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Abstract

including education, entertainment, and communication.

Background: Computers and other electronic devices are a requisite aspect of people’s lives globally for multiple purposes,

Objectives: This study investigated the bacterial contamination of desktop computer keyboards (as a reservoir of pathogens) in
different departments of Mazandaran University of Medical Sciences, Sari, Northern Iran, from September 2018 to February 2019.
Methods: In this descriptive cross-sectional study, samples were obtained from computer keyboards with sterile swabs and cultured
on blood agar and eosin methylene blue agar. Standard microbiological methods were used to identify bacterial isolates. Then, the
antimicrobial susceptibility testing of the isolates was performed using the Kirby-Bauer method based on the CLSI procedure.
Results: In total, 58 bacterial strains were isolated from the collected samples. The isolates included 23 (39.7%) Staphylococcus
epidermidis, 15 (25.9%) Staphylococcus aureus, 14 (24.1%) Bacillus spp., 3 (5.2%) Klebsiella pneumoniae, 2 (3.4%) Pseudomonas aeruginosa,
and 1 (1.7%) Escherichia coli. All Gram-positive bacteria were resistant to penicillin, whereas the most resistance rate among
Gram-negative bacteria was observed against ciprofloxacin, ceftazidime, and cephalothin.

Conclusions: Due to the presence of opportunistic pathogens on computer keyboards, personal hygiene and periodic cleaning of
keyboards with disinfectants is necessary to prevent the further spread of these bacteria.
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1. Background

Computers, smartphones, and laptops are electronic
devices that receive information and provide results more
quickly and accurately after analysis (1, 2). The bacterial
contamination of computer keyboards is high due to a
large number of users and their hands-on connections
with the keyboards. This bacterial contamination is
observed worldwide, even in developed countries
(3). Pathogenic microorganisms may be present in
the environments, on surfaces, and on fomites, and
the hands play a major role in transmitting them (4).
Many pathogenic bacteria, such as Staphylococcus aureus,
coagulase-negative Staphylococci, Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Escherichia coli, can survive
on the keyboards for a long time, causing numerous

infections (5). The keyboards always act as bacterial
sources due to the frequent contact with the users’ skin
(6, 7). Also, coughs and sneezes can infect computers,
phones, and desktop components with various bacteria
and viruses(8). Contamination of the keyboard and mouse
is a potential health threat, posing a serious problem and
transmitting the bacteria from person to person (9). In
the United States, different bacterial strains have been
isolated from computer keyboards and detected as the
cause of approximately 25% of nosocomial infections (1).
Antibiotic-resistant bacteria can exist on the surface of
computers, especially keyboards (9).
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2. Objectives

Given the key role of computer keyboards in
transmitting antibiotic-resistant bacteria, we aimed
to investigate the profiles and antimicrobial susceptibility
patterns of bacteria isolated from computer keyboards
in different sections of Mazandaran University of Medical
Sciences, Sari, northern Iran.

3. Methods

3.1. Sampling and Identification Procedure

In this descriptive cross-sectional study, 58 bacterial
strains were isolated from computer keyboards in the
teachers’ rooms, laboratories, faculties’ information
technology (IT) sites, and office rooms in educational
deputies, libraries, and classrooms. The surface of
computer keyboards was sampled using sterile swabs
moistened with physiological saline. The swabs were
then transferred to a tube containing trypticase soy
broth (TSB) (Merck, Germany) and incubated for 24
h at 37°C. Then, the samples were cultured on blood
agar and eosin methylene blue agar (Merck, Germany).
The colonies grown on culture media were smeared
and underwent Gram staining for initial bacterial
identification. Then, the bacteria were identified using
routine bacteriological tests, including the ability to
grow on MacConkey (MAC), oxidase, catalase, lactose
and glucose fermentation, citrate consumption, indole
production, methyl red/Voges-Proskauer (MRVP) test,
lysine decarboxylase, H,S production, coagulase, glucose
fermentation, susceptibility to lysostaphin, novobiocin,
and bacitracin, production of hemolysis on blood agar,
growth in the presence of bile and esculin hydrolysis, and
growth in the presence of 6.5% NaCl (10).

3.2. Antimicrobial Susceptibility Testing

Susceptibility patterns of the isolates were determined
by the disk agar diffusion method according to the
Clinical and Laboratory Standards Institute (CLSI)
guidelines (11).  Antibiotics used included amikacin
(30 ug), gentamicin (10 wug), ciprofloxacin (5 ug),
ceftazidime (30 pg), nitrofurantoin (10 pg), co-trimoxazole
(25 pg), vancomycin (30 pg), erythromycin (15 pg),
chloramphenicol (30 pg), penicillin (10 pg), and
cephalexin (10 ug) (MAST, UK). The quality control strains
for susceptibility testing were S. aureus ATCC 29213, P.
aeruginosa ATCC 27853, and E. coli ATCC 25922.

4. Results

After culture and standard microbiological tests, 58
bacterial isolates were identified, including 52 (89.7%)
Gram-positive and six (10.3%) Gram-negative isolates.
Among the Gram-positive isolates, 23 (44.23%) were S.
epidermidis, and 15 (28.84%) were S. aureus. However,
among the Gram-negative isolates, there were 3 (50%) K.
pneumoniae isolates and 2 (33.33%) P. aeruginosa isolates.
Notably, 21 (36.2%) bacterial isolates were potential
pathogens, including P. aeruginosa, K. pneumoniae, E.
coli, and S. aureus, while 37 (63.79%) isolates belonged to
skin flora, including S. epidermidis and Bacillus spp. (Table
1). The antibiotic susceptibility pattern of the isolated
bacteria is shown in Table 2. Our findings showed that
among the identified Gram-negative bacteria, all E. coli
isolates were sensitive to all tested antibiotics. In this
study, 100% of Gram-positive isolates were susceptible
to all tested antibiotics, except chloramphenicol and
nitrofurantoin. Table 3 shows the antibiotic resistance
patterns of the Gram-positive bacteria isolated from the
computer keyboards in different faculties. According
to this table, the Gram-positive bacteria isolated from
the computer keyboards of the Dental, Nursing, and
Midwifery Schools were not resistant to any antibiotics
except penicillin. Table 4 shows the antibiotic resistance
rate of the Gram-negative bacteria isolated from computer
keyboards of different schools. According to Table 5, the
multi-drug resistant (MDR) phenotype was higher among
Gram-negative bacteria than in Gram-positive bacteria.
However, 1 (50%) isolate of P. aeruginosa was detected as
MDR bacteria (resistance to at least 3 antibiotics from
different classes) (12). This MDR bacillus was isolated from
the keyboard of a computer located in the laboratory of
the Medical School. Also, 1 (4.34%) S. epidermidis isolated
from a computer in the Department of Medical Education
of Allied Medical School and 1 (6.66%) S. aureus isolated
from a computer in the IT Department of Health School
were MDR.

5. Discussion

The results showed that S. epidermidis, Bacillus species,
and S. aureus were the most common bacterial agents
contaminating computer keyboards.  These results
are consistent with other studies in our region and
neighboring and non-neighboring countries (3, 13, 14).
In a study conducted by Awe et al. at Salem University,
Lokoja, Nigeria, similar to our research, they found
numerous microorganisms on the keyboard and mouse
of the computers in the university library (15). However,
in our study, no bacteria were observed in the library of
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Table 1. Frequency of Isolates Recovered from Computer Keyboards Based on Schools and Sources of Samples *

Bacterial Isolates from Each No. (%) Laboratories  Teachers’ Rooms Classrooms Office Rooms Library Information Technology
School Site

Medicine (n=11)

Staphylococcus aureus 3(27.27) - 1(33.3) 1(33.3) 1(33.3) - °
Staphylococcus 2(18.18) - - 1(50) - 1(50) -
epidermidis

Bacillus spp. 3(27.27) 2(66.6) - - - - 1(333)
Klebsiella pneumoniae 1(9.09) 1(100) - - - - -
Pseudomonas 2(18.18) 1(50) 1(50) - - - -
aeruginosa

Allied Medicine (n=7)

S. aureus 1(14.28) - 1(100) - - - -
S. epidermidis 5(71.42) 1(20) 1(20) 1(20) 1(20) - 1(20)
Bacillus spp. 1(14.28) - - 1(20) - - -

Dentistry (n=8)

S. aureus 3(37.5) - - 1(333) 1(33.3) - 1(33.3)
S. epidermidis 4(50) 1(25) 2(50) - - 1(25) -
Bacillus spp. 1(12.5) - - 1(100) - - -

Pharmacy (n=9)

S. aureus 3(33.33) - - 1(333) 1(333) 1(333)

S. epidermidis 2(22.22) - - 1(50) - - 1(50)
Bacillus spp. 3(33.33) 1(33.3) 2(66.7)

K. pneumoniae 1(11.11) 1(100) - - - - -

Health (n=9)

S. aureus 5(55.55) 1(20) 1(20) - 1(20) 1(20) 1(20)
S. epidermidis 2(22.22) - 1(50) - - 1(50) -
Bacillus spp. 2(22.22) - 2(100) - - -

Nursing (n=7)

S. epidermidis 3(42.85) 1(33.3) 2(66.7) - - - -
Bacillus spp. 2(28.57) = - 1(50) 1(50) = =
K. pneumonia 1(14.28) - - - - - 1(100)
Escherichia coli 1(14.28) - - 1(100) - - -

Midwifery (n=7)

S. epidermidis 5(71.42) - 2(40) 2(40) - - 1(20)
Bacillus spp. 2(28.57) - - - 1(50) 1(50) -
Total (58) 10 14 14 7 6 7

? Values are expressed as No. (%).
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Table 2. Antibiotic Resistance Pattern of Gram-Positive and Gram-Negative Bacteria Isolated from Computer Keyboards

Antibiotics and No. (%) of Resistance Rate Among Different Bacterial Isolates
Classes Staphylococcus Staphylococcus Bacillus spp. (n= Klebsiella Pseudomonas Escherichia coli (n
aureus (n=15) epidermidis (n= 14) pneumoniae (n= aeruginosa (n=2) =1)
23) 3)

Nitrofurantoin

R 2(133) 1(4.3) 1(7.1) -

S 16 (86.7) 22(95.7) 12(95.7) 3(100) 2(100) 1(100)

I B - 1(7.1) -
Chloramphenicol

R 1(6.7) 1(4.3) 1(7.1) -

S 14(93.3) 22(95.7) 13(92.9) 3(100) 2(100) 1(100)
Gentamicin

R - - - -

S 15 (100) 23(100) 14 (100) 3(100) 2(100) 1(100)
Vancomycin

R - - - -

S 15 (100) 23(100) 14 (100) -
Penicillin

R 14(93.3) 22(95.7) 10 (71.4) -

S 1(6.7) 1(4.3) 4(28.6) -
Amikacin

R - - - -

S - - - 3(100) 2(100) 1(100)
Ceftazidime

R - - - 1(33.3) 2(100)

S - - - 2(66.7) - 1(100)
Ciprofloxacin

R ; . o - 2(100)

S 15(100) 23(100) 14 (100) 3(100) - 1(100)

Co-trimoxazole

R - - - -

S 15(100) 23(100) 14 (100) 3(100) 2(100) 1(100)
Cephalothin

R - - - 1(333) 1(50)

S 15(100) 23(100) 14 (100) 2(66.7) 1(50) 1(100)
Erythromycin

R - - - -

S 15 (100) 23(100) 14 (100) -

Abbreviations: R, resistant, I, intermediately resistant, S, susceptible.
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Table 3. Antibiotic Resistance Pattern of Gram-Positive Bacteria from Different Faculties

Antibiotics and No. (%) of Resistance and Susceptibility Rate of Gram-Positive Bacteria Isolated from the School of
Classes Medicine (n=8) Allied Medicine Dentistry(n=8)  Pharmacy(n=8) Health(n=9) Nursing(n=5) Midwifery(n=7)
(n=7)

Nitrofurantoin

R 1(12.5) 1(14.3) - 1(12.5) 1(11.1) - -

S 7(87.5) 6(85.7) 8(100) 7(87.5) 7(77.8) 5(100) 7(100)

I @ - - - 1(11.1) - -
Chloramphenicol

R - 1(14.3) - 1(12.5) 1(111) - -

S 8(100) 6(85.7) 8(100) 7(87.5) 8(88.9) 5(100) 7(100)
Gentamicin

R - - - - - -

S 8(100) 7(100) 8(100) 8(100) 9 (100) 5(100) 7(100)
Vancomycin

R - - - - - - -

S 8(100) 7(100) 8(100) 8(100) 9(100) 5(100) 7(100)
Penicillin

R 6(75) 7(100) 8(100) 5(62.5) 8(88.9) 5(100) 7(100)

S 2(25) - - 3(37.5) 1(11.1) - -
Ciprofloxacin

R - - - - - - -

S 8(100) 7(100) 8(100) 8(100) 9(100) 5(100) 7(100)
Co-trimoxazole

R - - - - - -

S 8(100) 7(100) 8(100) 8(100) 9 (100) 5(100) 7(100)
Cephalothin

R - - - - - - -

S 8(100) 7(100) 8(100) 8(100) 9(100) 5(100) 7(100)
Erythromycin

R - - - - - -

S 8(100) 7(100) 8(100) 8(100) 9(100) 5(100) 7(100)

Abbreviations: R, resistant; I, intermediately resistant; S, susceptible.
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Table 4. Antibiotic Resistance Pattern of Gram-Negative Bacteria in Different Faculties

Antibiotics and No. (%) of Resistance and Susceptibility Rate of Gram-Negative Bacteria Isolated from the School of
Classified

Medicine (n=3) Allied Medicine Dentistry (n=0) Pharmacy (n=1) Health (n=0) Nursing (n=2) Midwifery (n=
(n=0) 0)

Nitrofurantoin

R - - - - - - -

S 3(100) 1(100) 2(100) -
Chloramphenicol

R 3(100) - - 1(100) 2(100) -

S - - - - - - -
Gentamicin

R - - - - - - -

S 3(100) - - 1(100) - 2(100) -
Amikacin

R - - - - - -

S 3(100) - - 1(100) - 2(100) -
Ceftazidime

R 3(100) - - - - -

S - - - 1(100) - 2(100) -
Ciprofloxacin

R 2(66.7) - - - - -

S 1(33.3) - - 1(100) - 2(100) -
Co-trimoxazole

R - - - - - -

S 3(100) - - 1(100) - 1(100) -
Cephalothin

R 2(66.7) - - - - .

S 1(333) - - 1(100) - 2(100) -

Abbreviations: R, resistant; I, intermediately resistant; S, susceptible.

Table 5. Prevalence of Resistance to Several Antibiotics Among Bacterial Isolates

No. (%) of Isolates Resistant to

Bacteria

No Drug 1Drug 2 Drugs 3 Drugs 4 Drugs
Staphylococcus epidermidis (n =23) 1(4.34) 21(91.30) - 1(4.34) -
Staphylococcus aureus (n=15) - 14 (93.33) - 1(6.66) -
Bacillus spp. (n=14) 3(21.42) 10 (71.42) 1(7.14) - -
Klebsiella pneumonia (n=3) 2(66.66) - 1(3333) - -
Pseud, aerugi (n=2) - - 1(100) 1(100) -

Escherichia coli(n=1) - - - - -
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the Allied Medical School. According to our review, the
reason was the frequent use of disinfectants for book
surfaces and shelves in the library. Disinfectants play an
important role in the control of bacteria, as other studies
on microbial contamination of computer keyboards and
mobile handsets have confirmed the role of disinfectants
such as ethanol in reducing and even killing bacteria (1,
16, 17). Also, the Medical School Laboratory showed the
highest prevalence of Gram-positive/negative bacteria
in the present study, so that even P. aeruginosa, as an
opportunistic pathogen, was isolated from the computers
of this laboratory. This may be due to the use of clinical
samples sent to the laboratory for research projects and
training of medical students. The prevalence of Bacillus
spp. in this study was also consistent with other studies (3,
13). This Gram-positive bacterium is found as saprophytes
in soil, water, and air and is transmitted by hand (18).
Besides, S. aureus is a natural skin and nose flora that
causes numerous infections. In our study, 25.9% of the
identified isolates were S. aureus. Two other studies from
Nigeria and Iran also reported 39% and 23% contamination
rates of computer keyboards with S. aureus, respectively
(16, 19). They also pointed out that the computer emits
radiation that is effective on microorganisms and that the
abundance of S. aureus on the computer keyboard could be
due to its high tolerance against the radiation emitted by
the computer (20). A study by Mehdinejad et al. from Iran
reported Bacillus spp., coagulase-negative Staphylococci,
S. aureus, and Enterobacteriaceae, similar to our study,
although their isolates were collected just from the School
of Medicine (13). This outbreak could be due to the close
contact of medical students with patients in educational
hospitals and the possibility of bacterial transmission
to computer keyboards. Bacterial contamination of
the keyboards has posed a threat to public health so that
according to researchers, the bacteria grown on keyboards
of the computers are more dangerous for human health
(2). In another survey from Sudan, coagulase-negative
Staphylococci were isolated in 56% of cases, which was
higher than our study (21). It should be noted that their
isolates were collected from the elevator keypad, while
these devices are more contaminated due to wider and
frequent skin contact. When sampling is similar, the
type and prevalence of the bacteria are usually somewhat
similar. However, the prevalence of S. epidermidis, Bacillus
spp., S. aureus, and P. aeruginosa in our study is very close
to research performed by Alemu et al. in Ethiopia (3).

On the other hand, in a study conducted in a dental
educational institution in Mashhad, northeastern Iran,
only normal flora bacteria were isolated from the control
population of non-medical persons (22). In addition, the
computers in the classrooms and the teachers’ rooms
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were the most contaminated computers in this study.
The presence of bacteria such as S. aureus, P. aeruginosa,
and E. coli on the keyboards of these computers could
be due to the high level of communication between
professors and laboratories and the possibility of bacterial
transfer to the computers of their rooms and classrooms.
This result demonstrates the need for frequent and
proper hand disinfection of professors; also, because 1
of the P. aeruginosa isolates was MDR, it may be a serious
health hazard. In the present study, all Gram-negative
isolated bacteria were susceptible to amikacin and
gentamicin, consistent with the study by Mohammed
(23). Also, Gram-negative bacteria showed no resistance
to nitrofurantoin, chloramphenicol, gentamicin,
amikacin, and co-trimoxazole. These results suggest that
environmentally sensitive strains may have contributed
to these infections. As an argument, the Gram-negative
bacteria isolated from the keyboards of the computers
in our study, except in the Medical School, were resistant
only to chloramphenicol, and 100% of the isolates were
sensitive to the rest of the tested antibiotics. The only
concern of the present study was about P. aeruginosa,
where both isolates were resistant to ceftazidime and
ciprofloxacin, 1 of which was MDR.

On the other hand, Gram-negative bacteria isolated
from the Medical School’s computer keyboards showed
significant resistance rates to chloramphenicol,
ciprofloxacin, ceftazidime, and cephalothin. Furthermore,
multiple drug resistance phenotypes and antibiotic
resistance rates were higher in Gram-negative than in
Gram-positive bacteria, consistent with an earlier study
(3). Also, in this study, the highest antibiotic resistance was
observed among Gram-positive isolates against penicillin,
while no resistance was found to gentamicin, vancomycin,
co-trimoxazole, cephalothin, and erythromycin, which
was concordant with a study in Ethiopia (3). We observed
that Gram-positive bacteria isolated from the keyboards
of computers in Dental, Nursing, and Midwifery Schools
showed no resistance to antibiotics, except penicillin.
The higher resistance to penicillin was probably because
most Gram-positive isolates (73.07%) were Staphylococci,
which are no longer sensitive to penicillin due to the high
production of beta-lactamases (24). Moreover, 1 (4.34%)
isolate of S. epidermidis, 1(6.66%) isolate of S. aureus, and 1
(7.14%) isolate of Bacillus spp. were MDR.

Regarding the presence of Bacillus spp. on inanimate
surfaces, the prevalence in the previous study by Sedighi
et al. was lower than in our study, whereas they evaluated
only cell phones (25). This may be because the cell phone
is a personal device, so people feel more responsible
for cleaning it. Considering the results of the current
study and other studies, as well as the worrisome
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prevalence of coronavirus in the current period, we
suggest the observance of personal hygiene and the use of
disinfectants such as quaternary ammonium compounds
toclean computer keyboards and other inanimate surfaces
and the hands of users who are more connected with these
surfaces.
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