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Abstract

Suspected urinary tract infection is a common indication for antimicrobial therapy in long-term 

care residents. We sought to characterize antimicrobial susceptibilities among urine isolates 

collected from women long-term care residents enrolled in a clinical trial across 21 long-term care 

facilities in Connecticut, United States of America between August 2012 and October 2015. 

Among 967 urine cultures collected from 175 women long-term care residents with and without 

suspected urinary tract infection, we identified 456 bacterial isolates. Escherichia coli (55.3%), 

Klebsiella (13.8%) and Enterococcus (8.3%) species were the predominant organisms identified. 

Among all 456 urine isolates, 68.1% were ciprofloxacin-susceptible, 77.2% were trimethoprim/

sulfamethoxazole-susceptible, 86.3% were cefazolin-susceptible, and 72.6% were nitrofurantoin-

susceptible. Among 252 Escherichia coli urine isolates, 60.2% were ciprofloxacin-susceptible, 

73.7% were trimethoprim/ sulfamethoxazole-susceptible, 84.5% were cefazolin-susceptible, and 

86.5% were nitrofurantoin-susceptible. These findings suggest that trimethoprim/

sulfamethoxazole may be favorable empiric therapy while the urinary isolate is unknown, and 

nitrofurantoin may be optimal therapy for uncomplicated urinary tract infection due to Escherichia 
coli in women long-term care residents.

Keywords

Urinary Tract Infection; Long-Term Care Residents; Escherichia coli; Nitrofurantoin; Antibiotic 
Susceptibility

This work is licensed under Creative Commons Attribution 4.0 License http://creativecommons.org/licenses/by-nc-nd/4.0/
*Corresponding author: Rupak Datta, Yale School of Medicine, Section of Infectious Diseases, New Haven, CT USA; Tel: 203 785 
7571, rupak.datta@yale.edu. 

HHS Public Access
Author manuscript
Open Access J Gerontol Geriatr Med. Author manuscript; available in PMC 2018 November 
19.

Published in final edited form as:
Open Access J Gerontol Geriatr Med. 2018 April ; 4(3): . doi:10.19080/OAJGGM.2018.04.555636.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://creativecommons.org/licenses/by-nc-nd/4.0/


Background

Antimicrobial use among long-term care residents is common. The annual prevalence of 

antimicrobial use among long-term care residents ranges from 47–79% [1] and antimicrobial 

stewardship programs are needed in long-term care facilities in the United States [2]. The 

most common indication for antimicrobials among long-term care residents is urinary tract 

infection [3]. Data suggest that antimicrobial prescribing practices may impact antimicrobial 

susceptibility of uropathogens among long-term care residents in the Netherlands [4]. 

Among long-term care residents in Connecticut, we previously showed that Escherichia coli, 
Proteus, and Klebsiella species were the most common uropathogens identified in patients 

with suspected urinary tract infection from 2005–2007, and 40% and 93% of Escherichia 
coli isolates were fluoroquinolone-susceptible and nitrofurantoin- susceptible, respectively 

[5]. Our current study characterized antimicrobial susceptibilities among urine isolates from 

long-term care residents in the same region from 2012–2015.

Materials and Methods

We evaluated urine cultures collected from women long-term care residents enrolled in a 

clinical trial evaluating cranberry capsules to reduce bacteriuria plus pyuria across 21 

facilities between August 2012 and October 2015 [6]. Participating facilities had at least 90 

beds and were within a 50-mile radius of New Haven, CT. Residents were excluded if they 

were expected to be in the facility for ≤ 1 month, received suppressive antimicrobials, had an 

indwelling bladder catheter or prior nephrolithiasis, or were undergoing dialysis. Further 

enrollment criteria have been reported previously [6]. The Yale Human Investigation 

Committee approved this study. All nursing home administrators signed letters of 

participation and signed consent was obtained from participants or their surrogates.

Urine cultures were collected during screening encounters of the clinical trial and during 

adverse events representing suspected urinary tract infection. Screening urine specimens 

were obtained by clean catch whereas adverse event urine specimens may have also been 

obtained by catheterization. All specimens were processed at Yale New Haven Health per 

hospital microbiology laboratory protocols. Antimicrobial susceptibilities were determined 

per Clinical and Laboratory Standards Institute M100, Performance Standards for 

Antimicrobial Susceptibility Testing.

For all cultures, we assessed the number of colony-forming units (cfu) of bacteria per 

milliliter (ml) and type of organism identified. Isolates with <1,000 cfu/ml were not 

speciated per laboratory protocol. Cultures with growth of up to two organisms were 

included in analyses. Cultures with no growth, mixed flora (three or more organisms) or 

unspecified growth were excluded. Antimicrobial susceptibilities were assessed across all 

remaining cultures. We recorded demographics, comorbidities, number of urinary tract 

infections, and antimicrobial courses in the prior year for all residents. Analyses were 

conducted using SAS, version 9.4.
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Results

Overall, we evaluated 967 urine cultures from 175 women long-term care residents collected 

from 723 screening encounters and 244 adverse event encounters. Among residents, median 

age was 87 years (range, 65–101 years). Most (90.3%, N=158) were white, 78.9% (N=138) 

had dementia, 30.9% (N=54) had bladder incontinence, 26.3% (N=46) had diabetes, and 

21.7% (N=38) had renal disease. In the prior year, 31.4% (N=55) had ≥1 and urinary tract 

infection, and 29.7% (N=52) received ≥2 antimicrobial courses.

Among 967 urine cultures, 456 isolates were identified (Table 1). The most common 

organisms were Escherichia coli (55.3%), Klebsiella species (13.8%), and Enterococcus 
species (8.3%). Figure 1 shows antimicrobial susceptibilities for all cultures and the subset 

with Escherichia coli. Among all urine isolates, 68.1% were ciprofloxacin-susceptible, 

77.2% were trimethoprim/ sulfamethoxazole-susceptible, 86.3% were cefazolin- susceptible, 

and 72.6% were nitrofurantoin-susceptible. Among Escherichia coli isolates, 60.2% were 

ciprofloxacin- susceptible, 73.7% were trimethoprim/sulfamethoxazole- susceptible, 84.5% 

were cefazolin-susceptible, and 86.5% were nitrofurantoin-susceptible. Antimicrobial 

susceptibilities were similar regardless of whether urine cultures were obtained for clinical 

trial screening purposes or for suspected urinary tract infection.

Discussion

Our study suggests change in the microbiology and antimicrobial susceptibility of urinary 

isolates among women long-term care residents compared to prior data from the same region 

[5]. While Escherichia coli remains the dominant organism, the relative proportion of 

Enterococcus species has increased (8.3% versus 4.5%) whereas Proteus (5.7% versus 

14.6%) and Providencia (0.4% versus 3.7%) have decreased. Additionally, Escherichia coli 
fluoroquinolone-susceptibility increased during our study period which coincided with the 

Food and Drug Administration restricting fluoroquinolone use for uncomplicated urinary 

tract infection in 2015 [7]. These results have implications for empiric antimicrobial therapy 

for suspected urinary tract infection in women long-term care residents and the potential role 

of public policy in reducing antimicrobial resistance.

Although trimethoprim/sulfamethoxazole and cephalexin are often used as empiric therapy 

for uncomplicated urinary tract infection, trimethoprim/sulfamethoxazole-susceptibility and 

cefazolin-susceptibility was 77.2% and 86.3% across all isolates and 73.7% and 84.5% in 

Escherichia coli isolates, respectively. In contrast, nitrofurantoin had the most consistent 

susceptibility among Escherichia coli with 86.5% susceptibility. This susceptibility to 

nitrofurantoin appears stable when compared to prior urine Escherichia coli data from 2002–

2005. While 21.7% of participants had renal disease in our study, nitrofurantoin achieves 

satisfactory cure rates and remains well-tolerated for urinary tract infection in patients with 

an estimated glomerular filtration rate of 50 ml/min or less [8]. Collectively, these data 

support recent findings from a multinational randomized clinical trial in women [9] and 

indicate empiric nitrofurantoin use may be preferred for uncomplicated Escherichia coli 
urinary tract infection in long-term care residents [10].
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The regional increase in Escherichia coli fluoroquinolone- susceptibility from 40% in 2005–

2007 to 60.2% in our study may reflect evolving prescribing practices. Although we could 

not evaluate prescription or antimicrobial stewardship data for this cohort, evidence suggests 

that hospital antimicrobial stewardship programs can reduce fluoroquinolone-resistance in 

local unaffiliated long-term care facilities [2]. Thus, restricted fluoroquinolone use may have 

impacted antimicrobial susceptibility patterns in participating facilities.

The main study strength is that we evaluated all organisms and antimicrobial susceptibilities 

from urine cultures collected from encounters with and without suspected urinary tract 

infection in women long-term care residents lacking indwelling catheters. Our results may 

lack generalizability to men, which constituted 16% of our prior study population, or 

catheterized patients. Nevertheless, the majority of long-term care residents are women, and 

the microbiology and management of catheter- associated versus non-catheter-associated 

urinary tract infection differ.

In conclusion, our work suggests a temporal increase in fluoroquinolone-susceptibility and 

preservation of nitrofurantoin-susceptibility among Escherichia coli urine isolates in women 

long-term care residents throughout Connecticut. Given susceptibility rates of all 

uropathogens to trimethoprim/sulfamethoxazole and cephalexin, they remain effective 

empiric treatment agents for uncomplicated urinary tract infection when the urinary 

pathogen is unknown. However, given the predominance of Escherichia coli, its preserved 

susceptibility to nitrofurantoin, and the safety of short-course nitrofurantoin for patients with 

a reduced glomerular filtration rate, nitrofurantoin deserves further consideration as empiric 

therapy in this population. Consistent with recent findings from a randomized clinical trial 

evaluating nitrofurantoin use for uncomplicated urinary tract infection in community 

women, future research should evaluate nitrofurantoin as empiric therapy for suspected 

uncomplicated urinary tract infection among women long-term care residents.
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Figure 1: 
Antimicrobial susceptibilities of bacterial isolates from August 2012 to October 2015. A 

total of 456 bacterial isolates were identified from 175 women long-term care residents 

during encounters with and without suspected urinary tract infection. Susceptibility patterns 

of all bacterial isolates (A) and the subset with Escherichia coli (B) are shown. The number 

of bacterial isolates associated with each tested antimicrobial is noted at the bottom of each 

bar. The total number of bacterial isolates and the subset with Escherichia coli is less than 

456 because some isolates were not tested against each antimicrobial.
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Table 1:

Distribution of organisms identified from 456 urine bacterial isolates collected from women long-term care 

residents

Organism N %

Escherichia coli 252 55.3

Klebsiella species 63 13.8

Enterococcus species 38 8.3

Proteus species 26 5.7

Group B Streptococcus 19 4.2

Aerococcus species 14 3.1

Lactobacillus 9 2.0

Coagulase negative Staphylococcus 9 2.0

Streptococcus, viridans group 7 1.5

Corynebacterium 4 0.9

Enterobacter species 4 0.9

Pseudomonas aeruginosa 3 0.7

Providencia stuartii 2 0.4

Candida albicans 2 0.4

Group D. Streptococcus 2 0.4

Staphylococcus aureus 1 0.2

Gemella species 1 0.2
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