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Abstract: Introduction: The hands and cell phones can harbor
various potential pathogens and become an exogenous source of
nosocomial infection among hospitalized members. The present
study highlights the need of continuous screening of pathogens
carried through hands and cell phones and also its proper
management. Aims and Objectives: To determine nosocomial
infections carried through hands and cell phones of healthcare
workers and its management through surface sterilization. Material
and Methods: Fifty samples collected from both hands and cell
phones of healthcare workers, working in various departments at
government hospital, Mandya were subjected to bacteriological
analysis. Using sterile cotton tipped applicator moistened with
nutrient broth samples were collected from both hands and front,
back and the sides of the cell phones. Collected samples were
cultured and the resulting isolates were identified. The above
procedure was repeated after decontamination of cell phones using
90% alcohol. Results: Out of 50 nursing staff screened, hands
swab showed 22% of Staphylococcus aureus, 3% of Streptococcus
spp. and 3% of Enterobacter aerogenes where as on mobile phones
swab showed 52% of Staphylococcus aureus, 34% of
Streptococcus spp. and 4% of Bacillus spp. After decontamination
with 90% alcohol only 4 mobile phones showed growth of bacteria
which are nonhaemolytic, thus proving the efficacy of
decontamination to be nearly 83%. The bacterial isolates were
further subjected to antibiotic sensitivity test by disk diffusion as
well as well diffusion methods on Muller Hinton agar medium. It is
quite interesting to observe that different strains of Staphylococcus
aureus recorded varied response to the same antibiotic used in the
study. Conclusions: This is an important study carried out to report
the varied response of different strains of Staphylococcus aureus
against already available/used antibiotics and need of regular
checking of hands and handset as a source of inoculum of potential
pathogenic bacteria. The difference in genetic set up among the
strains can be worked out by further molecular studies.
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Introduction

Health Care Associated Infection (HCAI) refers
to infection, which is usually acquired 48 hour or more,
after admission to the hospital or after contact with a
healthcare facility, such as a day care unit or a nursing
home, etc., HCAI can be caused by both antibiotic-
susceptible and antibiotic-resistant bacteria, which can
arise from the patient’s own flora (endogenous) or can be
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acquired from other patients, the hands of healthcare
workers or from the healthcare environment (exogenous)
and cell phones of healthcare workers.['l Transmission of
infection in a hospital requires at least three elements; a
source of infecting bacteria, a susceptible host and a
means of transmission. The hands and cell phones can
harbor various potential pathogens and become an
exogenous source of mnosocomial infection among
hospitalized members. It was demonstrated by
Semmelweis in 1861121 itself that bacteria were
transmitted to the patients by contaminated hands of
healthcare personnel. Even though the medical science
has achieved several advances in modern medicine,
nosocomical infection is a persisting problem with high
morbidity and mortality and in this connection there are
several reports to prove that hands of healthcare
personnel may play an important role in hospital acquired
infection (HAIs). 43 One the other hand, the use of
mobile phones has been increased drastically among the
healthcare personnel who are also serving as a medium to
transfer  pathogenic  microbes from them to
immunosuppressed hopitalised ~ patients.[67:8.10.11]
Another important aspect is mobile phones are widely
used as nonmedical portable electronic devices and it is in
close contact with the body. It is used for communication
by health care workers in every location including OR
and ICU and hence the pathogens will have free access
from one ward to another through mobile phones.!
Several pathogenic bacteria including viruses and the
nosocomial pathogenic fungi Candida can survive for a
few months on inanimate objects and thus be transmitted
to susceptible patients. The hospital personnel tend to
have higher colonization of Methicillin-Resistant
Staphylococcus aureus (MRSA) than the general
population. The personnel with MRSA colonization are
the sources of dissemination of the organisms, both in the
hospital and the community.['>!3] Some studies have
evaluated Staphylococcus aureus in contamination of
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various items such as stethoscopes,!'Yl pen,!!]
contamination of computer devices,!'9! cell phones and
television sets!!”! and anaesthetists hands, personal mobile
phones and wrist watches used during theatre sessions.[!®]
However the study on bacteriological screening of HCWs
from Mandya district, Karnataka, for pathogenic bacteria
and also management of such bacteria was not reported
by earlier workers and hence the present study.
Material and Methods
Sample collection
Using sterile cotton tipped applicators a total of
50 swabs from hands and handset of nursing staffs of
Mandya Government Hospital, Mandya was obtained.
The samples were collected aseptically using swabs
moistened with sterile saline. Samples were collected
from both hands (taken after at least 30 min of the last
hand wash) and handsets of HCWs. By rotating the swabs
over the mouthpiece, earpiece, keypad and external cover
of the mobile phones. The swabs were inserted aseptically
into sterilized test-tubes plugged the mouth with cotton
and transferred to the laboratory.
Identification and characterization
Identification and conformation of the isolated
organisms were done by microscopic observation along
with cultural characteristics and biochemical tests.
Identification of Staphylococcus aureus and other
pathogenic bacteria isolates was done based on growth on
sheep blood agar, fermentation on mannitol salt agar and its
colony morphology on nutrient agar medium (Hi media,
India). Other tests performed include Gram’s staining along
with biochemical tests such as catalase, gelatin hydrolysis
and starch hydrolysis slide and tube coagulase, utilisation of
OF-glucose and mannitol tests. Staphylococci were further
identified based on biochemical tests such as lactose
fermentation,  motility, indole  production, sugar
fermentation and H,S production, urease production, citrate
utilization and MR-VP test for the nature of fermentation.
Non-fermenters were further identified using catalase and
oxidase tests, ability to grow on MacConkey agar and
growth at 42 °C and biochemical tests like OF-dextrose
utilization, nitrate reduction and gelatin hydrolysis.
Antibiotic Sensitivity test
All confirmed Staphylococcus aureus isolates
were subsequently tested for antibiotic sensitivity test.
Sensitivity of isolates to antibiotics was determined on
Mueller-Hinton Agar (MHA) media by both disk
diffusion  (Streptomycin, Penicillin, Erythromycin,
Ciprofloxacin and Amoxicillin) (Hi media, India) and
well/ cup diffusion method (different antibiotics viz.,
Ofloxacin, Amoxicillin, Ciprofloxacin and Levofloxacin).
This was selected based on the availability of antibiotic
disc. Antibacterial activity of antibiotics was determined
by cup diffusion method on MHAI" (Anon, 1996). Cups

were made in MHA plate using sterile cork borer (5 mm)
and inoculum containing 10 CFU/mL of bacteria were
spread on the solid plates with a sterile swab moistened
with the bacterial suspension. Then 50 pL each of
antibiotics were placed in the cups made in inoculated
plates. The treatments also included 50 pL of sterilized
distilled water which served as control. The plates were
incubated for 24 hrs. at 37 °C and zone of inhibition if
any around the wells was measured in mm (millimeter).
For each treatment four replicates were maintained. The
data was subjected to statistical analysis of variance
(ANOVA). Other bacteria isolated in the present study
were also tested for antibiotic sensitivity as explained
earlier.
Surface sterilization of cellphones of HCWs

Surface of the cell phones were wiped using 90%
alcohol, allowed to air dry. After 5 min using sterile
cotton tipped applicator, samples were collected and
transferred to the laboratory for bacterial examination as
mentioned above.

Results

After suitable period of incubation, the obtained
bacterial colonies were identified by the analysis of
conventional —microbiological methods and were
enumerated. The number of colonies developed in each of
the culture plates is counted using colony counter. Out of
50 nursing staffs, 22 were male and 28 were females. The
percentage frequency of isolated different bacteria from
hands swab and cell phones swab shows in the figure 1
and 2. Before decontamination, 23 cell phones showed
different bacterial growth and haemolysis on blood agar
media whereas after decontamination with 90% alcohol
only 4 cell phones showed growth and the culture showed
no haemolysis, thus proving efficacy of decontamination
to be nearly 83%. It is quite interesting to observe that
varied response of different strains of Staphylococcus
aureus (Tablel, 4, 5) and other isolated bacteria viz.,
Enterobater aerogenes (Table 3), Bacillus subtilis (Table
2) against same antibiotics used in the study. This is an
important report to state the varied response of different
strains of Staphylococcus aureus against already
available/ used antibiotics. Gram positive cocci in clusters
were observed. Of the 50 participants, from 6 wards 22
were male and 28 were females. Out of 50 nursing staff
screened, hands swab shows 22% of Staphylococcus
aureus, 3% of Streptococcus spp., and 3% of
Enterobacter aerogenes where as on cell phones swab
52% of Staphylococcus aureus, 34% of Streptococcus
spp., and 4% of Bacillus spp. was observed (Figure 1, 2).
In the present study, in all age group of HCWs
Staphylococcus aureus, Enterobacter aerogenes and
Bacillus  subtilis were isolated and identified by
microscopic and biochemical tests. The screened isolates
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which were collected from the hand and cell phones swab
proves the presence of the Staphylococcus aureus, by
microscopic method shows Gram +ve, cluster of cocci
and was confirmed by biochemical tests and found
positive for catalase test, mannitol fermentation by the
production of acid which turns the media color from pink
to yellow and also hemolysis on blood agar media where
as Streptococcal spp. were chains of cocci under
microscopic observation and is catalase negative.

Discussion

The present work was carried out in the SITAR
Institute, Mandya, to screen and to detect the pathogenic
bacteria rate mainly the existence of the Staphylococcal
carriage state among the nursing staff from their cell
phones and hand swab, as they were potential carriers of
pathogens in the hospital environment. The isolated
Enterobacter aerogenes were confirmed by citrate
utilization test which was found positive for the strain and
also Bacillus subtilis was confirmed by rod shaped bacilli
under microscope and positive gelatin hydrolysis test
confirmed the organism. The isolates were further
subjected to antibiotic sensitivity test by disk diffusion as
well as well diffusion methods using MHA medium. It is
quite interesting to observe that varied response of
different strains of Staphylococcus aureus against same
antibiotics used in the study. This is an important report
to state the varied response of different strains of
Staphylococcus aureus against already available/ used
antibiotics. The difference in genetic set up among the
strains can be worked out by further molecular studies. In
the present study, about 90 % of alcohol is used as an
effective disinfectant for the surface sterilization of the
cell phones, this showed reduction in the load of the
pathogenic bacteria to the extent of 83%, compared to the
samples tested before sterilization and hence proves as an
effective disinfectant. To manage HCAI, Patil and
Pawar®! suggested that active preventive strategies like
routine decontamination of mobile phones with alcohol
containing disinfectants might reduce cross infection and
the present tried 90% alcohol as a disinfectant and proved
highly successful to disinfect the mobile phones
effectively. 90% of alcohol was selected in the study
keeping in view of amount water which may spoil the
functioning of the mobile phones. The profile of
microorganisms isolated from mobile phones in our study
is similar to previous reports. Previous studies on
bacterial contamination of mobile phones revealed the
presence of Methicillin-resistant Staphylococcus aureus,
Methicillin-sensitive Staphylococcus aureus, Escherichia
coli, Klebsiella pneumoniae, Acinetobacter, Enterococcus
faecalis and Pseudomonas aeruginosa,”'! 150 health care
workers were screened for Staphylococcus aureus by
Goyal??l and they observed that 50% are carrying MRSA
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on Hands. The antibiotic sensitivity pattern of the isolates
was also studied by them, which shows 100% sensitivity
to vancomycin and 30% MRSA were resistant to other
antibiotics. Braddy et al.,!® and Karabay et al.,!) reported
the isolation of Gram negative bacilli from the mobile
phones. Khivasara et al.,[l reported 40% contamination
of mobile phones by Staphylococcus and MRSA from
HCWs working in a Mangalore Hospital. Staphylococcus
saprophyticus, Staphylococcus aureus, Pseudomonas
aeruginosa and Serrattia spp. were also transferred in
greater numbers than Escherichia coli from contaminated
fabric to clean fabric after hand contact.[?)) Organisms are
transferred to various types of surfaces in much larger
numbers (that is, > 104) from wet hands than from hands
that are thoroughly dried.** It was also reported by Oie et
al.[?] that door handles in 27.0% of 196 rooms were
contaminated by MRSA. It is interesting to note that
presence of pathogenic organisms such as Staphylococcus
aureus, Pseudomonas aeruginosa, Acinetobacter spp.,
Klebsiella pneumoniae, and E. coli are even reported in
the mobile phones of corporate users. 2]

The results suggest that cross contamination of
bacteria between the hands of healthcare personnel and
their mobile phones is possible. The mobile phone could
act as a reservoir of infection which may facilitate patient
to patient transmission of bacteria in a hospital
environment ('), Staphylococcus aureus is a pathogen of
greater concern because of its virulence,?”) its ability to
cause a diverse array of life threatening infections, and its
capacity to adapt to  different environment
conditions.[?%2] Along with this Ps. aeruginosa had been
reported in the United States by the Centre for Disease
Control and Prevention to be the most isolated
nosocomial pathogen accounting for 10.1% of all hospital
acquired infections, and has been implicated in
gastrointestinal infection, primarily in
immunocompromised individuals,?% but in the present
study Pseudomonas sp. were not observed in all the
samples. It has been estimated that one third of all
nosocomial infections may be preventable and are
frequently caused by organisms acquired within the
hospital environment.3'] The present study proves the
need of hand washing after each use of mobile phones
strictly and strongly recommends the use of 90% alcohol
to disinfect the mobile phones. It is interesting to note that
there are no rules to regulate the use of mobile phones by
medical staff in India, therefore there must be regular
screening to contain the infectious diseases acquired in
hospitals. This study helped the healthcare personnel of
the hospitals where work was conducted to take care of
infections transferred unknowingly from them to patients.
Routine screening at hospital admission identifies about
one-half of the carriers, with the other one-half being

[30
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identified by positive clinical cultures or a history of
MRSA 323334 Resident flora of the body normally does
not cause the infection wunless the person is
immunocompromised, but the transient flora tends to be
more pathogenic and is responsible for nosocomial
infections. These transient floras may be picked up by the
hands of HCW when they touch the patients or
contaminated mobile phones and other surgical
instruments. So the frequent hand washing and
decontamination of mobile phones could remove this
transient flora. There are reports to use 70 % isopropyl
alcohol as an effective disinfectant ! and other study
reports that restricted use of mobile phones during
working hours along with proper hand hygiene practices
enable mobile phones to remain free of contamination.[!%]
Mobile phones are ideal sites for pathogenic microbes as
they are kept warm and snug in pockets and handbags
Also, there are no guidelines for the care, cleaning and
restriction of mobile phones in health care settings.
Simple measures such as increasing hand hygiene and
regular decontamination of mobile phones with alcohol
disinfectant wipes may reduce the risk of cross
contamination caused by these devices.’!

Conclusions

The present study revealed the detection and
prevalence of cell phones and hand carriage of
Staphylococcus aureus strains among the nursing staffs
who worked in a high risk areas. Staphylococcus aureus
is one of the most frequently isolated bacteria in hospital
infections. In present study out of 50 samples, it was
isolated in 10 samples and is a cause of concern. This
represents an additional route for cross-transmission of
Staphylococcus aureus. In conclusion, the possible
methods of decontamination of mobile phones using 90%
alcohol can efficiently eliminate or can decrease the
number of Staphylococcus aureus strains. Restrictions on
the use of personnel mobile phones by healthcare workers
in hospitals is not a practical solution, they should
practice preliminary precautions such as hand washing
after each use of the cell phone and regular its surface
sterilization.
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Table 1: Antibiotic sensitivity test for Staphylococcus aureus (Disc diffusion method)

Zone of inhibition in mm
Sample Streptomycin | Ciprofloxacin Penicillin | Amoxicillin Erythromycin
01 30+0.2 15+0.1 9+0.4 18+0.2 32+0.1
02 11+0.3 00 00 13£0.1 8+0.2
03 2540.1 08+0.2 21£0.2 2940.1 13+0.3
04 2140.1 2540.1 2240.1 31+0.2 29+0.3
05 24+0.2 28+0.4 25+0.3 36+0.2 12+0.4

Values are mean four replicates + SE

Table 2: Antibiotic sensitivity test for Bacillus species (Disc diffusion method)

Sample Zone of inhibition in mm
Streptomycin | Ciprofloxacin | Penicillin | Amoxicillin | Erythromycin
01 2040.1 09+0.1 07+0.3 09+0.2 1940.1

Values are mean four replicates + SE

Table 3: Antibiotic sensitivity test for Enterobacter aerogenes (Disc diffusion method)

| Sample |

Zone of inhibition in mm
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Streptomycin | Ciprofloxacin | Penicillin | Amoxicillin | Erythromycin
01 27+0.3 2440.1 17+0.4 22+0.2 2640.1
02 14+0.2 8+0.2 7+0.1 15+0.3 18+0.1

Values are mean four replicates = SE
Table 4: (Samplel) - Antibiotic Sensitivity pattern for Staphylococcus aureus (Cup diffusion method)

Different Zone of inhibition measured in mm
SI. No. corxlelltlitbria:)ttli(;rsl of Cor:}n;;i Smt' 10 ppm 25 ppm 55 ppm 75 ppm
01 Oflaxacin - - - - 1+0.3
02 Ciprofloxacin - - 5+0.1 2+0.2 15+0.3
03 Amoxicillin - - 2+0.3 - 12+0.1
04 Levofloxacin - 14+0.1 15+0.2 2+0.2 22+0.3

- — nil, Values are mean four replicates + SE
Table 5: Antibacterial sensitivity pattern of Staphylococcus aureus isolated from HCWs (Cup diffusion method

Sl. No. Different Antibiotics Zone of inhibition measured in mm
Control (dis. water) 10ppm | 25ppm | 55ppm | 75 ppm
01 Oflaxacin - - 12+0.2 12+0.2 14+0.3
02 Ciprofloxacin - - 12+0.4 16+0.2 18+0.3
03 Amoxicillin - 2+0.5 13+0.1 16+0.1 18+0.4
04 Levofloxacin - 12+0.4 12+0.3 18+0.2 19+0.3

Values are mean four replicates + SE
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