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A swab of mobile phone and hands of health care workers (HCWs) were examined to determine the 
prevalence of Staphylococcus aureus (SA), different antibiotic resistant pattern were determined in a 
cross-sectional study design. The objective of this study was to isolate S. aureus from samples of 
mobile phone and hands of HCWs from Hawassa Referral Hospital and to determine their antibiotic 
resistant patterns. A cross-sectional study design was carried on 152 mobile phones and hands of 
HCWs from different rooms of Hawassa Referral Hospital and screened for the presence of S. aureus. 
Gram staining, oxidase, catalase, DNase, haemolysis and coagulase tests were employed for bacterial 
identification. 97.4% of the samples were contaminated with different microorganisms. However, the 
contamination level of S. aureus in mobile phone and hands of HCW’s were 53.9 and 55.5%, 
respectively. A total of 82 S. aureus isolates from mobile phone and 84 S. aureus were obtained from 
hands of HCWs during this study. The levels of contamination with S. aureus were slightly higher in 
hands of HCWs. About 65.9 and 47.6% strains were resistant to Ampicillin (AP) (10 μg) and Penicillin G 
(PG) (10 μg), respectively. About 26.8, 31.7, 15.9, 40.2, 26.6, 22.0, 14.6, 40.2 and 31.7% strains were 
resistant to Amoxicillin (Ax) (30 μg), Ciprofloxacin (CIP) (5 μg), Ceftriaxone (CRO) (30 μg), Oxacillin (Ox) 
(1 μg), Chloramphenicol (CAF) (10 μg), Doxycycline (DOX) (30 μg), Gentamycin (10 μg), Vancomycin (V) 
(30 μg) and Tetracycline TTC (30 μg), respectively. The resistant level of S. aureus to CIP, CRO, CAF, 
DOX and Ax were low as compared to AP, PG, V and Ox. S. aureus is normally resident in different 
habitat; therefore, the S. aureus present in the mobile phone and hands of HCW’s may have resulted 
from contamination of hands of HCWs, showing the need to improve personal hygiene conditions in the 
hospital, specially OR and ICU. The training of healthcare workers on strict infection control procedure, 
hand hygiene, mobile phone cleaning habit and environmental disinfection are standards to control 
pathogen transmission. 
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INTRODUCTION 
 
Nosocomial infection increases gradually and causes a 
significant rate of mortality and morbidity. The etiological  

agents of hospital acquired infections may spread 
through the hand of healthcare workers (HCWs),  
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thermometers, stethoscopes, and even toys in the 
pediatric intensive care units of hospitals (Fleming and 
Randle, 2006). 

Today, mobile phones have become one of the 
essential accessories of professional and social life. The 
use of cell phones often occurs in hospital halls, 
laboratories, and/or intensive care units (ICU) when 
dealing with severe illnesses (Brady et al., 2006). 

Staphylococcus aureus is a global human pathogen 
and a common cause of invasive and life threatening 
infections. It is the most common cause of folliculitis 
(infection of the hair folicle), boils, furncles and 
carbuncles, community associated cellulitis (Brook and 
Frazier, 1995; Diekema et al., 2001) endocarditis (Hoen 
et al., 2002), and is a common cause of bacteremia 
(Diekema et al., 2001; Javaloyas et al., 2002; Weinstein 
et al., 1997). Also, S. aureus can cause postoperative 
wound infections, food poisoning, pneumonia in infants, 
debilitated individuals and immunocompromised patients. 
S. aureus strains were once nearly uniformly susceptible 
to semi-synthetic penicillinase-resistant β-lactams (e.g. 
Methicillin and Oxacillin), the most commonly used class 
of antibiotics for skin infection. These strains were termed 
‘methicillin resistant S. aureus, or MRSA, a term that 
implied cross-resistance to all β-lactams including all 
penicillins and cephalosporins. 

Staphylococci are normal flora of the skin and mucous 
membranes of animals and humans. Most pathogenic 
strains are usually coagulase-positive and have been 
found to cause disease in their hosts throughout the 
world (Larsen et al., 2000; Matsunaga et al., 1993).  

Determination of levels of S. aureus and an evaluation 
of the antibiotic-resistant phenotypes of the isolates from 
mobile phone and hands of HCWs could serve as a tool 
for determining the hygiene standards implemented 
during handling of mobile phone at health sector. Data on 
antibiotic resistance could also be used to characterize 
these opportunistic pathogens, which may further limit the 
risks associated with the health service contaminated 
tools and its products. The aim of this study was to 
isolate S. aureus from mobile phone and hands of HCWs 
and further characterize their susceptibility patterns to 
eleven selected antibiotics.  
 
 
MATERIALS AND METHODS 
 
Study area, design and population 
 
A cross-sectional study was conducted from August 2013 to 
December 2014 to determine the bacterial species from mobile and 
hands of HCWs in Hawassa town. A total of 152 mobile phones 
were randomly sampled from medical wards, laboratory rooms, ICU 
and operating rooms of senior doctors, general practitioners, 
doctors, nurses, laboratory technologists and other healthcare 
workers and were screened. This study area is situated in the 
southern part of Ethiopia at 250 km from the capital city of the 
country. A sample of size 152 was determined using sample size 
calculator in EPI info by setting CI at 95%, margin of error at 3% 
considering magnitude of mobile phone contamination to be 95%  
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from a previous study. Also, pre tested questionnaire was used to 
determine some socio-demographic and ring using rate and 
cleaning habit of the mobile phone (Fatma et al., 2009).  

Total collected samples culture was subsequently obtained from 
the dominant hand of participants and their mobile phones at the 
same time. Gender, profession and duration of their profession, ring 
use, dominant hands of HCWs, routine cleaning of the mobile 
phones was recorded on pre tested questionnaire.  

A sterile swab moistened with sterile saline was rotated over the 
surface of both sides of mobile phones; second swab was rubbed 
over the entire ventral surface of the dominant hand (including 
ventral surfaces of the thumb and the fingers) of HCWs. 
 
 
Identification of bacteria  
 
A large colony with a convex, creamy appearance, pigmented white 
to golden yellow was isolated from a culture media. Gram staining 
was performed (Cruikshank et al., 1975) and Gram-positive cocci 
that occurred in clusters under the microscope were subjected to 
preliminary biochemical tests (the catalase, coagulase and oxidase 
tests). The identities of the isolates were confirmed based on 
positive results for the DNase test, beta-haemolytic patterns on 
blood agar enriched with 5% (v/v) sheep blood and the coagulase 
slide test for S. aureus using the (PROLD Diagnostics, Canada). 
The slide agglutination test was performed according to the 
manufacturer’s instructions. Briefly, cells from a pure colony were 
placed on the clean area of the slide using a sterile toothpick and a 
drop of the PROLD reagent was added. These were mixed using 
the toothpick and the isolates were identified based on the 
formation of agglutination. An isolates that formed agglutination 
were recorded as S. aureus and maintained at 4°C in 30% glycerol 
for further characterization by antibiotic susceptibility testing. 
 
 
Antibiotic susceptibility 
 
Antibiotic susceptibility tests were performed on all S. aureus 
isolates to determine their antibiotic-resistance profiles (Kirby et al., 
1966). Fresh overnight cultures were prepared and used for 
antibiotic sensitivity tests. An aliquot (100 μL) from each isolate 
suspension was spread plated on Mueller Hinton agar (supplied by 
Oxoid Company). Susceptibilities of the isolates to a panel of 
eleven different antibiotic discs (6 μm in diameter, Mast group LTD 
MERSEY SIDE, UK) were determined. Antibiotic discs were gently 
pressed onto the inoculated Mueller Hinton agar to ensure intimate 
contact with the surface and the plates were incubated aerobically 
at 37°C for 18 - 24 h (NCCLS, 1999). Inhibition zone diameters 
were measured and values obtained from the National Committee 
on Clinical Laboratory Standards (NCCLS, 1999) were used to 
interpret the results obtained. S. aureus isolates were then 
classified as resistant, intermediate resistant or susceptible to a 
particular antibiotic. Multiple antibiotic resistant (MAR) phenotypes 
were recorded for isolates showing resistance to three and more 
antibiotics. By direct colony suspension method, 0.5 McFarland 
equivalent inoculum were prepared in normal saline from 18-24 h 
agar plate culture. The suspension was further diluted to achieve 
desired inoculum concentration of 105 CFU/ml. All strains were 
spotted onto gradient plates. Plates were incubated overnight at 
37°C for any visible growth. Readings were taken according to 
NCCLS guidelines (NCCLS, 1999). 
 
 

RESULTS  
 
Prevalence of S. aureus isolated from mobile phone 
and hands of HCWs 
 
The prevalence of S. aureus isolates from mobile phone
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Table 1. The source of sample and S. aureus result in the respective work place (n = 152). 
 

Place of 
work  

Profession S. aureus result; No. (%) 

Cleaner 
Laboratory 

worker 
Dr. (general 
practitioner) 

Dr. (senior) 
specialist 

Senior 
nurse 

Student* 
Mobile 
phone 

Hands of 
HCWs 

Wards  2 - 1 2 33 7 26 (31.7) 30(35.7) 
Laboratory  4 33 - - - - 25(30.5) 28(33.3) 
OPD 2 - 8 4 22 6 20(24.4) 25(29.8) 
ICU 1 - 1 2 4 1 3(3.7) 1(1.2) 
OR 4 - 2 2 9 2 8(9.8) 0(0.0) 
Total 13 33 12 10 68 16 82 84 

 

*Medicine, nurses, midwifery, laboratory technology and other health care givers. 

 
 
 
and hands of HCW’s were 53.9 and 55.3%, 
respectively. However, the rate of bacterial 
contamination of mobile phones was 97.4%. 
Among the contaminated bacteria species 
isolated from mobile phone and hands of the 
HCWs was S. aureus, coagulase negative 
Staphylococus (CoNS), Streptococcus spp., 
Escherichia coli, Klebsiella pneumonia, Proteus 
spp., Citrobacter spp., Shigella spp. and 
Pseudomonas aeruginosa.  

The species identified from both sources were 
similar. Some of them are known to cause 
nosocomial infections. It was found that 50.6% of 
phones grew one bacterial species, 24.0% two 
different species, 22.8% three or more different 
species and no bacterial growth were identified in 
2.6% of phones. Thus, S. aureus strains isolated 
from mobile phones and hands of HCW’s were 
53.9 and 55.3%, respectively. These all 
organisms isolated from different room workers 
such as medical wards, OPD, ICU, OR, 
Laboratory and other classes.  

About 35.7% of the isolates were obtained from 
hands of HCW’s who work in wards. Meanwhile, 
31.7% were form mobile phone swabs at wards 

(Table 1). The rate of routine cleaning of HCWs 
mobile phones was 5.3%, which means 94.7% of 
the participants never cleaned their mobile 
phones either daily or weekly. Although the 
laboratory technologists and nurses’ phones have 
higher colony count, there was no significant 
difference in the rates of specific types of bacterial 
growth and colony counts isolated from all groups' 
mobile phones (Table 1).  

About 28.3% of the entire study population had 
at least one ring on their finger. The mean colony 
count was higher in ring using staff's phones but 
there was no significant difference between rate of 
contamination and colony count. A total of 299 
potential isolates were sub-cultured and further 
analyzed. However, only 82 for mobile phone and 
84 for hands of HCWs isolates satisfied all the 
identification criteria and were used for 
subsequent analysis. These constituted a total of 
82 S. aureus isolates for mobile phone and 84 
isolates for hands of HCWs. The S. aureus 
isolates obtained from both source give a 
prevalence of S. aureus of 54.6% for the 152 
samples. The results demonstrate the presence of 
S. aureus in both cases, regardless of the 

situation in the referral hospital. However, the 
levels of contamination with S. aureus were higher 
in hands of HCW’s than mobile phone.  
 
 
Antibiotic susceptibility 
 
All 84 S. aureus isolates from hands of HCW’s 
and 82 from mobile phone were subjected to 
antibiotic susceptibility tests. Eleven antimicrobial 
agents, from different antibiotic classes were 
used. Some were selected because some studies 
have shown that large number of bacteria were 
resistant to them (Akinyemi et al., 2009; Karabay 
et al., 2007). Antibiotics of human health 
relevance and availability of antibiotics were also 
considered. A summary of the percentage of S. 
aureus that were resistant to these antibiotics is 
provided in Table 2.  

A large proportion of the isolates of this study 
area were resistant to Ampicillin (10 μg) and 
Penicillin G (10 μg) in both mobile phone and 
hands of HCW’s. There were less resistant groups 
for CIP, Gen, Dx, CRO, TTC, CAF and Ax 
antibiotics.  
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Table 2. Details of the S. aureus isolates obtained from Hawassa Area, South Ethiopia. 
 

Sample source  No. of sample collected S. aureus isolates (level of contamination with S. aureus per source)* 

Mobile phone  152 82 (53.9%) 
Hands of HCWs 152 84 (55.3%) 
 

*Percentage were calculated from a total of 152 samples studied in both mobile phone and HCWs. 
 
 
 

Table 3. Antibiotic resistance profiles of S. aureus isolated from mobile phone and hands of HCWs. 
 

Sample source 
Antibiotic resistance (%) 

Gen Dx CRO AP Van Pen TTC Ox CIP CAF Ax 

Mobile  14.6 22 15.9 65.9 40.2 47.6 31.7 40.2 31.7 26.6 26.8 
Hands of HCWs 11.9 22.6 13.1 71.4 40.5 50.0 33.3 40.5 30.9 23.8 28.6 

 

Percentages were calculated by dividing the number confirmed as S. aureus resistant in a  particular sample 
source by the total number of isolated tested.  

 
 
 

Table 4. The predominant multiple antibiotic resistant phenotypes for S. auerus 
isolated from mobile phone and hands of HCWs obtained from Hawassa Referral 
Hospital, South Ethiopia. 
  

Phenotype  
Mobile phone (n=82) 

No. (%) 
Hands of HCW’s (n=84) 

No. (%) 

AP-Pen-Gen 8(9.8) 9(10.7) 
AP-Pen-Ox 14(17.1) 13(15.5) 
AP-Pen-CRO 5(6.1) 3(3.6) 
AP-Pen-Ax 6(7.3) 7(8.3) 
AP-Pen-Ax-Dx 3(3.7) 5(5.9) 
AP-Pen-Gen-Van 3(3.7) 4(4.8) 
AP-CRO-CIP-Van 2(2.4) 4(4.8) 
AP-Dx-TTC-Ox-Van 5(6.1) 4(4.8) 
Pen-TTC-CIP-CAF-Van 1(1.2) 1(1.2) 
AP-Ox-CIP-CAF-Ax-Van 1(1.2) 2(2.4) 
Pen-TTC-CIP-CAF-Ax-Van 1(1.2) 0(0.0) 
Pen- CAF-CRO-CIP-Ox-Van 1(1.2) 1(1.2) 

 

The percentage representations of the phenotypes were obtained by dividing the number of a 
particular phenotype by the total number of multiple antibiotic resistant isolates identified in a 
given area. AP, Ampicillin; Pen, Penicillin; Ox, Oxacilin; CRO, Ceftriaxone; Ax, Amoxicillin; 
Dx, Doxacilin; Gen, Gentamicin; Van, Vancomycin; TTC, Tetracycline; CIP, Ciprofloxacin; 
CAF, chloramphenicol. 

 
 
 

In general observation, the large percentage of Pen (10 
μg), Amp (10 μg), Van and Ox resistant S. aureus were 
isolated from the study area. These were also resistant to 
other several antibiotics. Therefore, one can easily 
conclude that these are Methicillin resistant S. aureus 
(MRSA).  
 
 
Multiple antibiotic resistance phenotypes of S. 
aureus 
 
In this study, the multiple antibiotic resistances (MAR) 
phenotypes were determined for S. aureus (Table 3). The 

leading MAR phenotypes for S. aureus isolated from 
mobile phone isolates and hands of HCWs were 14 
(17.1%) and 13 (15.5%), respectively followed by AP-
Pen-Gen which is 8 (9.8%) and 9 (10.7%), respectively. 
Additionally, MAR phenotypes AP-Pen-Ax were obtained 
in both mobile phone and hands of HCWs, respectively 6 
(7.3%) and 7 (8.3%).  

The MAR phenotypes Pen-CAF-CRO-CIP-Ox-Van 
were 1.2% in both sample sources. However, there is no 
Pen-TTC-CIP-CAF-Ax-Van MAR phenotypes S. aureus 
in contrast to mobile phone source S. aures which is 
1.2% (Table 4). It is thus evident that MAR S. aureus was 
isolated from both sample sources. However, among the  
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strains from mobile phone were 61.0% and from hands of 
HCWs were 63.1% isolates developing MAR. Among all 
MAR phenotypes of S. aureus, 20.7% of them were 
resistance to more than four different antibiotics in mobile 
phone isolates and 25.0% were from hands of HCW’s. In 
this study, Ampicillin and Penicillin were less effective 
than other antibiotics. More than 53.6-57.3% of the 
isolates were resistant to Ampicillin and Penicillin in both 
cases.  
 
 
DISCUSSION 
 
This study described the isolation and antibiotic 
susceptibility characterization of S. aureus from mobile 
phone and hands of HCW’s. The results of this study 
indicated that 53.4% of the samples were positive for S. 
aureus from mobile phone and 55.3% of the samples 
were positive for S. aureus from hands of HCW’s. 
Several studies have been conducted in different area to 
evaluate the prevalence of S. aureus in mobile phone 
and hands of HCW’s (Mohamad et al., 2010; Kabir et al., 
2009; Ulger et al., 2009; Bhat et al., 2011; Rawia et al., 
2012; Tagoe et al., 2011; Seuli et al., 2013; Auhim, 2013; 
Amira, 2010; Yusha et al., 2010; Ilusanya et al., 2012; 
Jaya et al., 2011). The results reported in this study were 
higher than other report elsewhere (Auhim, 2013; Bhat et 
al., 2011; Kabir et al., 2009; Rawia et al., 2012; Tagoe et 
al., 2011). In contrast to this study, the prevalence of S. 
aureus by Seuli et al. (2013) was 84.0% and Yusha et al. 
(2010) was 76%. Although, the prevalence of S. aureus 
has been reported to vary with the size and geographic 
region of the area sampled, a high proportion of these 
bacteria in mobile phone and hands of HCW’s relates to 
poor hygiene practices.  

Based on observations made during the collection of 
samples, we therefore reported improper hygiene of 
mobile phone with routine cleaning rate of 5.3% only. 
About 94.7% of the study participants had never cleaned 
their mobile phone either daily or weekly which 
contributed to the presence of S. aureus in the mobile 
phone, especially in those from laboratory and wards. 
Improving the hygienic conditions of the mobile phone 
and hands of HCW’s after and before performing their 
procedure in different rooms may reduce the prevalence 
and transmission of S. aureus. 

In this study, the prevalence of S. aureus in both mobile 
phone and hands of HCWs were 53.9 and 55.3%, 
respectively. However, according to the reports of Elkholy 
and Ewees (2010), the prevalence of S. aureus form 
mobile phone and hands of HCWs were 48 and 31%, 
respectively. Also, the cleaning rates of their study were 
similar to the current study. Therefore, it is easy to 
conclude that less cleaning may contribute to the 
presence of S. aureus.  

Also, the antibiotic-resistance profiles of S. aureus 
isolated from the study area is higher than the previous  

 
 
 
 
study (Daka et al., 2012; Brouillette and Malouin, 2005; 
Petinaki et al., 2001; Moneoang and Bezuidenhout, 
2009).  

AP (10 μg), PG (10 μg) and Ox (1 μg) were the drugs 
to which a large proportion of the isolates were resistant 
in this study as similar to previous study done in this area 
(Daka et al., 2012) (Table 3). Moreover, only 59.5% of 
Van (30 μg) were effective against the isolated 
organisms. This report is also similar to previous study 
(Daka et al., 2012). Therefore, it is very indicative of the 
further advanced survey of vancomycin resistance strain 
of S. aureus. Moreover, the assessment of genetic level 
of the resistance gene is very suggestive according to 
this study. Also, the resistance pattern of S. aureus to Ox 
(1 μg) is similar with the previous study done in Hawassa 
Referral Hospital. Hence, it is stress-free to conclude that 
there is Methicillin resistant S. aureu (MRSA) around the 
study area. High levels of MRSA where reported by Bhat 
et al. (2011) and Fatma et al (2009) elsewhere from 
mobile phone and hands of HCW’s. Also, high levels of 
MRSA have been identified in patients in the United 
States and some European countries (Mark et al., 2003). 
In these countries, 37.7, 44.4, 34.7, 41.8 and 32.4% of 
isolates from patients in the Turkey, United States, 
France, Italy and Spain, respectively, were resistant to 
Methicillin. These levels, however, are lower than those 
in our study. Methicillin is rarely used to treat patients in 
the South Ethiopia. However, Methicillin resistance could 
be explained by the inter-relationship between beta-
lactam resistance and resistance to this drug.  

Despite the fact that, the prevalence of the antibiotic 
resistance pattern was lower in this area as compared to 
the previous study, still needs great consideration on 
antibiotic resistance pattern of S. aureus. As shown in 
Table 3, about 65.9% of S. aureus were resistant to AP 
from mobile phone sample and 71.4% of the isolates 
were resistant to AP. The resistant pattern of the S. 
auerus obtained from hands of HCWs was slightly higher 
than the isolate obtained from mobile phone. This might 
be due to an ineffective application of antisepsis such as 
alcohol on their hand may vary the microenvironment of 
the organisms. In previous study done in the study area 
showed that there was no S. aureus resistance to CIP (5 
μg) (Daka et al., 2012). However, 31.7% of the isolate 
identified from the mobile phone and 30.9% of the hands 
of HCWs were resistant to CIP. This might indicate that 
there is gradual increase of antibiotic resistant pattern at 
the study area. Therefore, it is better to overcome this 
problem early.  

In MRSA, Methicillin resistance is conferred by the 
Penicillin binding protein (PBP) 2a that is encoded for by 
the mecA gene (Gündoğan et al., 2005). PBP2a does not 
readily bind the beta-lactam moiety. However, in MRSA 
that are exposed to beta-lactam antibiotics, this PBP2a 
would contribute to the resistance by providing 
transpeptidase activity to the native PBPs during cell wall 
synthesis. In our study, the resistant phenotype AP-Pen- 



 
 
 
 

Ox was frequently identified usually with the addition of 
one or more antibiotics (Table 4). It is thus recommended 
that future studies should confirm the presence of the 
mecA gene in observed MRSA due to these β-lactamase 
antibiotics. 

Contrarily to our observations, a study reported that 
larger percentage of S. aureus isolate was resistant to 
CRO, (73.5%); Gen, (47.3%); CAF, (42.1%); CIP, 
(89.4%) and Ax, 52.6% (Akinyemi et al., 2009). The 
finding that a large number of S. aureus were resistant to 
PG (10 μg), AP (10 μg) and Ox (1 μg) is, however, a 
cause for concern and should be further investigated. It is 
thus our view that the results obtained in this study do not 
accurately reflect the usage of this antibiotic in the 
hospital. We cannot explain this phenomenon. 

The MAR phenotypes (Table 3) obtained in the study 
correlated with the percentage of antibiotic resistance. 
Although the development of resistance to a particular 
antibiotic depends on the level of exposure to the 
antimicrobials (Rychlik et al., 2006), there are many other 
factors that are involved. We are therefore suggesting 
that molecular methods be used to characterize these 
isolates for the presence of antibiotic-resistance 
determinants, which may provide data to support our 
conclusions.  

S. aureus is normally resident in humans; therefore the 
S. aureus present in the mobile phone, other medical 
instrument like statoscope, thermometers, key boards for 
computerized equipment and hands of HCW’s may have 
resulted from transmission from humans, patients, 
workers and children which raises questions regarding 
the hygiene practices followed. 
 
 
Conclusion and recommendation  
 
A large proportion of the isolates obtained were resistant 
to three or more antibiotics. These were also resistant to 
Vancomycin (30 μg). This was particularly the case in the 
public setting and is a cause for concern. The high level 
of MAR S. aureus and the implications thereof warrant 
further investigation. One of the aspects that need to be 
investigated is the cause of the observed resistance 
phenotypes. Furthermore, impacts and dynamics of 
genetic antibiotic determinants should also be 
investigated using molecular methods. 
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