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Abstract: 

AntibioticsTareT'wonderfulTdrugs'TthatTfightTgerms.TAntibioticTresistanceTisTprojectedTtoTbeT

oneTofTtheTgreatestThealthcareTchallengesTofTtheT21stTcenturyTInfectionTisTaTmajorTcauseTof

TdeathTinTtheTdevelopingTworld.TThisTisTmainlyTdueTtoTtheTemergenceTofTnewTinfectiousTv

irusesTandTmainlyTdueTtoTtheTemergenceTofTantimicrobialTresistance.TOverTtime,TwithTtheTb

acteriaTbecomingTclearerTandTmoreTconsistent,TtheTcarelessTuseTofTantibioticsTinTclinicalTpra

cticeThasTledTtoTbacterialTresistanceTtoTantimicrobialTagents.TAntimicrobialTresistanceTisTkno

wnTtoTbeTaTmajorTproblemTinTtheTtreatmentTofTinfectiousTdiseases.TAntibioticTresistanceTme

chanismsTincludeTtheTfollowing:TantibioticTinactivation,TtargetTmodification,Tpermeability,Tand

T"bypass"TofTtheTmetabolicTpathway.TDeterminationTofTantibioticsTofTallTclassesT(phenotypes

)TandTantibodiesTresponsibleTforTantimicrobialsT(geneticTanalysis)TisThelpfulTThisTreviewTarti

cleTalsoTusesTtheTeffectiveTuseTofTantibioticsTinThumanTandTanimalThealthTtoTreduceTresista

nceTtoTgerms.TEvidenceTfromTtheTliteratureTshowsTthatTinformationTaboutTantibioticTresistanc

eTinThumansTisTstillTavailable.TTherefore,TtheTneedTtoTeducateTpatientsTandTtheTcommunityT

isTimportantTinTtheTfightTagainstTtheTvirus. 

Keywords:TantibioticTresistance,Tantibiotic,TbacterialTinfection 

Introduction: 

AntibioticTresistanceTisTaTdirectTresultTofTtheTuseTofTantibiotics.TAntibiotics,TeitherTcytotoxTorTc

ytostaticTinTmicroorganisms,TallowTtheTbody'sTnaturalTdefenses,TsuchTasTtheTimmuneTsystem,TtoT

destroyTthem.TTheyTusuallyTdoTsoTbyTblockingTcellTadhesion,TproteinTsynthesis,Tdeoxyribonucleic

TacidT(DNA),TribonucleicTacidT(RNA),TbyTmembraneTseparationTagents,TorTotherTspecificTactions

.TAntibioticsTcanTenterTtheTbacterialTcellTwallTbyTattachingTthemTtoTit,TusingTenergyefficientTpat

hwaysTinTtheTribosomalTareas,TleadingTtoTtheTinhibitionTofTproteinTsynthesis.TEhrlichTAntibiotics

TwereTconsideredTaTmagicTbulletTthatTselectivelyTtargetedTmicrobesTthatTwereTresponsibleTforTdi

seaseTtoTcause,TbutTatTtheTsameTtimeTwouldTnotTaffectTtheTmanager.TFlemingTwasTtheTfirstTtoT

warnTagainstTpenicillinTifTtooTlittleTorTtooTshortTaTdoswwasTused.TItTisTclearTthatTwhileTantibio

ticresistantTantibodiesTareTmuchTolderTthanTmodernTchemotherapy,TtheirTstorageTandTdistributionT

inTourThealthTcareTfacilitiesTdependsTonTwidespreadTprevalenceTofTantimicrobials. 

Antibiotic:TAnTantisepticT(beta lactam) 

•TBacteriostaticTDrug:TsomethingTthatTreducesTtheTgrowthTofTbacteriaTorTstopsTtheTproductionTof

Tbacteria. 
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HowTbigTisTtheTproblem? 

ItTisThardTtoTsayTforTsure,TbutTtheTUSTCentersTforTDiseaseTControlTandTPreventionT(CDC)Testi

matesTthatTinTtheTUSTaloneTthereTareTaboutT23,000TpeopleTwhoTdieTeveryTyearTfromTantibiotic-

resistantTinfections.TForTexample,TtheyTestimateTthatTresistanceTtoTantibioticsTthatTtreatTClostridiu

mTdifficileT(C.Tdifficile)TcausesTalmostT500,000TinfectionsTinTtheTUSTeveryTyear,TwhichTleadTto

TaboutT15,000Tdeaths.T(ButTAmandaTJezek,TaTspokespersonTspecializingTinTpolicyTandTgovernme

ntTrelationsTatTtheTInfectiousTDiseasesTSocietyTofTAmerica,TaTgroupTthatTrepresentsTmanyTofTth

eTcountry’sTinfectiousTdiseaseTdoctorsTandTscientists,TsaysTtheToverallTnumberTofTdeathsTisTaTco

nservativeTestimateTandTlikelyThigher

. Meanwhile,TaT2015TstudyTpublishedTinT

NatureTfoundTthatTglobalTantibioticTconsu

mptionTwentTupT30%TbetweenT2000TandT

2010 

1]PenicillinTandTotherTantibiotics: 

PenicillinTwasTdiscoveredTinT1928TbyTScotti

shTscientistTAlexanderTFlemingTasTaTcrudeTi

ngredientTinTP.TRuben’s.TFlemingTstudentTC

ecilTGeorgeTPaineTwasTtheTfirstTtoTsuccessf

ullyTuseTpenicillinTtoTtreatTophthalmiaTneona

torum.TPenicillinTisTaTgroupTofTantibioticsTo

riginallyTfoundTinTPenicilliumTfungi,Tespecial

lyTP.TChrysogenumTandTP.TRuben’s.TMostTc

linicallyTusedTpenicillinTisTchemicallyTderive

dTfromTnaturallyToccurringTpenicillin.TThere

TareTmanyTnaturalTpenicillin’sTavailableTbut

TonlyTtwoTdilutedTcompoundsTusedTinTtheTc

linicTsuchTasTpenicillinTGT(intravenousTuse)

TandTpenicillinTVT(oralTorToral)TareTused.T

PenicillinTwasToneTofTtheTfirstTdrugsTtoTbe

TusedTinTtheTfightTagainstTstaphylococciTand

TstreptococciTinTtheT1930's. 

TTheTfirstTknownTexpertTworkTisTtoTanalyze

TtheTpotentialTtherapeuticTeffectsTofTtheirTan

timicrobialTactivity.TInThisTopinion,TDuchesn

eTsuggestedTthatTbacteriaTandTfungiTtakeTpar

tTinTtheTendlessTbattleTofTlife.TDuchesneTno

tedTthatTE.TColiTwasTremovedTbyTPenicilliu

mTglaucumTwhenTtheyTwereTbothTitThasTgr

ownTinTtheTsameTculture.THeTalsoTnoticedTt

hatTwhenTheTinjectedTlaboratoryTanimalsTwit

hTdeadlyTdosesTofTbacilliTtyphoidTandTPenic

illiumTglaucum,TanimalsTdidTnotTgetTtyphoid

.TUnfortunately,TDuchesne'sTmilitaryTcareerTa

fterTgraduationTpreventedThimTfromTdoingTf

urtherTresearch.TDuchesneTdiedTofTtuberculos

is,TaTdiseaseTthatThasTnowTbeenTtreatedTwit

hTantibiotics.TInT1928,TSirTAlexanderTFlemin

gTdescribedTtheTpresenceTofTpenicillin,TaTm

oleculeTproducedTbyTfungiTthatTkillTorTinhib

itTtheTgrowthTofTcertainTbacteria.TFlemingT

wasTworkingTonTaTcultureTofTpathogensTwh

enTheTnoticedTtheTseedsTofTtheTgreenTfungu

s,TPenicilliumTChrysogenum,TinToneTofThisT

cultures.Tplates.TBeTawareTthatTtheTpresence

TofTmoldTkillsTorTinhibitsTtheTgrowthTofTba

cteria.TFlemingTwroteTthatTtheTfungusTmustT

releaseTanTantibacterialTagent,TwhichTheTna

medTpenicillinTinT1928.TFlemingTbelievedTth

atTitsTantibacterialTpropertiesTcouldTbeTused

TinTchemotherapy.THeTfirstTshowedTsomeTof

TtheTlivingTthingsTandTtriedTtoTuseTtheTwro

ngTpreparationsTtoTtreatTotherTdiseases,TbutT

heTcouldTnotTmoveTforwardTwithoutThelp.To

fTtrainedTchemists.TLater,TNormanTHealthyTd

evelopedTaTback-to-

backTprocedureTtoTthoroughlyTpurifyTpenicilli

nTinTbulk.TTheTchemicalTstructureTofTpenicil

linTwasTfirstTproposedTbyTAbraham.TPurified

TpenicillinTshowsTstrongTantibacterialTactivity

TagainstTaTvarietyTofTbacteriaTandTheThadTl

owTtoxicityTtoThumans.TInTaddition,TitsTacti

vityTwasTnotTinhibitedTbyTbiologicalTelement

sTsuchTasTred,TinTcontrastTtoTsyntheticTsulfo

namides.TTheTdevelopmentTofTpenicillinThas

TledTtoTaTresurgenceTofTinterestTinTtheTsear

chTforTeffectiveTantibioticTcompoundsTwithTs

imilarTsafetyTprecautions.TWithTtheirTsuccess

fulTdevelopmentofTpenicillin,TFlemingTreceive

dTitTbyTmistakeTbutTcouldTnotTgrowTit,TasT

aTtherapeuticTdrug,TChainTandTFloreyTshared

TFleming'sT1945TNobelTinTMedicine.TWorld

TWarTII.TGramicidin,Thowever,TcouldTnotTb

eTusedTsystematicallyTdueTtoTitsTtoxicity.TT

yrocidineThasTalsoTbeenTshownTtoTbeThighly

TtoxicTtoTsystemicTuse.TTheTresearchTresults

TobtainedTatTthatTtimeTwereTnotTdividedbet

weenTAxisTandTAlliedTforcesTduringTWorldT

WarTIITandTlimitedTaccessTduringTtheTCold

TWar. 
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EvolutionTandTspreadTofTresistance 

SinceTantibioticTresistanceTisTtheTresultTofTn

aturalTselectionTforTresistance-

conferringTmutations,TitTisTimportantTtoTund

erstandTtheTevolutionaryTprocessesTunderlying

TthisTselection.TOneTinterestingTelementTtoTt

hisTpuzzleTisTthatTbacteriaTacquireTresistance

TtoTdifferentTantibioticsTatTdifferentTrates.TIn

TaTPLOSTBiologyTarticle,TtheTauthorsTsought

TtoTunderstandTtheTpropertiesTthatTdetermine

ThowTquicklyTresistanceTwillTevolveT.TheyTi

dentifiedTtwoTproperties,TresistanceTvariability

TandTdoseTsensitivity,TthatTcouldTpredictTthe

TrateTofTevolutionTinTsevenTofTeightTofTthe

Tdrugs.TMethicillin-

resistantTStaphylococcusTaureusT(MRSA)TisTt

heTmostTcommonTantibioticTresistantTinfectio

nTinThumans,TandTtheTmostTfrequentTmecha

nismTofTresistanceTinTMRSATisTviaTtheTacq

uisitionTofTmecAT.mecATisTaTmemberTofTth

eTpenicillin-

bindingTproteinTfamilyTthatTdoesn’tTbindTβ-

lactamsT(likeTpenicillin)TeffectivelyTandTisTth

usTimmuneTtoTitsTeffects.TInTaTPLOSTGenet

icsTarticle,TtheTscientistsTmapTtheTevolutionT

ofTmecATfromTitsToriginalTroleTcellTwallTbi

osynthesisT.TheyTidentifyTfourTmechanismsTt

hatThaveTledTtoTitsTnewTroleTinTresistance,T

andTmostTimportantly,TshowTthatTitTwasTthe

TuseTofTantibioticsTinTmedicineTandTinTlives

tockTfeedTthatTdroveTthisTevolutionTandTspre

adTofTantibiotic.

 

TTableTrepresentingTtheTmechanismTofTdrugTresistanceTofTcommonTantibiotics 

 Antibiotic 

class 

 Example(s) 
Mode(s)TofTresistance 

 P-Lactams 

 penicillin,TCephalosporins,T

Monobactams 
 Hydrolysis,Tefflux,TalteredTtarget 

 Aminogly

cosides 

 Gentamicin,TStreptomycin,T

Spectinomycin 

 Phosphorylation,Tacetylation,Tnucleotidylation,T

efflux,TalteredTtarget 

 Glycopept

ides 

 Vancomycin,TTeicoplanin  ReprogrammingTpeptidoglycanTbiosynthesis 

 Tetracycli

nes 

 Minocycline,TTigecycline  Monooxygenation,Tefflux,TalteredTtarget 

 Macrolide

s 

 Erythromycin,Tazithromycin 
 Hydrolysis,Tglycosylation,Tphosphorylation,Teffl

ux,TalteredTtarget 

 Lincosami

des 

 Clindamycin  Nucleotidylation,Tefflux,TalteredTtarget 

 Streptogra

mins 

 Synergic 

 Carbon-

OxygenTlyase,Tacetylation,Tefflux,TalteredTtarg

et 

 Oxazolidi

nones 

 Linezolid  Efflux,TalteredTtarget 

 Phenicol’s 
 Chloramphenicol  Acetylation,Tefflux,TalteredTtarget 

Quinolones floxacin Acetylation,Tefflux,TalteredTtarget 
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 Pyrimidin

es 

 Trimethoprim  Efflux,TalteredTtarget 

 Sulfonami

des 

 Sulfamethoxazole  Efflux,TalteredTtarget 

 Rifamycin 
 Rifampin  ADP-ribosylation,Tefflux,TalteredTtarget 

 Lipopepti

des 

 Daptomycin  AlteredTtarget 

 CationicT

peptides 

 Colistin  AlteredTtarget,Tefflux 

TheToriginTofTantibioticTresistance: 

AntimicrobialTresistanceThasTbeenTreportedTt

oToccurTwhenTtheTdrugTlosesTitsTabilityTtoT

effectivelyTinhibitTbacterialTgrowth.TBacteriaT

beginTtoT‘resist’TandTcontinueTtoTmultiplyTb

eforeTtheTlevelsTofTantibioticTtreatmentTBact

eria,TwhenTreplicatedTevenTbeforeTantibiotics,

TareTcalledTantibodies.TAntibioticsTareTusuall

yTeffectiveTagainstTthem,TbutTwhenTmicrobe

sTareThighlyTresistantTorTresistant,TtheyTneed

TtoThaveTaTgreaterTimpactTthanTconventional

TscreeningTofTtheTsameTdrug.TTheTemergenc

eTofTantimicrobialTresistanceTwasTseenTshortl

yTafterTtheTintroductionTofTnewTantimicrobia

lTchemicals.TAntibioticTresistanceTcanToccur

TasTaTnaturalTaTselectiveTprocessTinTwhichT

theTenvironmentTempowersTallTbacteriaTwith

TaTcertainTlevelTofTlowTresistance.TForTexa

mple,TsomeTstudiesThaveTconfirmedTthatTsulf

amethoxazoleTandTtrimethoprimT(TMP-

SMZ),TampicillinTandTtetracyclineTwereTwide

lyTusedTinTpreviousTyears,TbutTnowTnoTlon

gerTplayTaTroleTinTtheTtreatmentTofTnon-

choleraTdiarrheaTinTThailand.TAtTtheTsameTt

ime,TanotherTstudyTconductedTinTBangladesh

TshowsTtheTeffectivenessTofTsimilarTdrugsTin

TeffectiveTtreatment.TInTfact,TdrugTresistance

TwasTdocumentedTevenTbeforeTtheTadventTo

fTantibioticsTinTtheTfightTagainstTinfectionT[.

TNon-

judgmentalTuseTofTantibioticsTisTaimedTatTm

akingTtheTdrugTresistantTtoTbacteria.TSinceTt

heTintroductionTofTsulfonamidesTinT1937,Tad

vancesTinTcertainTresistanceTsystemsThaveTfu

eledTtheirTuseTinTmedicine.THowever,Tsulfon

amideTresistanceTwasTreportedTinTtheT1930's,

TrevealingTaTsimilarTresistanceTmethodTthatT

stillTworks,TmoreTthanT80TyearsTlater].TLess

TthanTsixTyearsTafterTtheTaminoglycosidesTw

ereTproduced,TtheTaminoglycosideTspeciesTof

TStaphylococcusTaureusTlaunchedTinT1961,T

MethicillinTbecameTtheTfirstTpenicillin-

resistantTpenicillinaseTtoTidentifyTtheTpenicilli

naseTspeciesTthatTproduceTStaphylococcusTau

reus.THowever,TmethicillinTresistanceTwasTre

portedTshortlyTafterTitsTlaunch.TInTaddition,T

althoughTfluoroquinolonesTwereTincludedTinTt

heTtreatmentTofTGram-

negativeTinfectionsTinTtheT1980's,Tfluoroquin

olonesTresistanceTlaterTrevealedTthatTtheseTdr

ugsTwereTusedTtoTtreatTGram-

positiveTAntimicrobialTresistanceTinTbacterial

TpathogensTisTaTchallengeTthatTisTassociated

TwithThighTmorbidityTandTdeath.TMulti-

drugTresistanceTpatternsTinTGram-

positiveTandT-

negativeTbacteriaTareTdifficultTtoTtreatTandT

mayTnotTbeTtreatedTwithTstandardTantimicrob

ials.TCurrentlyTthereTisTaTshortageTofTeffecti

veTdrugs,TaTlackTofTeffectiveTpreventiveTme

asures,TandTonlyTaTfewTnewTantibiotics,Twhi

chTrequireTtheTdevelopmentTofTnewTtherapie

sTandTotherTantimicrobialTtherapies.TBiofilms
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TareTinvolvedTinTmanyTdrugTresistancesTand

TcanTpresentTinfectionTcontrolTchallenges. 

AntibodiesTareTknownTasTsuperbugs.TThisTis

TnotTonlyTaTlaboratoryTconcernTbutTalsoTaT

globalTthreatTtoThighTmortalityTratesTandTlif

e-

threateningTdiseases.TTheTeffectsTofTtheseTin

fectionsTareTgreatlyTexacerbatedTbyTchanging

TcircumstancesTsuchTasTcivilTunrest,Tviolenc

e,TfamineTandTnaturalTdisasters.TTheTWorldT

HealthTOrganizationT(WHO)ThasTwarnedTthat

TtheTpost-

antibioticTperiodTthatTwillTleadTtoTfrequentTi

nfectionsTandTminorTinjuriesTmayTresultTinT

deathTifTweTfailTtoTactTinTaccordanceTwithT

antimicrobials.TManyTdrug-

resistantTgermsTcauseTmanyTdeathsTworldwid

e.TMoreTthanT63,000TpatientsTfromTtheTThe

TUnitedTStatesTofTAmericaT(USA)TdiesTever

yTyearTfromThospital-

acquiredTinfections.TEveryTyear,TanTestimated

T25,000TpatientsTdieTfromTinfectionsTinTEur

ope.TManyTcountriesTfaceTtheTburdenTofTinf

ectionTwithTnosocomialTStaphylococcusTaureu

sT(S.TAureus)TasTclonalTdistributionTwaves.T

Methicillin-

resistantTstrainsTStaphylococcusTaureusT(MRS

A)TareTspreadingTrapidlyTaroundTtheTworld.

TEstimatedTcostsTdueTtoTmultipleTdrug-

resistantTvirusesTmayTincludeTadditionalThealt

hTcareTcostsTandTproductTlosses.TItThasTbec

omeTcommonTpracticeTinTmanyTpharmaceutic

alTcompaniesTtoTdistributeTantibioticsTthatTha

veTbecomeTobsoleteTorThaveTlostTtheirTregul

atoryTlicense.TEvidenceTsuggestsTthatTincreas

edTuseTofTantibioticsTcanTleadTtoTbetterTinte

ractionsTandThigherTlevelsTofTresistantTstrain

sTofTbacteria,TwhileTreducedTuseTofTantibioti

csTindicatesTlowerTlevelsTofTresistance.TTher

eTisTclearTevidenceTthatTpatientsThistorically

TtreatedTwithTantibioticsTareTthereTisTaTgoo

dTchanceTofTdevelopingTanTantibiotic.TInTad

dition,TtheTrecurrenceTofTantibioticsTfromTth

eTfirstTcycleTacceleratesTtheTresistanceTmech

anisms.TAntibioticsTpromoteTselectiveTstressT

forTbacterialTmutationsTwhenTadministeredTfr

equentlyTorTunconsciously.TIndividualsTandTp

rovincesTplayTaTroleTinTevolutionTofTantibiot

icTresistanceT.ForTexample,TClarithromycinTc

onsumptionTandTitsTresistanceTsimilarlyTincre

asedTfourfoldTinTJapanTbetweenT1993TandT2

000TinTcomparisonTtoTotherTcountries. 

T 

MechanismsTofTresistanceTtoTantimicrobi

alTagentsTinTdifferentTbacteria:T 

 

SinceTtheTdiscoveryTandTsubsequentTwidespr

eadTuseTofTantibiotics,TaTvarietyTofTGramTp

ositiveTandTGram-

negativeTbacteriaTofThumanTandTanimalTorigi

nThaveTdevelopedTnumerousTmechanismsTof

TantibioticTresistanceT.InTthisTreviewTweTare

TdemonstratedTsomeTofTbacteria.TStaphylococ

ci,TtogetherTwithTpneumococciTandTstreptoco

cci,TareTmembersTofTaTgroupTofTinvasiveTG

ram-

positiveTpathogens,TknownTasTtheTpyogenicT

cocci,TwhichTcauseTvariousTsuppurativeTorTp

us-

formingTdiseasesTinThumansTandTanimals.TW

henTantibioticTresistanceTwasTfirstTencountere

dTamongTbacteria,TincludingTStaphylococcusT

aureus,TitTwasTbelievedTtoTariseTsolelyTbyT

mutationTandTselection.TSpontaneousTbacterial

TmutantsTresistantTtoTcertainTantibioticsTcanT

beTgeneratedTatTfrequenciesTofT10-

toT10TperTcellTinTtheTlaboratory,TandTitTwa

sTassumedTthatTanalogousTeventsThadToccurr

edTinTnaturalTpopulationsTtoTproduceTresista

ntTorganisms.TIndeed,TresistanceTwithinTtheT

staphylococciTtoTseveralTtherapeuticallyTusefu

lTantibiotics,TincludingTstreptomycin,Trifampin

,TfusidicTacid,TandTnovobiocin,TisTthoughtTt

oTbeTderivedTbyTchromosomalTmutation.TAT

fewTresistanceTdeterminantsThaveTbeenTmapp

edTonTtheTS.TaureusTchromosome.TInTsomeT

cases,Thowever,TchromosomalTpointTmutation

s,TwhichTleadTtoTantibioticTresistance,TcanTb

eTdeleteriousTtoTtheTorganism,TresultingTinTt

heTcreationTofTlessTvirulentTforms.TTheTacq

uisitionTofTnewTcharacters,TwithoutTaffecting

TtheTfitnessTofTtheTbacteriaTtoTsurviveTinTth

eirTnaturalTenvironment,TwouldTthereforeTbe

TexpectedTtoToccurToverTaTsubstantialTtimeT

span.TInTanTevolutionaryTsense,Tthen,TtheTac

cumulationTofTchromosomalTmutationsTwould

TseemTtoTbeTunsatisfactoryTasTtheTsoleTexpl

anationTforTtheTrapidTemergenceTofTmultidru

gTresistanceTbacteria.TTheTrelativelyTminorTr

oleTplayedTbyTspontaneousTmutationTinTtheT

striddenTappearanceTofTantibiotic-

resistantTmicroorganismsTwasTconfirmedTbyTt

heTdiscoveryTofTgeneTtransferTandTtheTdemo

nstrationTthatTbacteriaTcanTacquireTadditional

TgeneticTmaterialTinTtheTformTofTextrachrom

osomalTorTplasmidTDNA.TTheTexistenceTofT

plasmidTDNATmoleculesTwasTsuggestedTbyTt

heTtransferTofTdiscreteTgeneticTunitsTofTresis

tanceTbetweenTbacterialTstrainsTandTtheTirrev

ersibleTlossTofTsuchTunitsTfromTcellsTatTrela

tivelyThighTfrequencies 
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ATcommonTmechanismTusedTbyTbacteriaTtoT

minimizeTtheTeffectsTofTantibioticsTisTtoTacq

uireTorTincreaseTtheTexpressionTofTdrugTeffl

uxTpumps.TAsTtheTnameTimplies,TtheseTpum

psTexpelTdrugsTfromTtheTcytoplasm,Tlimiting

TtheirTabilityTtoTaccessTtheirTtarget.TInTaTP

LOSTPathogensTarticle,TresearchersTinvestigat

edThowTeffluxTpumpTexpressionTisTregulated

TinTtheThumanTpathogenTPseudomonasTaeru

ginosaTTheyTfoundTthatTtheTmultifacetedTtra

nscriptionTregulatorTCpxRTregulatesTtheTexpr

essionTofTtheTmajorTeffluxTpumpTinTP.Taer

uginosaTandTisTinvolvedTinTmodulatingTresist

anceTinTclinicalTisolates. 

AntibioticTinactivation:TSometimesTaTcellTc

anTgetTresistantTtoTvirusesTbyTdoingTanTenz

ymeTthatTmakesTtheTdrugTineffective,TorTtha

tTreducesTtheTeffectivenessTofTantibiotics. 

AnTexcellentTexampleTisTbetaTlactamasesTtha

tTcanTbreakTtheTbeta-

lactamTringsTofTbetaTlactamTantibioticsTlikeT

penicillin.TThus,TtheTbreakdownTofTtheTbeta-

lactamTringTstopsTtheTantibioticTfromTbeingT

ableTtoTadhereTtoTpeptidoglycanTprecursors.T

ButTitTisTunlikelyTthatTpenicillinTorTotherTsi

milarTdrugsTwillTbeTableTtoTbreakTtheTinteg

rityTofTtheTcellTwall,TasTlongTasTtheTbodyT

producesTbetaTlactamases].TThisTresistanceTc

anTbeTtransferredTfromToneTbacteriumTtoTan

otherTthroughTtheTproductionTofTR-

plasmids,TandTisTcommonTinTmethicillinTresi

stanceTtoTStaphylococcusTaureusT(MRSA)T 

ReducedTmembraneTpermeability:TAnother

TcommonTwayTtoTinterruptTantibioticsTbyTpr

eventingTdrugTentryTintoTtheTcell.TGramTneg

ativeTbacteriaTalsoThaveTanTouterTcellTmemb

rane,TandTtheTdrugTmustTpassTthroughTtheT

poresTofTtheTcell,TwhichTareTchannelsTthatT

openTtheTouterTmembraneTandTallowTtheTent

ryTandTexitTofTsubstancesTinsideTandToutsid

eTtheTcell.TToTenterTtheTcellTorTinteractTwit

hTtheTcellTwall,TtheTdrugTmustTbeTableTtoT

passTthroughTtheTporesT.TGeneticTmutationsT

canTleadTtoTpores,ToftenTbyTalteringTtheTele

ctricalTchargeTorTbodyTcompositionTthatTmay

TmakeTitTmoreTdifficultTforTantibioticsTtoTe

nterTtheTcell.TTheTantibioticTisTstillTeffective

,TbutTwillTfailTtoTreachTitsTtarget.TTheTmicr

oorganismTcanTgrowTtoTwithstandTmultipleTs

tagesTofTtreatmentTsimultaneouslyTinTthisTwa

y.TButTsomeTgram-

negativeTbacteriaTareTresistantTtoTtheTenviron

mentTandTlargerTdrugsTsuchTasTvancomycin,

TwhichTareTmuchTlargerTthanTtheyTcanTpass

Tthrough.TevenTbeforeTtheTadventTofTreform. 

ModificationTofTtargetTsite:TManyTantibioti

csTactTresponsiblyTinTtheTtargetTcellTmembr

ane.TATmicroorganismTcanTreduceTaTdrug'sT

effectivenessTifTtheTtargetTmoleculeTchanges

TslightlyTinTitsTstructureTsoTthatTtheTantibiot

icTcanTnoTlongerTinteractTwithTtheTtargetTm

olecule.TForTexample,TtetracyclinesTblockTthe

TRNATentryTsiteTbyTbinding.TMinorTchange

sTatTtheTentryTsiteTcanTleadTtoTviralTresista

nceTinTtetracyclinesT.TEffluxTorTantibioticTtr

ansport:TOne-

wayTgermsTcanTfightToffTgermsTisTbyTusing

TanTeffluxTpump.TAnTeffluxTpumpTisTaTbio

logicalTpumpTthatTcanTforceTanTantibioticTo

utTofTtheTcell,TsoTthatTitTcannotTreachTorTr

emainTinTcontactTwithTitsTtarget.TThisTantibi

oticTresistanceTmayTcauseTresistanceTtoTmore

TthanToneTclassTofTantibiotics,TespeciallyTm

acrolides,Ttetracyclines,TandTfluoroquinolones

TbecauseTtheseTantibioticsTinhibitTvariousTpr

oteinTandTDNATbiosynthesisTandTthereforeT

mustTbeTintracellularTinTorderTtoTact.TtheTre

sultTisTresistanceTtoTantibioticsTinToneTorTm

oreTofTtheTfourTsystemsTmethods,TasTshown

TinTtargetedTmoleculesTthatTareTmodifiedTby

TtheirTstructureTtoTpreventTantibioticsTbindin

g:TreducingTgastricTobstructionT(antibioticsTar

eTreleasedTfromTcellTimplants);TantibioticsTar

eTineffectiveTdueTtoTenzymaticTdepletion;Tor

TreleasedTfromTtheTcellTbyTeffluxTpump. 

THETFUTURETOFTANTIBIOTICTRESIS

TANCE 

StopTAbusingTAntibioticsTinTAgriculture 

StopTabusingTantibioticTinThumansT 

RampTUpTInfectionTPrevention 

Determinants: 

antimicrobialTresistanceTisTaTmultifacetedTpro

blem,TitTisTrelatedTtoTexistingThealthTcareTd

eliveryTsystemTofTtheTcountry.TInTIndia,Taro

undT5%TofTGDPTisTspentTonThealthToutTof

TwhichTpublicThealthTsectorTcontributesTtoT0

.9%TandTaTmajorTportionTofTtheTremainingT

isTbyTtheTprivateThealthTsector.TAgainTaroun

dT80%TshareTofTprivateThealthTsectorTcontri

butionTcomesTfromTout-of-

pocketTexpenditureTmostlyTforTmedicines 

TAMRTresultsTinTmanyTconsequences.TTheT

patientTremainsTsickTforTaTlongerTperiodTthu

sTrequiringTprolongedTtreatmentTusuallyTwith

TexpensiveTandTatTtimesTtoxicTdrugsTwhich

TresultsTinTincreasedTmorbidityTandTmortalit

y.TTheTburdenTonThealthTsystemTalsoTincrea

ses.[15]THospitalTacquiredTinfectionTinTvul
nerableTpatientsTwithTresistantTstrainsTisTan

otherTmajorTthreatTinTtheTIndianTcontext.TTh

eTsuccessTofTtreatmentsTsuchTasTorganTtrans

plantation,TcancerTchemotherapyTandTmajorTs

urgeryTwouldTbeTcompromisedTwithoutTeffec

tive 

http://www.ijcrt.org/
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. 

Spotting resistance: 

ScientistTinTeachTlookingTatTtheTmicrobiome

TinTtheTgutTandTmouth.TTheTmicrobiomeTis

TcrucialTinTunderstandingTantibioticTresistanc

e,TasTitTisTtheTsumTtotalTofTallTmicrobesT(i

ncludingTbacteria,Tfungi,TandTviruses)Tfound

TinTaTparticularTpartTofTtheTbody.TButTonly

TsomeTofTtheTbacteriaTmicrobiomeTmayTcarr

yTantibiotic-resistantTgenes. 

WeTcomparedTDNATsequencesTfromTdifferen

tTmouthTandTstoolTmicrobiomesTcollectedTfr

omTpeopleTlivingTinTChina,TFiji,TFrance,TG

ermany,TtheTPhilippines,TandTtheTUS.TThisT

allowedTusTtoTcreateTanToverviewTofTallTge

neticTmaterialTinTtheseTsamples,TwhichTweTt

henTcomparedTwithTaTdatabaseTofTthousands

TofTgenesTknownTtoTcauseTantibioticTresista

nce.TAnTalgorithmTthenThelpedTusTreconstru

ctTtheTgenesTandTremoveTDNATsequencesTn

otTresponsibleTforTantibioticTresistanceTWeTc

omparedTtheseTremainingTsequencesTwithTaT

databaseTtoTseeTwhichTgenesTcauseTantibioti

cTresistance.TThisTshowedTusTtheTnumberTof

TresistanceTgenesT(inTbothTindividualTbacteri

aTspeciesTandTbacterialTcommunities)TinTaTp

erson’sTmouthTandTstomach 

AnTantibioticTresistanceTisTglobalTproblem,T

weTalsoTwantedTtoTknowThowTresistanceTdif

feredTbetweenTpeopleTfromTdifferentTcountrie

s.TWhileTweTdidTfindTthatTpeopleTfromTAsi

aTcarriedTmoreTbacteriaTwithTantibioticTresist

anceTgenesTinTtheirTgutT(likelyTbecauseTofT

howTfrequentlyTantibioticsTareTprescribedTor

TareTtaken),TweTwereTsurprisedTtoTfindTthat

TtheTnumbersTandTspeciesTofTantibiotic-

resistantTbacteriaTdidTnotTvaryTthatTsignifica

ntlyTfromTcountryTtoTcountry.TRather,TthereT

areTgreaterTdifferencesTinTantibiotic-

resistantTbacterialTspeciesTbetweenTyourTown

TgutTandTmouthTthanTifTyouTcomparedTtheT

bacteriaTinTyourTmouthTwithTsomeoneTfrom

TFiji. 

Medicinal Uses of antibiotics: 

AntibioticsTareTusedTtoTtreatTorTpreventTbact

erialTinfections,TandTsometimesTprotozoanTin

fections.TWhenTtheTinfectionTwasTsuspectedT

toTbeTtheTcauseTofTtheTdisease,TbutTtheTuna

nsweredTpathogenThadTnotTyetTbeenTidentifie

d,TaggressiveTtreatmentTwasTaccepted.TThisTi

ncludesTaTwideTrangeTofTantibiotic-

basedTtreatmentTbasedTonTtheTsymptomsTand

TsignsTpresentedTandTinitiatesTtheTresultsTin

TaTwaitingTlaboratoryTthatTmayTtakeTaTfew

Tdays.TWhenTaTpathogenicTmicroorganismTis

TalreadyTknownTorTdetected,TspecificTtreatm

entTcanTbeTinitiated.TThisToftenTinvolvesTthe

TuseTofTantibiotics.TTheTchoiceTofTantimicro

bialsTwillTalsoTbeTbasedTonTtheirTcost.TDiag

nosisTisTveryTimportantTasTitTcanTreduceTth

eTcostTandTtoxicityTofTantimicrobialsTandTre

duceTtheTlikelihoodTofTdevelopingTantimicrob

ialTresistance.TToTavoidTsurgery,TantibioticsT

canTbeTgivenTforTmildTappendicitis.TAntibiot

icsTcanTbeTgivenTasTaTprophylacticTmethodT

andTthisTisToftenTlimitedTtoTpeopleTatTriskT

suchTasTthoseTwithTweakenedTimmuneTsyste

msT(especiallyTinTcasesTofTHIVTtoTpreventT

pneumonia),TthoseTtakingTantiretroviralTdrugs,

TcancerTpatientsTandTthoseTwhoTareTbeingTo

fferedT.TTheyTplayTanTimportantTroleTinTde

ntalTantibioticTprophylaxisTwhereTitsTuseTcan

TpreventTbacteremiaTandTsubsequentTendocar

ditisTinfection.TAntibioticsTareTusedTtoTpreve

ntTinfectionTinTcasesTofTneutropeniaTespecial

lyTcancer-

related.TThereTareTmanyTmanagementToption

sTforTantibioticTtreatment.TAntibioticsTareTus

uallyTtakenTorally.TInTmoreTsevereTcases,Tes

peciallyTseriousTchronicTdiseases,TantibioticsT

canTbeTgivenTintravenouslyTorTbyTinjection.

TTheTuseTofTtopicalTingredientsTisTalsoTone

TofTtheTtreatmentsTforTcertainTskinTcondition

sTincludingTacneTandTcellulitis.TTheTbenefits

TofTusingTtheTarticlesTincludeTachievingTaTh

ighTandTcontinuousTdiagnosisTofTantibioticsTi

nTtheTareaTofT

infection;TreducingTsystemicTandTtoxicTabsor

ptionTcapacity,TandTtheTtotalTnumberTofTreq

uiredTantibioticsTisTreduced,TtherebyTreducin

gTtheTriskTofTantibioticTabuse.TTopicalTantib

ioticsTusedTforTcertainTtypesTofTsurgicalTwo

undsThaveTbeenTreportedTtoTreduceTtheTrisk

TofTinfectionTatTtheTsurgicalTsite.THowever,

TthereTareTsomeTcommonTcausesTforTconcer

nToverTtheTcontrolTofTchemicalsTbyTantibioti

cs.TSomeTsystemicTantibioticTinterventionsTar

eTpossible;TtheTamountTofTantibioticsTusedTi

sTdifficultTtoTdetermineTwithTprecision,TandT

thereTisTalsoTtheTpossibilityTofTaTlocalThype

rsensitivityTreactionTorTcontactTwithTdermatiti

s. 

Side-effectsTofTantibiotic: 

AntibioticsThaveTbeenTtestedTforTanyTadvers

eTeffectsTbeforeTbeingTapprovedTforTclinical

TuseTandTareTgenerallyTconsideredTsafeTand

TwellTtolerated.TSomeTantibioticsTareTassocia

tedTwithTaTwideTrangeTofTsideTeffectsTrangi

ngTfromTmildTtoTsevereTdependingTonTtheTt

ypeTofTantibioticTused,TtheTtargetedTmicrobe

s,TandTeachTpatient.TSideTeffectsTmayTindica

teTdrugToverdoseTorTantibioticTresistanceTorT

mayTincludeTallergiesTorTallergies.TTheTnew

TdrugTsafetyTprofilesTareToftenTnotTestablish

edTasTthoseTwithTaTlongThistoryTofTuse.TCo

mmonTsideTeffectsTincludeTdiarrhea,TwhichTr

esultsTfromTdisruptionTofTplantTspeciesTinTth
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eTintestinalTtract,TleadingTto,TforTexample,Ta

nTincreaseTinTpathogenicTbacteria,TsuchTasT

ClostridiumTkengoku.T24TBacteriaTcanTalsoT

affectTtheTvaginalTfloraTandTmayTleadTtoTov

ergrowthTofTyeastTspeciesTofTtheTgenus. 

 

 

Conclusion: 

 

TAntibioticTresistanceTisTatTall-

timeThighTinTallTtheTpartsTofTtheTworld.TDe

spiteTmeasuresTtakenTbyTsomeTmemberTstate

sTofTWHO,TantibioticTuseTinThumans,Tanima

ls,TandTagricultureTisTincreasing.TTheThighTe

conomicTburdenTinTtheThealthcareTsectorThas

TbecomeTaTburningTissue,TdueTtoTextendedT

hospitalTstays,TisolationTwards,TstringentTinfe

ctionTcontrolTmeasuresTandTtreatmentTfailures

.TTheTpublicThealthTleadersTshouldTestablish

TaTpanTsurveillanceTsystemTcoordinatedTatTn

ationalTandTinternationalTlevels,TongoingTanal

ysis,TandTaTmandatoryTreportingTsystemTfor

TantibioticTresistance.TBothTdomesticTandTgl

obalTpoliciesTneedTtoTbeTconventionalTandTa

dhered-

toTtoTstopTtheToveruseTandTmisuseTofTantibi

otic. 
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