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Abstract

Objective: Current surveillance for healthcare-associated (HA) urinary tract infection (UTTI) is focused on catheter-associated infection with
hospital onset (HO-CAUTI), yet this surveillance does not represent the full burden of HA-UTI to patients. Our objective was to measure the
incidence of potentially HA, community-onset (CO) UTI in a retrospective cohort of hospitalized patients.

Design: Retrospective cohort study.
Setting: Academic, quaternary care, referral center.
Patients: Hospitalized adults at risk for HA-UTT from May 2009 to December 2011 were included.

Methods: Patients who did not experience a UTI during the index hospitalization were followed for 30 days post discharge to identify cases of
potentially HA-CO UTL

Results: We identified 3,273 patients at risk for potentially HA-CO UTI. The incidence of HA-CO UTT in the 30 days post discharge was 29.8
per 1,000 patients. Independent risk factors of HA-CO UTI included paraplegia or quadriplegia (adjusted odds ratio [aOR], 4.6; 95% con-
fidence interval [CI], 1.2-18.0), indwelling catheter during index hospitalization (aOR, 1.5; 95% CI, 1.0-2.3), prior piperacillin-tazobactam
prescription (aOR, 2.3; 95% CI, 1.1-4.5), prior penicillin class prescription (aOR, 1.7; 95% CI, 1.0-2.8), and private insurance (aOR, 0.6; 95%
CIL, 0.4-0.9).

Conclusions: HA-CO UTI may be common within 30 days following hospital discharge. These data suggest that surveillance efforts may need
to be expanded to capture the full burden to patients and better inform antibiotic prescribing decisions for patients with a history of
hospitalization.

(Received 2 February 2019; accepted 7 May 2019)

Urinary tract infections (UTIs) account for an estimated 14%-23%
of healthcare-associated infections (HAIs) in the United States, with
most of these infections occurring in individuals with indwelling uri-
nary catheters.!~* Although surveillance activities focus on catheter-
associated UTIs (CAUTISs), this surveillance does not fully capture
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the incidence of HA-UTT overall. Current knowledge of hospital-
associated UTIs is also largely based on surveillance and epidemio-
logic studies in hospitalized patients. For instance, the National
Healthcare Safety Network (NHSN) routinely monitors health-
care-associated (HA), hospital-onset (HO) UTIs but does not
require facilities to report infections with onset after discharge.*
Recently discharged patients are theoretically still at risk for hospi-
tal-associated UTI. As facilities encourage shorter hospital stays to
meet efficiency and quality measures, these HAIs may be more likely
to become symptomatic after discharge.

Scant data exist to describe the incidence or risk factors associ-
ated with hospital-associated UTIs following discharge. This
absence represents a critical barrier to identifying patients at high
risk for hospital-associated, community-onset (CO) UTIs for tar-
geted infection prevention measures. In our study, we sought to
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Table 1. Criteria for Identifying Cases of Healthcare-Associated, Community-
Onset Urinary Tract Infection by Healthcare Setting

Case Definitions

Inpatient Outpatient

Nitrofurantoin prescription? Nitrofurantoin prescription®

OR OR
UTI diagnosis and other urinary  UTI diagnosis
antibiotic prescription? OR

OR

Positive urine culture? and other
urinary antibiotic prescription?

Positive urine culture, other urinary
antibiotic prescription®, and positive
urinalysis

OR OR

UTI diagnosis and positive urine
culture?

Positive urine culture, positive
urinalysis, and dysuria

2Within 3 days of admission.
bBetween —1 and 3 days of visit.

estimate the incidence of HA-CO UTIs and to identify potential
risk factors.

Methods
Study design and patient population

This retrospective cohort study was conducted at Oregon Health
and Science University, a 556-bed academic, quaternary-care
healthcare center in Portland, Oregon, that also serves as a regional
referral center. Patients age 18 years and older admitted to the
Department of Family Medicine service between May 2009 and
December 2011 with a primary care provider in the Department
of Family Medicine were eligible for inclusion. The Department
of Family Medicine includes an active inpatient service that
predominantly manages patients receiving primary care at 1 of
4 family medicine outpatient clinics in the greater Portland area.
The department aims to schedule follow-up visits with their
inpatients within 2 weeks of discharge.

We excluded patients with a history of UTI in the 30 days before
admission, identified as (1) an acute UTI diagnosis (based on
International Classification of Diseases, Ninth Revision (ICD-9)
codes 590.1x, 590.8x, 590.9, 595.0, 595.4, 595.89, 595.9, 597.80,
597.81, 599.0, or 996.64; (2) positive urine microbiology culture
(ie, urine cultures with growth of >10,000 CFU/mL, < 3 patho-
genic bacteria isolated, and taxonomy identified to the genus level;
and (3) nitrofurantoin prescription in the 30 days before admis-
sion. Additionally, patients with a chronic UTI diagnosis (ICD-9
code 590.0, 590.3, 595.1, 595.2, 595.81, or 595.82) in the year pre-
ceding admission or during hospitalization were excluded. Only
the first eligible admission was included for patients with repeat
hospitalizations during the study period. The study was approved
by the Oregon Health and Science University Institutional
Review Board.

Data collection

Patient data were abstracted from the Pharmacy Research
Repository (PHARR), a repository developed and maintained in
collaboration with the Oregon Clinical and Translational
Research Institute. PHARR includes electronic health record
(EHR) data and associated databases. Abstracted data include
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patient characteristics and demographics as well as information
related to encounters, diagnoses, and symptoms based on ICD-9
codes; laboratory tests including microbiology cultures; medica-
tion orders; and surgeries for admissions and outpatient visits to
OHSU. Data were collected during patients’ hospitalization, the
preceding year (medical history), and during the 30 days after
discharge.

Variable definitions

We identified hospital-associated UTI using ICD codes, urinary
antibiotic prescriptions (ie, nitrofurantoin, ertapenem, imipenem,
amoxicillin-clavulanate, —ampicillin-sulbactam, — moxifloxacin,
ciprofloxacin, levofloxacin, trimethoprim-sulfamethoxazole, or
trimethoprim alone), and positive urine microbiology culture
results. Patients with HA-HO UTI were excluded from primary
analyses, but their data were quantified for descriptive purposes.
Patients meeting one of the following criteria during their hospi-
talization and at least 48 hours after admission were defined to
have a HA-HO UTI: (1) nitrofurantoin prescription, (2) acute UTI
diagnosis and other non-nitrofurantoin urinary antibiotic pre-
scription, (3) positive urine culture and other non-nitrofurantoin
urinary antibiotic prescription, or (4) acute UTI diagnosis and
positive urine culture.

Our primary outcome was HA-CO UTT in the 30 days following
hospital discharge. Individuals without a UTI during their index
hospitalization were considered to be at risk. HA-CO UTI outcome
definitions were dependent on treatment setting (ie, infections
treated at inpatient versus outpatient encounters) and are summa-
rized in Table 1. For readmitted patients, HA-CO UTI was defined
as patients with hospital-associated UTI criteria in the first 48
hours of that subsequent inpatient admission. Readmitted patients
were censored from follow-up after the first 48 hours of that sub-
sequent inpatient admission. For patients with outpatient visits
during the follow-up period, HA-CO UTI was defined as patients’
first incident UTI within 30 days meeting any of the following cri-
teria: (1) a nitrofurantoin prescription, (2) acute UTI diagnosis, (3)
positive urine culture or positive urinalysis with any urinary anti-
biotic prescription, or (4) positive urine culture, positive urinalysis,
and dysuria (ICD-9 code 781.1). Chart review was performed to
validate our definition of HA-CO UTIL Our case definition
performed with 100.0% (95% confidence interval [CI]: 96.0%-
100.0%) sensitivity and 88.1% (95% CI%-92.8%) specificity
compared to chart review for identifying true symptomatic UTI.
Each patient was included only once in our analyses. Illustrative
examples of outcome classification are provided in Fig. 1.

Potential predictors of HA-CO UTI were identified from
patient characteristics, social history, and medical history from
the qualifying hospitalization and medical history from the preced-
ing year including prior antibiotic prescriptions and comorbidities.
A weighted summary score for the Elixhauser comorbidity mea-
sure was calculated for each patient’s index hospitalization.>’
To explore the urban versus rural place of residence as a potential
predictor, patient zip code was combined with zip code-based
rural-urban commuting area codes, then aggregated into urban
and rural categories as recommended by the Washington—
Wyoming-Alaska-Montana-Idaho Rural Health Research
Center.%?

Statistical analyses

Patient characteristics were summarized with descriptive statistics.
The 30-day cumulative incidence was calculated and expressed per
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Fig. 1. Illustrative examples of identification of cases of healthcare-associated, community-onset urinary tract infections. Abbreviations: UTI, urinary tract infection; HA-CO,
healthcare-associated, community-onset UTI; HA-HO, healthcare-associated, hospital-onset UTI.

1,000 patients for HA-HO and for HA-CO UTIL We performed a
Kaplan-Meier analysis based upon time to HA-CO UTI diagnosis
following hospital discharge. Multivariable logistic regression was
performed to identify potential risk factors for HA-CO UTI using
patient data from the year prior to admission and during hospitali-
zation. Variables significantly associated with the outcome
(P <.05) and those with a confounding effect were retained in
the model. Variables were considered confounders if their inclu-
sion in the final model resulted ina > 20% change in the odds ratio
between covariates and outcome. We also tested for the presence of
interaction between sex and indwelling catheterization, which had
been hypothesized a priori. Adjusted odds ratios (aORs) and 95%
CIs were calculated from the final model. Data management and
statistical analyses were conducted in SAS statistical software
version 9.2 software (SAS Institute, Cary, NC) and R version
3.1.2 software (R Foundation for Statistical Computing, Vienna,
Austria).!?

Results

Overall, 3,617 patients were evaluated for inclusion in our study. Of
these, 309 (8.5%) were excluded due to chronic or acute UTI, pos-
itive urine culture, or nitrofurantoin prescription in the 30 days
preceding hospitalization or presence of UTI criteria within 48
hours of admission, leaving 3,308 patients at risk of HA-UTL
Also, 35 patients had an acute UTI diagnosis between 48 hours post
admission and discharge from their initial hospitalization and were
categorized as having a HA-HO UTI. These individuals, and the
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221 patients with no documented follow up with the OHSU health-
care system in the 30 days following discharge, were removed from
analysis. After these exclusions, 3,052 individuals remained at risk
for HA-CO UTIL. Of these patients, 91 (3%) met the case definition
of HA-CO UTI in the 30-day follow-up period (Fig. 2).

Patient characteristics are described in Table 2. Most patients
were female (68.6%), white (87.0%), and non-Hispanic (95.1%).
More than half of patients were hospitalized for 3 or more days
during their initial admission. Based upon Medicare Severity-
Diagnosis Related Groups (MS-DRGs), the 3 primary reasons
for admission were diseases or conditions related to the female
reproductive system (29.6%), surgeries and procedures (16.4%),
and cancer (11.3%).

The incidence of HA-HO UTTI was 10.6 per 1,000 patients. In
the postdischarge period, 91 patients were diagnosed with a UTI,
yielding an incidence rate of 29.8 per 1,000 patients for HA-CO
UTTL. Thus, most (72.2%) hospital-associated UTIs were diagnosed
after patients were discharged. We used a Kaplan-Meier survival
curve to better understand the relationship between time after dis-
charge and UTI diagnosis for patients at risk for HA-CO UTI
(Fig. 3). The rate of UTI diagnosis was fairly consistent across
the 30-day period; 33% were diagnosed within the first week post
discharge and within 2 weeks, 60% of patients were diagnosed
(Fig. 3).

Among the HA-CO UTI patients with available positive culture
data, Escherichia coli was isolated in 43.4% of positive cultures, fol-
lowed by Enterococcus spp (15.1%), and Klebsiella spp (11.3%). The
resistance profiles among E. coli isolated from the HA-CO cases
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Fig. 2. Identification of cohort and healthcare-associated urinary tract infections (UTls).

were comparable to those isolated from those patients who had
been excluded due to HA-UTI with onset during the index
hospitalization (Table 3).

Table 4 presents the results of the multivariable risk factor
model. Paraplegia or quadriplegia was a strong independent pre-
dictor (aOR, 4.6; 95% CI, 1.2-18.0) of HA-CO UTT in the 30 days
following hospital discharge in the multivariable logistic regression
model. Other risk factors of HA-CO UTI included history of urine
retention (aOR, 3.7; 95% CI, 1.9-67.5), history of uropathy or other
urinary tract abnormalities (aOR, 3.1; 95% CI, 1.3-6.9), female sex
(aOR, 2.9;95% CI, 1.6-5.2), history of acute UTI (aOR, 2.0; 95% CI,
1.2-3.4), prior piperacillin-tazobactam prescription (aOR, 2.3; 95%
CI, 1.1-4.5), indwelling catheter at index hospitalization (aOR, 1.5;
95% CI, 1.0-2.3), and prior penicillin/penicillin combination pre-
scription (aOR, 1.7; 95% CI, 1.0-2.8). Private insurance was found
to be protective of HA-CO UTI (aOR, 0.6; 95% CI, 0.4-0.9).

Discussion

The results of our single-center, retrospective cohort study suggest
that current surveillance strategies that focus on HO CAUTI may
not capture the full patient burden of HA-UTI, particularly those
infections with onset post discharge. Among UTT cases with pos-
itive culture results, we observed that HA-CO UTT are similar to
HA-HO UTIT with respect to uropathogen and antibiotic suscep-
tibility distributions, which indicates that patients developing a
UTT following hospital discharge may necessitate different treat-
ment strategies than patients with typical community-onset infec-
tion. Although these data cannot conclusively establish that the
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Patients with healthcare- Patients with
associated community-onset no UTI
uTi n=2961
n=91

post-discharge infections were acquired in hospital, the evidence
is sufficient to warrant further study.

Many of the risk factors we identified for HA-CO UTI (eg,
multiple sclerosis, para/quadriplegia, history of urine retention)
are known risk factors for UTIL even in the absence of hospitali-
zation. Thus, it is unclear whether these predictors are contributing
to any added risk during hospitalization. Other significant predic-
tors are associated with increased healthcare exposure (eg, history
of antibiotic use, urinary catheterization), which makes identifying
their role in the causal pathway more challenging. We also iden-
tified private insurance as protective for HA-CO UTI, which
may indicate that patients with lower socioeconomic status are
at increased risk of HA-CO UTI. This potential disparity in patient
outcomes warrants further investigation.

A primary limitation this study is the misclassification of cases
of HA-CO UTTI. Although our algorithm for identifying UTI cases
was validated via chart review, the possibility of misclassification
remains. Approximately one-quarter of HA-CO UTI cases that
were cultured yielded negative cultures results. Because the treating
provider in these cases chose to initiate treatment based on symp-
tom presentation, we classified these cases as UTIs. We selected the
30-day follow-up window to allow for a more sensitive strategy for
outcome ascertainment; this likely sacrifices some specificity to our
definition, as the likelihood that the case was truly hospital-
acquired would diminish over time. Although we used pathogen
characteristics to help provide evidence for the setting of acquisi-
tion, our geographic region has a lower prevalence of multidrug-
resistant Enterobacteriaceae than other regions of the United
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Table 2. Cohort Demographics and Characteristics

Patients Without
Patients With Healthcare- Healthcare-Associated,
Associated Community- Community-Onset
Onset UTI(n = 102) UTI(n = 3,170)
Characteristics No. % No. %
Demographics
Female sex 87 85.3 2,157 68.0
Age group?
<30y 28 27.5 722 22.8
31-40y 26 25.5 761 24.0
41-64y 29 28.4 1,164 36.7
>65y 19 18.6 523 16.5
Race
White 87 85.3 2,755 86.9
Asian/Pacific Islander 7 6.9 177 5.5
Black/African American 6 5.9 151 4.8
Other 2 2.0 66 2.1
Unknown 0 0.0 21 0.7
Ethnicity
Non-Hispanic 96 94.1 3,009 94.9
Hispanic 6 519 153 4.8
Unknown 0 0.0 8 0.3
Body Mass Index®
<30 28 27.5 930 29.3
> 30 22 21.6 674 21.3
Missing 52 51.0 1,566 49.4
Pregnant? 36 353 909 28.7
Social risk factors
History of tobacco use®
Current 9 8.8 242 7.6
Former 10 9.8 275 8.7
Passive 0 0.0 6 0.2
Never 12 11.8 536 16.9
Unknown 71 69.6 2,111 66.6
History of alcohol abuse® 5 49 371 11.7
Urban status
Urban 100 98.0 3,125 98.6
Rural 2 2.0 43 1.4
Missing 0 0.0 2 0.1
Insurance status®
Private 35 34.3 1,437 453
Medicare/Medicaid/OHP 62 60.8 1,443 455
None 5 4.9 193 6.1
Other 0 0.0 8 0.3
Unknown 0 0.0 89 2.8
Comorbidities®
Diabetes 17 16.7 526 16.6
Acute UTI 27 26.5 306 9.7
(Continued)
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Table 2. (Continued)

Patients Without

Patients With Healthcare- Healthcare-Associated,
Associated Community- Community-Onset
Onset UTI(n = 102) UTI(n = 3,170)
Characteristics No. % No. %
Urine retention 12 11.8 107 34
Multiple sclerosis 4 3.9 17 0.5
Paraplegia or quadraplegia 3 2.9 14 0.4
Spina bifida 1 1.0 11 0.4
End-stage renal disease 1 1.0 41 13
Uropathy or urinary tract abnormality 9 8.8 66 2.1
Spinal injury 1 1.0 6 0.2
High-risk spinal injury 0 0.0 3 0.1
HIV 0 0.0 10 0.3
History of STI 0 0.0 31 1.0
Cancer 53 52.0 1,485 46.9
Solid organ/bone marrow transplant 3 2.9 43 1.4
MRSA infection 2 2.0 14 0.4
E. coli infection 5 4.9 62 2.0
History of antibiotic exposure®
Exposure by antibiotic
Fluoroquinolone 18 17.7 292 9.2
1st-generation cephalosporin 29 28.4 679 21.4
2nd-generation cephalosporin 4 3.9 125 3.9
3rd-generation cephalosporin 10 9.8 179 5.7
4th-generation cephalosporin 0 0.0 25 0.8
Trimethoprim-sulfamethozaxole 7 6.9 197 6.2
Carbapenem 2 2.0 47 1.5
Nitrofurantoin 10 9.8 99 3.1
Aminoglycoside 1 1.0 20 0.6
Macrolide 14 13.7 321 10.1
Clindamycin 12 11.8 199 6.3
Vancomycin 9 8.8 215 6.8
Piperacillin-tazobactam 8 7.8 146 4.6
Tetracycline 8 7.8 133 4.2
Penicillin 25 24.5 483 15.2
Metronidazole 4 3.9 13 3.6
Miscellaneous antibiotic 3 2.9 28 0.9
Multiple antibiotic exposures
No. of prescribed antibiotics
0 25 24.5 1,341 42.3
1 38 37.3 1,042 32.9
2 15 14.7 427 13.5
3 11 10.8 181 5.7
4 6 59 95 3.0
>5 7 6.9 84 2.6
Characteristics of index admission and follow-up
STI? 0 0.0 15 0.5
Urogenital/anorectal surgery?® 4 3.9 63 2.0
(Continued)
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Table 2. (Continued)

Patients Without
Patients With Healthcare- Healthcare-Associated,
Associated Community- Community-Onset
Onset UTI(n = 102) UTI(n = 3,170)
Characteristics No. % No. %
Readmission in 30 d post discharge 19 18.6 306 9.7
Minimum serum creatinine level
<1ll1 54 52.9 1,509 47.6
>11 16 15.7 592 18.7
Missing 32 314 1,069 33.7
Foley catheter® 58 56.9 1,430 45.1
Foley catheter duration, d?
No Foley catheter 44 43.1 1,740 54.9
<2 39 38.2 930 29.3
>3 19 18.6 500 15.8
Antibiotics?
Ampicillin/amoxicillin/combo 8 7.8 145 4.6
Fluoroquinolone 6 5.9 180 5.7
1st-generation cephalosporin 21 20.6 656 20.7
2nd-generation cephalosporin 5 4.9 195 6.2
3rd-generation cephalosporin 7 6.9 185 5.8
4th-generation cephalosporin 0 0.0 32 1.0
Trimethoprim-sulfamethozaxole 3 2.9 74 2.3
Carbapenem 2 2.0 46 1.5
Nitrofurantoin 4 3.9 5 0.2
Aminoglycoside 1 1.0 39 1.2
Macrolide 8 7.8 154 4.9
Clindamycin 5 4.9 172 5.4
Vancomycin 7 6.9 277 8.7
Piperacillin-tazobactam 6 5.9 204 6.4
Tetracycline 3 2.9 54 1.7
Penicillin 18 17.7 359 11.3
Metronidazole 2 2.0 78 2.5
Miscellaneous antibiotic 1 1.0 31 1.0
Multiple antibiotic exposures, no. prescribed
0 36 353 1,524 48.1
1 46 45.1 1,083 34.2
2 11 10.8 274 8.6
3 4 39 150 4.7
4 4 3.9 69 2.2
>5 1 1.0 70 2.2
Length of index admission
<1d 15 14.7 719 22.7
2d 28 27.5 789 24.9
3d 26 25.5 626 19.8
>4d 33 324 1,036 32.7

Note. UTI, urinary tract infection; HIV, human immunodeficiency virus; STI, sexually transmitted infection; OHP, Oregon Health Plan; MRSA, methicillin-resistant
Staphylococcus aureus.

2 Assessed during index admission.

bAssessed in the year preceding index admission.

€Assessed in the year preceding index admission except for acute UTI, which was evaluated in the preceding year up to 30 d before index admission.
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Table 3. Antimicrobial Susceptibilities of Escherichia coli Isolated From Patients
With Healthcare-Associated Urinary Tract Infections

Miriam R. Elman et al

Table 4. Independent Predictors of Potentially Healthcare-Associated Urinary
Tract Infections (UTIs) Diagnosed Within 30 Days Post Hospital Discharge

Female sex 2.88 (1.58-5.23)
Private insurance 0.60 (0.39- 0.93)
History of acute UTI 2.03 (1.21- 3.43)
No. % No. % History of urine retention 3.73 (1.87- 7.46)
Ciprofloxacin 4 16.7 3 17.7 > .99 History of multiple sclerosis 5.66  (1.71-18.77)
Ampicillin 12 50.0 7 41.2 >.99 History of paraplegia/quadriplegia 458  (1.16-18.01)
Gentamicin 1 4.2 0 0.0 >.99 History of MRSA infection 433  (0.82-22.75)
Cefazolin 7 29.2 2 11.8 .26 History of penicillin class prescription? 1.23 (0.67-2.26)
Nitrofurantoin 1 4.2 0 0.0 >.99 Nitrofurantoin prescribed during index 19.35  (4.63-80.84)
Tobramycin 1 4.2 0 0.0 > .99 A
TMP/SMX? 5 208 4 235 > 99 Foley c.atheter placement during index 1.52 (0.99-2.31)
admission
Note. TMP/SMX, trimethoprim/sulfamethoxazole. Penicillin prescribed during index admission 1.34 (0.70-2.54)
No. of antibiotics prescribed prior to index
admission
Time to infection among patients with HA-UTI 1 153 (0.89-2.64)
< 2 1.23 (0.60-2.50)
3 1.62 (0.70-3.72)
4 1.99 (0.72-5.53)
o |
C’ 5 or more 2.00 (0.68-5.90)
% Note. aOR, adjusted odds ratio; Cl, confidence interval.
= © 2 Penicillin-class antibiotics were classified to included penicillin, oxacillin, nafcillin, and
3 o dicloxacillin.
s
z
c
S
€ =
2 °
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Fig. 3. Kaplan-Meier Curve depicting time to Healthcare-associated UTI post hospital
discharge among those patients with this outcome.

States, and the difference in uropathogen and antibiotic suscep-
tibilities between healthcare-associated and community-associated
UTIs may be more similar than in other areas. Further work is
needed to assess the validity of our results in regions with higher
rates of resistance in uropathogens.

Although the risk of device-associated infections such as
catheter-associated UTI may, at least in theory, be easier to reduce
than some other HAIs, all HAIs represent an undesirable patient
outcome. Thus, if HAI risk persists post discharge, HAI research
should focus more broadly than current surveillance definitions.
Without a broader evidence base, it may be difficult to stimulate
innovation within HAI prevention. Because HA-UTIs represent
a large proportion of overall HAIs, further effort is warranted to
better capture the burden of HA-UTT to better inform patient care
and infection prevention efforts.
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