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Abstract
Background: Computers and telephones are ubiquitous in the hospital and have been shown to be contaminated with
potentially pathogenic microorganism. The aim of the study was to determine microbial contamination on computer
keyboards and telephone handsets and the effectiveness of a disinfecting technique (DT).
Methods: A matched cross-over study, involving an overall of 50 computer keyboards and 50 telephone handsets, was
conducted in three hospitals, located in the Local Health Area of Siena (Italy) before and after the use of an innovative DT
consisting of a malleable-elastic compound, containing ethanol, which adheres to surfaces, removes dirt and disinfects.
Total bacterial count was evaluated and several types of bacteria and fungi were researched pre- and post- use of the DT.
Non parametric tests: Wilcoxon signed rank and Mann Whitney, were used, when appropriate.
Results: The DT was effective in disinfecting the objects. In fact, Colony-Forming Units (CFUs) decreased to zero in most
comparisons. All the comparisons showed significant differences (p<0.001) after the DT, both for computer keyboards
and telephone handsets. The only exception was found for molds in telephones (p=0.062). Keyboards emerged to be dirtier
than telephones handsets (p<0.05) for several types of bacteria.
Conclusions: The data suggest that microbial contamination of keyboards and telephones is considerable. These objects
can be a vehicle for Health Care-Associated Infections HAIs and their disinfection should not be neglected. The DT
showed to be appropriate for the disinfecting purpose.
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1 Introduction
Hospital sterilization and environment disinfection practices play a big role in the prevention of health care-associated
infections (HAIs). HAIs, also referred to as "nosocomial" or "hospital" infections, are contracted in hospitals or other
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health care facilities without being present or incubating at the time of admission. They can affect patients in any type of
care setting and can also appear after discharge [1]. HAIs are the most frequent adverse event in health care [1, 2]. Hospital
infections may be caused by any agent, including bacteria, fungi and viruses, as well as other less common types of
pathogens. They represent a significant cause of morbidity and mortality and may increase health care costs [1, 2]. Several
studies have shown contamination of various items of hospital equipment, such as stethoscopes, otoscopes, thermometers,
blood pressure cuffs, as well as floors, doors, computer keyboards and telephones (including mobile phones) [2-6]. For this
study, computers and telephones were analyzed because these objects are actually ubiquitous with an increasing trend in
medical settings. Some studies showed that they may act as vehicles to transmit hospital infections [6-8]. In fact, in hospital
disinfection practices, staff should pay attention not only to medical devices, but also to objects that are not closely related
to health activities, such as computers or telephones. The aim of this study was to evaluate contamination of computer
keyboards and telephone handsets in three Italian hospitals, before and after the use of a disinfecting technique (DT).

2 Methods
A matched cross-over study was conducted in July 2012, involving three hospitals in the Local Health Unit of Siena
(Italy). To obtain a real representation of the context, it was decided to research hospitals and units heterogeneity
involving: one local public hospital (140 beds), one teaching hospital (750 beds) and a private clinic (40 beds). Moreover
we selected the following hospital units: intensive care, operating theatres, emergency units and medical units such as
cardiology. In fact common factors associated with nosocomial infections are: admission as an emergency and to intensive
care unit (ICU), placement of a central venous catheter, indwelling urinary catheter or an endotracheal tube, undergoing
surgery, immunosuppression and coma status [1]. Almost all computer keyboards and telephones used by healthcare staff,
in these units were analyzed. The final sample was 50 computer keyboards and 50 telephone handsets
The DT consists of an innovative putty compound with malleable-elastic consistency, designed to adhere to surfaces,
removing dirt and disinfecting. These two characteristics distinguish this DT from traditional methods of cleaning and
disinfection. Moreover its structure can penetrate into spaces between and under keys. The main sanitizing principle was
ethanol (29%), and in addition the compound contained purified water (51%), guar (6%), glycerine (7%), and a minor
quantity of other substances such as boric acid, colorants and odorants.
The experimental protocol required a first sample (swab) H(0) from one half of each keyboard or telephone before
cleaning, and a second sample H(1) from the other half after cleaning. Because the two halves of the keyboard are different
and some keys are used more than others (for example “enter”) we alternated the side to which the DT was applied. Taking
samples from both halves of the keyboards or handsets was important to avoid the possibility that the first swabs removed
bacteria physically, reducing the amount of bacteria collected by the second swab from the same surface and preventing
correct assessment of DT efficacy in reducing bacterial contamination. Samples were obtained by swabbing almost all the
keys and also going between/under the keys with cotton sterile pads. It took approximately 20-30 seconds for each
keyboard and 15-20 seconds for each telephone sample. The cleaning process lasted approximately 20-30 seconds for
telephones and 2-4 minutes for keyboards, depending on dirtiness. Cleaning was continued until: i) the half keyboard or
handset looked clean; ii) there was no visible grime on the keys or handset; iii) no further improvement was visibly
detectable. Once sample H(1) was obtained, the other previously swabbed half of the keyboard or handset H(0) was
cleaned to leave it in acceptable condition. A new pack of compound was used for each object. Each object was assigned
an identification number.
In the laboratory, the swabs were placed in 1 ml of phosphate buffered saline, shaken in a vortex mixer for 20 seconds and
the liquid sown (0.1 mL/plate) in Petri dishes containing plate count agar (PCA) for total microbial load incubating at 36°C
for bacteria colonizing humans, 22°C, for environmental bacteria. In addition we used: mannitol salt agar for
Staphylococcus spp., Pseudomonas cetrimide for Pseudomonas spp., Slanetz & Bartley medium for Enterococcus spp.,
Brilliance E. coli/Coliform spp. chromogenic medium for Escherichia coli and coliform bacteria, Acinetobacter base for
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Acinetobacter spp, and Brilliance methicillin-resistant Staphylococcus aureus (MRSA) MRSA2 medium for methicillinresistant Staphylococcus aureus, incubating at 36°C. The results were expressed as colony-forming units (CFUs) per
swab. The plates were read 24 and 48 hours after sowing.
Descriptive analysis (mean, standard deviation, median, interquartile range, minimum, maximum) of the data for all types
of microbes/molds was performed for H(0) and H(1). To reveal differences in bacterial contamination before and after use
of the DT and to comparate the level of dirtiness/contamination between telephone handsets and keyboards, before use of
DT, non-parametric tests: Wilcoxon signed rank and Mann Whitney, were used, when appropriate. Significance level was
set p<0.05. Stata ® SE, version 12.1, StataCorp, College Station, Texas, USA, software was used for the analysis.
Table 1. Descriptive statistics of computer keyboards and telephone handsets at H(0) and H(1): Number and percentage of positive
samples, overall CFUs counts and percentage reduction in CFUs from H(0) to H(1), means, standard deviations, medians, interquartile
ranges, minima and maxima
Culture medium
PCA 36
PCA 22
E. Coli

Computer Keyboards

Coliforms
Enterococci
Staphylococci
MRSA
Molds
PCA 36
PCA 22
E.coli
Coliforms

Telephone Handsets

Enterococci
Staphylococci
MRSA
Molds

Time

Positive
Samples (%)

CFU Total
count *

H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)
H(1)
H(0)

49 (98)
8 (16)
33 (66)
8 (16)
17 (34)
0 (0)
39 (78)
3 (6)
5 (10)
0 (0)
47 (94)
4 (8)
8 (16)
0 (0)
26 (52)
5 (10)
46 (92)
4 (8)
36 (72)
4 (8)
2 (4)
0 (0)
31 (62)
1 (2)
2 (4)
0 (0)
43 (86)
2 (4)
9 (18)
0 (0)
6 (12)

1,175
21
875
32
25
0
401
7
5
0
625
7
31
0
146
6
881
6
666
7
2
0
251
1
2
0
534
2
39
0
14

H(1)

1 (2)

3

% CFU
reduction
-98,2
-96,3
-100
-98,3
-100
-98,9
-100
-95,9
-99,3
-98,9
-100
-99,6
-100
-99,6
-100
-78,6

Mean (SD)

Median
(Interquartile Range)

Min

Max

24 (27,4)
2,6 (2,4)
26,5 (22,3)
4 (4,2)
1,5 (0,7)
10,3 (19)
2,3 (1,5)
1 (-)
13,3 (15,4)
1,8 (1,5)
3,9 (2,8)
5,6 (7,4)
1,2 (0,4)
19,2 (26,9)
1,5 (0,6)
18,5 (28,5)
1,8 (1,5)
1 (-)
8,1 (7,1)
1 (-)
1 (-)
12,4 (19,4)
1 (-)
4,3 (4,4)
2,3 (2,4)

15 (8 to 33)
1,5 (1 to 4)
23 (12 to 37)
2 (2 to 5)
1 (1 to 2)
6 (3 to 10)
2 (1 to 4)
1 (1)
10 (4 to 18)
1 (1 to 2,5)
2,5 (2 to 6)
2,5 (1 to 5)
1 (1)
11,5 (4 to 26)
1,5 (1 to 2)
6 (2 to 23)
1 (1 to 2.5)
1 (1)
8 (2 to 12)
1 (1)
1 (1)
7 (2 to 14)
1 (1)
3 (2 to 4)
1 (1 to 3

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

148
7
96
13
3
120
4
1
100
4
9
29
2
156
2
152
4
1
30
1
1
99
1
14
7

3 (-)

3 (3)

3

3

* Summing all CFUs on the computer keyboards and telephone handsets; Only positive samples

3 Results
Descriptive results are summarized in Table 1. No samples contained Pseudomonas spp. CFUs decreased to zero in most
comparisons. In cases where the number of CFUs in H(1) did not correspond to 0, statistical tests were carried to highlight
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w
whether the differences
d
bettween pre- an
nd post- cleaniing was signifficant. All thee comparisonss showed signnificant
ddifferences (p<
<0.001) after th
he DT, both fo
or computer keyboards and teelephone handssets. The only exception wass found
ffor molds in telephones (p=
=0.062). For PCA
P
36°C, H(0)
H
samples oof 49/50 keybboards and 36//50 telephoness were
ccontaminated, whereas H(1) samples of onlly 8 keyboards and 4 telephonnes were still ccontaminated. F
For PCA 22°C,, 33/50
kkeyboards and
d 36/50 telepho
ones were conttaminated befo
ore cleaning annd 8 and 4 weere still positivve, respectivelyy, after
ccleaning. For coliforms
c
39/50
0 keyboards an
nd 31/50 teleph
hones were conntaminated befo
fore cleaning annd 3 keyboardss and 1
ttelephone werre still contam
minated after cleaning.
c
Som
me Escherichiaa coli and Entterococcus sppp. were detectted on
kkeyboards and
d telephones beffore cleaning but
b none after cleaning. Staphyylococcus spp.. was detected oon keyboards ((47/50)
aand telephoness (43/50) beforre cleaning and
d almost none after
a
cleaning. Some Staphyloococcus spp. w
were MRSA buut were
aabsent after clleaning. Only 1 CFU of Aciinetobacter spp
p. was detecteed on one out of 50 computter keyboards before
ccleaning but th
he keyboard was
w negative after cleaning. Finally, for m
molds 26/50 keeyboards and 66/50 telephones were
ccontaminated before
b
cleaning
g, whereas afteer cleaning only 5/26 keyboaards and 1/6 tellephones were positive. At a glance
kkeyboards look
ked much dirtiier than telepho
ones (Figure 1), moreover thhey were more contaminated at H(0) for: PCA 36
((p=0.028), E.ccoli (p=0.001), Staphylococcu
us spp. (p=0.03
38) and molds ((p<0.001).

F
Figure 1. Exam
mple of keyboaard during
ccleaning with the
t DT

4 Discussion
IIn recent years the number off computers and
d telephones in
n hospitals has iincreased. Caree-givers frequeently touch keyyboards
aand/or telepho
one handsets, im
mmediately affter/before patiient-related proocedures withoout performingg hand hygienee. This
hhabit increasess the risk of pattient contaminaation/infection
n [7]. Simple meeasures, some oof which are allready in use, ssuch as
iinstallation off antibacterial hand
h
gel dispeensers in hospital units, coulld make hand cleaning proccedures easier. Some
studies, have investigated
i
microbial
m
contaamination of co
omputers and telephones annd their role inn the transmisssion of
hhealth-care-asssociated infecttions [8]. Somee of these infeections are verry dangerous, for example in Europe; MR
RSA is
ffrequently isollated in Italian,, Spanish, Greeek, Portuguese and British hoospitals [2, 9].
IIn line with thee results of this study, other studies
s
reporteed that the bactteria most com
mmonly isolatedd were gram-positive
ccocci, especiallly Staphyloco
occus spp [2, 10,, 11]. In fact, 47/50
4
computerr keyboards annd 43/40 telepphone handsets were
ppositive for theese bacteria. Beetween these 8//50 and 9/50 were
w positive foor MRSA, respeectively. Also isolated were sseveral
bbacterial species associated frequently
f
with
h nosocomial trransmission, suuch as coliform
ms and enteroccocci [12]. In adddition,
oone computer keyboard
k
was also contaminaated with Acineetobacter Spp. an emerging bbacteria in HAIs [13].
T
The prevention
n of HAIs also
o has importan
nce for the financial burden on health caree costs. In Eurrope HAIs cauuses 16
m
million extra-d
days of hospitaal stay and an annual
a
econom
mic impact estim
mated at approoximately €7 biillion, includinng only
4
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direct costs [1]. Several studies have also investigated the effectiveness of liquid products to disinfect computer
keyboards [2, 7]. Advances in this field include computer keyboards without spaces between the keys, with their surface
being completely sealed, and those made of special materials, such as washable keyboards that can be immersed in
water [13, 14]. Touch screen computer keyboards and telephone handsets are easy to clean. Although these new keyboards
and handsets could be used in new health environments, it is difficult to quickly replace devices already in use. Liquid
compounds, such as ethyl alcohol, may cause aesthetic and functional damage [2, 7], such as short circuiting keyboards. The
DT tested in this study did not leave computer keyboards and telephone handsets wet. It had the advantage of disinfecting,
mainly by virtue of its ethanol content, and, at the same time of cleaning, mechanically removing dirt and grime through
adhesion. Its structure can penetrate into spaces between and under keys.
This study’s main limitation is the small sample size if compared to the overall numbers of keyboards and telephone
handsets which were in the hospitals. Included were almost all of these objects in the units with a high risk of HAIs.
Another limit was the impossibility to extend the effectiveness of the DT to those bacteria which were not found, for
example Pseudomonas spp, or not researched.
It remains important to sensitize health professionals to sanitize devices directly or indirectly involved in patient care, such
as keyboards and telephone handsets. The latter are a potential source of infection as their cleanliness is often neglected.
The results suggest that the DT tested could be a good compromise in contexts where the above technological innovations
cannot be implemented immediately.
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