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ABSTRACT,

Objectives*Determinetherelationshipof clinically diagnosed cathetassociated urinary tract
infection (CAUTI) to standardized criteriandassessnicroorganisnlevel differences in
symptom.ourdeim a cohot of catheterized nursing home (NH) residents

Design: Posthoc analysis of a prospective longitudinal study.

Setting: Twelve NHs in Southeast Michigan.

Participants®233NH residents vih indwelling urinary catheters.

Measuremenis:Clinical and demographic data, includi@UTI epidemiology and symptoms,
were obtained at study enroliment, 14 days, and monthly thereafter for up to one year.
Results:One hundred twenty participants with an indwelling cath@®vo) were prescribed
systemic antibiotics foi82 clinically diagnosed CAUTIs articipantswere predominantly
white (90%),.male (52%With amean agef 73.7years Common signs and symptoms were
acute change'in mental status (28%éYyer (21%), and leukocytosis (13%). Forty percent of
clinically diagnosedCAUTIs met Loels minimum criteria 32%metNational Health Safety
Network (NHSN)criteria, and 50%met eitheLoeb’sminimumor NHSNcriteria CAUTIs
involving Staphylococcus aureus andEnterococcus spp.were least likely to meetiteria
CAUTIs involving K. pneumoniae were most likely to medtoeb’s minimumcriteria(OR=9.7
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[95% CI, 2.3-40.3]), possibly due to an associatiath acute change in mental sta(@@R=5.9
[95% CI, 1.8-19.4]).

Conclusion Fifty percent of clinically diagnosed CAUTise standardizedriteria which
representgn improvemenin antibiotic prescribing practiceat the microorganism-level, our
exploratory.data indicates that symptom burden may differ between microorganisms.
Explorationof CAUTI signs andymptoms associated with speciinicroorganism mayyield

beneficialinformationto refine existing tools guidingpgropriate antibiotic treatment

Key words: CAUTI; nursing homegjelirium; infectioncriteria; Klebsiella
pneumoniael NPRODUCTION

Urinarystract infectionyTl) andcatheterassociated UTIGAUTI) are the mostommon
infections innursing homesNHs) leading tathe majority of antibiotic prescriptiortghough
onethird are misdiagnosed asymptomatic bacteritoravhich antimicrobial therapy is not

beneficial®3

However, cather-associated bacteriuria can progress to symptomatic cystitis,
pyelonephritisy@nd even bactererfiladpproximately 10-50% of individuals catheteriZed>7
days will develop CAUTI while essentially alidividuals catheterized long term will experienc
at least on€AUTI.>** Thus, it is critical tdurtherrefineguidelines for CAUTI diagnosis and
initiation.ef-antibiotics.

CurrentCAUTI diagnosi<riteriainclude clinical signs and symptorasch adever,
rigors, hypotension, flank pain, leukocytosis, asdte changes mental and functional status,
as well aswpositive urineulture® ° Loelds minimum criteria are standards for initiation of
antibiotics indong term care settings based on assessmiefeaifon signs and symptorfis,
while the National Healthcare Safety Network (NHSN) criteria are standards for CAUTI
surveillance in long term care settifgRecent estimates indicate thatly 10-16%of
prescriptions.for UTIn NHsadhere to Loeb’s minimureriteria'® and only 3% of UTls
prescrited antibiotics met the NHSN criterid! These discrepanciesuld be due tseveral
factors, including prescriptiorf antibiotics for asymptomatic bacteriuaad the challenges of
accuratelyidentifying infections involving atypical symptofgescribing practicesould be
improved by investigation of signs and symptoms that are most (and least) common during
infectionwith traditional CAUTI pathogensuch agscherichia coli, compared to
microorganisms more likely to be present during asymptomatic bactesucia as
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Saphylococcus andEnterococcus species’ For instance, itaphylococcus aureus could be
clearlydifferentiated fronE. coli based on colonization density and symptom burden, this
information could aid irguiding appropriate empirical treatment

Little is known concerning possible differences in clinical presentation of CAUTI caused
by distinct mieroorganisms, or whether symptom burden may be indicative of CAUTI
epidemiology. The innate immune response is largely responsible for the signs anarsyofpto
UTI, particularly activation of tollike receptors (TLRsS) by pathogas®ciated molecular
patterns (PAMPS) such as lipopolysaccharide (LPS). TLR signaling, the magriitixde
resulting immune response, and infection symptoms can be modulated by specificeirulenc
factors or RAMP modification¥. For example, expression of different fimbrial types by Gram-
negative bacteriaan modulate LPS-induced TLR signaling cascades and infection autoc@nm
mouse model of UTY Dysuria is linked to certain LPS decorations rather than strictly resulting
from LPSinduced TLR signaling® Delirium can result from systemic inflammatithand may
also be modulated by the level of innate immune activation. Flow cytometry aradlysis
bacterial, leukacyte, and erythrocyte counts in urine was recently found to be inditative
infection by bread groups of microorganisms in maitheterized individuafS. The value of
clinical sigas . and symptoms for predicting UTI was investigated for indivsduigh spinal cord
injuries onscléan intermittent catheterizatiSmut not with respect to specific mianganisms.
Thus, classes ahicroorganismsnaybe associated with specific patterns of infection signs and
symptomslif so, this information could be useful for guiding appropriate antibiotic treatment in
catheterized"NH residents, particularly if clear differences exist between CAUTIs caused by
microorganisms in which distinct treatment differences exist, suShaaiseus versusk. coli.

Our study hadhreeprimary goals: Ldetermine adherence of clinically diagnosed
CAUTI from a cohort of NH residents standardizedriteria 2) determine if specific
microorganismgre mordikely to be present iclinically diagnosedCAUTIs that neet
standardizedriteriathan others, and) @onduct an exploratorgssessment of associaton
betweenCAUTI signs and syntpmsandspecific microorganismdVe addressed these goals
through post-hoc analyses of data collected from a prospective stoaheferizedesidents
from 12 NHs in southeast Michigan.

METHODS
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Parent Study Design and Population

A secondary, post-lwoanalysis was condwd from data collected through the Targeted
Infection Prevention (TIP) parent stutfyThe parent studwas a clusterandomized
intervention trial conducted in 12 communiigsed\Hs in Michiganfrom May 2010 to April
2013, focused.on reducing prevalence of nlitig resistant organismbhe study was approved
by the University of Michigan Institutional Review Board. Inclustoiteriawere: a) anyNH
resident'withan indwelling urinary catheter (Foley or suprapubic) and/or adeteithe
(nasogastric’orpercutaneous endoscopic gastrostomy tube) for more than 72 hours; and b)
informed conserfrom the resident or thepower of attorneyResidents receiving eraf-life
care were exeluded his cohot was optimal folour objectives due to prolonged follow-up data
(100 days,'en average). Demographics, infection, and CAUTI symmlaiasere obtained by
trained researchaff through clinical chart reviewt monthly visitsas were urine microbiology
data. Four hundred eighteen NH residents were enrolled in the TIP study; 292 rémdearts
indwelling urinary catheter for >72 hours. Of these, full baseline demograph@Adudl
symptom datdif applicable)wereavailable for233residentsStudy visits occurredtdhe time
of enrollment:on day 14, and monthly thereafter for a maximum of one year (or until death,

dischargeypor device discontinuation).

Definitions.

Clinically diagnosed CAUTINH residents witta UTI reported in their medical records,
an indwelling“eatheter in place foi72 hours prior to the date of the UTI, and a corresponding
prescriptionsofat leasta 3day course o$ystemicantibioticswere considegto havea clinically
diagnosedCAUTI.Y" In the event of catheter removal, participants were censored from our

analysis on the date of removal.

Loebs minimum criteria: Clinically diagnosed 8UTIs were considered to meet Lue
minimumcriteria if at least one of the following signs and symptoms were present: 1) fever,
defined as'having a single temperature >100°F or >2°F above ba&glmsy costovertebral
tenderness; 3) rigors, or 4) acute mental status clidfgeere was no mention of a particular
sign or symptom in the medical record, it veasumed to be abseRigors was reported in the
records of less than 5% of clinically diagnosed CAUTIs and therefore exdhaded
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microorganismevel analysis.

National Healthcare Safety Network (NHSN) criterigClinically diagnosed CAUTIs were
consicered to meet NHSN criteria if a positive urine culture, defineell @3colony-forming
units (cfu) of.ene or two microorganisms per milliliter of urine, was reported anditbwing
signs and symptoms were present: 1) No alternative site of infecticx) éewkr, defined as a
single temperature >100°F, repeated temperatures >99°F, or >2°F above plasatjoes,or c)
new hypotension; 2) leukocytosis, defined as >14,000 leukocytésimarleft shift (>6% bands
or>1,500 bands/mm°®) and a) acute mentatatus change, or b) acute functional decline; 3) new
onset suprapubic or costovertebral angle pain or tenderness, or 4) purulemgdiscband the
catheter oracute pain, swelling or tenderness of testes, epididymis, or prtidtagee was no
mention of a particular sign or symptom in the medical record, it was assumed tetie abs
Rigors, hypotension, purulent discharge around the catheter, and acute pain, swelling, or
tenderness of testes, epididymis, or prosisgeereportedn the recods of less than 5% of

CAUTIs andtherefore excluded frommicroorganismevel analysis.

Acute change in mental status-luctuation in behavior, inattention, disorganized thinking, and
an altereddeVel of consciousness compared to badelibata concerning mental status was
obtained by trained research staff through clinical chart review.

Acute changetin functional statusReported by clinical evaluation or laynew 3point increase
in total activities of daily living (ADL) scoré Data concerning functional status was obtained by
trained research staff through clinical chart review.

Statistical Analysis.

Preliminarylogistic models explored infection by specific microorganisms as a function
of clinical CAUTI signs and symptoms followed by multivariable models that combiA&irC
signs and symptomall logistic regressionsvereadjused for facility-level clusteringo account
for residents nested in NHandclinically diagnosedCAUTIs were grouped based on urine
culture results: 1Proteus mirabilis, 2) Enterococcus spp., 3)Escherichia coli, 4) Pseudomonas
aeruginosa, 5) Staphylococcus aureus, or 6) Klebsiella pneumoniae. Groupings were not
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182  mutually exclusive irthat the 57 duadpeciesCAUTIs wereeachincluded intwo groups, but
183  separate models were run for each microorgarndata were analyzed usinga®MP, version
184 13 (Stat&ormp LP, College Station, TX)RESULTS

185

186  Description.ef.Study Population

187 Studyparticipants wer@redominantlywhite (90%)male (52%)gelderly (nean ag&3.7
188  +12.7) with"1261(54%) being>75 years of age, and dependeribr care (mean physical self

189  maintenance'sce 21.6+ 3.9)as shown in Table.The most common conditioapon

190 enrollment were diabete8q [42%]), dementia (80 [34%]), a history of cerebrovascular

191  accidents48 [21%]), and chronic obstructive pulmonary disease (45 [19%]). A total of 274
192  urine cultures were reported from our cohort of 233 catheterized NH residievisnurine

193  cultures (4%) were reported without an accompanying prescription of antibidtiesemaining
194 263 urine cultures came from 120 unique study participants and had an accompanying
195  prescription of systemic antibiotiesxd symptom data. For the purposes of our study, these 263
196  cases will berconsidered “clinically diagnosed” CAUTIs. There were no major discernable
197 differences'between groups of catheterized NH residents, although demerdgpveasmately
198 twice ascommon in residents with clinically diagnoSeAUTI compared to those without (odds
199  ratio,OR=2:095% CI 1.2-3.4 P<0.012).

200

201  Epidemiology of Clinically Diagnosed CAUTI in NH Residents

202 Fullddentification of microorganisms was available in the records faraf&he 263

203  urinecultures«(69%jTable 2).The most common microorganismmgerall wereP. mirabilis,

204  Enterococcus spp.,E. coli, P. aeruginosa, S. aureus, andK. pneumoniae. One hundred twenty-
205 five CAUTIs (69%) weresinglespeciesand predominantly caused Bymirabilis (28 [22%])
206 E. coli (23,]18%)]) andP. aeruginosa (18 [14%]), aul fifty-seven CAUTIs (31%) involved two
207  speciesaandwerepredominantly caused lgnterococcus spp. (23 [40% of the 57 duapecies
208  CAUTIg]), Pamirabilis (20 [35%]), andP. aeruginosa (16 [28%]). The most common

209 combinations.in duatpecies infectiomereP. aeruginosa with Enterococcus spp. (n=6)P.

210  mirabilis with Enterococcus spp. (n=5), an®. mirabilis with P. aeruginosa (n=4).

211

212 Adherence of Clinically Diagnosed CAUTIs to Standardized Criteria
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213 The proportion of CAUTIs that met standardized criteria are shown in Table 3 and
214  grouped by predominant micngmnism. All 182 clinically diagnosed CAUTIs were prescribed
215  systemic antibiotics; 74 (40%) mebéb’s minimuncriteria; 59 (32%) met NHSN criteria; 91
216  (50%) met at least one standardized definition of symptomatic CAUTI. The nmosiao

217  findingswere=10° cfu of at least one microorganism (161 [90%)]), an acute change in mental
218  status (51 [28%)), fever (38 [21%]), leukocytosis or neutrophilia (23 [13%]), and an acute
219  change“in‘functional status (12 [7%]). Fourt¢@¥) CAUTI cases had concurrentgumonia

220 noted in theeharts 12 (86%) had positive urine cultures(50%) hadever, and 6(43%) had

221  acute mental status changkata not shown)Seven of the 12 cases with positive urine cultures
222 met NHSNcriteria, which excludéever as a criterion ihere is an alternate source of infection.
223 Inthe remaining 5 cases, systemic antimicrobial use could potentially be adktibaitner

224  pneumonia oCAUTI.

225

226  Microorganism-level Differences in CAUTI Signs and Symptoms

227 CAUTisiinvolving S. aureus had the lavest percentages that meidb’s minimum(30%)
228 or NHSN (5%)-criteria, followed by CAUTIs involvingnterococcus species (Tabl8). CAUTIs
229  involvingKspneumoniae had the highest percentage that matth’s minimum(86%) or NHSN

230 criteria (43%)Logistic modés using Firth’s bias correctiomere run for any microorganisthat
231 had at least ten occurrences of a CAUTI critetfols Firth models do not allow for clustering,
232 dummy coded facility variables were included. Despite sgaatiple sizes, firthlogit models

233 indicated thaCAUTIs causedy K. pneumoniae wereapproximately tetimes mordikely to

234  meetLoeb’ssminimuncriteriathan CAUTIs caused by othericroorganisme (OR=9.7 P5% ClI,
235  2.3-40.3];P<0.003).Tenof the 51 CAUTIs that reporteah acute change in mental status (20%)
236 involvedK. pneumoniae, suggesting that this criterion may contributetoncreased likelihood
237  of K. pneumoniae CAUTIs meetingeriteria Indeed, CAUTIs involvind<. pneumoniae were

238  more likely.tohave a reportedcute change in mental status compared to CAUT Isechly

239  othermicroerganism (OR=5.9 [95% CI, 1.8-19.4]P<0.004) The association betwe&n

240 pneumoniae'and acute change in mental status remained robust in a multivariable model adjusted
241  for age, gender, dementia, and facility (adjusted odds r@R=82 [95%CI 1.7-22.B

242  P<0.003)DiscussION
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In this study, weassessed adherence of clinically diagnosed CAUTI®&t& minimum
and NHSNCAUTI criteriain a cohort of NH residents and conducted an exploratory assessment
of associations between CAUTI sigarsd symptoms and specific microorganisms. Fifty percent
of the catheterized NH residents participating in the study had a cliniiaiigosedCAUTI,
and CAUTIs.wereften recurrentThirty-two percent of clinically diagnosed CAUTIs met
NHSN criteria,.€consistent with a recent report of similar CAUTI criteria in -@gee facilities in
Australia'*an@d*forty percent met lal’s minimumcriteria for initiation of antibiotics, which is
in alignment'with a recent study concerning NH residents with denmé®@ieerall, 50% of
clinically diagnosed CAUTIs prescribed antibiotics sieindardized criterjavhich is a
significantimprovement over the 17%aif infections stimated to meet either set of criteina
2012?° Taken together, these studiedicate that adherence to criteria for initiating antibiotic
prescription may be improving in long term céaeilities.

The most common signs and symptoms of CAUTI were a positive urine culture, acute
change in‘mental status, and fever. Consistent with data indicating that only 20-5@%r of ol
adults presentwith fever during acute infectidf’ only 21% of clinically diagnosed CAUTIs in
our study hadfever meeting standardized criteria cufbffenty-eight percent of the CAUTIs in
our study*had an acute change in mental status as a symptom of infection, which isaigher t
other recent’Studieandmay reflect epidemiological differences discussed béfow

Staphylococcus speciesandEnterococcus species are common in asymptomatic
bacteriuriaand also frequently considered to be contaminants in urine cultiaiesherefore
not surprising‘that the clinically diagnosed CAUTIs involving these microorgarhsich the
lowest perentages that mstandardizedriteria inour cohort. Among clinically diagnosed
CAUTIs caused by more traditional pathogens, those invoKimmeumoniae were the most
likely to meet at least ongtandardized definition. Althoudimited by a small sample size,
CAUTIs involving K. pneumoniae appearedo beassociated withraacute change in mental
statuscausing.these CAUTIs tmeetLoeb’s minimumcriteriawithoutnecessarilyneeting
NHSN criteria:For example, 10 of the 14 CAUTIs involvikg pneumoniae had an acute
change in ' mental status and therefore noett’s minimum criteria, while only 4 of these 10
CAUTIs met NHSN criteria. It is important to note thiateeK. pneumoniae CAUTIs with acute
change in mental status also had pneumonia reported ¢hé#rts at the study visit. Whidl
three cases met NHSN CAUTI criteria, pneumonia may have been the underlying cause for
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fever, leukocytosispr mental status changeurther exploration of CAUTI symptom burdah
the microorganisntevelis necessaryat confirm these exploratory findings, and to explore
molecular mechanisms underlying the association betWepmeumoniae and mental status
changes if these findings remain robust in a larger samfigdarticular microorganisms are
indeed assogiated witlpecific patterns isymptom burden, these associations might be of use in
refining existing tools for guiding initiation of antibiotic treatmdfdr instance, i aureus can
be differentiated fronk. coli based on symptom burden, this information daitl inguiding
appropriate’empirical treatment

Strengths of this study include analysis of CAlat multiple NH facilitiescollectionof
data pertaining,to standardized CAUTI signs syiiptomsor each enrolled NH residehy
trained research staff atonthly follow-up visits, and alignment of standardiZalUTI
definitions and symptont® specificmicroorganisms. However, tmesults of thistudy should
be interpreted in the context @affew notabldimitations First, as this study represents a gost
analysis of data collected for a prospective parent study, we relied on clinical record keeping, the
microbiologylaboratories conducting urine cultures for each NH facility, andidgeinent of
the healthcarespersonnel caring for the enrolled maatits to assess and document CAUTI
symptomssand microbiological resulfss such, any resident characteristics or CAUTI
symptoms=not recorded in the medical records were assumed to be absent. As signs and
symptoms pertaining tstandardizedriteria may have been present but not recorded for some
clinically diagnosed CAUTIsye mayhave underestimatdble percentage meeting each
definition. Fhisyis particularly important for mental status change as a ioégtfound that
only 2-53%»ef:symptoms in nursing home residents with delirium were documented in the
nursing n@te$” Second, signs and symptoms of infection were only recorded at study visits if
the resident&ad a record of alinically diagnosed infection, so we are not able to determine the
likelihood of each sign and symptom being appropriately attributed to CAUTI verses another
etiology. Finally, the total number of CAUTIs caused by each microorgafusiour analysis
was limited:Further exploration of these preliminary findings will require a prospective,
longitudinalstudy with systematic assessment of signs and symptoms of piwdgsiilen,
particularly mental status, as well as routine urine cultuorggtter distinguish between

asymptomatic bacteriuria and infection.
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Bacteriuria in catheterized individuals is frequently asymptomatic and inapgisdypri
treated with antibiotics, contributing to the rise of antibiotic resistance in NHs and hdSpitals.
While our study is exploratory in nature and utilizes a limited sanfgarticipants and
CAUTIs, further investigations of this nature may uncover a pattern of clinicakigns and
symptoms associated with specifiicroorganisr. If a combination of standardized CAUTI
symptoms.ar@deedindicativeof infection by specifianicroorganisms, this information would
be invaluableforefining existing tooland determining which course of action should be taken
to manage theinfection. Predictive factors for speaificroorganisms could therefore guide
appropriate antibiotic use for catheterized individuals and may reduce inappropriate antibiotic
use for asgaptematic bacteriurigparticularly for older adults in hospital and lotegm care
settingSACKNOWLEDG MENTS

We thank the leadership and healthcare personnel at all participating NHs, and the
members of the TIP Study TeaW'e also thank Sara McNamakaisten Gibson, and Julia
Manteyfor-helpful comments and critiquesll significant contributors consented to authorship.

CONFLICT ©OFINTEREST CHECKLIST

Elementsof Financial/Personal *Author 1: Author 2: Author 3: Author 4:
Conflicts CA KP HM LM

Yes | No Yes | No Yes | No Yes | No
Employment orAffiliation X X X X
Grants/Funds X X X X
Honoraria X X X X
SpeakerForum X X X X
Consultant X X X X
Stocks X X X X
Royalties X X X X

This article is protected by copyright. All rights reserved



319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340

Expert Testimony X X X X

Board Member X X X X
Patents X X X X
PersonalRelationship X X X X

*Authors canbe listed by abbreviations of their names

For “yes”, proyide a brief explanation:

AUTHOR CONTRIBUTIONS

Armbruster:.concept and desiganalysisandinterpretatiorof data,drafting andrevisingthe
article. Prenovostanalysisandinterpretatiorof data,critically reviewingthearticlefor
importantintellectualcontent. Mobleyinterpretationof data,critically reviewingthearticlefor
importantinteliectualcontent. Modyconceptanddesign, acquisitiorgnalysisand
interpretationof datafrom the parent studyritically reviewing thearticle for important

intellectualeontent All authorgreviewedand approved theubmittedverson of thearticle.

SPONSOR SROLE

The sponsemasnot involvedin the study design, methodsjbjectrecruitmentdatacollections,
analysisorpreparation of the papefrhe contents solelythe responsibility of the authors and
does nonecessarilyepresentheofficial viewsof the funderdEFERENCES

[1] Loeb M, Brazil K, Lohfeld L.et al. Optimizing antibiotics in residents of nursing homes:
protocol of a randomized tridBMC health services research. 20022: 17.

[2] Loeb M,/ Simor AE, Landry Let al. Antibiotic use in Ontario facilities that provide
chronic caredournal of general internal medicine. 200116: 376:383.

[3] Nicolle LE, Bradley S, Colgan,Rt al. Infectious Diseases Society of America
guidelines for the diagnasand treatment of asymptomatic bacteriuria in ad@lts.Infect Dis.
200540: 643-654.

This article is protected by copyright. All rights reserved



341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370

[4] Daniels KR, Lee GC, Frei CR. Trends in cathetssociated urinary tract infections
among a national cohort of hospitalized adults, 2001-2&%@erican Journal of Infection
Control. 201442 17-22.

[5] Hooton TM, Bradley SF, Cardenas D&al. Diagnosis, Prevention, and Treatment of
CatheterAsseciated Urinary Tract Infection in Adults: 2009 International Clinical Practice
Guidelines,from the Infectious Diseasexfety of AmericaClinical Infectious Diseases.
201050:625663.

[6] Nicolle'LE. Catheterelated urinary tract infection: practical management in the elderly.
Drugs Aging. 201431: 1-10.

[7] WarrendW, Damron D, Tenney J& al. Fever, bacteremia, antath as complications
of bacteriuria in women with lontgrm urethral catheterdInfect Dis. 1987155 1151-1158.

[8] Loeb M, Bentley DW, Bradley,®t al. Development of minimum criteria for the
initiation of antibiotics in residents of lortgrm-care facilities: results of a consensus
conferencelnfect Control Hosp Epidemiol. 200122: 120-124.

[9] Stone'ND, Ashraf MS, Calderet al. Surveillance definitions of infections in lorigrkm
care facilitiesmrevisiting the McGeer criterlafect Control Hosp Epidemiol. 201233: 965977.
[10] Olsho LE, Bertrand RM, Edwards A& al. Does adherence to the Loeb minimum
criteria reduce antibiotic prescribing rates in nursing hordésf Med Dir Assoc. 201314: 309
e301-307.

[11] Bennett NJ, Johnson SA, Richamd] et al. Infections in Australian Age€are
Facilities: Evaluating the Impact of Revised McGeer Criteria for Surveillance of Urinary Tract
Infections.Infect Control Hosp Epidemiol. 2016: 1-3.

[12] Fischer H, Yamamoto M, Akira, & al. Mechanism of pathogespecific TLR4
activation in the, mucosa: Fimbriae, recognition receptors and adaptor protein selection.
European Journal of Immunology. 200636: 267-277.

[13] Rudick. €N, Jiang M, Yaggie RIet al. O-antigen modulates infectianduced pain
statesPLoSOne. 20127: e41273.

[14] Sankowski R, Mader S, Valdé®rrer Sl. Systemic inflammation and the brain: novel
roles of genetic, molecular, and environmental cues as drivers of neurodegenératiner.sin

cellular neuroscience. 20159: 28.

This article is protected by copyright. All rights reserved



371 [15] MonsenT, Rydén P. Flow Cytometry Analysis Using Sysmex 10B0i Classifies

372 Uropathogens Based on Bacterial, Leukocyte, and Erythrocyte Counts in Urine Specimens
373 among Patients with Urinary Tract InfectiodsClin Microbiol. 201553 539-545.

374 [16] Massa LM, Hofman JM, Cardenas DD. Validity, Accuracy, and Predictive Value of
375  Urinary Traetdnfection Signs and Symptoms in Individuals With Spinal Cord Injury on

376  Intermittent Catheterizatiohe Journal of Spinal Cord Medicine. 200932 568-573.

377 [17] ModyLL;Krein &, Saint S, et al. A targeted infection prevention intervention in nursing
378 home residents'with indwelling devices: A randomized clinical th&MA Internal Medicine.

379 2015175 714723.

380 [18] FIRIH/D. Bias reduction of maximum likelihood estimat@ametrika. 199380: 27-38.
381 [19] D'Agata’E, Loeb MB, Mitchell SL. Challenges in assessing nursing home residents with
382 advanced dementia for suspected urinary tract infectiols Geriatr Soc. 201361 62-66.

383 [20] Wang L, Lansing B, Symons, &t al. Infection rde and colonization with antibiotic

384  resistant organisms in skilled nursing facility residents with indwelling de\keesl Clin

385  Microbiol InfectiDis. 2012;31: 1797-1804.

386 [21] BellmannWeiler R, Weiss G. Pitfalls in the diagnosis and therapy of infeciioelslerly
387  patients-asmintreview.Gerontology. 200955: 241-249.

388 [22] Voyer P, McCusker J, Cole M@t al. Nursing documentation in lorigrm care settings:
389 New empirical evidence demands changes be n@deNurs Res. 201423: 442-461.

390 [23] Tambyah PA, Maki DG. Cathetassociated urinary tract infection is rarely

391  symptomaticia,prospective study of 1,497 catheterized pathgctsintern Med. 2000160

392 678-682.

393 [24] Cope M, Cevallos ME, Cadle RMt al. Inappropriate treatment of cathetessociated
394 asymptomatic bacteriuria in a tertiary care hosp@hh Infect Dis. 200948: 1182-1188.

395 [25] Dommeti PMD, Wang LBS, Flannery Eét al. Patterns of CiprofloxaciiResistant

396  GramNegative/Bacteria Colonization in Nursing Home Residéntection Control and

397 Hospital Epidemiology. 201132 177180.

398 [26] Mody Lk, Maheshwari S, Galecki, At al. Indwelling device use and antibiotic resistance
399 in nursing homes: identifying a high-risk grodpAm Geriatr Soc. 200755 1921-1926.

400 [27] Rogers MA, Mody L, Chenoweth, @t al. Incidence of antibioticesistant infection in
401  long4erm residents of skilled nursing facilitien J Infect Control. 200836: 472-475.

402

This article is protected by copyright. All rights reserved



TABLES

Table 1.Demographic Characteristicd Catheterized Nursing HarResidents

Characteristic Totd Clinically No clinically P value
(n=233) diagnosed CAUTI diagnosed CAUTI
(n=120) (n=113)
Age, mean«(SD; range), years 73.7 (12.7; 35-105 75.0 (11.9; 35-105 72.4 (13.4;38-97 .257
Comorbidity score, mean (SD; 2.8 (1.9; 010) 2.9 (1.9; 010) 2.7(1.8;09) .533
range)
PSMS score, mean (SD; range 21.6 (3.9;13-300 22.1(3.8;14-30, 21.0(4.0;13-30, .150
Gender
Male 121 (52) 63 (52) 58 (1) .809
Female 112 (48) 57 (48) 55(49) .809
Race
White 209 (90) 106 (88) 103 (91) .430
Black or African American 21 (9) 12 (10) 9(8) .527
Other. 3(2) 2(2) 1(1) .387
Underlying conditions
Diabetes 99 (42) 47 (39) 52 (46) .207
Dementia 80 (34) 50 (42) 30 (26) .012
CVA 48 (21) 28 (23) 20 (18) .255
COPD 45 (19) 24 (20) 21(19) .725
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Hemiplegia 32 (14) 21 (17) 11 (10) .190

Renal disease 29 (12) 15 (12) 14 (12) .987
Tumor(any) 23 (10) 11 (9) 12 (10) .772
Myocardial infarction 23 (10) 11 (9) 12 (10) .770

Note. Data are No. (%) of residentisless otherwise indicate€CAUTI, catheterassociated urinary tract infectioBD, standard
deviation; PSMS, physical selfiaintenance score; CVA, cerebrovascular accident; COPD, chronic obstructive pulmonary disease.

%Clustered bivariate logistic regsion.
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Table 2. Epidemiology of Singl8pecies and Du&pecieLlinically DiagnosedCatheterAssociated Urinary Tract Infectian
Nursing HomeResidents

Single-Species Urine Cultures Dual-Species Urine Cultures

Microorganism ®Total No.  °No.of Urine  °Percent (%) °No. of Urine  ®Percent (%)
Urine Cultures Cultures
Cultur es

Proteus mirahilis 48 28 22 20 35
Enterococcus spp. 38 15 12 23 40
Escherichia-coli 37 23 18 14 25
Pseudomonas aer uginosa 34 18 14 16 28
Saphylogogeus aureus 20 11 9 9 16
Klebsiella.pneumoniae 14 6 5 8 14
Citrobacter-spp. 9 3 2 6 11
Morganella morganii 7 2 2 5 9
Providenciasstuartii 7 3 2 4 7
Yeast 6 3 2 3 5
Acinetobacter baumanii 4 2 2 2 3
Enterobacter_spp. 5 5 4 0 0
Serratia marscesens 1 1 1 0 0
Corynobacterium spp. 1 1 1 0 0
Other 8 4 3 4 7
Total 182 125 100 57 100
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®Number of urine cultures containing each microorganism.

®Number of singlespecies urine cultures containing each microorganism.
“Percent of all singkspecies cultures represented by each microonmganis
YNumber.of duakpecies urine cultures containing each microorganism.

*Percent.of all duadpecies cultures represented by each microorganism
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Table3. Characteristics o€linically DiagnosedCatheterAssociated Urinary Tract Infectioi@aused by Speatf Microorganisms

Characteristic®f clinically diagnosed CAUTIs ®Total Pm Ent Ec Pa S Kp
[n=182] [n=48] [n=38] [n=37] [n=34] [n=20] [n=14]
®Standardized CAUTI Definitions

Loeb’s minimuncriteria[n=182] 74 16 12 20 14 6 12
(40) (33) (32) (54) (41) (30) (86)*

NHSN.criteria[n=182] 59 17 10 15 12 1 6
(32) (35)  (26) (40)  (39) (5) (43)

Eithereriteria [n=182] 91 22 16 24 19 6 12

(50) (46) (42) (65) (56) (30) (86)*

®Individualyeriteria

Acute mental status chanffe=182] 51 10 10 13 10 5 10
(28) (22) (26) (35) (29) (25) (71)*

Fever >100°Frepeated temperatures >990uF 38 13 6 10 7 2 4
>2°F above-baseline [n=182] (21) (27) (16) (27) (20) (20) (29)

Leukacytasis/ neutrophilia >14,000/rhfn=182] 23 4 6 6 6 1 3
(13) (8) (16) (16)  (18) (5) (21)

Acute funetional status change [n=179] 12 2 7 5 2 2 2
(7) 4) 3) (13) (6) (10) (14)

Urine cuture >10°cfu/ml [n=178] 161 45 31 36 30 15 14

(90) (94) (84) (97) (88) (75) (100)
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Note. Data are No. (%) alinically diagnosed CAUTIs, by microorganism, presenting with each crite3ea ‘Methods” for
definition of standardized criteridNHSN, National Healthcare Safety NetwoBAUTI, catheterassociated urinary tract infection;
Pm, Proteus mirabilis; Ent, Enterococcus specieskEc, Escherichia coli; Pa, Pseudomonas aeruginosa; Sa, Staphylococcus aureus;
Kp, Klebsiella pneumonia.

®Number,ofclinically diagnosedCAUTIs assessed for meeting each definition is given in brackets.

®Number/of elinically diagnose@AUTIs assessed for each criterion is given in brackets.

“‘Number of.¢linically diagnosed CAUTIs attributed to each microorganismvésdn brackets.

*P<.05 by logistic models with Firth’s bias correction.
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