
Isolation,characterization and plasmid profiling of multi-drug
resistantbacteria isolates from automated tellermachine (ATM
device)inEnuguState,Nigeria.

Introduction

Micro-organisms are ubiquitous in distribution. They inhabit different

environmentseitherasfree-livingmicrobesorasparasiticorganisms.Reports

from studieshaveshownthatmanycontaminatedsurfacesplayedamajorrole

inthespreadofinfectiousdiseases(Tekerekoğluetal.,2013;Nagajothietal.,

2015).Some examples ofsuch contaminated surfaces include buttons of

automatedtellermachinepopularlyknownasATM device,doorhandles,sinks,

lockers,pen,tablesandchairs(Osmanetal.,2024).Themachineisanelectronic

devicethatenablescustomersofbankstoperform financialtransactionslike

cash withdrawals,deposits,funds transfers,balance inquiries,oraccount

informationinquiriesatanytimeandwithouttheneedfordirectinteractionwith

bankstaff.MostATMsallow accesstocashforanyonewithacreditcardor

debitcard.Thecardmayharbormicro-organismsthatcanbetransferredtothe

buttonoftheATM device.Thehandhasbeendemonstratedtohavearoleinthe

transferoforganisms,and humans have a notable propensityto pick up

microbesfrom thesurrounding.AutomatedTellermachinesarethemostwidely

usedform ofcomputerdrivenpublictechnology(Honeetal.,2008)withan

estimatedover2.4millionunitsinuse.Sincetherearenorestrictionsonwhocan

accessthefacilityandnorulestoensurehygienicusage,onceinfected,the

machinesbecomevehiclesforthespreadofinfection,puttingusersatriskof

contractingtheseinfectionsafterusingthemachine.Justlikeothersurfaces,

thesemetallickeypadsaresusceptibletomicrobialcolonization,particularlyin

locationswheretherearenoadequatecleaningproceduresinplace.

Manybacterial,fungalandviralpathogenscansurviveontheinanimate

objectsforseveralmonths,andsuchpathogenscouldcauseepidemicinfections

asaresultofdirectorindirectcontact.Bacterialinfectionhasrecentlybeen

estimatedtobetheleadingcauseofdeathby2050,causing10milliondeaths



acrosstheglobe(Stantonetal.,2022). Tocombattheloomingupsurge

inhealthchallengesduetobacterialinfections,theuseofantibioticsshouldhave

beenthemajorinstrumentbutforantimicrobialresistance.Antibioticshavebeen

usedformanyyearstofightagainstpathogensinawiderangeofactions,in

hospitals,homesandindustrialpremisesbutinappropriateuseofthem has

resultedinthedevelopmentofresistantmicroorganisms(Odeyemietal.,2018).

Itispredictedthattherewillbelessertreatmentoptionstosomeinfections

causedbybacteriaastheseorganismsarepersistentlybecomingsuper-bugs.

(Aragonesesetal.,2021,Nabawanuka,2021).Previously,weinvestigatedthat

infectionswithfluoroquinoloneresistantpathogenslimittheoptionsavailableto

treatinfectiousdiseasesofanimalsandhumans(Adonuetal.,2018).

Oneofthemajormediatorsoftheantibioticresistanceisthepresenceof

resistantplasmidinbacteria.Whilebacteria isolatedfrom thesurroundingare

oftenregardedascontaminants,theprogressivedevelopmentofantimicrobial

resistanceignitesthezealforexploringtheantibioticresistantpatternsand

mediatorsofresistancelikeplasmidintheisolates.Theactionisimportant

becausetheseplasmidscouldbethepotentialcarriersofantibiotic-resistant

genesamongbacteriaintheenvironment.Theplasmidscanbetransferredfrom

onebacterium toanotherwithinthesameordifferentgenerabyconjugationand

transduction(Rozwandowiczetal.,2018).

TounderstandthecontributionofbankATM inspreadingantibioticresistance

inenvironmentalbacteria,weconductedastudyinEnuguStateofNigeria.Inthe

study,weisolatedandcharacterizedmultipleantibiotic-resistantbacteriabased

on antibiotic susceptibility testing, plasmid profiling and MAR index

determination.

MATERIALSANDMETHODS

MATERIALS

Studyarea



ThestudywascarriedoutinEnuguState,South-EastNigeria.

TeatSample

Thirty(30)differentATM deviceswereused.Eachlocalgovernment(outof17)

intheStatehasatleastoneATM standbuilteitheralonewithoutabankor

besideabankingfacility.

Culturemedia

Alltheculturemedia(TitanBiotech,India)usedwereoftheanalyticalgradeand

includeNutrientAgar,MacConkeyagar,Tryptonesoyabroth(TSB),Mannitolsalt

agar(MSA),Eosin-methyleneblue(EMB),Bloodagar,Chocolateagar,Sabouraud

DextroseAgar(SDA)andCetrimideagar

Standardantibioticdisk

Thestandardantibioticdiscusedforthestudywere;Amoxycillin-clavulanicacid

10 g,Ceftraxone30μg,Cefoxitin30μgNitrofurantion10μg,Gentamicin10μg,

Ciprofloxacin10μg,Chloramphenical10μg,Ofloxacin10μg,Meropenem 10μg,

Pefloxacin10μg,Amoxicillin30μg,Erythromycin10μg,Levofloxacin5μg

Ampicillin30μg,Cloxacillinμg,Cephalexin30μg ,Clindamycin10μg.(Oxoid

UK).

Method

Bankapproval:

Approvalforthecollectionofsampleswasobtainedfrom eachmanagerofthe

banksusedforstudyinEnuguState.

Samplecollection

Eachsterileswab-stickwasasepticallysoakedinsterilewaterandthenrubbed

onthemetallickeypadsofdifferentATM machines, insertedbackintoits



casing,labelled appropriately and then transported to the Microbiology

LaboratoryofEnuguStateUniversityofScienceandTechnologyimmediatelyfor

microbiologicalstudies.

Cultivation,isolationandcharacterizationofmicroorganism

TheATM swabswereinoculatedintosterileTryptonsoyabrothforenrichment

andincubatedat37ᵒCfor16h.Aftertheenrichment,thebrothculturesweresub

-culturedondifferentbiologicalselectivemediaforpresumptiveidentificationof

differentbacteriaaccordingtotheartificialmedium used.Cetrimide,MacConkey,

EMBandMSA wereusedfortheidentificationofPseudiomonasaeruginosa,

lactosefermenters,EscherichiacoliandStaphylococcusaureusrespectively.

Severalbiochemicaltests–Catalaseproduction,Coagulase positivity,citrate

utilization,Indoleproduction,Oxidaseproduction,UreaseMethylredandVoges-

Proskauertests-werecarriedouttofurtheridentifytheorganismstospecies

level.

Antibioticssusceptibilitytesting:

Antibioticsensitivitytestingwasperformedoneachoftheisolateusingthe

paperdisc agardiffusion method as recommended by the Clinicaland

LaboratoryStandardsinstitute(CLSI,2023)usingMuller-Hintonagar(Oxoid,

UK)).Eachtimethetestwastobeconducted,eachisolatewasfreshened-upand

standardized using 0.5 MacFarland opacity standard.The identified and

standardizedbacteriaweretestedagainstmanycommonlyusedantibioticsin

thestudyarea:Amoxycillin-clavulanicacid10 g,Ceftraxone30μg,Cefoxitin30

μgNitrofurantion10μg,Gentamicin10μg,Ciprofloxacin10μg,Chloramphenical

10μg,Ofloxacin10μg,Meropenem 10μg,Pefloxacin10μg,Amoxicillin30μg,

Erythromycin10μg,Levofloxacin5μgAmpicillin30μg,Cloxacillinμg,Cephalexin

30μg,Clindamycin10μg.(OxoidUK).Thetestbacteriawerecultivatedonsterile

nutrientbrothfor16handthenseededbystreakingonthesurfaceofwelldried



MHA plates.Afterplacing thedrug discsasepticallyonthesurfaceofthe

medium,theplateswereincubatedovernightat37ᵒC.Thesensitivityofthe

isolatestoeachantibioticwasshownbyaclearzoneofgrowthinhibition.The

inhibitionzonediameter(IZD)wasmeasuredusingaruleandinterpretedusing

CLSI,2023.

Plasmidprofiling

Allthemulti-drugresistantisolateswereevaluatedforthepresenceofplasmid

DNAasdescribedpreviously (Adonuetal.,2020).Onemilliliter(1ml)ofeach

overnightbrothculturesoftestorganismsinTrypcateSoyBroth(TSB)medium

(Merck,Germany)wastransferredinto1.5mlsterileEppendorfmicro-fugetubes

andcentrifugedat10.000gfor10min.Theresultantpelletsweredissolvedin

600µloflysisbuffer(Nacl1M,Tris–HCL1M,EDTA0.5M),20µlSDS(25%),3µl

ofproteinase–K(20mg/ml)andincubatedat60oCfor1h.Afterthelysis,620µl

ofphenol/chloroform/isoamylalcohol(25:24:1volume/volume)wasaddedtothe

abovesolutions,vortexedandcentrifugedat12.00gfor10min.Thesupernatants

wereasepticallytransferredtosterilemicro-fugetubestowhich1mlof95%cold

ethanolwasadded.Themicro-fugetubeswereallowed to stand for1h in

refrigerationcondition(4oC).PlasmidDNA wereprecipitatedineachtubeby

centrifugationat12.00gfor10mins.TheprecipitatedDNAwasdissolvedin50µl

of10mM TrisEDTA–buffer(TE)containing10µlofRNASE.Theplasmidswere

run on 1.5% agarose gelelectrophoresis and visualized under UV light

transilluminatorandphotographedaspreviousydescribed(Adonuetal.,2020).

Multipleantibioticresistanceindexing(MARI)

MARindexvalueswerecalculatedfollowingstandardequation(Osundiyaetal.

2013).Itwascalculatedastheratioofnumberofantibioticstowhichorganism

isresistanttototalnumberofantibioticstowhichorganism isexposed.The

multipleantibioticsresistanceindexwasdeterminedforeachbacterialisolate.

MARindexvaluesgreaterthan0.2indicatehighrisksourceofcontamination



whereantibioticsareoftenused

StatisticalAnalysis

Resultswerepresentedintabularformatsandasfigures.Thedatacollected

wereanalysedbySPSS23software.LevelofsignificantdifferencewasP<0.05.

Result

Isolationrateofbacteria

Atotalof120sampleswerecollectedfrom 30differentATM devicesusinga

sterilewetswab-stick.Eachofthedevicesyieldedmorethanonebacteria.

Ninetytwosamples(76.7%)yieldedoneormorebacteriaspecies.Therewasno

significantdifference(P<0.5)observedinthenumberofbacteriaisolatedamong

allthecontaminatedATM devicesinallthelocalgovernmentinthestudyarea.

Thenumberandthepercentageofeachbacterialspeciesisolatedfrom allthe

machinesareshowninTable1.Atotalof112bacteriacomprising15Klebsiella

spp,10Pseudomonasaeruginosa,18Enterobacterspp.5Escherichiacoli,19

Streptococcuspneumoniae,23Staphylococcusaureus,20Coagulasenegative

Staphylococcussppand2Serratiamarcescenswerecultured.Therefore,eight(8)

differentspeciesofbacteria weredetected from thepositivecultures.The

antibioticsusceptibilitytestscarriedoutshowedthatmanyofthesebacteriaare

multi-antibioticresistant(Tables2and3).AllthestrainsofE.coli,Enterbacter

sppandSerratiamarcescenssppwereresistanttoAmpicilin,Ceftriaxoneand

Cefotaxime.Thiswasfollowedbyreducedsusceptibilityofthesebacteriato



otherdrugs tested.More than 50% ofKlebsiella spp and Pseudomonas

aeruginosa wereresistantto Ampicillin,Nitrofurantoin,Chloramphenicoland

Cefoxitin.

Table3showssusceptibilityofGram positivebacteriatestedagainstthe

testantibiotics.AlltheStreptococcusspptestedshowedresistancetoAmpicillin,

CloxacillinandCephalexinandmorethan50% oftheseorganismsshowed

resistancetoerythromycin,ceftriaxone,GentamicinandClindamycin.Morethan

50 % of both Staphylococcus aureus and CONS showed resistance to

Ceftriaxone,CloxacillinandCephalexin.

ResultofPlasmidprofile

Atotalof20plasmidsweredetectedfrom thebacteriatested(Table4).Atotal

15(75%)and5(25%)oftheplasmidswerefoundinGram negativeandGram

positivebacteriarespectively.Someisolatesharboredoneormoreplasmidsof

differentmolecularweightranging from 2322 – 23130 bp. Outofallthe

plasmidsidentified,theplasmidwithlargestmolecularsize(23130bp)was

presentinmanyofthebacteria(81,25 %)tested exceptinStaphylococcus

aureusandcoagulasenegativeStaphylococcusspp.The504bpplasmidwas

absentin allthe bacteria tested.Figures 1 and 2 show images ofgel

electrophoresisoftheplamidprofilesofmulti-drugresistantbacteriatested.

Table1:Isolationrateofbacteriafrom thedevice.

Isolates Number of
bacteria
isolated

Frequency of
bacteria
isolated(%)

Klebsiellaspp 15 13.4

Pseudomonasaeruginosa 10 8.9

Enterobacterspp 18 16.1

Escherichiacoli 5 4.5



Streptococcusspp 19 17.0

Coagulase negative
Staphylococcusspp

23 20.5

Staphylococcusaureus 20 17.9

Serratiamarcescens 2 1.8

Table2:AntibioticsusceptibilitypatternofGram negativebacteriaisolated

Test
Bacteria

SUST AM N GN CPX CH OFX MP AUG CEF CTX

Klebsiellaspp S 1(8) 6(46) 12(92) 12(92) 4(31) 11(85) 12(92) 2(15) 1(8) 2(15)

I 0(0) 0(0) 0(0) 1(8) 2(15) 0(0) 1(8) 5(39) 1(8) 4(31
R 12(92) 7(54) 1(8) 0(0) 7(54) 2(15) 0(0) 6(46) 11(84) 7(54)

Pseudomonas
aeruginosa

S 2(40) 2(40) 3(60) 2(40) 2(40) 3(60) 3(60) 0(0) 2(40) 2(40)

I 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 3(60) 1(20) 0(0)

R 3(60) 3(60) 2(40) 3(60) 3(60) 2(40) 2(40) 2(40) 2(40) 3(60)

Enterobacter
Spp

S 0(0) 1(50) 2100) 2(100) 2100) 2(100) 2(100) 1(50) 0(0) 0(0)

I 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 1(50) 0(0) 0(0)



R 2(100) 1(50) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 2(100) 2(100)

Serratia
marcescens

S 0(0) 4(80) 4(80) 4(80) 5100) 5(100) 4(80) 0(0) 0(0) 0(0)

I 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

R 5100) 1(20) 1(20) 1(20) 0(0) 0(0) 1(20) 5100) 5(100) 5(100)

Escherichia
coli

S 0(0) 0(0) 0(0) 0(0) 0(0) 1(25) 2(50) 0(0) 0(0) 0(0)

I 0(0) 0(0) 0(0) 125) 0(0) 0(0) 0(0) 0(0) 0(0) 1(25)
R 4(100) 4(100) 4(100) 3(75) 4(100) 3(75) 2(50) 4(100) 4(100) 3(75)

Key: SUST= Susceptibility,R= Resistance,I=intermediate,S =sensitive
susceptible,AM=ampicillinN=nitrofurantoin,GN=gentamcinCPX=ciprofloxacin
CH=chloramphenicol,OFX=ofloxacin.,MP=meropenem,AUG=Augmentin,CET=
ceftriaaxone,CTX=cefotaxine
,

Table3:AntibioticssusceptibilitypatternofGram positivebacteriaisolated

Test
Bacteria

SUST OFX ERY CEF AMP CLO LEV CEP CPX GN CLN

Streptococcus
Spp

S 5(100) 0(0) 1(20) 0(0) 0(0) 4(80) 0(0) 4(80) 2(40) 1(20)

I 0(0) 120) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

R 0(0) 4(80) 4(80) 5(100) 5(100) 1(20) 5(100) 1(20) 3(60) 4(80)

Staphylococcus
Aureus

S 6(100) 350) 0(0) 3(50) 2(16) 6(100) 0(0) 5(83) 6(100) 6(100)

I 0(0) 3(50) 0(0) 1(16.7) 1(16.7) 0(0) 0(0) 0(0) 0(0) 0(0)

R 0(0) 0(0) 6(100) 2(33.3) 4(66.7) 0(0) 6(100) 1(16.7) 0(0) 0(0)



Coagulase
negative
Staphylococcus
Spp

S

I

R

3(75)

0(0)

1(25)

2(50)

1(25)

1(25)

1(25))

0(0)

3(75)

1(25)

1(25)

2(50)

0(0)

1(25)

3(75)

4(100)

0(0)

0(0)

2(50)

0(0)

2(50)

1(25)

2(50)

1(25)

4(100)

0(0)

0(0)

2(50)

1(25)

1(25)

Key:SUST=Susceptibility,R=resistance,I=intermediate,S=sensitivesusceptible,
OFX= ofloxacin. ERY= erythromycn, CET= ceftriaaxone, AMP=ampicillin,
CLO=cloxacillin, LEV=levofloacin CEP=cephalexinCPX=ciprofloxacin GN=
gentamicinCLN=clindamycin.

Multi-drugresistantbacteriaandplasmidprofile

Theresultsoftheplasmidprofilingconductedonthetestmulti-drugresistant

bacteriashowedthatmanyofthesebacteriawereharbouringoneormore

plasmid (Table 4).Here,the representative multi-drug resistant bacteria

presentedask1andk2(Klebsiellaspp),Ps1andPs2(Pseudomonasaeruginosa),

Eb1andEb2(Enterobacterspp),etc.,habouringtheresistantplasmidswere

foundtoberesistant(nonsusceptibility)toatleastoneagentinthreeormore

antimicrobialcategories (multi-drug resistance).For instance,k1 and k2

(Klebsiellaspp)showedresistancetoAM,N,CH,OFX,AUG,CEF,CTXanGN,AM,N,

CH,OFX,AUG,CEF,CTX respectively.Similarresistanceprofileswereshownwithother

bacteriatested.



MultipleantibioticResistanceindex(MARI).

Multi-drugresistance(MDR)wasdefinedasacquirednon-susceptibilitytoat

leastoneagentinthreeormoreantimicrobialcategories.Toconfirm themulti-

drugresistancepropertiesofthesebacteria,thepercentageofthem thatare

resistanttotestantibioticswerecalculated.TherangeofMARIcalculatedwith

thetestbacteriawas0.2– 0.9dependingontheteststrain(Table5).The

greatestandlowestrangesof0.8– 0.9and0.2-0.3werecalculatedwith

EscherichiacoliandCONSrespectively.

Table4:Plasmidandantibioticresistantprofilesofthemulti-drugresistant
bacteriatested

Strains
tested

Lab
code

Antibioticresistantprofile Number
of
plasmid

Molecularsizeofplasmid
(bp)

K1 P1 AM,N,CH,OFX,AUG,CEF,CTX 3 23130,9216,4361

K2 P2 GN,AM,N,CH,OFX,AUG,CEF,
CTX

2 23130,4361

Ps1 P3 CPX,GN,AM,N,CH,OFX,AUG,
CEF,CTX.

1 23130

Ps2 P4 CPX,GN,AM,N,CH,OFX,AUG,
CEF,CTX

1 23130

Eb1 P5 AM,N,CH,CEF,CTX 1 23130

Eb2 P6 GN,AM ,N,CH,OFX,CEF,CTX 1 23130



Ec1 10 GN,AM,N,CH,OFX,AUG,CEF,
CTX

3 23130,9216,2322

Ec2 11 GN,AM,N,CH,OFX,AUG,CEF,
CTX

1 23130

St1 12 Ery,CLO,CLN,GN,OFX,AUG,
CEF,CTX

1 23130

St2 13 Ery,CLO,CLN,GN,OFX,AUG,
CEF,CTX

2 23130,2322.

CONS
1

14 Ery,CLO,CLN,GN,AUG,CEF,
CTX

1 23130

CONS
2

15 Ery,CLO,CLN,OFX,AUG,CEF, 1 23130

Sa1 16 Ery,CLO,GN,CH,AUG,CEF,
CTX

0 nil

Sa2 17 Ery,CLO,CLN,GN,AM,N,CH,
OFX,AUG,CEF,CTX

0 nil

Sm1 18 GN,AM,N,CHAUG,CEF,CTX 1 23130

Sm2 19 GN,AM,N,CH,OFX,AUG,CEF. 0 nil

Key:1and2representstrain1andstrain2ofeachbacteriaspeciestested.
K,Klebsella spp,Ps Pseudomonas aeruginosa,Eb,Enterobacter spp,Ec-
Escherichia coli, St, Streptococcus spp, CONS coagulase negative
staphylococcus,SaStaphylococcusaureus.Sm,Serratiamarcescens
OFX= ofloxacin. ERY= erythromycn, CET= ceftriaaxone, AMP=ampicillin,
CLO=cloxacillin, LEV=levofloacin CEP=cephalexinCPX=ciprofloxacin GN=
gentamicinCLN=clindamycin.



Figure1:TheImageofgelelectrophoresisofPlasmidDNAofKlebsiellaspp(P1
&P2),Pseudomonasaeruginosa(P3&P4),Enterobacterspp(P5&P6)from ATM
machine.Eachofthelaneshasatleastoneplasmidbandofsize23130bp.
Key:LaneM =DNAMarker.



Figure2:TheImageofgelelectrophoresisofPlasmidDNAextractedfrom E.coli
(10&11),Streptococcusspp(12&13),CONS(14&15),Staphylococcus
aureus(16&17)andSerratiamarcescens(18&19)from ATM machine.Eachof
thelaneshasatleastoneplasmidDNAexceptlane15andlane17.
Key:LaneM =DNAMarker.

Table5:Multipleantibioticsresistanceindex

Isolates(Organisms) Average Range

Klebsiellaspp 0.44 0.2-0.7

Pseudomonasaeruginosa 0.46 0.3-0.8

Escherichiacoli 0.83 0.8-0.9

Streptococcusspp 0.83 0.5-0.8

Staphylococcusaureus 0.32 0.2-0.4

Serratiamarcescens 0.48 0.4-0.6

Enterobacterspp 0.40 0.2-0.4

CoagulasenegativeStaphylococcusspp 0.43 0.2-0.3



Discussion:

Currently,antibioticresistanceisbecomingpersistentlycommonandspreading

globally,alwayschallengingtheabilityoftheclinicianstotreatsomecommon

bacterialinfectionswithsuccess.Again,thereareincreasingreportsbespeaking

thepropensityofdiversebacteriatocolonizeandmultiplyoninertsurfacesthat

arealwaysincontactwithhumanhandssuchasdoorhandles,tables,ATM

devices(Osman2024;KramerandAssadian2020)

Ourstudyreportsatotalof112bacteriaisolatedfrom 120samplescollected

from 30differentATM devicesinthestudyarea.Specifically,13.4%Klebsiella

spp,8.9%Pseudomonasaeruginosa,16.1%Enterobacterspp.4.5%Escherichia

coli,17%Streptococcusspp,17.9%Staphylococcusaureus,20.5%Coagulase

negativeStaphylococcussppand1.8% ofSerratiamarcescenswerecultured

from allthetestsamples.SimilarstudiesinIran,IleIfe(Nigeria)andEbonyiState



(Nigeria)isolatedsimilarspeciesofbacteriafrom ATM devices(Mahmoudietal.

2017;Oluduroetal2012:Onuohaetal.,2024).Mostofthesebacteriaisolated

belongtothegroupoforganismscalledtheESKAPEpathogens(Enterococcus

faecium,Staphylococcusaureus,Klebsiellapneumoniae,Acinetobacterbaumanii,

PseudomonasaeruginosaandEnterobacterspp.Thesepathogensaremostly

hospital-acquired pathogens thataffectthe gutand cause bacteremia,oral

infections,woundinfections,andurinarytractinfections.(Venkateswaranetal.,

2023)Theyshareseveralkeybiologicalcharacteristics,includingadaptationsfor

survivalin the modern health-care setting,diverse methods foracquiring

resistancedeterminantsandthedisseminationofsuccessfulhigh-riskclones

around theworld. Theywereinitiallyidentified ascriticalmultidrug-resistant

bacteria forwhich effective therapieswere rapidlyneeded and despite the

introductionofseveralnewantibioticsuchasnovelβ-lactamaseinhibitors,these

organismscontinuetorepresentmajortherapeuticchallenges.(MillerandArias,

2024).

Generally,ourstudyreported76.7% bacteriacontaminationofATM devicesin

thestudyareawhichwassignificantlygreaterthantheresultsoftheworkdone

elsewhere(Mahmoudietal.2017). TheresultsindicatethatATM keyboards

should be regarded as a potentialsource of bacteria,much like other

contaminatedsurfacesseeninpublicplaces,likerailsofstaircase,publicbus

handleanddoorhandlesinhospital,banks,andshoppingmall.Thesedevices

may be heavily implicated in transmission ofboth pathogenic and non

pathogenic microbes because these microbes can be harbored underthe



fingertipsoftheusersandasaresulttheycancausefinger-tipstomouth

infectionwhichcanimpairthelifeoftheinfectedperson(Rusinetal.,2002).

Thereforehandtransmissionisamajorsourceofcontaminationofthisdevice

andbecausethemajorityofpeoplewithvaryingdegreesofhygieneandhealth

standardsfrom differentsocioeconomiclevelusethisdevice(ATM)thereis

everytendencyofhandbornetransmissionofmicroorganism.TheATM device,

asaninertsurface,canalsoharbororganismswithresistantgenesandthispose

aseriouspublichealthproblems.

In the presentstudy,the antibiotic susceptibilitytests carried out

showedthatmanyofthebacteriaisolatedaremulti-antibioticresistant. The

antibioticresistance criseshasbeen attributed to the inappropriate use of

antibioticsaswellasalackofnew drugdevelopmentbythepharmaceutical

industry due to reduced economic incentives and challenging regulatory

requirements.(Gould and Bal.2013;Wright2014). Mostcases ofmultiple

antibioticsresistantbacteriahavebeenobservedto bedueto transferable,

extrachromosomalcircularDNA calledplasmids(Adonu,etal.2020).Inthis

study,weisolatedmulti-drugresistantbacteriafrom ATM devicesandsubjected

them toplasmidanalysisinordertoevaluatetheirpresence,number,andsize.

Thestudyrevealed plasmid sizesranging from 2322-23130 bp intheMDR

resistantstrains.Specifically,plasmidprofilingofthe Klebsiellaspp,Streptococcus

sppandEscherichiacolishowedthattheseMDRstrainshaddoubletotripleplasmidsof

2000–23000bpsizes,similartotheresultsofworkdonebyotherresearchers.(Talukder

etal,2021)Allthemulti-drugresistantisolateswerefoundtohabouratleastone

plasmidwiththeexceptionofStaphylococcusaureusstrains(Sa1andSa2)and



Serratiamarcesciens(Sm 2)(Table4).Thoughwedidnotisolateplasmidinfew

ofthetestorganisms,multipleantibioticresistance(MAR)inbacteriaismost

commonlyassociatedwiththepresenceofplasmidswhichcontainoneormore

resistancegenes,eachencodingasingleantibioticresistancephenotype(Daini

etal.,2005). Manyofthese isolates tested were resistantto Ampicillin,

Cloxacillin,Ceftriaxone,Nitrofurantoin,ChloramphenicolandCefoxitin.Itisone

ofourfindingsthattheplasmid-encodedantibioticresistanceencompasses

manyclassesofantibioticscommonlyusedinthestudyareaasthedrugof

choiceforantimicrobialchemotherapyincluding theamphenicols,penicillins

cephalosporins,fluoroquinolones,andaminoglycosides.

Themultipleantibioticsindex(MAR index)ofeachofthetestbacteria-

Klebsiellaspp,Pseudomonasaeruginosa,Enterobacterspp,Serratiamarcescens,

Escherichia coli, Streptococcus pneumonia, Staphylococcus aureus,

Staphylococcusepidermidiswasfoundtobegreaterthan0.2.Thismeansthat

thetestbacteriahavingMARindex≥0.2originatedfrom ahigh-risksourceof

contamination where many antibiotics are frequently used.The multiple

antibioticresistanceindex(MARI)is atoolusedtotrackbacterialinfectionsand

drug resistance,and to help determine the effectiveness of antibiotic

chemotherapy. Increased emergence of resistance to antibacterialagents

constitutes a very serious challenge in medicalpractice.The spread of

pathogenicorganismsviainertsurfacessuchasATM devicesinthepublic

placesismoredauntingandnigglinginruralcommunitiesofunderdeveloped

countrieslikeNigeriawhereantibioticscanbepurchasedoverthecounter.This



isworrisomebecausetheemergenceofdrugresistancebyselectivepressureis

acommonphenomenoninsuchareas.Asaresult,itisimportantthatone

understandshow antibioticresistancedevelopsandspreadsinenvironmentin

ordertodesignanddevelopinterventionalplanstocurbthemenaceofbacterial

infections.Withouteffectivepolicyanditsimplementationtolimitthespreadof

pathogenicbacteriainthepublicplacesespeciallythroughinanimatesurfaces

andthetechniquestolimitantibioticresistance,antibiotictherapywouldbea

completewasteoftimeand resources,and thismeansincreased ratesof

morbidity and mortality from bacterialinfection.(Bennett2008).Secondly,

investinginantibioticdrugdevelopmentwouldnotbegainfulifappropriate

measuresarenotputinplacetocontainthespreadofmulti-drugresistant

bacteria.

Conclusion

ATM devices in use around the banks and outside banking facilities are

considerablycontaminatedwithpotentialpathogensandcanthereforeserveas

vehiclesforthetransmissionofdisease-causingmulti-drugresistantbacteria

amongindividual.Theresultsofthisworkconsolidatetheimportanceofroutine

cleaning and disinfection ofATM devices to limitthe dangerofbacterial

transmission.Italsoreinforcestheimportanceofpublichealtheducationonthe

dangerofantibioticdrugmisuseandantibioticresistantgenetransferamong

bacteria.ThevariedpopulationofbacteriafoundonATM devicesunderscores

theneedforfurtherinvestigationtomolecularlevelstobetterunderstandthe



kineticsofbacterialcontaminationindiversesurroundings.
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