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Abstract
The occurrence and virulence markers of bactesalates from Automated Teller
Machine Keypads (ATM), Computer Keyboards (CK) &@amputer Mice (CM) were
determined using standard bacteriological methdds. susceptibilities of the isolates to
antibiotics and disinfectants (Savlon, Dettol agdrbgen peroxide) were determined by
disc diffusion techniques. The bacterial isolatastlee 12 CMs from cyber cafés were
Staphylococcus aureu®58.3 %) Bacillusspp 5 (41.7 %)Staphylococcus epidermidis
(33.3 %),Streptococcuspp 4 (33.3 %)Escherichia col (16.7 %),Enterococcuspp 2
(16.7 %) and®seudomonas auregino$&.3 %).S. aureusvas the predominant bacterial
isolate from CKs and ATM keypads, whikacillus spp. had the lowest percentage of
occurrence.A total of 23 (47.9 %) CKswab samples had single bacterial growth, while
25 (52.1 %) had mixed bacterial flor®f the 12 CM from cybercafés, 3/12 (25.0 %)
showed growth of single bacterial isolate, whilg12 (75.0 %) had mixed bacterial
growth. More than 52 %S aureus, Streptococcuspp andEnterococcusspp were
sensitive to ofloxacin and streptomycin, white 39.1 % E coli were resistant to
ceftriaxone and ampicillin. The results showed thetiveen 46/146 (31.5 %) and 61/146

(41.8%) of the isolates produced DNase, TNase amglase. Of the 73/ 1460.0 %)



lipase producing bacterial isolates, the widesarckone was observed on the tributyrin
agar plate containin@. aureusSA-C2. More than 21.9 % bacterial isolates produce
capsules, haemolysins, caseinase and gelatinadenShowed the highest antibacterial
activities than Dettol and hydrogen peroxide. Thhghést and lowest inhibitory zones
were observed in the plates containihgaureginos@PA-B2 andS. aureussA-A6 having
the mean + SD of 14.0 £ 0.5 mm and 6.4 + 1.2 mrepeetively. The ATM, computer
keyboards and mice harboured multidrug resistarhoggnic bacteria that may be
transferred to / among the users and Savlon coallfirét choice of disinfectant for the
cleansing / disinfecting of these fomites.
Key words. Bacteria, ComputerAutomated Teller Machine, Virulenc&isinfectant,
Antibiotics, Uyo.

Introduction

Globally, the necessity of computer in mauous recognized specialties
(Accounting, Medicine, Engineering and Microbiologyc) has been a fundamental
purpose for the never-ending proliferation of cotepwsage. Computers have become a
central component in business offices, cyber cdfesks for improved and effective
reports [1]. Providers of services in businessceff, cybercafés and banks move back
and forth, between computers and customers whilengethe customers as part of daily
routine [1].

In Nigeria and other parts of the worlde use of Automated Teller Machine
(ATM), a self-service computerized telecommunicataevice, that dispenses cash and
carry out some human teller functions such as leal@anquiry and bills payments, has

overwhelmingly increased [2, 3]. The ability ofngputer key-boards, mice and other
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inanimate objects to support micro-organisms faolggrged period of time is well
documented [4, 5]. Scientific investigations habhewn that frequently used interfaces
such as computers, telephones and ATM keypads @entml sources of infectious
bacteria such aStaphylococcus aureus, Streptocaosep. Escherichia coliandBacillus
spp [6, 7]. The colonization of inanimate objeatsls as the ATM keypads, computer
keyboards and computer mice by viable pathogenarayorganisms have been reported
[6, 8, 9]. Since these fomites are not routinelirdected, they may serve as vehicles in
transmission of pathogenic micro-organisms eithegctly by surface to mouth contact
or indirectly by contamination of fingers and sulpsent hand to mouth contact [6, 10].
Antimicrobial resistance is a global pbem®non that has resulted in high

morbidity and mortality as a result of treatmernituf@s and increased health care costs
[11]. Several studies have shown the occurrenaauwfidrug resistant bacterial isolates
on external surfaces of computer keyboard, compuiee and ATM [6, 9, 12]. Some
micro-organisms possess virulence factors that reséhaor contribute to their
pathogenicity [11, 13]. These virulence factorshsas toxins, cell surface protein and
hydrolytic enzymes are frequently involved in theedt interaction with the host tissues
or in concealing the bacterial surface from thetsodefense mechanism [13, 14, 15].
The quality of cleaning services is a vital corafitiin the prevention and control of
microbial spread, as well as the type of disinfetdaused to reduce risks of infection
[16].

This study aimed at determining the virulenwrkers and susceptibilities of bacterial
isolates from Automated Teller Machine Keypads (ATMomputer Keyboards (CK)

and Computer Mice (CM) to antibiotics and some caruially- available disinfectants.
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Materialsand Methods
Description of Study Area

Uyo is a city in South-Southern Nigeria amthe capital of Akwa Ibom State. Akwa
Ibom State shares boundaries with Abia, Cross RiadrRivers States. The population is
estimated to be about 451,128. Uyo is located baiwatitudes 5° 02' 37" North and
longitudes 7° 54' 06" East. There are many hospitadrtiary institutions, colleges,

markets, restaurants, banks, cyber cafés and lagsieatres in Uyo.

Ethical Permission

The consent and permission of the operatmis@anagements of the business centres
and cyber cafés were obtained in order to carrytlustresearch work. Consequently, the
confidentialities of the information obtained wéuept.
Collection and Bacteriology of Samples

A total of seventy-two (72) swab samples ¢stitgy of computer mice swab samples
(n=36) and computer keyboards (number / letter kegacebar key, enter key, control
key and other keys) swab samples (n=36) were atairom business centres, cyber
cafés and those that were personally used (persongbuters). Twelve (12) automated
teller machines keypads (cancel key, enter kewrdtey, number keys etc) were also
aseptically swabbed with commercially availablerildeswab sticks moistened with
sterile normal saline solution (Figures 1-3). Eaalab obtained was inoculated onto each
test tube containing 2 ml nutrient broth and adl #amples were taken immediately to the
microbiology laboratory for bacteriological analysiEach swab sample in the tube
containing nutrient broth was vortexed and 0.1 nalswnoculated onto each plate of

blood agar, chocolate agar, MacConkey agar, mdnsatb agar, nutrient agar, eosine
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methylene blue agar and aerobically incubated at°@7for 24 hr. Cultures were
considered negative if no growth was detected wig#l - 48 hr of incubation. Bacterial
colonies varying in shape, size and colour werd&gqulcfrom the different plates using
wire loops, subcultured onto plates of nutrientraagad aerobically incubated at 32 for
24 hr. After incubation, pure colonies of isolatdstained were streaked onto nutrient
agar slants, incubated at 7 for 24 hr and stored in the refrigerator atC4 for
characterization and identification. All isolat@ere subjected to Gram staining, motility
test, biochemical tests (citrate utilisation, uegasagulase, oxidase, indole, methyl red
and Vogues Proskauer) and sugar fermentation {ghisose, sucrose, mannitol and
lactose) using standard techniques described Q¥ 817
Antibiotic and Disinfectant Susceptibility of the Bacterial |solates

The susceptibility of the bacterial isofat® antibiotics (10 pug Penicillin; 30 pug
Ceftazidime; 30 ug Streptomycin; 10 ug Gentamy&img Ofloxacin; 5 pug Nalidixic
acid; 10 ug Ampicillin and 5 pg Ciprofloxacin) amisinfectants (Dettol, Savion and
hydrogen peroxide) were determined using disc siifin method [19, 20]. Zero point
one (0.1) ml of each bacterial isolates preparedcty from an overnight agar plate
adjusted to 0.5 McFarland Turbidity Standard wascutated using sterile pipette onto
each of the plates containing Mueller-Hinton AgetHA). The discs containing the
antibiotics and sterile filter paper discs (6 mmardeter) impregnated with each
disinfectant were aseptically placed onto the s@gaof the MHA plates using a sterile
forceps and gently pressed to ensure even cortth¢he plates were incubated at 37 °C
for 18 hr and the zones of inhibition after incubatwere observed and the diameters of

inhibitory zones were measured in millimeters (musing a ruler. The interpretation of
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the measurement as sensitive and resistant tontif@odic was made according to the
manufacturer’s standard zone size interpretativeuala
Detection of Deoxyribonuclease (DNase) Producing Bacterial Isolates

Production of DNase by bacterigblates was determined using DNase agar [11,
21]. The DNase agar plates were spot inoculateld ldicterialisolates using sterilized
wire loop and incubated for 24 hr at°87 The growth on the surface of the agar was
flooded with 1N hydrochloric acid. Clear zones arduthe colonies showed the
production of DNase.
Detection of Thermonuclease (TNase) Producing Bacterial | solates

Production of TNase by bactensblates was determined using the method of [22].
Plates of toluidine blue-deoxynucleic acid agar evepot inoculated with bacterial
isolates using sterilized wire loop and incubatedZ4 hr at 37C. Formation of a pink
halo around the colonies showed the productionNdsE.
Detection of Lipase Producing Bacterial Isolates

Detection of lipase producing bactersallates was carried out using tributyrin agar.
The tributyrin agar plates were spot inoculatedhvicteriaisolates using sterilized wire
loop and incubated for 24-48 hr at 37. Clear zones around the colonies indicated the
production of lipase by the isolates [11, 23, 24].
Detection of Capsule Producing Bacterial 1solates

A 24 hr old colony was emulsified in stewlistilled water to make a thin smear on a
clean scratch and grease free slide using stetikziee loop. The smear was air dried,
stained with crystal violet for 5-7 mins. The stauwas washed off with 20 % copper

sulphate and air-dried. The smear was then exanmmexscopically with the 100 x oll
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immersion objective and bacterial capsule appeasedaint blue-violet zones around
dark - blue bacterial cells [25].
Detection of Haemolysin Producing Bacterial | solates
The production of haemolysins by bacternsblates was determined using

Columbia blood agar base supplemented with 5 % huphaod [11, 18]. The bacterial
isolates were streaked onto blood agar platesraubated for 18 - 24 hrs at 37 °C. The
presence of greenish colouration halos around thenes indicated production af-
haemolysinwhile complete clear zone indicated productiof-blaemolysin
Detection of Gelatinase Producing Bacterial | solates

Gelatinase producing bacterimolates was detected using gelatin agar (2 %
bacteriological gelatin, 1 % bacteriological agad autrient broth). The bacterigblates
were streaked on plates of gelatin agar and inedbfdr 24 - 48 hr at 37 °C. Zone of
clearance around the bacterial colonies indicatedyztion of gelatinase [25].
Detection of Caseinase Producing Bacterial |solates

Caseinasproducing bacteriakolates was detection using skimmed milk agar (3 %
skimmed milk, 1 % bacteriological agar and nutribridth). The bacteriakolates were
streaked on plates of skimmed milk agar and in@ddatkerobically for 24 hrs at 37 °C.
Transparent zones around the bacterial coloniesatetl production of caseinase [23,
24).
Detection of Amylase Producing Bacterial | solates

Amylase producing bacterial isolates wasded using starch agar. The bacterial
isolates were streaked onto plates of starch agarireccubated for 24-48 hr at 37 °C.

After incubation, 3 drops of 10% Lugol iodine wag pn the culture plates and allowed
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to react for 10 min. Clear zones around the badterolonies indicated amylase

production [23,24 ].

Fig 2: Computer keyboard

Fig 1: Automated Teller Machine FigGmputer Mouse

Results

The results of the morphological and biooloal characteristics of bacterial isolates
from ATM Keypads, computer keyboards and mice swaimples are shown in Table
1. A total of 62 bacterial isolates, comprising G2am positive and 10 Gram negative
bacteria, in the gener&taphylococcus, Enterococcus, Streptococcus, Hsbier
Bacillus and Pseudomonasyere isolated from computer mice swab samples roddali
from personal computers, business centres and cgbés (Table 2). The Gram positive
bacteria harboured on the surfaces of the commuiee from the business centres were
Staphylococcus aureu§taphylococcus epidermidis, Enterococepg, Streptococcus
spp. andBacillus spp, while the Gram negative obtained wé&scherichia coliand
Pseudomonas aureginog@able 2). The most common bacterial isolate @ ghrfaces

of computer mice from cyber cafés wasaureuss8.3 % (n = 7), followed bBacillus
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spp 41.7 % (n = 5)S. epidermidis33.3 % (n= 4),Streptococcuspp 33.3 % (n= 4),
Enterococcuspp16.7 % (n= 2) and. coli16.7 % (n= 2), whild?. aureginoséhad the
lowest occurrence with 8.3 % (n= 19. aureuswas the predominant bacterial isolate
from computer keyboards and ATM keypads, whiacillus spp. had the lowest
percentage of occurrence (Table 3). Of the 12 AT&ypads swab samples, 8/12
(66.7%) hads. aureus4/12 (33.3%) hadb. epidermidis3/12 (25.0%) hadEnterococcus
spp, 3/12 (25.0%) ha8treptococcuspp, 5/12 (41.7%) had. coli, while P. aureginosa
and Bacillus spp had 2/12 (16.7%) ead¢hable 3).The percentages of occurrences of
bacterial isolates from computer keyboards in lessn centres and cyber cafés
are shown in Table.3

All the 36 (100 %) computer keyboards and 12 (1002AM keypads swab
samples examined showed bacterial growth. A tdtéd30(47.9 %)computer keyboard
swab samples had single bacterial growth, whil€5251 %) had mixed bacterial flora.
The highest and lowest numbers of mixed bactet@hfwere obtained fronATM
keypads andcomputer keyboards opersonal computers, respectively. Of the 12
computer mice from cybercafés, 3/12 (25.0 %) shogreavth of single bacterial isolate,
while 9 /12 (75.0 %) had mixed bacterial growthl{lea4). The occurrences of single and
mixed bacterial floraon computerkeyboards and mice swab samples obtained from
business centres are similarly shown in Table 4.

The antibiotic susceptibility patterns $faureusS. epidermidisand Enterococcus
spp isolated from ATM keypads, computer mice angbkards are shown in Figs 4, 5
and 6. More than 70 % & aureusS. epidermidisandEnterococcuspp were sensitive

to ofloxacin and ciprofloxacin> 52% of Streptococcusspp were resistant to
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streptomycin (Fig 7), between 39.1 % and 44.& %oli andP. aureginosavere resistant
to ceftriaxone and ampicillin (Figs 8 and 9), whil&8% ofBacillusspp. were sensitive
to ceftriaxone, gentamycin, nalidixic acid androffoxacin (Fig 10).

Of the 146 bacteria isolated from ATM kagls, computer keyboards and mice
swab samples, 61 (41.8 %), 46 (31.5 %) and 61 ¥ @oduced DNase, TNase and
amylase, respectively (Table 5. aureusvas the highest DNase and TNase producers,
while none of theP. aureginosaisolated had the capability to produBiNase. The
virulence markers detected in tle coli were DNase, TNase, lipase, amylase and
haemolysin. Of the 73 / 1460.0 %) lipase producing bacteria isolated, theesi clear
zone was observed on the tributyrin agar plateaioimg S. aureusSA-C2. The results
also showed that 60.3 % and> 32.9 % of the bacterial isolates had the capadslito
produce haemolysins and proteases (caseinase ktichage), respectively. None of the
S. epidermidisand E. coli produced caseinase and gelatinase. Thirty—two sotapd
bacterial isolates in the famili€&taphylococcacea&nterococcaceae, Streptococcaceae
andPseudomonadaceaeereisolated from these fomites (Table 5).

The resultsf antibacterial activities of the varied concatittns of disinfectants on
the bacteria isolated from the surfaces of ATM laalgy computer mice and keyboards
are presented in Tables 6 and 7. Of the threefditants examined, Savi@howed the
highest antibacterial activities on both Gram pwsitand Gram negative bacterial
isolates. None of the disinfectants evaluated is gtudy inhibited the growth of
Streptococcusspp SS-A9,Bacillus spp BS-P7 andE coli EC-C8 (Tables 6 and 7).
Among the Gram-positive bacteria, the highest ao@ekt inhibitory zones were

observed in the plates containiggterococcuspp EN-P10and Staphylococcus aureus
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SA-A6 with the corresponding (mean + SD) of 13.2.&@ mm and 6.4 £1.2 mm,

respectively (Table 6). The results obtained shotied Gram negative bacteria were
more susceptible to the growth inhibition of theidfiectants than the Gram positive
bacteria (Tables 6 and 7). The discs containing62@isinfectants showed more
antibacterial activities than those containing 1@®éfacentrations. Statistical differences
at P < 0.05 in the inhibitory antibacterial acies of the different concentrations of the

disinfectants were equally observed.
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Table 1: Morphological and Biochemical Characteristics of Bacterial | solatesfrom ATM Keypads, Computer Keyboards and

Mice
n 4 4 — —
D » O . B9 0 v —
~fefayg BR 22§ 3
v P N = F ¥ T o
o 0 v O L o & o n 285
w c G O N S 7 n v = > = o © 2.2
EE 2 g 8322 8§38 &8 &t = 2 5% L5
Bacterial spp T8 88 Ex0BT 23 88 806 © 8283
O wm mw O OO0 0 £ DO Jn =Zr= = >0 ITw
Streptococcus pyogenes +cocci - - + - - - -+ -+ - - + - +
Staphylococcus aureus +cocci - + + -+ + + o+ + o+ - + - +
S. epidermidis +cocci - + + - - - + + o+ + o+ - + - -
Pseudomonas -rod -+ + + - - - - + + + o+ - + -
aeruginosa
Escherichia coli -rod -+ - - -+ - + + + + + - - -
Enterococcus faecalis +cocci - - - - - - -+ + + + o+ o+ - +
Bacillus subtilis +rod -+ - - - - - o+ o+ 4+ o+ o+ - + -

Keys: -: Negative; + : Positive
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Table2: Percentage of Occurrence of Bacterial |solates from Computer Mice

Bacterial Personal Computers (N = 12)Business Centres (N=12) Cyber Cafés (N=12) Total

Isolates No (%) of Occurrence No (%) of Occurrence | No (%) of Occurrence| No (%)
S. aureus 5(41.7) 7 (58.3) 7 (58.3) 19 (30.6
S. epidermidis 3(25.0) 1(8.3) 4 (33.3) 8 (12.9
Enterococcuspp 0(0.0) 1(8.3) 2 (16.7) 3(4.8)
Streptococcuspp 2(16.7) 2 (16.7) 4 (33.3) 8 (12.9
E. coli 2(16.7) 3 (25.0) 2 (16.7) 7(11.2
P. aureginosa 0(0.0) 2 (16.7) 1(8.3) 3 (4.8)
Bacillusspp 5(41.7) 4 (33.3) 5(41.7) 14 (22.6)
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Table 3: Percentage of Occurrence of Bacterial I solates from Computer Keyboardsand ATM Keypads

Personal Computers (N =12) ATM (N=12) | Business Centres (N=12) Cyber Cafés (N=12

Bacterial No (%) of No (%) of No (%) of No (%) of Total

Isolates Occurrence Occurrence Occurrence Occurrence No (%)
S. aureus 5(41.7) 8(66.7) 5(41.7) 6(50.0) 24(28.6)
S. epidermidis 2(167) 4(33.3) 2(16.7) 1(8.3) 9(10.7)
Enterococcuspp 2(16.7) 3(25.0) 2(16.7) 4(33.3) 11(13.1)
Streptococcuspp 2(16.7) 3(25.0) 5(41.7) 3(25.0) 13(2744)
E. coli 3(25.0) 5(41.7) 3(25.0) 5(41.7) 16(19.0)
P. aureginosa 1(8.3) 2(16.7) 1(8.3) 2(16.7) 6(7.1)
Bacillusspp 0(0.0) 2(167) 1(8.3) 2(16.7) 5(6.0)
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Table 4. Occurence of Single and Mixed Bacterial Contamination of ATM Keypads, Computer Keyboardsand Mice

Source

No of Sample

sNo (%) of Samples

No (%) of Samples

No (%) of Samples

Total No (%)

Computer Keyboards Collected | with One Isolate | with Two Isolates | with Three Isolates of Isolates
Personal Computers 12 10 (83.3) 1(8.3) 1(8.3) 15 (17.9)
Cyber Cafés 12 4 (33.3) 5(41.7) 3 (25.0) 23 (27.4)
Business Centres 12 7 (58.3) 3 (25.0) 2 (16.7) 19 (22.6)
ATM Keypads 12 2 (16.7) 5 (58.3) 5 (58.3) 27 (32.1)
Total 48 23 (47.9) 14 (29.2) 11 (22.9) 84 (100)
Computer Mice
Personal Computers 12 8 (66.7) 3 (25.0) 1(8.3) 17 (27.4)
Cyber Cafés 12 3 (25.0) 5 (41.7) 4 (33.3) 25 (40.3)
Business Centres 12 6 (50.0) 4 (33.3) 2 (16.7) 20 (32.3)
Total 36 17 (47.2) 12 (33.3) 7 (19.4) 62 (100)
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Table5: Virulence Markersin Bacterial 1solatesfrom ATM Keypads, Computer Keyboardsand Mice

Virulence Markers

Bacterial Isolates | No of DNase TNase Lipase | Amylase | Caseinase Gelatinase Haemolysin| Capsule
Isolates| No (%) | No (%) | No (%) | No (%) No (%) No (%) No (%) No (%)
S. aureus 43 | 32(74.4) 20(46.5) 24(55.8) 22(51|2) 17 (B9l517 (39.5)| 32 (74.4)| 14 (32.6
S. epidermidis 17 5(29.4)| 5(29.4) | 12 (70.1 0 (0.0) 0 (0.0) 0 (0.0 13 (76.5 0 (0.0)
Enterococcuspp 14 5(35.7)| 3(21.4)] 6(42.9 5 (35.7) 8 (57.1) (58.1) 10 (71.4) 5 (35.7
Streptococcuspp 21 8(38.1)| 3(14.3)] 10(47.6) 8(38.1) 11(52/4) 0(47.6) 15 (71.4) 7 (33.3
E. coli 23 4(17.4)| 3(13.0) 4(17.4 9 (39.1) 0 (0.0 M)0 10 (43.5) 0 (0.0)
P. aureginosa 9 0 (0.0) 4(44.4)| 6 (66.7 4 (44.4) 3 (33.3) 4.4 2 (22.2) 6 (66.7)
Bacillusspp 19 7(36.8)| 8(42.1)] 11(57.9) 13(68.4) 9(47.4) (4B4) 6 (31.6) 0 (0.0)
Total 146 61 (41.8) 46(31.3) 73 (500) 61(41.8)8(32.9) | 48(32.9) 88 (60.3)] 32 (21.
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Table 6: Susceptibilities of Gram Positive Bacterial | solatesfrom ATM Keypads, Computer Keyboard and Mice

to Disinfectants

Bacterial Isolates| Isolates Dettol Savlon Hydrogen Peroxide
Codes | 10% 20% 10% 20% 10% 20%
SA-P4 NZ 8.9+1.0 NZ 9.5+1.0 NZ NZ
SA-A6 | 6.4+1.2 | 8.0+t1.6 | 8.4+1.6 | 10.6+2° | 6.9+1.0 | 6.9+2.5
S. aureus SA-Bl1 | 6.6+2.0 | 9.1+0.8 | 8.2+1.8 | 9.0+0.5 NZ 7.241.0
SA-C2 | 7.4+1.4 | 8.9+1.G | 7.0+t1.8 | 8.7+1.3 NZ 7.0+1.5
SE-P1 | 7.0+10b| 75+1.8 | 86+2.8 | 10.2+1.0 | 7.0+t1.5 | 9.6+1.2
S. epidermidis | SE-A9 | 7.9+1.8 | 9.8+1.5 | 8.0+0.5 | 9.6+1.6 | 6.8+t1.5 | 8.1+0.5
SE-B12| 7.5+1.G | 8.4+1.5 | 8.8+1.3 | 11.0+1.0 NZ 7.6+1.5
SE-C5 | 6.8+1.0| 8.2+2.6 | 9.3+0.8 | 12.0+2.0 NZ 8.3+0.7
EN-P10| NZ NZ 9.3+0.6 | 13.2+2.0 NZ NZ
EN-A10| 7.2+1.3 | 8.9+1.5 | 8.6+1.5 | 9.0+0.5 NZ 7.6x1.0
Enterococcuspp | EN-B3 | 8.0+0.7 | 9.3+1.6 | 10.6+1.60 | 11.0+0.53 | 7.1+2.6 | 7.9+0.8
EN-C2 | 7.7¢1.7 | 85+1.0 | 8.9+1.2 | 9.0+1.4 | 75+1.0 | 9.0+0.5
Streptococcuspp | SSP4 | 8.1+1.0 | 8.8+1.8 | 9.0+0.8 | 9.6+1.0 | 6.8+1.5 | 8.1+1.5
SSA9 NZ NZ NZ NZ NZ NZ
SS-B5 | 8.6+1.5| 10.1+1.6 | 8.0+2.5 | 10.6+1.8 | 8.1+1.5 | 8.9+1.6
SSC2 NZ 7.310.8 NZ NZ NZ NZ
Bacillusspp BS-P7 NZ NZ NZ NZ NZ NZ
BS-A12 | 7.0+0.58 | 9.7+1.0 | 7.7+2.0 | 10.1+1.0 NZ NZ
BS-B10 NZ 9.0+0.5 NZ 8.3+1.6 NZ NZ
BSC6 | 7.9+0.8 | 9.4+1.8 | 75+1.8 | 8.7+1.5 NZ NZ

Keys: NZ: No zone of inhibition; values in parergiseare percentages; each inhibitory zone incl&letn diameter of the
disc., SD: Standard Deviation. Each vakmesents the mean of three replicates and stand@aiation. Mean within
the column followed by the different stgaipt letters are significant as determined by€an’s multiple range test (P

<0.05).
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Miceto Disinfectants

Table 7. Susceptibilities of Gram Negative Bacterial | solatesfrom ATM Keypads, Computer Keyboards and

Bacterial Isolates Dettol Savlon Hydrogen Peroxide
Isolates Codes 10% 20% 10% 20% 10% 20%
EC-P6 NZ 9.4+1.G NZ 10.0+1.8 NZ NZ
EC-A6 | 6.8+1.4 | 85+0.5 | 89+1.0 | 11.1+2.8 | 7.4+1.6 | 7.4+2.0
EC-B7 | 7.1+2.6 | 9.6+0.5 | 8.7+1.5 | 9.5+0.5 NZ 7.7+1.6
E_ coli EC-C8 NZ NZ NZ NZ NZ NZ
EC-A8 | 7.0+1.0 | 9.4+1.8 | 75+1.8 | 9.2+1.G NZ 7.5+1.8
PA-P12| 7.5¢1.0 | 8.1+1.7 | 8.9+2.8 | 10.7+1.8 | 7.5+0.8 | 10.1+1.6
PA-A3 | 8.4+25 | 10.3+1.0 | 8.5+0.5 | 10.1+1.0 | 7.3+1.5 | 8.6+2.5
. PA-P3 | 8.0+1.6| 89+1.6 | 9.3+1.3 | 11.5+1.06 NZ 8.1+1.5
P. aureginosa
PA-B2 | 7.3+1.3 | 8.7+2.0 | 9.8+0.5 | 14.0+0.5 NZ 8.8+0.7
PA-C1 | 8.8+0.8 | 9.4+0.6 | 8.6+1.5 | 10.8+1.4 | 9.1+1.7 | 11.5+1.5

Keys: NZ: No zone of inhibition; values in parergiseare percentages; each inhibitory zone incl&letn diameter of the
disc., SD: Standard Deviation. Each vakmesents the mean of three replicates and stad@aiation. Mean within
the column followed by the different stgaeipt letters are significant as determined by&an’s multiple range test (P
<0.05).
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Fig 4. Antibiotic Susceptibility Pattern of S. aureusisolated from ATM Keypads,
Computer Keyboardsand Mice
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Fig 5: Antibiotic Susceptibility Pattern of S. epidermidisisolated from ATM
Keypads, Computer Keyboardsand Mice
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Fig 6: Antibiotic Susceptibility Pattern of Enterococcus spp isolated from ATM
Keypads, Computer Keyboardsand Mice

80 -

70

50
B Sensitive
m Resistant

40 -

20 -

Percentage of Suscepftibility

10 -

PEN CEF STR CN OFX NA AMP CIP

Antibiotics

Fig 7: Antibiotic Susceptibility Pattern of Streptococcus spp isolated from ATM
Keypads, Computer Keyboardsand Mice
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Fig 8: Antibiotic Susceptibility Pattern of E. coli isolated from ATM Keypads,
Computer Keyboardsand Mice
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Fig 9: Antibiotic Susceptibility Pattern of P. aeruginosaisolated from ATM
Keypads, Computer Keyboardsand Mice
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Fig 10: Antibiotic Susceptibility Pattern of Bacillus spp isolated from ATM
Keypads, Computer Keyboardsand Mice

Keys: PEN: Penicillin; CEF: Ceftriaxone; STR: Streptonmy¢CN: Gentamycin
OFX: Ofloxacin; NA: Nalidixic Acid; AN?: Ampicillin; CIP: Ciprofloxacin

Discussion

Studies have indicated that computer kagdi®and mice can become contaminated
with bacteria [26, 27].S. aureusS. epidermidis, Enterococcspp, Streptococcuspp.,
E. coli, P. aureginosandBacillus spp were isolated from computer keyboards of cyber
cafés, business centres, personal computers and kelphds in this study. Of particular
interest was the isolation of 23.1E6 coliand 13.1 %E. faecalisfrom keyboards, which
was an indicative of faecal contamination. Isolatod S. aureusandE. coliin this study
corroborates the earlier investigations of bacte@atamination of computer keyboards

and mice by [28, 29]. The occurrenceSfaureusrom thecomputer keyboards in this
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study is in agreement with the results of [7, 28]. aureuswas the most prevalent
bacterial isolates from the computer keyboards frodividual, business centres, cyber
cafes and ATM keypads. The high occurrenc&.odureusnay be attributed to fact that
one’s palm is usually moist due to varying degreégerspiration, which contains
sodium chloride that sustains the growth of thiplailic S. aureuqd31, 32]. Bacillus

spp had the lowest percentage of occurrence icdheguter keyboards in our study and
this is contrary to [33] who reportd@hcillus spp as the predominant bacteria associated
with computer keyboards. The isolation Bécillus spp, a common soil bacterium, was
evidence of environmental contamination.

[6] reported that computer keyboards barbd more bacterial contaminants than
mice due to their large surface area and our stahfirmed it. Of the 36 computer
keyboards and 12 ATM keypads examined in our st@8y(52.1%) were colonized by
mixed bacteria. The colonization of computer keydeaand mice by mixed bacterial
isolates agree with the previous results of [3d]tHis study, highest bacterial isolates
were obtained from ATMs keypads and this may bebated to their open location,
exposure to wind and rain and also high numberulfipte users.

In this study, 32 (74.49%). aureusand 8 (38.1%)Streptococcuspp produced
DNase. The production of DNase by greater than B0%ureussolatedagrees with the
previous results of [11, 21]. Isolation of amylgg®ducingBacillus spp in our study
corroborates the results obtained by [35] who iedlaspecies oBacillus that had
capability to produce amylase. The results of dudy are also in conformity with [14,
36] who obtained amylase producisjreptococcuspp. The possession of virulence

markers such as lipase, caseinase, gelatinase aardolysin observed in the bacteria
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isolated from the ATM keypads, computer keyboanmi$ mice confirmed the reports of
[30, 37] that computer harboured pathogenic baxtdrhis study also showed that the
bacterialisolates from ATM keypads, computer keyboards aachputer mice were
moderately sensitive to practically all the antilme used and these results are in
disagreement with [12] who reported between 80 %00 antibiotic resistant bacterial
isolates from computer keyboards and computer mice.

Dettol and Savlon are widely used for varipugposes including disinfection of skin,
objects and equipment, as well as environmentdhees [38, 39]. The antimicrobial
properties of disinfectants on some pathogenicebachave also been reported [40, 41,
42]. All the P. aureginosa, EnterococcgppandS. epidermidissolated weresensitive
to Savlon The sensitivity ofP. aureginosao Savlon in this research corroborates the
earlier reports of [41, 43]. The mechanism of actod disinfectant is by production of
destructive chemicals that attacks membrane lipRISA and other essential cell
components of various pathogenic bacteria [38, 44]croorganisms are continuously
acquiring resistance to new disinfectants; as altteao single disinfectant will be
appropriate for all pathogens [45]. TB&eptococcuspp SS-P9Bacillus spp BS-P7 and
E. coli EC-C8 were resistant to different concentrationBettol, Savion and §D.. [46]
reported that Gram-negative bacteria were genenadlge resistant to disinfectants than
other bacteria, but in this study, there was noarable difference in the susceptibility
of the Gram-positive and Gram-negative bacteriéaied from the computer keyboards,
mice and ATM keypads to disinfectants. [39] repdrthat all the bacterial isolates tested
were sensitive to 5 % J@, andthis is in contradiction to our results as50 % of the

bacteria were resistant to the 10 %Ox
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The inanimate objects play a role in thensmission of human pathogens either

directly by surface to mouth contact or indirecby contamination of fingers and

subsequent hand to mouth contact, thus, hands lmustoperly washed with detergents

whenever the ATMs and computers are used. In additleaning of the ATM and

computer with disinfectants on a regular basis khbe adopted.

Conclusion: This study has further essidd that automated teller machines (ATM),

Computer keyboards and mice harbour multidrug tasigpathogenic bacteria that may

be transferred to / among the users.

References

1

Engelhart, S., Fischnaller, E., Simon, A., &¢eb., Blttgen, S. and Exner, M. (2008).
Microbial contamination of computer user nfdees (keyboard, mouse) in a tertiary
care centre under conditions of practitggiene and Medicine3 (12): 504-507.
Jegede, C.A. (2014). Effects of automated telt@chine on the performance of
Nigerian BanksAmerican Journal of Applied Mathematics and Stats?(1): 40-46.
Odusina, A. O. (2014). Automated teller maehusage and customers’ satisfaction
in Nigeria.Global Journal of Management and Business ReseanchFinance 14
(4): 1- 2.

Reynolds, K. A., Watts, P., Boone, S. A. &efba, C. P. (2005). Occurrence of

bacteria and biochemical biomarkers onlipugurfaces.International Journal of

Environmental Health Researds;225-234.

Stuart, C. L. and Crosby, W. J. (2006).ist¢ation of bacteria from intentionally

contaminated surfac&gitish Institute of Organ Studieg7(2):47-55.

25



10

11

12

Oluduro, A. O., Ubani, E. K. and OfoezieEl. (2011). Bacterial Assessment of
Electronic Hardware User Interfaces inliie Nigeria. Rev Ciénc Farm Basica
Apl, 32(3):323- 334.

Onochie, C. C., Anyim, C., Onwa, N.C., OkowkvE. C. and Afiukwa, F. N.
(2013). Bacteriological examination ofngauter keyboards and mouse devices
and their susceptibility patterns to wliectants. American Journal of
Microbiology4 (1): 9- 19.

Rusin, P., Maxwell, S. and Gerba, C. (20@)mparative surface-to-hand and
fingertip- to- mouth transfer efficienoy Gram-positive bacteria, Gram-negative
bacteria and phagmurnal of Applied Microbiology93: 585-592.

Famurewa, O. and David, O. M. (2009). Calbme: A medium of transmission of
bacterial pathogena/orld Rural Observationl(2): 69-72.

Equia, J. M. and Chambers, H. F. (2003). @amty-acquired methicillin-
resistaniStaphylococcus aureugpidemiology and potential virulence factors.
Current Infectious Disease Reporfs,459-466.
Akinjogunla, O. J., Ajayi, A.O. and Ekeh,\.(2014). Virulence factors and
antibiotic resistanStaphylococcusspp from the anterior nares of apparently
healthy undergraduate students in UyAmerican Journal of Research
Communicatiqr2(11):158-180.

Alemu, A., Misganaw, D. and Wondimeneh, 3015). Bacterial profile and their
antimicrobial susceptibility patternsoaimputer keyboards and mice at Gondar

University Hospital, Northwest EthiopBiomedicine and Biotechnolo@y(1): 1-7

26



13

14

15

16

17

18

19

20

21

Prescott, L. M., Harley, J. P. and Klein, D(2008).Microbiology, (7‘h Edn). New
York: McGraw Hill, p 996.

Whitehead, T.R. and Cotta, M. A. (1995). kferation of intracellular amylase
activities in S. bovisandS. salivariusCurrent Microbiology 30(3) 143-148.
Talaro, K.P. and Talaro, A. (2002foundations in Microbiology (4" edn).
McGraw-Hill companies, Inc, New York. p®B

Kramer, A., Schwebke, I. and Kampf, G. (2008pw long do nosocomial
pathogens persist on inanimate surfaces§ystematic reviewBMC Infectious
Diseases: 130-137.

Holt, J.G., Krieg, N.R., Sneath, P.H.A.,I&a J.T. and Williams, S.T. (1994).
Bergey’sManual of Determinative Bacteriology'th edn). Williams and Wilkins;
pp 478- 529.

Cheesbrough, M. (2006DRistrict Laboratory Practice in Tropical Countrie@art
[I). Cambridge University pp 19-110.

NCCLS - National Committee for Clinical Laborator$tandards (2004).
Performance standards for Antimicrobial sugbdpy testing. Fourteenth

informational supplemented. M100-S14, Wayk, USA.

Somchit, M.N., Reezal, I, Nur, I. E. and Mutali#.R. (2003). In-vitro

antibacterial activity of ethanol and water extr of Cassia alata Journal of

Ethnophamacology4:1-4.

Gundogan, N., Citak, S. and Turan, E. (2086ine production, DNAse activity
and antibiotic resistance &ftaphylococcus aureusolated from raw milk,

pasteurized milk and ice cream samplesd Control,17:389-392.

27



22 Hawkey, P.M. and Lewis, D.A (1989Medical Bacteriology: A Practical
Approach(1st Edn), Oxford, IRL Press pp 293-298.

23 Pasquale, V., Romano, V., Guida, M., MastacusaGreco, M and Sandull, R.
(2012). Hydrolytic exoenzymes screening ofehwrophic bacteria associated with
Coallium rubrum Biological Marina Mediterianeal19(1) 188-189.

24 James, G.C. and Natalie, S. (200g)crobiology: A Laboratory ManuaB™ Edn,
U.A Pearson Education, Inc.

25 Akinkunmi, E.O. and Lamikanra, A. (2012). Phepat determination of some
virulence factors in Staphylococci isolateanf faecal samples of children in lle-Ife,
NigeriaAfrican Journal of Biomedical Researctb (123-128).

26 Anastasiades, P., Pratt, T. L., Rousseau,, IStéinberg, W.H. and Joubert, G.
(2009). Staphylococcus aureusn computer mice and keyboards in intensive care
units of the universitas academic hospitBlpemfontein and ICU staff's
knowledge of its hazards and cleaning peasti South African Journal
Epidemiology and Infectip@4 (20): 22-26.

27 Tagoe, D.N.A. and Kumi-Ansah, F. (2011), Qoter keyboard and mice:
Potential sources of disease transmissaod infections.Internet Journal of
Public Health1(2):1-5.

28 Shen, X. (2010). Investigation of the baatezontamination of computer key-
board and mouse in the offidaurnal of Environmental and Occupational
Medicine.

29 Kumar, A. and Srivastava, M. (2012). Comeputomponents in college and its

surroundings encompass the pathogentetadournal of Applied Science and

28



30

31

32

33

34

35

36

37

Environmental Sanifan, 7 (1): 43-47.

Anderson, G. and Palombo, E. A. (2009). Miablcontamination of computer
keyboards in a university settigmerican Journal of Infection ControB7: 507-
509.

Elliot, T., Hastings, M. and Desselberger(1997). Lecture Notes on Medical
Microbiology. (3rd Edn), Wiley-Blackwell, pp 352

Mandal, B. K., Wilkins, E.G.L., Dunbar, E.Mnc Mayon-White, R. (2004).
Lecture Notes: Infectious Diseaséth Edn), Wiley, Oxford, pp 280.

Das, A., Kansal, R., Asthana, A.K., Pandey,aAd Madan, M. (2011). E-
Fomites. Annals Biological Researc: 111-115.

Al-Ghamdi, A., Abdelmalek, S., Ashshi, A.aiélah, H., Shukri, H and Jiman-
Fatani, A. (2011). Bacterial contaminatioh computer keyboards and mice,
elevator buttons and shopping caftlsican Journal of Microbiology Research
5(23): 3998-4003.

Oyeleke, S. B., Ibrahim, A.D., Manga, SBabah, A.B., Auta, H. and Ladan, F.
(2011). Production of bacterial amylase Bgcillus species isolated from rice
husk dumpsites in Sokoto metropolis, Neyénternational Journal of Biological
and Chemical Sciencégl): 380-385.

Arora, B., Rao, A. and Kashikar, C. (201&)regulatory/ signalling molecule of
group A Streptococci (GAS) may be respolesifor modulation of bacterial
virulencelnternational .Journal of Current Microbiology ambplied Science$

(1): 424- 428,

Bures, S., Fishbain, J.T., Uyehara, C.F., &@atkM. and Berg, B.W. (2000).

29



Computer keyboards and faucet handles ssxweirs of nosocomial pathogens in
the intensive care unidmerican Journal of Infection Contrd®9(2):131-132.

38 Rutala, W.A., White, M.S., Maria F. Gergen, K. and Weber, D.J. (2006).
Bacterial Contamination of Keyboards: &dfty and Functional Impact of
Disinfectantdnfection Control and Hospital Epidemiolog®/7: 372.

39 Saha, K., Haque, F., Karmaker, S. and Mahatt (2009). Antibacterial effects
of some antiseptics and disinfectadtsirnal of Life Earth Sciencg3(4) : 19-21.

40 Olasehinde, I., Akinyanju, A. and Ajayi, A2008). Comparative antimicrobial
activity of commercial disinfectants withaphtholics. Research Journal of
Microbiology 3: 262- 268.

41 Okesola, O. and Olola, F. (2011). The effyoaf the commonly used hospital
disinfectants oRseudomonas aerugingdaternationalResearch Journal of
Microbiology 2:226-229.

42 Akinjogunla, O.J and Divine-Anthony, O. (201Bacterial isolates from contact
lenses, frames and their susceptibilitydiginfectants. International Journal of
Engineering Research and Scierigé):50-56

43  Olowe, O.A., Olayemi, A.B., Eniola, K.l.Tand Adeyeba, A.O. (2004).
Antibacterial activity of some selecteinfectants regularly used in hospitals.
African Journal Clinical and Experimental Microbbagy, 5: 126-130.

44 Russell, A.D. and Chopra, I. (1996). Underditagp antibacterial action and
resistance (2nd Edn). Elis Harwood, Chester, England.

45 Tortora, G.J., Berdell, R. F. and ChristiheC. (1998). Chemical methods of

microbial control. InMicrobiology, Benjamin Cumming Publishing Company,

30



California, USA. pp. 191.
46  Russell, A.D. (1996). Activity of biocideganst mycobacterialournal of Applied

Bacteriology Symposium Supplem@&ht,87-101.

31



