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MISCELLANEOUS

Purpose:Patientsintheintensivecareunit(ICU)areusuallyatgreaterriskforacquiringuri-
narytractinfections(UTIs).FewstudieshavefocusedonUTIsspecificallyacquiredwithin
theICU.WestudiedthechangeinbacterialspeciescausingUTIsinICUadmittedpatients
in 2001 and 2011. 

Materials and Methods:Wereviewedthemedicalrecordsofatotalof2,890ICUpatients
whohadundergoneurineculturein2001and2011attheYeouidoandBucheonSt.Mary’s
hospitals.Changes incausativeorganismsand their antibiotic sensitivitybetween theyears
2001 and 2011 were analyzed. 

Results:Escherichiacoli(E.coli)wasthemostcommonorganisminICU-acquiredUTIsin
2001and2011inourstudy.Thepathogensthatsignificantlyincreasedin2011comparedto
2001werePseudomonas,andKlebsiellaspecies(P<.05).In2011gram-negativeorganisms
showedrelativelyhighersensitivitiestoamikacin,imipenem,andtazocin(72.0%,77.5%and
76.1%,respectively),whereastheyshowedrelativelylowersensitivitiestothird-generation
cephalosporins and ciprofloxacin (55.2% and 45.0%, respectively). In 2011gram-positive
organismsshowedhighsensitivitiestoteicoplaninandvancomycin(91.1%and87.9%,re-
spectively),whereas theyshowed lowsensitivities toampicillinandciprofloxacin(24.1%
and25.5%,respectively).TheantibioticresistancerateofPseudomonasspecieswasnearly
doublesthatofE.coli.

Conclusion:InfectionscausedbyPseudomonasandKlebsiellaspecieswerefoundtohave
increasedsignificantlyin2011.Pseudomonasspecieshadasignificantlylowersusceptibility
toantibioticsensitivitythanotheridentifiedorganisms.

Keywords:bacterial infections;drugresistance; intensivecareunits;microbialsensitivity
tests;retrospectivestudies.
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INTRODUCTION

Patients admitted to intensive care unit (ICU) are
prone tovarious infections i.e. lung, urinary tract,
skin,oralmucosalandetc.Ahugenumberofinfec-

tionsaredevice-associatedhealth-care-associatedinfection
(DA-HAI),ornosocomialinfections.(1)Asisknowntoall,
duetothespecificityofpathogensandhighdrugresistance,
nosocomialinfectionisoftendifficulttocontrol,andasso-
ciateswithpooroutcome.(2)

Urinarytractinfections(UTIs)areoneofthemostcommon
typesofnosocomial infectionsencountered in the inpatient
settings including ICU.Amongstpatientsadmitted to ICU,
studieshave revealed the incidenceofnosocomialUTIs to
rangefrom9%to29%.(3,4)Theriskofpatientsacquiringa
UTIsinanICUisapproximately2.5-foldhigherthanthatof
patientsinageneralhospitalward.Complicatednosocomial
UTIsmayleadtourosepsis,andincreasepatientmorbidity
andmortality.(5)

TheprimarycausefornosocomialUTIsiscatheterizationof
theurinarysystem.Sincemost ICUpatientsaremonitored
withregardtotheamountofintakeandoutputbytheFoley
catheter,theyareeasilyexposedtotheriskofinfectiondue
to its indwellingcharacteristic.Todate,many studieshave
beenconducted toexamine thecausativebacteria forUTIs
amongoutpatients andhospitalizedpatients.However, few
studieshavefocusedonUTIcausativeorganismsortheirsen-
sitivitytoantibioticsinICUpatients.InUTIcases,empirical
antibiotics should be used until the bacterial culture is con-
firmed;therefore, it isessential toexaminetheantibiogram
ofthecausativeorganism.Sensitivitytoantibioticsmayvary
dependingonthehospitalandtheregion.Particularlyforpa-
tientsintheICU,causativebacteriaforUTIsmaybedifferent
fromthose isolatedfromtheregularoutpatientandgeneral
wardpatients.Specifically,inICUpatientsthesensitivityto
antibioticsmaybelowercomparedtootherpatients.
Based on this information,we comparatively analyzed the
majorcausativebacteriaofUTIsandinvestigateddisparityin
thesensitivitytoantibioticsbetweenisolatesfrom2001and
2011intheICUsoftwomedicalinstitutions.

MATERIALS AND METHODS
A retrospective analysis was performed on urine cultures
performed in2001and2011 in ICUpatients in twohospi-
tals.FourICUsincludedinthisstudy:surgicalICU(25bed),

medical ICU (24 bed), neurosurgical ICU (20 beds) and
cardiacICU(16beds).WedefinedICUacquiredUTIwhen
urinecultureispositive[urineculturewithabacterialcount
>100,000colony-formingunits(CFU)/mL]within48hours
orlaterafteradmissioninICU.(6)Weexcludedthepatients
whoshowedapositiveurineculturewithin30daystomini-
mizetheduplicationoftestresultssuchasreinfectionsoffirst
UTI.Themedicalrecordsofpatientswerereviewedtomake
a differential diagnosis between asymptomatic bacteriuria
andUTI.Dysuriaandfeveratthetimeofurineculturetest-
ingwereconsideredassymptomaticofUTI.Asymptomatic
bacteriuriawasexcludedfromthestudy.
Urine collectionwas conducted according to the following
methods.The tipof thecatheterwascleanedusingaboric
sponge, and then the urine was collected using a sterilized 
syringefrompatientswithanindwellingcatheter.Fromthe
patientswithout indwellingcatheters, themiddleurinewas
collectedaftercleaningof theurethralmeatusand theper-
inealregionusingaboricsponge.Ifself-voidingwasimpos-
sible, urine sampleswere obtained by catheterization. The
midstreamurinewascollected frompediatricpatientswith
theabilityofvoidingcontrol.Inothercases,urinesamples
wereobtainedbycatheterization.Bacterialidentificationwas
conductedwiththeuseofATBkits(BioMérieux,Mumbai,
India).SpeciesidentificationforyeastwasdoneonVITEK
2Compactsystem(BioMérieux,Mumbai,India)asperthe
manufacturers’instruction.Antimicrobialsusceptibilitytests
wereperformedusing theKirby-Bauermethod.Theproto-
colofthestudywasapprovedbyacentralethicalcommittee
(CatholicMedicalCenter,TheCatholicUniversityofKorea
CollegeofMedicine,Seoul,Korea,No.HIRB-00145_2-002)
andbytherespectivelocalethicalcommittees.
Statistical Analysis
SigmastatforWindows(SystatInc.,Chicago,IL,USA)was
usedforstatisticalanalysis.Tomakeacomparisonoftherate
ofbacterialculturebetween the twoyears,aFisher'sexact
testwasperformed.AP value<.05wasconsideredstatisti-
callysignificant.

RESULTS
The number of ICU patientswho underwent urine culture
testingwas1,007in2001and1,883in2011,fora totalof
2,890ICUpatientswhounderwenturineculturetesting.Of
thesepatients,208in2001and256in2011metstudycriteria
and enrolled into the study. 
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Themale to female ratiowas93:129 in2001and107:120
in 2011 (P =.689).Themeanageswere57.4±21.7yearsin
2001and60.7±24.4yearsin2011(P =.854).Inbothyears,
themostcommonbacterialstrainisolatedfromUTIpatients
wasE. coli (Table1). In2001, thecausativebacterial spe-
ciesthatwereculturedincludedE.coli(24.5%),Enterococ-
cus(15.5%),Pseudomonas(10.5%),Staphylococcus(8.2%),
coagulase negative Staphylococcus (CNS) (7.2%) and
Klebsiella(4.2%).In2011,thecausativebacteriathatwere
cultured included E. coli (23.1%), Pseudomonas (19.0%),
Enterococcus (17.2%), Klebsiella (10.1%), CNS (4.2%),
andStaphylococcus(4.2%).Foryeastspecies,Candidaand
Trichosporonspecieswereidentified.Otherbacterialstrains
included,Enterobacter,Serratia,Stenotrophomonas,Strepto-
coccus,Myroides,Proteus,Providencia,Morganella,Citro-
bacter,Acinetobacter andAlcaligenes.Overall, the propor-
tionofgram-negativebacteriawas35.0%in2001and50.1%
in 2011 (P< .05)andtheproportionofgram-positivebac-
teriawas30.9%in2001and39.6%in2011(P=.748).The
proportionofyeastwas13.7%in2001and15.5%in2011.
TheproportionofPseudomonasandKlebsiellasignificantly
increasedfrom2001to2011(P<.05).Despitealackofsta-
tisticalsignificance,theproportionofEnterococcusincreased
from15.5%to17.2%andStaphylococcusaureusdecreased
from8.2%to4.2%in2011comparedto2001.
In each bacterial strain, antibiotic sensitivitywas analyzed
(Table2).Ampicillinshowedlowsensitivitytogram-negative
bacteria(24.5%in2001and23.4%in2011).Ceftazidime,a
third-generationcephalosporin, showed relativelyhighsen-
sitivitytogram-negativebacteria(33.0%in2001and62.0%

in2011).Oftheaminoglycosidesingram-negativebacteria,
amikacin(70.2%in2001and72.0%in2011)showedhigh
sensitivity as compared to gentamicin (60.1% in 2001 and
57.2%in2011)ortobramycin(54.5%in2001and60.1%in
2011).Quinolones such as ciprofloxacin showed relatively
low sensitivity (50.1% in 2001 and 55.2% in 2011) com-
pared to the aminoglycosides ingram-negativebacteria. In
addition, theBactrim (sulfamethoxazole and trimethoprim)
showeda lowdegreeofantibioticsensitivityat30.2%and
40.1%,respectively.
Inameticulousreviewofthedata,Escherichiacoli(E.coli)
hada lowerdegreeofantibacterialsensitivity toampicillin
in2001andin2011,butithadarelativelyhigherdegreeof
antibacterialsensitivitytothethird-generationcephalosporin
ceftazidimein2001andin2011.Inthecaseofaminoglyco-
sides,amikacinshowedaveryhighantibacterialsensitivity.
Ciprofloxacinhadarelativelyhigherdegreeofantibacterial
sensitivity in 2001 and in2011.Klebsiella had a very low
degreeofantibacterialsensitivitytoampicillinin2001andin
2011.Pseudomonaswasfoundtohavealmostnosensitivity
tocefotaximeandthenshowedarelativelylowerdegreeof
antibacterialsensitivitytoceftazidime,theaminoglycosides,
andquinoloneatarateof30-40%.Inparticular,therewasa
lowdegreeofantibacterialsensitivitytoimipenematarateof
45%in2011(Table3).
Accordingtotheresultsobtainedfor2011,Enterococcushad
a lowerdegreeofantibacterialsensitivity toampicillinand
ciprofloxacinbuthadahigherdegreeofantibacterialsensi-
tivity to tetracycline, teicoplanin, andvancomycin.Staphy-
lococcus had a higher degree of antibacterial sensitivity to

Table 1. Species distribution of urine isolates from patients with urinary tract infections. 

Organisms 2001 (%) 2011 (%) P

Escherichia coli 24.5 23.1 .475

Enterococcus 15.5 17.2 .308

Yeast 13.7 15.5 .530

Coagulase negative staphylococcus 7.2 4.2 .176

Pseudomonas 10.5 19.0 .003

Klebsiella 4.2 10.1 .04

Staphylococcus aureus 8.2 4.2 .054

Others* 16.2 6.7 .005

Totals 100.0 100.0 -----
* Enterobacter, Serratia, Stenotrophomonas, Streptococcus, Myroides, Proteus, Providencia, Morganella, Citrobacter, Acinetobacter and Alcaligenes 
genera.
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teicoplaninandvancomycinin2001andin2011.Somean-
tibioticswerenotconsideredfordrugsensitivitytestingand
thushadnoavailableresults.Inthetesteddrugs,sensitivity
wasshowntochangewithtime(Table4).

DISCUSSION
Themajorfindingsofourstudywereasfollows;E.coliwas
themost commonorganism in ICU-acquiredUTIsboth in
2001and2011;Pseudomonas,andKlebsiellaspeciessignif-
icantly increased in2011compared to2001and infections
withPseudomonas,theantibioticsresistancerateswerehigh-
erthanthatofotherbacterialstrains.UTIisoneofthemost
commoninfectiousdiseases,onlysecondtorespiratoryinfec-
tionsinclinicalpracticeofinternalmedicine.Despitetherap-
idlyupdatedtreatmentmodalitiesforUTI,somepatientswith
refractoryUTIsandcomplicatedUTIsaredifficulttotreat.(7)

AnosocomialUTIisoneofthemostcommontypesofinfec-
tionsandaccountsforthehighestincidenceoftotalnosoco-
mialinfections.Accordingtoasurveythatwasconductedto
examinediseasestatusin1996,theincidenceofUTIsconsti-
tuted30.3%of totalnosocomial infectioncases.(8) Accord-
ingtoclinicalguidelinesproposedbytheEuropeanAssocia-
tionofUrology(EAU)in2006,cases inwhichaUTIwas
acquiredinahospitalsettingwereestablishedasoneofthe
indicatorsassociatedwithcomplexUTIs(9) because patients 
whohavebeenhospitalizedweretypicallyolderinageand
hadcomplicatingchronicdiseasessuchasdiabetesmellitus
orhypertension.Inaddition,theyhadahigherfrequencyof
exposure to other infectious diseases.These characteristics

aremoreprevalentlyseeninICUpatientsinparticular.
MostcasesofICU-acquiredUTIsoccurastheresultofsin-
glebacterialstraininfections.Complex-typeinfectionsdueto
morethantwobacterialstrainshavebeenreportedtooccurat
anincidencerateof5-12%.(5,10) In the current study the inci-
dence of complex-type infectionswas approximately 18%,
most of themwere due to contamination during the urine
sampling procedure.According to studies about infectious
diseasesoccurring inanICUsetting inNorthAmericaand
Europe,E.coli,Pseudomonas,andEnterococcusarethemost
commonbacterialstrainsincasesofICUinfections.(11)Can-
didaspecieshavebeenreportedtobepresentatamaximal
frequencyof1/3of totalcasesof ICUinfections.(12) In the 
currentstudy,bacterialculturesshowedanorderofincidence
ofE.coli(23.1%),Pseudomonas(19.0%)andEnterococcus
(17.2%)in2011.YeastsincludingCandidaweredetectedat
arateof15.5%.Incomparisonwiththeresultsthatwereob-
tainedin2001,E.colishowednogreatdifference.Enterococ-
cusshowedadetectionrateof15.5-17.2%despitealackof
statisticalsignificance.Inparticular,Pseudomonasinfections
greatlyincreasedfrom10.5to19.0%andKlebsiellaalsoin-
creasedfrom4.2to10.1%.Theseresultswereinagreement
withthelatestKoreanreportsthatidentifiedthemajorcausa-
tivebacteriaforUTIsinKorea.Theincidenceofinfections
duetogram-positivebacteriawasgreatlyincreased.Withre-
gard togram-negativebacterial infections, the incidenceof
infectionsduetoE.colidecreased,andinfectionsduetoother
gram-negativebacteriasuchasPseudomonas,Klebsiella,and
Enterobacterincreased.(13,14)

Table 2. Antibiotic sensitivities for gram-stained pathogens in 2001 versus 2011.

Variables Antibiotic Susceptibility (%)

Year AC CL CZ CT GM AK TM CF LF IP BT TZ

Gram (-) 2001 24.5 51.8 33.0 60.1 70.2 54.5 50.1 55.8 90.8 30.2 70.2

2011 23.4 45.5 62.0 44.0 57.2 72.0 60.1 55.2 82.1 77.5 40.1 76.1

P .982 .731 < .05 .684 .963 .741 .891 <0.05 < .05 .061 .794

Antibiotic Susceptibility (%)

Year EM GM TC AC CL TP VM CF

Gram (+) 2001 24.5 24.1 60.1 9.2 20.4 85.4 85.7 39.5

2011 27.1 10.2 54.2 24.1 19.1 91.1 87.9 25.5

P .891 < .05 .641 < .05 .941 .791 .912 < .05
Keys: AC = ampicillin, CL = cephalothin, CZ = ceftazidime, CT = cefotaxime, GM = gentamicin, AK = amikacin, TM = tobramycin, CF = ciprofloxacin, LF 
= levofloxacin, IP = imipenem, BT = bactrim, TZ = tazocin, EM = erythromycin, TC = tetracycline, TP = teicoplanin and VM = vancomycin.
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Inregardtoantibioticsensitivity,theemergenceofbacterial
resistanttoantibioticshasgreatlyincreasedsincethe1990s.
Koandcolleagues(13)reportedthatampicillinhadantibacte-
rialsensitivity ingram-negativebacteriaatarateof15.6%
in1994and11.6%in1998.Withciprofloxacin,antibacterial
sensitivityhasbeenreportedtobe87.8%and78.8%inthose
sameyears.Ryuandcolleagues(15)reportedthatthesensitiv-
ityofgram-negativebacteriatociprofloxacindecreasedfrom
53.9%in2000to42.6%in2005.Inthecurrentstudy,sen-
sitivitytociprofloxacinwassimilarlyshownadecreaseata
rateof50.1%in2001and55.2%in2011.Thesensitivityto
ampicillinandBactrimwasshowntobe23.4%and40.1%,
respectively.TheseresultsindicatethatampicillinandBac-
trimshouldnotbefurtherusedastheprimarytreatmentfor
ICUpatientswithUTIs.Itisalsoassumedthatspecialatten-
tionshouldbepaidtotheuseofquinolones.In2005,Ryuand
colleagues(15) reported that the sensitivity to penicillin and
ampicillin was 40%, and sensitivity to the first-generation
cephalosporinwas16%ingram-positivemicroorganisms.In
thecurrent study,gram-positivebacterial sensitivity toam-
picillin, the first-generation cephalosporin, quinolone, and
erythromycinallshowedasensitivityrateof10-20%in2011.
Theserateswereoveralllowerthanthoseinthereportmade
by Ryu and colleagues.(15)ThismightbebecauseonlyICU
patientswereenrolledintherelevantstudies.
Ananalysisofsensitivitywasperformedforeachbacterial
strain. In 2011,E. coli had sensitivity to ampicillin, cipro-
floxacin,andthethird-generationcephalosporinatarateof
32.1%,63.8%and76-78%,respectively.Oftheaminoglyco-

sides,amikacinhadahigherdegreeofantibacterialsensitiv-
ityascomparedtogentamicinortobramycin.However,anti-
bioticsensitivityforPseudomonaswasshowntobe30-45%.
ItwasfoundthatPseudomonashaveantibioticresistanceap-
proximatelytwotimeshigherthanE.coli.Inparticular,the
sensitivityofE.coliorKlebsiellatoimipenemandtazocin
wasfoundtobeatmost40-55%.AccordingtoRyuandcol-
leagues(15)thesensitivityofPseudomonastoceftazidime,ce-
fotaxime,ofloxacinandimipenemabruptlyincreasedin2005
ascomparedto2000.Theseresultsmakeitdifficulttoselect
empiricalantibioticsinICUpatientswithcatheterization.
In theUTIcases thatarose in theICU, themost important
riskfactorwascatheterizationoftheurinarysystem.Richards
and colleagues(16)reportedthatmorethan95%oftotalICU-
acquirednosocomialUTI caseswere associatedwith cath-
eterization. Recent reports showed that catheter-associated 
UTIinICUisalsoverycommon,onlysecondarytoventila-
tor-associatedpneumoniabothindevelopinganddeveloped
countries.(2,17)

This studyhad several limitations.Firstly, the resultswere
basedonasinglegroupofpatientsfromtwohospitals.There-
fore,thefindingmaynotberepresentativeofallICUpatients
inourcountryhospitals.Thesamplesizewassmall,observa-
tionalnatureofthisstudymayalsohaveaffectedthefindings
ofthisstudy.Thesmallsamplesizemightalsoexplainwhy
theresultsofourantibacterialtestingwerenotinagreement
with previous reports. Second, the patients types, duration
ofICUstay,changesofdevices,trendsofSimplifiedAcute
Physiology Score II (SAPS II), antibiotics usage duration,

Table 3. Antibiotic sensitivities for gram-stained pathogens in 2001 versus 2011.

Variables Antibiotic Susceptibility (%)

Year AC CL CZ CT GM AK TM CF LF IP BT TZ

Gram (-) 2001 24.5 51.8 33.0 60.1 70.2 54.5 50.1 55.8 90.8 30.2 70.2

2011 23.4 45.5 62.0 44.0 57.2 72.0 60.1 55.2 82.1 77.5 40.1 76.1

P .982 .731 < .05 .684 .963 .741 .891 < .05 < .05 .0 .794

Antibiotic Susceptibility (%)

Year EM GM TC AC CL TP VM CF

Gram (+) 2001 24.5 24.1 60.1 9.2 20.4 85.4 85.7 39.5

2011 27.1 10.2 54.2 24.1 19.1 91.1 87.9 25.5

P .891 < .05 .641 < .05 .941 .791 .912 < .05

Keys: AC = ampicillin, CL = cephalothin, CZ = ceftazidime, CT = cefotaxime, GM = gentamicin, AK = amikacin, TM = tobramycin, CF = ciprofloxacin, LF 
= levofloxacin, IP = imipenem, BT = bactrim, TZ = tazocin, EM = erythromycin, TC = tetracycline, TP = teicoplanin and VM = vancomycin.
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