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This retrospective cohort study analyzed data collected under a larger parent study, the CLUE 

study in the Sokurenko laboratory at the University of Washington, to explore risk factors for the 

asymptomatic intestinal carriage of ciprofloxacin-resistant Escherichia coli (E.coli) (CipRE). This 

study included 1719 women aged 50 and older within the Kaiser Permanente Washington 

health system. Odds ratios (OR) and confidence intervals (CIs) from unadjusted and age-

adjusted logistic regression models were used to explore the relationship between CipRE 

carriage and metabolic conditions, mood disorders and gastrointestinal conditions. Metabolic 

conditions were associated with CipRE carriage in the unadjusted (OR 1.42, 95% CI 1.07-1.89) 

and adjusted (OR 1.42, 95% CI 1.05-1.92) model. Gastrointestinal conditions were also 

associated with CipRE carriage in the unadjusted (OR 1.48, 95% CI 1.05-2.06) and adjusted 

(OR 1.47, 95% CI 1.04-2.06) model. Metabolic conditions were associated with two virulent 

CipRE sequence types, ST131-H30 and ST1193, in the unadjusted (OR 1.51, 95% CI 1.04-

2.22) and adjusted (OR 1.50, 95% CI 1.01-2.26) model.  



 

 

Abstract 

Intro: This retrospective cohort study analyzed data collected under a larger parent study, the 

CLUE study in the Sokurenko laboratory at the University of Washington, to explore potential 

risk factors for the asymptomatic intestinal carriage of ciprofloxacin-resistant uropathogenic 

Escherichia coli (E.coli) (CipRE), as this carriage may increase the risk for acquiring 

ciprofloxacin-resistant urinary tract infections. This study included 1719 women aged 50 and 

older within the Kaiser Permanente Washington (KPWA) health system.  

 

Methods: Odds ratios (OR) and confidence intervals (CIs) from unadjusted and age-adjusted 

logistic regression models were used to explore the relationship between CipRE carriage and 

clinical status groups which were mood disorders, metabolic conditions and gastrointestinal 

conditions. The two outcomes explored were the carriage of any type of CipRE (AnyCipRE), 

and the carriage of either of two CipRE sequence types (ST) known to be associated with high 

extraintestinal virulence, ST131-H30 and ST1193 (STCipRE). 

 

Results: The average age of participants was 67.3 ± 9.8 years (range = 50-98). The prevalence 

of AnyCipRE carriage was 13.7% (236 cases, 1483 non-cases) and the prevalence of STCipRE 

carriage was 7.3% (125 cases, 1594 non-cases). Among all participants, 30%, 53% and 18% 

had a clinical status relating to mood, metabolic and gastrointestinal conditions, respectively. 

Among those with AnyCipRE, the average age of participants was 67.9 ± 9.8 years (range = 50-

98), and 30%, 61% and 23% of participants had a clinical status relating to mood, metabolic and 

gastrointestinal conditions, respectively. A clinical status relating to metabolic conditions was 

associated with AnyCipRE carriage in both the unadjusted (OR 1.42, 95% CI 1.07-1.89; P = 

.015) and age-adjusted (OR 1.42, 95% CI 1.05-1.92; P = .022) model. A clinical status relating 

to gastrointestinal conditions was also associated with AnyCipRE carriage in both the 

unadjusted (OR 1.48, 95% CI 1.05-2.06; P = .024) and age-adjusted (OR 1.47, 95% CI 1.04-



 

 

2.06; P = .025) model. Among those with STCipRE carriage, the average age of participants 

was 68.1 ± 9.9 years (range = 50-98), and 30%, 62% and 22% of participants had a clinical 

status relating to mood, metabolic and gastrointestinal conditions, respectively. A clinical status 

relating to metabolic conditions was associated with STCipRE carriage in both the unadjusted 

(OR 1.51, 95% CI 1.04-2.22; P = .032) and age-adjusted (OR 1.50, 95% CI 1.01-2.26; P = .046) 

model.  

 

Discussion: Within this study population, there is evidence to suggest a potential association 

between the carriage of ciprofloxacin-resistant E.coli and a clinical status relating to metabolic 

and gastrointestinal conditions. There is also evidence to suggest a potential association 

between a clinical status relating to metabolic conditions and the carriage of two ciprofloxacin-

resistant E.coli sequence types known to be associated with high extraintestinal virulence, 

ST131-H30 and ST1193. More large-scale studies are needed to explore the asymptomatic 

carriage of multidrug-resistant E.coli so we may be more proactive in the prevention, prediction 

and treatment of multidrug-resistant urinary tract infections.  

 

Background 

Uropathogenic Escherichia coli (E.coli) are the primary causative agents of urinary tract 

infections (UTIs), one of the most common infections found in both the inpatient and outpatient 

setting.1,2 If left untreated, or if initial antibiotic therapies fail, UTIs can become complicated by 

spreading to the kidneys (pyelonephritis) and bloodstream (urosepsis), generally requiring 

hospital admission.3-5 UTIs cost the U.S. healthcare system between 3-6 billion dollars per 

year,6,7 with costs rising as antibiotic resistance increases.8 UTIs place a particular burden on 

women, with 50-60% of all women experiencing at least one UTI in their lifetime, and nearly 

30% experiencing more than one UTI per year.9 Pregnant and elderly women are at increased 

risk for complications, as UTIs are associated with preterm birth10-12 and increase in incidence 



 

 

after menopause.13 In addition to medical concerns, UTIs significantly reduce the emotional and 

mental wellbeing of women suffering from them.14-17 

 

First-line antibiotic treatment for UTIs includes nitrofurantoin, fosfomycin and trimethoprim-

sulfamethoxazole.18 Ciprofloxacin, a fluoroquinolone, is reserved for more complicated UTIs due 

to increasing levels of ciprofloxacin resistance, as well as concern over its risks, which include 

tendon rupture, aortic aneurysm and increased risk for Clostridioides difficile infection.19 Despite 

concerns, research indicates ciprofloxacin is still overprescribed for the treatment of 

uncomplicated UTIs.20 

 

Since the late 1990s and early 2010’s, two sequence types (ST) of fluoroquinolone-resistant 

E.coli have emerged at pandemic levels, ST131-H30 and ST1193, respectively.21 These 

sequence types are particularly uropathogenic as they possess extraintestinal virulence factors, 

which enable them to colonize the urinary tract more easily than other ciprofloxacin-resistant 

E.coli sequence types.22-24 Importantly, ST131-H30 is associated with older age and 

immunocompromised status.25,26 Compared to other fluoroquinolone-resistant clones, both have 

been shown to persist in the intestinal tract for longer periods of time and have been shown to 

colonize the urinary tract at much higher rates.27,28 

 

Recent research indicates nearly 9% of women within the Kaiser Permanente Washington 

(KPWA) health system are asymptomatic intestinal carriers of ciprofloxacin-resistant E.coli, with 

a significant proportion of that E.coli belonging to the ST131-H30 and ST1193 groups.25 This 

carriage may increase the risk for acquiring a ciprofloxacin-resistant UTI, which poses a few 

questions: Who is at risk for this carriage? How should the health system address this? To add 

to the limited knowledge base, we explore this issue as our health system works to be more 



 

 

proactive in the prevention, prediction and treatment of multidrug-resistant urinary tract 

infections.  

 

Methods 

Study Setting and Study Design:  

This retrospective cohort study was conducted under a larger parent study, the CLUE study, 

which was a collaboration between the Kaiser Permanente Washington Research Institute and 

the Sokurenko laboratory in the Department of Microbiology at the University of Washington. 

Electronic health record (EHR) data from women within the Kaiser Permanente Washington 

(KPWA) health system were analyzed. The CLUE study was approved by the Institutional 

Review Boards of the University of Washington and Kaiser Permanente Washington Research 

Institute, and this study was approved by the Institutional Review Boards of the University of 

Washington.  

 

Study Population:  

This study explored EHR data obtained from 1719 women aged 50 and older within the KPWA 

health system. For inclusion, participants had to be enrolled at KPWA for at least one year, 

could not have been diagnosed with a urinary tract infection, or taken oral antibiotics one year 

prior to sample submission.  

 

Data Collection:  

The CLUE study obtained urine and fecal samples from 1822 women between May 2021 and  

February 2022. These samples were analyzed for the presence of ciprofloxacin-resistant E.coli, 

including specific E.coli sequence types (ST). Only data from participant fecal samples were 

included in this study. Diagnosis and prescription data were obtained for each participant from 

KPWA’s EHR. This data included any diagnosis or prescription recorded for each participant 



 

 

within one year prior to their date of sample submission. Dummy variables were added for 

participants with a prescription record but no diagnosis record, and vice versa. Participants 

found to have neither record were excluded. These data were checked to ensure participants 

were not prescribed an oral antibiotic or diagnosed with a urinary tract infection or acute cystitis 

one year prior to sample submission. Participants with records indicating a violation of this 

criteria were excluded. The diagnosis data were synthesized based on the 10th revision of the 

International Classification of Disease (ICD-10) codes.  

 

Statistical Analyses: 

Summary statistics 

Mean, standard deviation and range are reported for participant ages. Counts and percentages 

are reported for the prevalence of ciprofloxacin-resistant E.coli carriage among participants. 

Counts and percentages are also reported for the distribution of participants among age and 

clinical status groups. Chi-square tests were used to test for significance between ciprofloxacin-

resistant E.coli carriage and age and clinical status groups. The Student’s t-test was used to test 

for significance between the mean age of participants with and without ciprofloxacin-resistant 

E.coli carriage. 

 

Logistic regression 

Odds ratios (OR) and confidence intervals (CIs) from unadjusted and age-adjusted logistic 

regression models were used to explore the relationship between clinical status groups and 

CipRE carriage. Potential confounders were identified based on literature review and clinical 

relevance. Older age is associated with ciprofloxacin-resistant E.coli carriage, so it was included 

in the age-adjusted logistic regression model.25 The predictor variables were three clinical status 

groups indicated by the literature to have an association with intestinal microbiome disruption, 

as this disruption may increase the likelihood of harboring antibiotic-resistant bacteria.29-31 



 

 

These clinical status groups were metabolic conditions, mood disorders and gastrointestinal 

conditions (Supplementary Material, Table 1). Participants were included in a clinical status 

group if they were diagnosed with, or were prescribed a prescription relevant to, a condition 

contained within the group one year prior to sample submission (Supplementary Material, Table 

2). Clinical status groups were conceptually evaluated for multicollinearity prior to model 

inclusion. The two outcomes of interest were the carriage of any type of CipRE (AnyCipRE) and 

the carriage of either of two CipRE sequence types known to be associated with extraintestinal 

virulence, ST131-H30 and ST1193 (STCipRE). Statistical significance was determined using a 

p-value threshold of p<0.05. All analyses were conducted using R-4.1.2 and Real Statistics 

Resource Pack for Excel Release 8.2. 

 

Results 

Summary statistics 

Tables 1 and 2 report summary statistics. The average age of participants was 67.3 ± 9.8 years 

(range = 50-98). The prevalence of AnyCipRE carriage was 13.7% (236 cases, 1483 non-

cases) and the prevalence of STCipRE carriage was 7.3% (125 cases, 1594 non-cases). 

Among all participants, 30%, 53% and 18% had a clinical status relating to mood, metabolic and 

gastrointestinal conditions, respectively. Among those with AnyCipRE carriage, the average age 

of participants was 67.9 ± 9.8 years (range = 50-98), and 30%, 61% and 23% of participants 

had a clinical status relating to mood, metabolic and gastrointestinal conditions, respectively. 

Among those with STCipRE carriage, the mean age was 68.1 ± 9.9 years (range =50-98), and 

30%, 62% and 22% of participants had a clinical status relating to mood, metabolic and 

gastrointestinal conditions, respectively.  

 

No statistically significant difference was found between the mean age of participants with and 

without AnyCipRE carriage (P = .251), nor between the mean age of participants with and 

https://www.sciencedirect.com/science/article/pii/S221371651500106X?via%3Dihub


 

 

without STCipRE carriage (P = .334). Chi-square tests of independence indicated an 

association between CipRE carriage and clinical status groups relating to metabolic (P=.008) 

and gastrointestinal (P = .012) conditions, but not between CipRE carriage and the clinical 

status group relating to mood disorders (P = .897). Chi-square tests of independence also 

indicated an association between between STCipRE carriage and the clinical status group 

relating to metabolic conditions (P = .023), but not between STCipRE carriage and clinical 

status groups relating to mood disorders (P = .864) or gastrointestinal conditions (P = .135).  

 

Logistic regression 

Tables 3 and 4 report results from the logistic regression models. A clinical status relating to 

mood disorders was not associated with AnyCipRE carriage in the unadjusted (OR 0.93, 95% 

CI 0.68-1.26; P = .644) or age-adjusted model (OR 0.93, 95% CI 0.68-1.26; P = .646). However, 

a clinical status relating to metabolic conditions was associated with AnyCipRE carriage in both 

the unadjusted (OR 1.42, 95% CI 1.07-1.89; P = .015) and age-adjusted (OR 1.42, 95% CI 

1.05-1.92; P = .022) model. A clinical status relating to gastrointestinal conditions was also 

associated with AnyCipRE carriage in both the unadjusted (OR 1.48, 95% CI 1.05-2.06; P = 

.024) and age-adjusted (OR 1.47, 95% CI 1.04-2.06; P = .025) model.  

 

A clinical status relating to mood disorders was not associated with STCipRE carriage in the 

unadjusted (OR 0.95, 95% CI 0.63-1.41; P = .804) or age-adjusted (OR 0.95, 95% CI 0.63-1.41; 

P = .808) model. A clinical status relating to gastrointestinal disorders was also not associated 

with STCipRE carriage in the unadjusted (OR 1.33, 95% CI 0.84-2.06; P = .208) or age-

adjusted (OR 1.33, 95% CI 0.83-2.06; P = .215) model. However, a clinical status relating to 

metabolic conditions was associated with STCipRE carriage in both the unadjusted (OR 1.51, 

95% CI 1.04-2.22; P = .032) and age-adjusted (OR 1.50, 95% CI 1.01-2.26; P = .046) model. 

 



 

 

Discussion  

Within this study population, there is evidence to suggest a potential association between 

ciprofloxacin-resistant E.coli carriage and a clinical status relating to metabolic and 

gastrointestinal conditions. There is also evidence to suggest a potential association between a 

clinical status relating to metabolic conditions and the carriage of two ciprofloxacin-resistant 

E.coli sequence types associated with extraintestinal virulence, ST131-H30 and ST1193.  

 

Importantly, the clinical status groups explored in this study contained several prescriptions and 

diagnoses relevant to each clinical status. One limitation this poses is that participants may 

have been prescribed a medication that is relevant to a certain condition without actually having 

that condition. For example, the medication Tofacitinib is prescribed for the treatment of 

rheumatoid arthritis, psoriatic arthritis and ulcerative colitis. This prescription was included in the 

clinical status group for gastrointestinal conditions due to its use for ulcerative colitis. However, 

study participants may have been captured within this group despite being prescribed 

Tofacitinib for conditions other than ulcerative colitis. To address this, future research could 

explore the association between CipRE carriage and specific medications or diagnoses, or 

incorporate methods to ensure there is a one-to-one match between a patient being diagnosed 

with a condition and being prescribed a medication specifically for that condition.  

 

Additionally, participants were included in a clinical status group if their EHR indicated they were 

prescribed a medication or diagnosed with a condition relevant to the clinical status group on a 

first-instance basis. Future research may consider taking a volumetric approach to explore if 

prescription dose, length of time taking a prescription, or length of time having a medical 

condition influences CipRE carriage.  

 



 

 

While this study did not collect data on sociodemographic characteristics other than age, future 

research may also consider controlling for additional variables associated with increased 

exposure to antibiotics and antibiotic-resistant bacteria. One such variable could be 

occupational status, with research showing both health care and meat industry workers have a 

higher risk of being colonized with drug-resistant pathogens than the general population.32-34      

 

Notably, prescription data provided by KPWA (Figure 1) reveals the percentage of 

fluoroquinolones prescribed within the KPWA health system has been decreasing over the last 

five years. Additional research is needed, but this phenomenon may corroborate research 

indicating the intestinal acquisition of fluoroquinolone-resistant E.coli may occur even in the 

absence of antibiotic consumption.25 If so, this phenomenon may pose a threat to one of the 

primary levers we have in mitigating antibiotic resistance - that of reducing antibiotic 

consumption through antibiotic stewardship.  

 

Questions remain as to how our health system should address the asymptomatic intestinal 

carriage of fluoroquinolone-resistant E.coli. Screening and treating patients for the 

asymptomatic carriage of pathogens is not a new practice within the U.S. health system. To 

reduce the risk of postoperative infection, it is common for hospitals to screen and treat patients 

for the asymptomatic carriage of methicillin-resistant Staphylococcus aureus (MRSA) prior to 

certain procedures or surgeries.35,36 Future studies are needed to explore if similar screening 

protocols may improve our ability to predict who may be at risk for acquiring fluoroquinolone-

resistant UTIs. This may be of particular importance for patients undergoing procedures 

associated with UTIs, such as catheterization.37 Ultimately, by improving our ability to predict 

fluoroquinolone-resistant UTIs, we may more promptly resolve acute UTIs and reduce 

unnecessary patient exposure to the risks associated with ciprofloxacin. This reduction in 



 

 

inappropriate or unnecessary antibiotic prescriptions may also protect population health, as 

antibiotics are a societal medication - their prescription for one ultimately impacts all. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Tables and Figures 

Table 1. CipRE carriage summary statistics  

Age Have CipRE 

N=236 (14%) 

Do not have 

CipRE 

N=483 (86%) 

Total 

N=1719 

P-value 

Age (continuous) Mean = 67.9 

SD = 9.8 

Range = 50-98 

Mean = 67.2 

SD = 9.7 

Range = 50-97 

Mean = 67.3 

SD = 9.8 

Range = 50-98 

0.2508 

50-59 48 (20) 365 (25) 413 (24) 0.6173 

60-69 82 (35) 520 (35) 602 (35) 

70-79 78 (33) 434 (29) 512 (30) 

80-89 24 (10) 140 (9) 164 (10) 

90-99 4 (2) 24 (2) 28 (2) 

<65 85 (36) 615 (41) 700 (41) 0.1133 

≥65 151 (64) 868 (59) 1019 (59) 

Clinical status         

Mood disorder 71 (30) 440 (30) 511 (30) 0.8969 

Metabolic 

condition 

143 (61) 761 (51) 904 (53) 0.0080 

Gastrointestinal 

condition 

55 (23) 246 (17) 301 (18) 0.0117 

P-value for Chi-square or Student’s t-test 
Bold values indicate statistical significance (p < 0.05) 
SD = standard deviations 
 
 
 



 

 

Table 2. STCipRE summary statistics 

Age Have ST131-H30 

or ST1193 

N=125 (7%) 

Do not have ST131-

H30 or ST1193 

N=1594 (93%) 

Total 

N=1719 

P-value 

Age (continuous) Mean = 68.1 

SD = 9.9 

Range = 50-98 

Mean = 67.2 

SD = 9.7 

Range = 50-97 

Mean = 67.3 

SD = 9.8 

Range = 50-98 

0.3340 

50-59 27 (22) 386 (24) 413 (24) 0.8752 

60-69 43 (34) 559 (35) 602 (35) 

70-79 38 (30) 474 (30) 512 (30) 

80-89 15 (12) 149 (9) 164 (10) 

90-99 2 (2) 26 (2) 28 (2) 

<65 43 (34) 657 (41) 700 (41) 0.1352 

≥65 82 (66) 937 (59) 1019 (59) 

Clinical status         

Mood disorder 38 (30) 473 (30) 511 (30) 0.8642 

Metabolic 

condition 

78 (62) 826 (52) 904 (53) 0.0225 

Gastrointestinal 

condition 

28 (22) 273 (17) 301 (18) 0.1352 

P-value for Chi-square test or Student’s t-test 
Bold values indicate statistical significance (p < 0.05) 
SD = standard deviations



 

 

Table 3. Association between CipRE carriage and clinical status groups 

Clinical status  Cases 

(N=236) 

Non-cases 

(N=1483) 

Unadjusted OR 

(95% CI) 

P-value Adjusted* OR 

(95% CI) 

P-value 

Mood disorder 71 440 0.93 (0.68 - 1.26) 0.6444 0.93 (0.68 - 1.26) 0.6456 

Metabolic 

condition 

143 761 1.42 (1.07 - 1.89) 0.0151 1.42 (1.05 - 1.92) 0.0220 

Gastrointestinal 

condition 

55 246 1.48 (1.05 - 2.06) 0.0237 1.47 (1.04 - 2.06) 0.0248 

*Adjusted for age 
Bold values indicate statistical significance (p < 0.05) 
 
Table 4. Association between STCipRE carriage and clinical status groups  

Clinical status  Cases 

(N=125) 

Non-cases 

(N=1594) 

Unadjusted OR 

(95% CI) 

P-value Adjusted* OR 

(95% CI) 

P-value 

Mood disorder 38 473 0.95 (0.63 - 1.41) 0.8044 0.95 (0.63 - 1.41) 0.8078 

Metabolic 

condition 

78 826 1.51 (1.04 - 2.22) 0.0322 1.50 (1.01 - 2.26) 0.0456 

Gastrointestinal 

condition 

28 273 1.33 (0.84 - 2.06) 0.2084 1.33 (0.83 - 2.06) 0.2151 

*Adjusted for age 
Bold values indicate statistical significance (p < 0.05) 



 

 

Figure 1. Annual percentage of KPWA patients prescribed fluoroquinolones (2010-2021) 

 
Per random annual sample of 10,000 KPWA patients 
Data provided and analyzed by KPWA 
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