin
HCWs 8 9 17 0.049

4.875 (1.008-23.568)Non HCWs 13 3 16

Table II. Susceptibility of S. aureus isolates to commonly used antimicrobials at JUSH and Jimma Teachers 
College, Jimma, Ethiopia, 2011
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Discussions
Mobile phones are multipurpose non medical devices 
used in the health care facility and in the community. 
It has increasingly become an important means of 
communication in the community and in the health 
care facility for collecting epidemiological data and 
monitoring chronic diseases.27 In Ethiopia, mobile 
phones are used without restriction in health care 
facilities, including specific, sensitive areas like the 
operation room and the intensive care units, regardless 
of their unknown microbial load. Outside of Ethiopia, 
a number of investigations were conducted22-29 to 
determine bacterial contamination of mobile phones 
of HCWs.  However, they did not determine the 
degree of contamination in reference to the acceptable 
bacterial load on frequently hand touched equipment 
in health care environments.20

A total of 71.20% mobile phones showed evidence 
of bacterial contamination in our study. Comparable 
results were reported in India by Datta et al.28 and 
Chawla et al.24 The rate of contamination of mobile 
phones was reported to be higher in the following 
studies:  Ulger et al.29 reported 95%, Famurewa et 
al.30 reported 91% and Karabay et al. reported 83%.31 
Studies that reported findings of lower bacterial 
contamination of mobile phones were published by 
Sepehri et al.32 at 33% and Arora et al.33 with 41%. 
The difference in the contamination rate may be due to 
the variation of the study participants in adherence to 
infection prevention, the pattern of mobile phone use, 
mobile phone keeping habits and personal behaviour, 
like nose picking for example. 

In this current study, HCWs mobile phones were more 
contaminated compared to non HCWs mobile phones 

(OR= 4.96; 95% CI 2.11-11.67). Sixty two percent 
(58/94) of the contaminated mobile phones showed 
growth of >5 CFU/cm2 of which HCWs mobile phones 
accounted for 74.10% (43/58). This indicates that 
HCWs mobile phones were heavily contaminated 
compared to non HCWs mobile phones (OR=4.51; 
95% CI 1.85-10.98). The reasons for getting a larger 
number of isolates from HCWs mobile phones may 
be due to the fact that HCWs have direct contact with 
patients. Usually HCWs keep their mobile phone 
in their pocket with other items. Non compliance 
of hospital standards for infection prevention may 
also contribute to the finding of high bacterial 
contamination.

Gram positive bacteria were the leading isolates, 
which was also found in studies conducted by others 
outside of Ethiopia.34-35 CoNS was the most prevalent 
and frequent bacterial agent isolated from mobile 
phones in this study 54.50% (61/112). This result was 
similar to the findings of other studies.36-38 Though gram 
positive bacteria are normal skin inhabitants, these 
organisms have the potential to harbour and transfer 
drug resistance gene among their genera or beyond. 
The issue may become more serious, if HCWs become 
a potential source for transfer of these organisms 
during invasive procedures.36 CoNS are increasingly 
the causative agents of nosocomial infections.37

The second predominant isolate was S. aureus, which 
accounted for 29.40% (33/112) of all isolates. More 
than half of the S. aureus isolates were from HCWs 
mobile phones. The findings in the studies conducted 
by Chawla et al.25 and Arora et al.33 were similar with 
the findings in this study; S. aureus as was the second 
dominant bacterial isolate. Studies conducted by Data 

Number of bacterial 
species per specimen

Study participants

P-value OR (95%CI)
Health care 

workers
Non health care 

workers

Single 43 33 0.024 0.169 (0.036-0.789)

Two 13 4 0.174 2.311 (0.690-7.741)

Three 1 0

Table III. Number of bacterial species isolated per specimen from mobile phones of HCWs and non HCWs 
at JUSH and Jimma Teachers College, Jimma, Ethiopia, 2011
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et al.28 and Sadat et al.38 showed S. aureus was their 
leading isolate.

Few Gram negatives bacteria one K. pneumoniae and 
one Serratia species, were isolated from HCWs and 
non HCWs mobile phones. Other study results by 
Karabay et al.31 and Chawla et al.24 were in agreement 
with this finding. The reason for getting low isolates of 
gram negative organisms may be due to the fact that 
they do not tolerate desiccation.

Eighty one percent (81%) (78/96) of the isolates 
tested for antimicrobial susceptibility were resistant 
to at least one antimicrobial. The antimicrobial 
susceptibility profile revealed 44.30% (27/61) of the 
CoNS were meticillin resistant and 29.60% (8/27) of 
them were vancomycin resistant. S. aureus was one 
of the most frequently encountered strict pathogen 
both in a community and in a health care facility.39 In 
the current study 39.40% (13/33) of S. aureus isolates 
were meticillin resistant of which 38.50% (5/13) were 
vancomycin resistant. A higher number of MRSA 
isolates were found on the mobile phones of HCWs 
compared to non HCWs mobile phone (OR=12.83; 
95% CI, 2.15-76.45) with 6 MRSA from nurses, 2 
MRSA from doctors, 2 MRSA from scrub nurses and 1 
MRSA from laboratory technologist’s mobile phones. 
All isolates of S. aureus from surgical wards and more 
than half of the isolates of S. aureus from ICU, OR 
and pediatrics wards were MRSA. The majority of 
vancomycin resistant S. aureus isolates were from the 
mobile phones of HCWs. 

Mobile phones of HCWs were more contaminated with 
MRSA and MRCoNS than non HCWs mobile phones 
(OR= 3.71; 95%CI 1.48-9.25). This may indicate that 
the hospital environment is a habitat for drug resistant 
pathogens, including MRSA and MRCoNS.40 Bacteria 
viable through multiple environments are likely to give 
a crucial contribution to the spreading of bacterial 
resistance towards antimicrobial compounds.41 Thus 
this result calls for the decontamination of mobile 
phones that harbour MRSA and MRCoNS in health 
care settings and the community to prevent the spread 
of resistant organisms.

The principal mode of transmission of MRSA within 
the hospital is via the colonized hands of HCWs, 

who acquire the organism after close contact with 
colonized patients, contaminated equipment, or 
their own flora. As mobile phones harboured MRSA, 
HCWs acquire it during phone use and transfer to the 
subsequently touched individuals and materials, since 
they do not wash their hands after mobile phone use. 
Thus the contaminated mobile phones of HCWs are 
a strong risk factor for the prevalence of MRSA in the 
hospitalized patients, visitors, and hospital staff with 
potential risk of spreading to the community. For these 
reasons, the results of this study recommend that 
mobile phone hygiene should be considered in the 
control strategy of MRSA.

None of the study participants washed their hands 
after mobile phone use and 75.80% (50/66) of the 
HCWs answered that they used their mobile phones 
while attending patients. Fifty percent (50%) of HCWs 
did not wash their hands before attending to their 
patients. Only 51.50% (34/66) of HCWs and 37.90% 
(25/66) non HCWs cleaned their mobile phones. The 
study conducted by Chawla et al. in India24 showed 
that 48% of HCWs use mobile phones while attending 
patients and the majority neither cleaned their mobile 
phones regularly nor wash hands after using mobile 
phones. Majority of the mobile phone users neither 
clean their mobile phones regularly nor wash hands 
after using mobile phones.24

Other studies demonstrated similar nosocomial 
pathogens were isolated from HCWs hands and their 
mobile phones.40,42 Thus the combination of HCWs non 
adherence to infection prevention like hand washing, 
the high contamination rate of their mobile phones, 
the pattern of using mobile phones in the health care 
setting with its low cleaning practice make this device 
a vehicle for transmission of pathogenic bacteria that 
is a potential danger to patient safety.

In this study, it was revealed that all the study 
participants use the same mobile phones at home and 
in the work place, while 86.40% of them share their 
mobile phone with their colleagues at work. These 
conditions enhanced the cross contamination of the 
mobile phone and spread bacterial pathogens among 
the users, which may also contribute to the spread of 
bacterial pathogens among the health care facility and 
the community. In addition, users of contaminated 
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phones may acquire infections, because infectious 
doses of pathogens may be transferred to the mouth 
after handling contaminated mobile phones.43 

Conclusion
We conclude that 61.7% (58/94) of mobile phones 
were contaminated with >5 colony forming units/cm2 

which is not acceptable in health care environments. 
More resistant bacteria were isolated from HCWs 
mobile phones than from non HCWs mobile phones. 
HCWs used their mobile phones without restriction 
in the hospital and they answer that they used their 
mobile phones while attending patients. The use of 
contaminated mobile phones in specific areas such as 
the operation room and the intensive care units in the 
study hospital was a potential risk for patient safety.
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