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ABSTRACT

Computers are ubiquitous in the universities and the keyboard and
mouse devices of several users (students) and single user (staff)
computers and have been shown to be contaminated with potentially
pathogenic microorganisms. This study was carried out to isolate
and identify microorganisms related with computer keyboard and
mouse devices positioned at administrative units and internet centers
of the medical colleges in Duhok university and to assess the
efficacy of Ethanol (70%v/v) as disinfectant on the computer
keyboards and mouse devices.A total number of 200 bacteriological
swabs were taken before and after disinfection with disinfectant
ethanol (70%) from two different objects, 100 samples from the
keyboards and 100 samples from the mouse devices. Nutrient agar,
Nutrient broth, Blood agar and Mannitol Salt agar were used to
inoculate the collected samples. The incidence and type of
microorganisms isolated before and after disinfection was
evaluated.Our results showed the high degree of surface
contamination with bacteria. Before disinfection with ethanol,
computer keyboards and mouse devices, a total of 205 isolates
comprising six bacterial species were recovered from these samples,
the most frequencies of occurrence of the species were; Bacillus
spp., Staphylococcus epidermidis and Escherichia coli. Cultivation
of swabs performed 10 min after disinfection have shown that
ethanol (70%) as antibacterial disinfectant wipe led to a significant
reduction of microbial contamination of surfaces.The present study
concluded that computer accessories might act as ecological vehicles
for the transportation of possibly pathogenic bacteria in our
environments. In addition, the need for increasing attention among
computer handlers on cleaning of such surfaces and sufficient
handwashing hygiene is strongly recommended by the authors.
Keyboards and mouse devices may be successfully decontaminated
with disinfectants; therefore they should be disinfected daily.
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INTRODUCTION:

Microbial requirements in hygiene are essential for a healthy life. People usually think that
microbes only exist in hospitals or in clinics and research laboratories; hence they have deceptive
feelings of safety in other places. The reason for health issues could be the lack of information

about the place where germs occur (1).

Computers are extensively used in every element of our leisure, residential and occupational
surroundings. In colleges, students have 100% access to computers, 92.1% frequently use the
internet and 73% usually access e-mails (2). Most universities have developed multiple user
computer laboratories on campus for regular student access to accommodate the widespread use
of computer technology. As the prevalence of such services rises, there is a need to understand
that computer apparatus might act as a reservoir for the spread of possibly harmful or pathogenic
microbes (3).

Several researches have confirmed the microbial contamination of computer equipment. William
(4) stated plausible pathogens such as Micrococcus, Staphylococcus, Bacillus and Diphtheria

species in greater than 50% of the computer systems (4,5,6).

The capability of computer to be fomites have been earlier documented in health care on hospital
surroundings (7,8). Previously, the role of keyboards in non-hospital surroundings as infectious
agent reservoirs has been proven (9). Since the keyboard is continuously in contact with human
hands there will frequently be a move of things leaving the hands and entering the keyboards, or
vice versa, because of a symptomatic presence of various bacteria such as Methicillin-resistant
Staphylococcus aureus (MRSA) in people are rising together with different pathogenic microbes
(10,12).

Unfortunately, scientific data regarding the prevalence of bacteria on a variety of items outside
the healthcare services is really limited and it must be enhanced to aware individuals on the need
of improving the habit of handwashing to decrease microbial transmission (9). Even though our
perception about the omnipresence of microbes in the surroundings is evolving, the threat of
contamination posed by using the computer keyboard and mouse devices is until now not

completely comprehended (12).
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Because most medical students in university in Duhok are studying in both university campus
and teaching hospitals in Duhok city, this mean that they are in the danger of transmitting
pathogen between these two locations. Therefore, the current study aimed to inspect the quantity
and nature of contaminating bacteria on the keyboards and mouse devices of computers
presented at administrative units and internet centers of the medical colleges in Duhok
University. Since ethanol is available as a common and inexpensive disinfectant, evaluating the
efficacy of ethanol (70%vV/v) in removing or inactivating the studied organisms on the keyboards
and mouse devices is another objective of this study, in order to present a suitable strategy for

removing this contamination to prevent incidence of nosocomial infections.
MATERIAL AND METHODS:
Collection of samples:

This study was carried out in the Department of Microbiology at the Nursing College, University
of Duhok, Iraq, from March to August 2019. A total of 100 swabs were obtained from computer
keyboards (50 swabs) and computer mouse devices (50 swabs) at administrative units and
internet centers of the following medical colleges in university of Duhok, Colleges of Medicine,
Dentistry, Pharmacy and Nursing.

A single sterile cotton swab per component (keyboard or mouse) was moistened by dipping it in
sterile normal saline. Moistened swabs were wiped firmly over the entire surface of the specific
object. To enhance the growth of microorganisms, the swab was immediately inoculated into a
tube containing nutrient broth and incubated at 37°c /24 hours in an aerobic atmosphere.

Subsequently, the entire locations were disinfected using commercially available disinfectant
with active ingredients ethanol (70% v/v), and after 10 minutes, Another 100 Swabs from the

keyboards (50) and mouse (50) were carried out the same way.
Isolation of samples:

Samples were sub-cultured on solid media such as: Nutrient agar medium, Blood base agar (for
growth of fastidious bacteria), and Mannitol Salt agar (for Staphylococci), then were labeled and

put inside the incubator for 24 hours at 37C. In addition to the culture examinations, pure
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bacterial cultures were diagnosed by means of microscopic examination. Gram staining was used
for differentiation between Gram-positive and Gram-negative bacteria, and also for

determination of the size, shape, and specific arrangement of observed pure solitary colonies.
Identification of microorganisms:

Isolated bacteria were confirmed depending on colonies features, Gram stain, followed by the
pattern of biochemical reactions. In this research, the number of isolated microorganisms was
determined before disinfection and compared with the number of microorganisms isolated after
disinfection: the difference was expressed as a percentage of contamination reduction on tested

surfaces after disinfection.
RESULTS:

Before disinfection, a total of 100 swabs (50 from computer keyboards and 50 from mouse
devices) were collected and examined for the presence of bacteria. All the samples collected
(100%) yielded growth; however, the extent of contamination varied. Six bacterial isolates were
detected including Bacillus spp. which recorded the highest contamination rate (29.92%) in
keyboards and (33.33%) in mouse devices, while Streptococcus spp. had a lowest percentage
(0.79%) in keyboard and (0.0%) in mouse devices. The numbers and frequency of each isolated

bacteria on keyboard and mouse devices are presented in Table Number 1.

Table No. 1: Frequency of bacterial occurrence in computer keyboards and mouse devices

Microorganisms Keyboard Mouse
No. (n=50) No. (n=50)
No. % No. %

Bacillus spp. 38 29.92 26 33.33
Staphylococcus epidermidis 36 28.35 20 25.64
Staphylococcus aureus 25 19.69 11 14.10
Escherichia coli 16 12.60 17 21.79
Klebsiella spp. 11 8.66 4 5.13
Streptococcus spp. 1 0.79 0 0.00
Total No. of bacterial isolates 127 100 78 100
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After disinfection, in all isolated bacteria taken from keyboard and mouse surfaces, a reduction
of microbial contamination was observed. Simple disinfection using antimicrobial wipe was
followed by elimination of the number of bacteria to zero in (84.39%) of both keyboards and
mouse devices, which is a statistically significant difference (p<0.005). The numbers and
frequency of each isolated bacteria on both keyboard and mouse are presented in Table Number
2.

Table No. 2: Percentage evaluation of bacteria isolated from keyboard and mouse surfaces

before and after disinfection and reduction of contamination.

Before After )
) o ) - ) Reduction of the
Type of Isolated Bacteria Disinfection Disinfection o
Contamination
(N.100) (N.100)
Bacillus spp. 64 (31.22%) 14 (43.75%) 78.13%
Staphylococcus epidermidis 56 (27.32%) 9 (28.13%) 83.93%
Staphylococcus aureus 36 (17.56%) 6 (18.75%) 83.33%
Escherichia coli 33 (16.10%) 3 (9.38%) 90.91%
Klebsiella spp. 15 (7.32%) 0 (0.00%) 100%
Streptococcus spp. 1 (0.49%) 0 (0.00%) 100%
Total 205 (100%) 32 (100 %) 84.39%

Post disinfection, the numbers of bacteria on computer equipment surfaces decreased radically
by (78.13%) in the case of Bacillus spp. and almost identically by (83.93% and 83.33%) in the
case of Staphylococcus epidermidis and Staphylococcus aureus respectively, the decrease in
Escherichia coli was (90.91%). In the case of Klebsiella spp and Streptococcus spp. microbial

contamination of keyboards and mouse devices was reduced after disinfection by 100%.

Our results confirmed the efficacy of a simple cleaning with disinfectant wet wipe with ethanol

70% in reduction of bacterial contamination.
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DISCUSSION:

The increased multiple and single use of computer accessories among students and
administration staff in the university is playing an important role in our life and could help in
spreading the potential pathogenic organisms in the university surroundings.

In the current study, (100%) of examined computer keyboards and mouse devices were
contaminated by bacterial agent. All of them were having one or more organisms. Similar studies
have been done by Alemu (13) and Amer (14) showed that (100%) of the tested computer
keyboards and mouse devices were contaminated with mixed growth.

Our data represent that Bacillus spp. had the highest incident with a percentage frequency of
occurrence of (31.22%). This result is compatible with the results received by Rhman R.H.A (7)
who reported Bacillus spp. as the highest bacteria isolated from his study. The isolation of
Bacillus spp. proves the abundant nature of this bacteria giving it the capability of its spores to
withstand climate alterations and increased colonization ability (15). Therefore, on the basis of
present and previous studies, it can be concluded that Bacillus spp. are the major flora of

computer accessories.

Generally, Bacillus species were the predominant isolate. The second most frequent bacterial
growth in all samples was Staphylococcus epidermidis (27.32%) which is a usual inhabitant of
the epidermis however it could sometimes anticipate an opportunistic infectious agent function in

producing inflammations to people, like endocarditis (16).

Potential pathogenic such as Staphylococcus aureus were also isolated but in lower frequencies
(17.56%), in Saudi Arabia, a study published by Al-Ghamdi (1) has nearly similar results. There
is every risk of presenting Staphylococcus aureus on to the interface since computer users
continuously touch the interface and frequently sneeze (17). This bacterium has the greater
concern because of its virulence, and it is able to cause various types of life-threatening

infections.

In the present study, the percentages of gram-negative bacilli such as Escherichia coli and
Klebsiella spp. were (16.10%) and (7.32%); respectively. This bacterium is one of the most

prevalent organisms in human faces, and consider as indicator of fecal contamination (15). Also,
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the present of these enteric bacteria is a direct indicator that other Enterobacteriaceae could be

carried on computer accessories.

Additional possibly pathogenic bacteria were also isolated from keyboards of the multiple users
(students) and single user administration units (staff) computers, which were not noticed on the
mouse devices of the same workplaces. Of specific interest was the isolation of Streptococcus

species (0.49%) which point out the probability of mouth contamination (18).

Moreover, the greater reduction in the number of all isolated bacteria after disinfection in both
keyboards and mouse devices was notable. Many studies have indicated that computer
equipment are ponderously bacterial contaminated and serve as a recurrent cause of infection in

colleges and hospitals (19, 20).

Our study reveals that microbial pollution of computer keyboards and mouse devices is repeated
and the most common organisms are skin commensalism. The existence of potentially
pathogenic bacteria such Escherichia coli, Staphylococcus aureus and Bacillus spp. represent a

threat of infection particularly for immunocompromised individuals (21).

In a study published by Neely (22) they showed that computer accessories have been also
implicated as a potential reservoir for infectious agents. Since computers are not routinely
disinfected, the possibility for the transmission of contaminating microbes is probably great.
Inadequately performed hand hygiene and not disinfected surfaces are two causes why the
computer keys could be the sources of microbial contamination, consequently resulting in
indirect transmission of potential pathogens (23).

Subsequent standardly performed disinfection with sterilization wipes that contain active
ingredient such as Ethanol (70% v/v). The disinfectant tested was highly effective deactivating or
removing pathogens, including the six examined bacterial isolates, in 10 min application with a
wipe. According to our results, the reduction of contamination to zero was achieved in computer
keyboards and mouse devices for both Klebsiella spp. and streptococcus spp. which is the
highest contamination reduction (100%), Followed by Escherichia coli with contamination
reduction (90.91%), while staphylococcus epidermidis and staphylococcus aureus have almost
similar contamination reduction with (83.93% and 83.33%) respectively. On the other hand, the
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lowest contamination reduction was for Bacillus spp. (78.13%). Bacterial response to
disinfectant might vary depending on the specific disinfectant together with that of the specific

organism (24).

The most commonly used disinfectant in microbiology laboratory is Ethanol, chlorhexidine,
Dettol and soap (25,26). Ethanol, as a dehydrating agent causes cell membrane damage,

denaturalization of protein and cell lyses (25,27).

The current study was undertaken to assess the bacteriological contamination of computer
equipment and their susceptibility patterns to commonly used disinfectant wipes with active
ingredient Ethanol (70%v/v). Adequate hand-washing as well as using disinfectant wipes once
daily for computers hardware can decrease the possibility of contamination and spreading of

bacterial pathogens through these devices (22).

According to current study, we confirmed that all collected samples from multiple and single
user computer keyboards and mouse devices show countless bacteria which is similar to other
studies (14,4). These microorganisms are related with many diseases such as nosocomial,

gastrointestinal and urinary tract infections (2).

In addition, this study confirmed the efficacy of a simple cleaning with disinfectant wet wipe
with Ethanol 70% in reduction of bacterial contamination which is compatible with other studies
(21,28).

CONCLUSION:

In summary, this study has revealed that the bacterial contamination of computer accessories
might be a regular mechanism of transmission of possibly pathogenic bacteria among users. The
degree of knowledge among computer users about the existence of microorganisms on computer
equipment and their sanitation is really poor. Public awareness programs must be motivated and
hand hygiene before and after the use of computers should be performed by college students.
This study confirmed that using commercially available disinfectant wet wipes can decrease the

existence of microbes on devices of daily use like computer hardware.
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