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Abstract 

Background:  Uncomplicated urinary tract infections (uUTIs) are one of the most common bacterial infections in the 
United States (US). Contemporary data are important for understanding the health economic impact of antimicrobial-
resistant uUTIs. We compared the economic burden among patients with uUTI isolates susceptible or not-susceptible 
to the initial antibiotic prescription.

Methods:  This retrospective cohort study utilized electronic health record data (1 July 2016–31 March 2020) from a 
large Mid-Atlantic US integrated delivery network database. Patients were females aged ≥ 12 years with a uUTI, who 
received oral antibiotic treatment and had ≥ 1 urine culture within ± 5 days of diagnosis. The primary outcome was 
the difference in healthcare resource use and costs (all-cause, urinary tract infection [UTI]-related) among patients 
with susceptible versus not-susceptible isolates during the 6 months after the index uUTI diagnosis. Secondary 
outcomes included: pharmacy costs, hospital admissions and emergency department visits, as well as the probability 
of uUTI progressing to complicated UTI (cUTI) between patients with susceptible and not-susceptible isolates. Patient 
outcomes were compared using 1:1 propensity score matching. Winsorized costs were adjusted to 2020 quarter 1 US 
dollars ($).

Results:  A total of 2565 patients were eligible for analysis. The propensity score-matched sample comprised 2018 
patients, with an average age of 44.0 and 41.0 years for the susceptible and not-susceptible populations, respec‑
tively. In the 6 months post-index uUTI event, patients with not-susceptible isolates had significantly more all-cause 
prescriptions orders (+ 1.41 [P = 0.001]), UTI-related prescriptions orders (+ 0.26 [P < 0.001]) and a higher probability of 
all-cause inpatient (+ 1.4% [P = 0.009]), outpatient (+ 6.1% [P = 0.006]), or UTI-related outpatient (+ 3.7% [P = 0.039]) 
encounters. Patients with a uUTI and an antibiotic-not-susceptible isolate were significantly more likely to progress to 
cUTI than those with susceptible isolates (odds ratio: 2.35 [confidence interval: 1.66–3.33; P < 0.001]). Over 6 months, 
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Introduction
Uncomplicated urinary tract infections (uUTIs) are one 
of the most common bacterial infections in the United 
States (US), with 50–60% of adult women reporting a 
presumed uUTI in their lifetime [1]. Urinary tract infec-
tions (UTIs) are defined as uncomplicated if there are no 
functional or anatomical anomalies of the urinary tract 
and no underlying comorbidities or factors associated 
with increased colonization and decreased efficacy of 
therapy, which is indicative of a complicated UTI (cUTI) 
[2].

One of the primary goals of treating a uUTI is to 
achieve rapid symptom relief and, therefore, a short 
course of antibiotic treatment is the preferred option [3]. 
The Infectious Diseases Society of America (IDSA) rec-
ommends nitrofurantoin monohydrate, trimethoprim/
sulfamethoxazole (TMP-SMX), fosfomycin trometamol, 
or pivmecillinam as first-line treatments for uUTI [3].

While antibiotics are generally an effective treatment 
for uUTI, the number of uUTIs caused by antibiotic-
resistant bacteria is increasing. A recent study of urine 
isolated Escherichia coli (E. coli) from US female patients 
with UTI found high levels of not-susceptible uropatho-
gens, with key resistance phenotypes increasing between 
2011 and 2019 [4]. A 2019 report by the Centers for Dis-
ease Control and Prevention (CDC) found that more 
than 2.8 million cases of infections are caused by antibi-
otic-resistant pathogens at any anatomic location occur 
in the US annually, resulting in approximately 35,000 
deaths [5]. This shows a marked increase in infection 
rate and deaths from the equivalent 2013 CDC report 
(previously 2 million cases of antibiotic-resistant infec-
tions, and 23,000 resultant deaths) [6]. This is part of a 
broader trend of antibiotic resistance across multiple 
diseases leading to increased mortality [5, 7]. Despite 
the high incidence of uUTIs, and increasing prevalence 
of antibiotic resistance, data are lacking on the asso-
ciation between antibiotic resistance and the economic 
burden of uUTI. While the annual cost associated with 
uUTI (overall) has previously been estimated at approxi-
mately $1.6 billion in the US [8], increases in the rate of 
antibiotic-resistant pathogens in uUTIs would suggest 
that costs have escalated in recent years. Previous studies 
have demonstrated that increased resistance to antibiot-
ics and treatment failure rates result in greater treatment 

costs compared to susceptible uUTI infections [9]; how-
ever, a contemporary estimate is required to understand 
the current fiscal impact of antibiotic resistance on uUTI 
resource use and costs.

This study reports a comparison of the economic bur-
den for female patients with uUTI with isolates that were 
either susceptible or not-susceptible to the initial antibi-
otic prescription. Using data from a large Mid-Atlantic 
US integrated delivery network (IDN), this study inves-
tigated the relationship between uUTIs caused by not-
susceptible uropathogens and healthcare resource use 
and costs.

Methods
Study design
This was a retrospective cohort study of electronic medi-
cal record (EMR) data from an IDN, from 1  July  2016 
to 31 March 2020 (Fig. 1). Data were broadly representa-
tive of treatment patterns in Virginia, Maryland, and 
Washington DC. The database contains information on 
patient diagnosis, prescriptions, procedures, and labora-
tory values, inpatient visits, and outpatient visits among 
others. We utilized data from one of the largest IDNs in 
the Mid-Atlantic region of the US, serving more than 5 
million patients.

Antibiotic resistance was reported through antimicro-
bial susceptibility tests of the isolate in the EMR, rather 
than at the patient level. The number of isolates was 
determined and then a decision rule was used to assign 
a person to a susceptible/not-susceptible status. Sensitive 
results were categorized as susceptible, whereas resistant 
and intermediate results were categorized as not-suscep-
tible. For patients with two or more isolates with different 
susceptibility results (i.e., sensitive results for one isolate 
and resistant results for another isolate), the individual 
was classified as being not-susceptible at the person level.

To identify oral antibiotics which are indicated for 
uUTI, we used the IDSA 2011 guidelines [3] and data 
published by Brusch et al. [10].

Patients
Eligible patients were females aged ≥ 12 years, diagnosed 
with a UTI based on International Classification of Dis-
ease, 9th Revision (ICD-9) and ICD-10 coding in the pri-
mary or secondary positions, i.e., patients who had ≥ 1 

patients with not-susceptible versus susceptible isolates had significantly higher all-cause costs (+ $426 [P = 0.031]) 
and UTI-related costs (+ $157 [P = 0.034]).

Conclusions:  Patients with a uUTI caused by antibiotic-not-susceptible isolates had higher healthcare resource 
usage, costs, and increased likelihood of progressing to cUTI than those with antibiotic-susceptible isolates.

Keywords:  Urinary tract infection, Healthcare resource use, Costs, Antibiotic resistance
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urine culture with 10,000–100,000 colony-forming units 
(CFU)/mL, had ≥ 1 test to determine antibiotic suscepti-
bility, and received oral antibiotics within ± 5 days of the 
index uUTI diagnosis to ensure patients had a sympto-
matic UTI and were receiving empiric therapy with an 
antibiotic. This treatment window was designed to cap-
ture patients with varying periods between diagnosis and 
treatment and was not designed to represent a change in 
therapy based on the availability of susceptibility results.

Exclusion criteria were used to further refine the 
study population to ensure that cases related to cUTI 
were excluded; a clinical expert was consulted to deter-
mine the appropriate exclusion criteria. Individuals 
were excluded if they were pregnant; had human immu-
nodeficiency virus/acquired immunodeficiency syn-
drome (HIV/AIDS) with antibiotic use from 6 months to 
6  days before the index uUTI date; had a urinary cath-
eter at index UTI event or within 48 h; had symptoms of 
systemic illness, such as fever (temperature ≥ 38.3  °C), 
nausea or vomiting, reported or reproduced flank pain at 
index UTI event or within 48 h of the index UTI event; 
received intravenous  (IV) antibiotics as initial therapy; 
had renal or urologic abnormalities, immunocompro-
mising conditions, or chronic conditions that lead to sys-
temic infections. Patients with missing laboratory values 
or utilization measures were also excluded.

Objectives
The primary objective was to measure the difference in 
healthcare resource use and associated costs (both all-
cause and UTI-related) between patients with suscep-
tible and not-susceptible urine isolates in the 6  months 

post-index date (inclusive). The primary outcome was 
related to the EMR encounter data (e.g., hospitalizations, 
office visits, emergency department [ED] visits, etc.) and 
the imputed cost associated with each of these.

Secondary objectives included measuring the differ-
ence in medical, pharmacy, and antibiotic costs (all-cause 
and UTI-related) in the 6  months after uUTI between 
patients with uUTI isolates that were susceptible and 
not-susceptible. In addition, we assessed the differences 
in hospital admissions, ED visits, urgent care visits, office 
visits, and laboratory tests in the 6 months after the index 
uUTI diagnosis. We also evaluated the difference in prob-
ability of uUTI progressing to cUTI between patients 
who had susceptible or not-susceptible isolates. In terms 
of disease progression, cUTI was defined as a combi-
nation of new fever, nausea, or vomiting, in addition to 
uUTI symptoms; or receipt of an IV antibiotic 3–28 days 
after index uUTI. The index date was defined as the first 
uUTI diagnosis/urine culture with a prescription for an 
antibiotic with no prior uUTI in the last 28 days.

Since information on prescription fills within the IDN 
system would be incomplete if the prescription was filled 
outside the IDN, our analysis relied on medication pre-
scriptions rather than actual use.

The key dependent variables for the analyses were 
difference in cost and healthcare utilization and the 
key independent variable was whether an infection 
involved isolates that were susceptible or not-suscepti-
ble. Several other independent variables were included 
in the analysis as covariates to inform the propensity 
score matching. These included demographics (age, 
race, ethnicity), health insurance plan, and Charlson 

Fig. 1  Overview of study design (uUTI patients with susceptible or not-susceptible isolates). uUTI uncomplicated urinary tract infection
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comorbidities (hemiparesis, renal disease, myocar-
dial infarction, chronic pulmonary disease, rheumatic 
disease).

Cost calculations
Medical costs were calculated using Medicare fee-for-
service rates. However, these rates were then adjusted 
for payer mix of our data using the relative reimburse-
ment for inpatient stays across payers as reported based 
on hospital charge and cost-to-charge ratios identified 
in the Healthcare Cost and Utilization Project [11]. For 
inpatient costs, we used 2018 100% Medicare limited 
dataset inpatient and calculated adjusted total paid to 
2020 quarter (Q) 1 dollars (using Consumer Price Index 
for Medical Care) for each diagnosis-related group pro-
gram. The process for mapping outpatient cost was more 
heterogeneous. We first calculated the adjusted total paid 
per Current Procedural Terminology (CPT) code from 
5% Medicare outpatient and carrier files. We primarily 
used outpatient files, but if a CPT code was not found in 
the outpatient files, then the calculated total paid value 
from the carrier file was used. For pharmaceutical costs, 
we used market history to identify wholesale acquisition 
cost prices from ProspectoRx. For ED costs, we obtained 
costs from the literature [12, 13] and used the mean of 
both UTI-related and all-cause visits. All costs were 
adjusted to 2020 Q1 US dollars ($). Additionally, we con-
structed winsorized cost outcome variables to minimize 
the effect of abnormally high utilization patients on our 
estimates. Categorical costs, such as all-cause drug costs 
in the  follow-up window, were set to the 98th percen-
tile values. In other words, for patients with costs below 
the 98th percentile, winsorized costs were set to actual 
cost; those with costs above the 98th percentile had win-
sorized cost set to 98th percentile cost. The goal of this 
procedure was to reduce the influence of outlier observa-
tions. All-cause services included the cost of all services 
provided to patients with uUTI in the 6 months after the 
index uUTI event, while UTI-related costs included the 
costs of services provided where a uUTI diagnosis code 
was included in the service event in the encounter file or 
the service was a uUTI-related lab/culture.

Statistical analyses
For the primary outcome measure, to evaluate how 
infection with not-susceptible isolates affected health-
care utilization and costs, propensity score matching 
was used to align the populations in terms of the follow-
ing covariates: age; White race; private insurance; inpa-
tient/outpatient clinic/outpatient other/ED visits within 
180  days pre-index; and all-cause drug orders within 
180  days pre-index. Patients with uUTIs with isolates 
not-susceptible to ≥ 1 antibiotic were matched with those 

with susceptible urine isolates using 1:1 nearest neighbor 
propensity score matching to minimize the difference 
across the pairs. As cost data are typically right-skewed, 
we used a generalized linear model (GLM) with a log link 
and gamma family to account for this skewness in the 
dependent variable; we split the model into an analysis of 
the effect of resistance on the extensive margin and inten-
sive margin, individually. Patients retained for analysis 
had a non-zero predicted probability of being in the case 
and control group and were retained for analysis only if 
there were patients in the mirror group with similar pro-
pensity scores. The propensity score was calculated using 
a logistic regression.

Secondary analyses used the same propensity score 
matching approach as for the primary analysis. The dif-
ference in cost outcomes of interest was measured using 
the same GLM with a log link and gamma family to 
adjust for patient characteristics. When calculating how 
antibiotic resistance affected healthcare utilization, a 
negative binomial model was used to analyze the effect 
of antibiotic resistance on the following discrete outcome 
variables: the probability of having at least one all-cause/
UTI-related inpatient visit; the probability of having at 
least one all-cause/UTI-related outpatient visit; or the 
probability of having  at least one all-cause/UTI-related 
ED visit.

Logistic regression specification was used to estimate 
the likelihood of progressing to cUTI. Patients were iden-
tified as having progressed to cUTI if they had a new 
symptom for fever, nausea, vomiting, or received a new 
administration of IV antibiotics between 3 and 28  days 
post-index uUTI event. Following this, 6-month cost 
and utilization numbers for patients with uUTI who pro-
gressed to cUTI within 28 days of the index uUTI diag-
nosis were compared with those who did not progress. 
The same logistic regression models were used to esti-
mate the prediction of the treatment failure outcomes 
given a patient’s antibiotic resistance status. Logistic 
regression models were estimated only on the unmatched 
baseline population of patients who could achieve a given 
outcome (e.g., the population used in the analysis of the 
probability of failure of a first-line therapy was restricted 
to patients who received a first-line therapy as their index 
antibiotic).

Sensitivity analyses were performed to test the robust-
ness of the primary analysis. In sensitivity analysis #1, 
patients were required to have both a diagnosis code and 
positive urine cultures for uUTI inclusion, applying the 
same 6-month follow-up window as the baseline analy-
sis, to make the population smaller and increase confi-
dence that only patients with uUTI were being analyzed. 
Sensitivity analysis #2 defined a 30-day post-index uUTI 
follow-up window that was compared with the 6-month 
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window used to measure all-cause/UTI-related cost out-
comes, where previously this was used to measure utili-
zation costs only. Sensitivity analysis #3 used a 12-month 
post-index uUTI follow-up window to measure utiliza-
tion and cost of the primary and secondary outcomes, 
respectively, in order to better capture the long-term 
effects of infections attributed to antibiotic resistance. In 
sensitivity analysis #4, the exclusion criteria were simpli-
fied and reduced per a previous study [14] to have a less 
restrictive uUTI study population. Sensitivity analysis #5 
was designed to measure the difference in UTI-related 
and total healthcare resource utilization and costs to 
compare patients with recurrent uUTIs to patients with 
one episode of uUTI. In sensitivity analysis #6, patients 
with concurrent non-uUTI conditions who could be 
treated with an antibiotic were excluded to ensure infec-
tious conditions with major economic burden were not 
overinflating costs. Finally, sensitivity analysis #7 was 
designed to investigate whether the majority of the inap-
propriate prescribing practices were related to fluoro-
quinolones (FQs), as their use is discouraged by IDSA 
guidelines [3]. We repeated the primary analysis but 
limited the sample to patients receiving FQs as first-line 
therapy.

Results
Patients
Using the IDN database, 103,509 unique patients had a 
UTI diagnosis based on ICD-9/10 codes or culture with 
103–105  CFU/mL identified. Overall, there were 9479 
inpatient admissions and > 1 million outpatient visits. 
After applying the inclusion and exclusion criteria with 
consideration of line of therapy, the eligible study popula-
tion consisted of 2565 patients (Fig. 2). The average age 
of the patients was 42.8 years for patients who were sus-
ceptible compared with 44.4 years among those not-sus-
ceptible and 61.1% and 58.2%, respectively, of the sample 
were White. After 1:1 propensity score matching, the 
eligible study population comprised 2018 patients. The 
average age for the susceptible population was 44.0 years 
of age with 58.6% White compared to 44.1  years of age 
and 58.4% White for the not-susceptible (Table  1). 
More broadly, after the propensity score matching, the 
matched variables were well balanced across the suscep-
tible and not-susceptible cohorts based on standardized 
mean difference. The most commonly prescribed antibi-
otic was nitrofurantoin (60.8%), followed by TMP-SMX 
(19.4%) and ciprofloxacin (14.6%).

Healthcare resource use
In the 6  months post-index uUTI event, patients with 
not-susceptible isolates had significantly higher numbers 
of prescriptions (+ 1.41 [P = 0.001]) and UTI-specific 

prescriptions (+ 0.26 [P < 0.001]) versus patients with 
susceptible isolates. They also had a higher probability 
of all-cause outpatient (+ 6.1% [P = 0.006]), UTI-related 
outpatient (+ 3.7% [P = 0.039]), or all-cause inpatient 
(+ 1.4% [P = 0.009]) visits (Fig. 3).

Progression to cUTI
The predicted probability of disease progression to cUTI 
was more than doubled for patients with not-susceptible 
isolates versus those with susceptible isolates (10.7% vs. 
4.9%; odds ratio: 2.35; confidence interval: 1.66–3.33; 
P < 0.001) (Fig. 4).

All‑cause and UTI‑related costs
The total all-cause costs (winsorized) were estimated at 
$2797 versus $3223 (P = 0.031), for uUTIs with suscep-
tible and not-susceptible isolates, respectively, in the 
6  months or 180  days post-index (Fig.  5). Including the 
index encounter, total UTI-related costs (winsorized) 
were estimated at $991 versus $1147 (P = 0.034), for 
uUTIs with susceptible and not-susceptible isolates, 
respectively. Although not statistically significant, non-
winsorized all-cause and UTI-related costs were higher 
for patients with not-susceptible isolates compared 
to those with susceptible isolates ($3629 vs. $3198, 
P = 0.125; $1461 vs. $1277, P = 0.144, respectively) 
(Fig. 5).

Medical, pharmacy, and antibiotic costs
In the 6 months after uUTI diagnosis, in female patients 
with susceptible versus not-susceptible isolates, all costs 
were numerically higher in the not-susceptible group. 
The differences were statistically significant for total all-
cause (winsorized) pharmacy costs (+ $163; P = 0.012) 
and total UTI-related (winsorized) pharmacy costs 
(+ $38; P = 0.002) (Fig.  6). Very similar results were 
observed from the models of un-winsorized costs (Fig. 6). 
The effect of not-susceptible isolates on total medical 
costs (all-cause and UTI-related) was not statistically 
significant (Fig. 6) but costs were numerically higher for 
infections with not-susceptible isolates than suscepti-
ble isolates. With not-susceptible isolates, medical costs 
(winsorized) were higher by $263 (P = 0.104) and $119 
(P = 0.094) on average for all-cause and UTI-related 
spending, respectively.

Sensitivity analyses
Stricter exclusion criteria were applied in sensitiv-
ity analysis #1, reducing the eligible group to 1672 
patients (Table  2). The difference in winsorized 
all-cause costs and winsorized UTI-related costs 
remained significant for patients with not-susceptible 
versus susceptible isolates. In the baseline population, 
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non-winsorized all-cause costs and UTI-related costs 
were not significant but under these stricter exclu-
sion criteria were significant (Table  2). Overall, 3063 
patients were eligible for sensitivity analysis #2, with 
a shorter 30-day follow-up period, and 2157 patients 
were eligible for sensitivity analysis #3, with a longer 
360-day follow-up period (Table  2). In both analyses, 
non-significant differences were observed across all 

cost categories between patients with not-susceptible 
and susceptible isolates (Table 2). Looser exclusion cri-
teria were applied in sensitivity analysis #4, which did 
not affect the number of eligible patients (n = 2565), 
resulting in the measured difference across all cost 
categories remaining almost completely unchanged 
(Table  2). Sensitivity analysis #5 was not carried out 
due to insufficient numbers of patients with recurrent 

Fig. 2  Patients identified with UTI and applied exclusion criteria. AIDS acquired immunodeficiency syndrome; CFU colony forming units; cUTI 
complicated urinary tract infection; I intermediate; IV intravenous; R resistant; S sensitive; UTI urinary tract infection
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uUTI (n < 10). Infectious patients were excluded in 
sensitivity analysis #6, resulting in a smaller popula-
tion (n = 2428). The difference in cost outcomes was 
fairly consistent with the baseline analysis, except for 

winsorized UTI-related costs, where the difference in 
costs between antibiotic-resistant and antibiotic-sen-
sitive patients decreased, although this result was not 
statistically significant (Table 2). Sensitivity analysis #7 

Table 1  Characteristics of study population by antibiotic-not-susceptible uUTI versus antibiotic-susceptible uUTI during first-line 
therapy prescribed

COPD chronic obstructive pulmonary disease; ED emergency department; Std. standard; uUTI uncomplicated urinary tract infection

Variable Unmatched (n = 2565) Matched (n = 2018)

Susceptible 
(n = 1535)

Not-
susceptible 
(n = 1030)

Std. mean 
difference

Susceptible 
(n = 1009)

Not-
susceptible 
(n = 1009)

Std. mean 
difference

Demographic characteristics
Mean age, years 42.83 44.42 0.081 43.95 44.12 0.008

Race, mean proportion of patients

White 0.611 0.582 0.060 0.586 0.584 0.004

African American 0.243 0.273 0.068 0.259 0.268 0.020

Asian 0.033 0.034 0.004 0.035 0.035 0

Other race 0.059 0.057 0.006 0.063 0.058 0.021

Unknown race/none/declined to answer 0.054 0.054 0.001 0.057 0.056 0.009

Ethnicity, mean proportion of patients

Hispanic 0.030 0.030 0.001 0.030 0.031 0.006

Non-Hispanic 0.872 0.876 0.012 0.879 0.873 0.018

Other ethnicity 0.002 0.007 0.073 0.001 0.007 0.095

Unknown (none/declined to answer) 0.096 0.087 0.031 0.090 0.089 0.003

Health insurance, mean proportion of patients
Private insurance 0.632 0.585 0.095 0.589 0.595 0.012

Medicare/Medicaid 0.143 0.177 0.091 0.160 0.170 0.029

Other insurance 0.225 0.238 0.031 0.252 0.235 0.039

Charlson comorbidities, mean numbers
Charlson Comorbidity Score 0.053 0.064 0.032 0.053 0.054 0.003

Hemiparesis 0.001 0 0.036 0 0 0

Renal disease 0.001 0 0.036 0 0 0

Myocardial infarction 0 0.001 0.044 0 0.001 0.045

COPD 0.021 0.022 0.006 0.021 0.019 0.014

Rheumatic disease 0.005 0.007 0.021 0.006 0.007 0.012

Peptic ulcer 0.001 0 0.036 0.001 0 0.045

Mild liver disease 0.003 0.004 0.022 0.001 0.004 0.060

Moderate/severe liver disease 0 0.001 0.044 0 0.001 0.045

Dementia 0.006 0.009 0.034 0.008 0.005 0.037

Peripheral vascular disorder 0.003 0.004 0.022 0.003 0.004 0.017

Cerebrovascular disease 0.005 0.003 0.027 0.004 0.003 0.017

Congestive heart failure 0.003 0.001 0.039 0.002 0.001 0.026

Healthcare resource use (180 days pre-index), mean number of events per patient in the 180 days pre-index
Inpatient encounters (all cause) 0.004 0.012 0.077 0.001 0.003 0.045

Outpatient encounters (all cause) 1.024 1.066 0.022 1.014 0.995 0.011

Outpatient clinic encounters (all cause) 0.897 0.975 0.046 0.929 0.912 0.011

Outpatient ambulatory surgery encounters (all cause) 0.01 0.014 0.026 0.012 0.009 0.028

Outpatient other encounters (all cause) 0.117 0.078 0.087 0.073 0.074 0.003

 ED encounters (all cause) 0.052 0.084 0.103 0.065 0.066 0.003

Drug orders (all cause) 1.742 2.129 0.068 1.847 1.778 0.016

Any antibiotic use 0.098 0.150 0.158 0.097 0.147 0.152
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only involved patients receiving FQs (n = 398). All cost 
outcomes were non-significantly higher compared to 
the baseline analyses (Table 2). Probability of progres-
sion to cUTI remained significant across all sensitivity 
analyses except sensitivity analysis #7 (patients receiv-
ing FQs-only) (Table 2).

Discussion
This retrospective cohort study analyzing data from a 
large IDN in the Mid-Atlantic US region evaluated multi-
ple aspects of the economic costs of antibiotic resistance 
among patients with uUTI. To our knowledge, no other 
published studies have examined these aspects using 
IDN data in the US. The study population was identified 
after applying UTI inclusion criteria and cUTI exclusion 
criteria, such as: recent IV antibiotic treatment; experi-
ence of fever, nausea, vomiting, and vaginitis; evidence 
of a urinary catheter within 48 h; had HIV/AIDS; severe 
comorbidities within the past 6 months; those with medi-
cations/procedures associated with cUTI within the 
past 6 months; pregnancy; and missing costs or no sus-
ceptibility test for index antibiotic (Fig. 2). Patients with 
not-susceptible isolates had higher all-cause costs and 
UTI-related costs in the 6  months after a uUTI diag-
nosis in comparison with patients who had suscepti-
ble isolates. Patients with not-susceptible isolates also 

Fig. 3  Probability of inpatient, outpatient, and emergency department visits during follow-up in the 6 months or 180 days post-index. Susceptible/
not-susceptible refers to the initial antibiotic prescribed. *Statistically significant value (P < 0.05). ED emergency department; UTI urinary tract 
infection

Fig. 4  Probability of uUTI–cUTI progression from uncomplicated to 
complicated UTI among patients with uUTI the 6 months or 180 days 
post-index. CI: 1.66–3.33. J Shafrin. Progression of an Uncomplicated 
Urinary Tract Infection Among Female Patients with Susceptible and 
Non-Susceptible Urine Isolates: Findings from an Integrated Delivery 
Network. [Paper/Poster/Talk] presented at IDWeek; September 
29–October 3, 2021; Virtual Event. https://​idweek.​org. CI confidence 
interval; cUTI complicated urinary tract infection; OR odds ratio; UTI 
urinary tract infection; uUTI uncomplicated urinary tract infection

https://idweek.org
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had significantly greater pharmacy costs compared with 
patients with susceptible isolates, whereas the effects 
on medical cost outcomes were not statistically signifi-
cant. Interestingly, patients with not-susceptible isolates 
were also more than twice as likely to progress from 
uUTI to cUTI. There are few studies designed to evalu-
ate the probability of uUTI with not-susceptible isolates 

transitioning into cUTI. Our results showed that patients 
with uUTI caused by isolates not-susceptible to ≥ 1 anti-
biotic were more likely to progress to cUTI than patients 
with susceptible isolates.

Our results expand upon a similar study with data from 
the United Kingdom by Alam et al. 2009, which evaluated 
the costs of treating patients with antibiotic-resistant E. 

Fig. 5  Winsorized and non-winsorized total all-cause/UTI-related costs in the 6 months or 180 days post-index. UTI urinary tract infection

Fig. 6  Winsorized and non-winsorized total all-cause/UTI-related costs by medical and pharmacy categories in the 6 months or 180 days 
post-index. UTI urinary tract infection
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coli UTI compared to patients with sensitive E. coli [15]. 
This observational study found that patients with E. coli 
resistant to ≥ 1 antibiotic had significantly higher total 
costs compared with those with sensitive E. coli, even 
after controlling for age, gender, previous bladder opera-
tion, comorbidity, and previous catheterization. This 
study differed from ours in that it included patients with 
cUTI as well as uUTI, so constituted a population with 
more severe disease, and used a much older data source.

In another study comparing the costs of not-suscepti-
ble versus susceptible isolates in community-acquired 
UTI [16], the cost of care or hospital costs ($10,741 vs. 
$7083; P = 0.02) and length of stay (6 vs. 4 days; P = 0.02) 
among extended-spectrum β-lactamase-producing E. 
coli and Klebsiella species (ESBL-EK) UTI was 1.5 times 
greater when compared to non-ESBL-EK UTI [16]. These 
cost estimates reported by MacVane et al. are, however, 
higher than in our study [16]. This may be due to differ-
ing inclusion criteria between the two studies; MacVane 
et al. assessed outcomes in patients with UTIs admitted 
to hospital, compared with our study, which had an out-
patient population. As such, MacVane et al. did not look 
specifically at uUTI in their study. The results of the cur-
rent study also align with other studies in the literature 
where antimicrobial resistance has been associated with 
higher treatment costs [9].

It should be noted that the definitions of suscepti-
ble, intermediate, and resistant by isolate type can differ 
by region (e.g., European Committee on Antimicrobial 
Susceptibility Testing [EUCAST] vs. Clinical & Labora-
tory Standards Institute [CLSI]) and across studies. For 
example, according to EUCAST guidelines [17], Entero-
bacterales isolates with intermediate susceptibility are 
categorized as susceptible, whereas in the US, per CLSI 
guidelines [18], isolates with intermediate susceptibility 
results are categorized as not-susceptible. Additionally, 
a 2019 Dutch study [19] reported susceptibility rates for 
amoxicillin, trimethoprim, and ciprofloxacin are 66, 79, 
and 94%, respectively. Thus, our reported susceptibility 
rates are in line with this study.

From the wider literature, several factors are known 
to drive additional healthcare costs. For example, the 
increased incidence of hospitalizations for UTIs has led 
to higher costs, far more than additional prescriptions 
[20–22]. In our study, we observed that more patients 
with not-susceptible urinary isolates required hospital 
clinic/ED visits and progressed to cUTI than those with 
susceptible urinary isolates. However, it should be noted 
that our data set includes prescriptions that were written, 
not necessarily filled, and we did not have information on 
individual patient treatment pathways employed by the 
health system at that time.

Findings from our study may have clinical implica-
tions and highlight the need for the development of new 
antibiotics to combat antibiotic-resistant isolates. uUTIs 
are generally treated in outpatient settings with antibi-
otic prescriptions based on treatment guidelines and 
patient symptoms alone [23]. By treating these patients 
without specific knowledge of the pathogen or antibiotic 
susceptibility, there is a possibility that patients might 
be prescribed an antibiotic therapy to which their iso-
late is not-susceptible, leading to a higher probability of 
treatment failure and subsequent infections with anti-
biotic-resistant uropathogens [24]. As the prevalence of 
antibiotic resistance has significantly increased in the US 
among community-acquired uUTIs [4, 25], it is crucial to 
shift away from prescribing purely empirically to avoid 
adverse consequences, including increased antibiotic 
resistance and disease progression. Empiric treatment 
can be improved by using regional antibiotic resistance 
rates and individual patient risk factors for antibiotic 
resistance (taking into account prior history) to guide 
treatment decisions. To support this approach, there 
is a need for development of new treatment guidelines, 
patient risk-based recommendations, and rapid point-
of-care diagnostic tests to detect resistance among the 
most common uUTI isolates such as E. coli, Staphylococ-
cus saprophyticus, and Klebsiella pneumoniae, as well as 
updated uUTI management strategies.

A strength of this study is the use of recent EMR data 
from a large US IDN, where the network has a diverse 
population both in terms of population density (i.e., 
urban, suburban, and rural areas), as well as its racial and 
socioeconomic composition. We also evaluated multi-
ple aspects of the economic costs of antibiotic resist-
ance among uUTI patients. Finally, our use of laboratory 
data allowed us to directly observe whether patients had 
infections with isolates susceptible versus resistant to the 
antibiotics prescribed.

Limitations of the study include that it was conducted 
using a single IDN, meaning that the results may not nec-
essarily be generalizable beyond the Mid-Atlantic US. In 
addition, uUTI diagnosis may have been imperfect in that 
urine cultures may not have been performed randomly, 
which may have resulted in underreporting of the pop-
ulation or biased sampling; the use of ICD-9 or ICD-10 
codes could also have overestimated or underestimated 
the diagnosis of uUTI since it is dependent on the hos-
pital coder. However, in this study, diagnostic data were 
confirmed through one of the previously described sensi-
tivity analyses. The treatment of uUTI was empirical and 
therefore the final study cohort was limited to those with 
culture based on the objectives. The exclusion of patients 
without culture may have biased the study towards the 
inclusion of patients with recurrent UTI and/or higher 
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rates of not-susceptibility as compared to the general 
uUTI population; however, it is not possible to assess 
healthcare resource use and associated costs by patients 
with not-susceptible isolates if culture data are not avail-
able. Additionally, the identification of a uUTI diagnosis 
is only as accurate as the detail provided by physicians in 
the EMR. Furthermore, medical records could also con-
tain misclassification of uUTI and cUTI if the symptoms 
are not noted correctly in the EMR. Another limitation 
is that the study required patients with uUTI, positive 
culture and treatment; since many patients are treated 
empirically, many uUTI patients were therefore not eli-
gible for study inclusion. It is known that approximately 
20–30% of patients with a uUTI will have a negative 
urine culture which is not captured in the study popu-
lation [26]. The inclusion requirement of a positive cul-
ture and antibacterial treatment could potentially have 
led to selection bias or the inclusion of more patients 
with recurrent UTI (whose isolates are typically cul-
tured more), potential inclusion of a higher proportion 
of patients with resistant isolates and thus an overestima-
tion of healthcare resource use and costs compared to the 
general uUTI population which includes those not cul-
tured and those with a negative index culture.

Over-the-counter medications frequently used to treat 
uUTI—such as painkillers—were not captured in the 
EMR data, nor was whether the individuals moved or 
changed their regular provider. Although we did consider 
requiring individuals to have visits after the follow-up 
period, doing so would have biased the sample towards 
higher-cost patients. Because patients may change 
providers during the follow-up period, our current 
approach should be considered a conservative estimate 
of the impact of antibiotic resistance among patients 
with uUTI. Lastly, inpatient costs were calculated using 
Medicare rates, and privately insured patients’ costs 
were adjusted based on the ratio or cost-to-charge ratio 
in Selden (2020) [11]. On one hand, this approach makes 
the cost data less idiosyncratic to rates of the IDN used. 
On the other hand, if variability in reimbursement for 
non-hospital services differs in ways dissimilar from the 
hospital services recoding in the Selden publication [11], 
the cost information may over- or underestimate costs 
for non-Medicare patients.

Conclusions
Patients with uUTI caused by antibiotic-not-susceptible 
urinary isolates had higher all-cause costs and UTI-
related costs in the 6  months post-index in comparison 
to patients with antibiotic-susceptible isolates. We found 
that patients with not-susceptible isolates had signifi-
cantly greater pharmacy costs compared with patients 
with susceptible isolates. Furthermore, patients with 

not-susceptible isolates were significantly more likely to 
have outpatient and all-cause inpatient visits than those 
with susceptible isolates. Lastly, patients in our study 
with uUTI caused by not-susceptible isolates were sig-
nificantly more likely to progress to cUTI than those with 
susceptible isolates.

Abbreviations
AIDS: Acquired immunodeficiency syndrome; CDC: Centers for Disease Con‑
trol and Prevention; CFU: Colony-forming units; CI: Confidence interval; CLSI: 
Clinical & Laboratory Standards Institute; COPD: Chronic obstructive pulmo‑
nary disease; CPT: Current Procedural Terminology; cUTI: Complicated urinary 
tract infection; ED: Emergency department; EMR: Electronic medical record; 
ESBL-EK: Extended-spectrum β-lactamase-producing E. coli and Klebsiella 
species; EUCAST: European Committee on Antimicrobial Susceptibility Testing; 
FQ: Fluoroquinolone; GLM: Generalized linear model; HIV: Human immuno‑
deficiency virus; ICD: International Classification of Diseases; IDN: Integrated 
delivery network; IDSA: Infectious Diseases Society of America; IV: Intravenous; 
OR: Odds ratio; Q: Quarter; S/I/R: Susceptible/intermediate/resistant; Std.: 
Standard; TMP-SMX: Trimethoprim/sulfamethoxazole; US: United States; UTI: 
Urinary tract infection; uUTI: Uncomplicated urinary tract infection.

Acknowledgements
Medical writing support, under the guidance of the authors, was provided by 
Emily Doster, BSc, and Fiona Scott, PhD, of Ashfield MedComms, an Ashfield 
Health company (Manchester and Glasgow, UK, respectively) and was funded 
by GlaxoSmithKline plc. Some of the material discussed in this manuscript was 
previously presented at the 31st European Congress of Clinical Microbiology 
and Infectious Diseases (ECCMID) meeting 2021; Shafrin et al., “A comparison 
of healthcare resource use and costs among female patients with antibiotic-
sensitive versus-resistant uncomplicated urinary tract infection from an 
integrated delivery network database” and at the Infectious Disease Week 
(IDWeek) meeting 2021; Shafrin et al., “Progression of an Uncomplicated 
Urinary Tract Infection Among Female Patients with Susceptible and Non-
Susceptible Urine Isolates: Findings from an Integrated Delivery Network”.

Author contributions
JS, AM, AVJ, and FSM-G contributed to the study design. JS, RT, KE, PR, and MG 
were involved in data acquisition. JS, RT, KE, PR, MG, MER, AM, AVJ, and FSM-G 
contributed to data analysis and interpretation. JS, AM, AVJ, FSM-G, KE, RT, PR, 
MG, and MER critically reviewed, revised, and approved the manuscript.

Funding
This study, including study design, data collection, analysis, and interpretation, 
and medical writing and submission support for the manuscript, was funded 
by GlaxoSmithKline plc. (study 212460).

Availability of data and materials
The authors confirm that the data supporting the findings of this study are 
available within the article and its supplementary materials.

Declarations

Ethics approval and consent to participate
No direct subject contact or primary collection of individual human subject 
data occurred. Study results are in tabular form and presented as aggregate 
analyses that omit subject identification, therefore informed consent, ethics 
committee, or Institutional Review Board approval was not required.

Consent for publication
No direct subject contact or primary collection of individual human subject 
data occurred. Study results are in tabular form and presented as aggregate 
analyses that omit subject identification; any publications and reports do not 
include subject identifiers, therefore consent was not required.



Page 13 of 13Shafrin et al. Antimicrobial Resistance & Infection Control           (2022) 11:84 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Competing interests
JS is a former employee of Precision Medicine Group, which received funding 
from GlaxoSmithKline plc. to conduct this study. AM is an employee of and 
shareholder in GlaxoSmithKline plc. AVJ is an employee of and shareholder in 
GlaxoSmithKline plc. FSM-G is an employee of and shareholder in GlaxoS‑
mithKline plc. KE is an employee of Precision Medicine Group, which received 
funding from GlaxoSmithKline plc. to conduct this study. RT is an employee of 
Precision Medicine Group, which received funding from GlaxoSmithKline plc. 
to conduct this study. PR is a former employee of Precision Medicine Group, 
which received funding from GlaxoSmithKline plc. to conduct this study. MG 
is a contractor for MedStar Health and received funding from GlaxoSmith‑
Kline plc. through Precision Medicine Group to conduct this study. MER is an 
employee of MedStar Health and received funding from GlaxoSmithKline plc. 
through Precision Medicine Group to conduct this study.

Author details
1 PRECISIONheor, Los Angeles, CA, USA. 2 GlaxoSmithKline plc., Collegeville, PA, 
USA. 3 PRECISIONheor, Austin, TX, USA. 4 PRECISIONheor, Washington, DC, USA. 
5 MedStar Health, Washington, DC, USA. 

Received: 9 February 2022   Accepted: 24 May 2022

References
	1.	 Medina M, Castillo-Pino E. An introduction to the epidemiology and bur‑

den of urinary tract infections. Ther Adv Urol. 2019;11:1756287219832172.
	2.	 Wagenlehner FM, et al. Uncomplicated urinary tract infections. Dtsch 

Arztebl Int. 2011;108(24):415–23.
	3.	 Gupta K, et al. International clinical practice guidelines for the treatment 

of acute uncomplicated cystitis and pyelonephritis in women: A 2010 
update by the Infectious Diseases Society of America and the Euro‑
pean Society for Microbiology and Infectious Diseases. Clin Infect Dis. 
2011;52(5):e103–20.

	4.	 Kaye KS, et al. Antimicrobial resistance trends in urine Escherichia coli 
isolates from adult and adolescent females in the United States from 
2011–2019: rising ESBL strains and impact on patient management. Clin 
Infect Dis 2021;1992–9.

	5.	 Centers for Disease Control Antibiotic Resistance Threats in the United 
States, 2019 Atlanta, GA: U.S. Department of Health and Human Services, 
CDC; 2019. 2019.

	6.	 Centers for Disease Control and Prevention Antibiotic Resistance Threats 
in the United States, 2013 Atlanta, GA: U.S. Department of Health and 
Human Services, CDC; 2013. 2013.

	7.	 Sanchez GV, et al. Antibiotic resistance among urinary isolates from 
female outpatients in the United States in 2003 and 2012. Antimicrob 
Agents Chemother. 2016;60(5):2680–3.

	8.	 Colgan R, Williams M. Diagnosis and treatment of acute uncomplicated 
cystitis. Am Fam Phys. 2011;84(7):771–6.

	9.	 McNulty CA, et al. Clinical relevance of laboratory-reported antibiotic 
resistance in acute uncomplicated urinary tract infection in primary care. 
J Antimicrob Chemother. 2006;58(5):1000–8.

	10.	 Brusch JL, Bavaro MF, Tessier JM. Urinary Tract Infection (UTI) and 
Cystitis (Bladder Infection) in Females Treatment & Management. 
Medscape;2020.

	11.	 Selden TM. Differences between public and private hospital payment 
rates narrowed, 2012–16. Health Aff (Millwood). 2020;39(1):94–9.

	12.	 Lane B, et al. Trends in United States emergency department vis‑
its and associated charges from 2010 to 2016. Am J Emerg Med. 
2020;38(8):1576–81.

	13.	 Caldwell N, et al. “How much will I get charged for this?” Patient charges 
for top ten diagnoses in the emergency department. PLoS ONE. 
2013;8(2): e55491.

	14.	 Kim M, et al. Beyond antibiotic selection: concordance with the 
IDSA guidelines for uncomplicated urinary tract infections. Infection. 
2015;43(1):89–94.

	15.	 Alam MF, et al. The additional costs of antibiotics and re-consultations 
for antibiotic-resistant Escherichia coli urinary tract infections managed in 
general practice. Int J Antimicrob Agents. 2009;33(3):255–7.

	16.	 MacVane SH, Tuttle LO, Nicolau DP. Impact of extended-spectrum 
β-lactamase-producing organisms on clinical and economic outcomes in 
patients with urinary tract infection. J Hosp Med. 2014;9(4):232–8.

	17.	 EUCAST. On recent changes in clinical microbiology susceptibility 
reports—new interpretation of susceptibility categories S, I and R;2020.

	18.	 CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 
2021.

	19.	 van Driel AA, et al. Antibiotic resistance of Escherichia coli isolated from 
uncomplicated UTI in general practice patients over a 10-year period. Eur 
J Clin Microbiol Infect Dis. 2019;38(11):2151–8.

	20.	 Lodise TP, et al. US-focused conceptual health care decision-analytic 
models examining the value of pivmecillinam relative to current stand‑
ard-of-care agents among adult patients with uncomplicated urinary 
tract infections due to Enterobacterales. Open Forum Infect Dis;2021. 
8(10):ofab380.

	21.	 Öztürk R, Murt A. Epidemiology of urological infections: a global burden. 
World J Urol. 2020;38(11):2669–79.

	22.	 Simmering JE, et al. The increase in hospitalizations for urinary tract infec‑
tions and the associated costs in the United States, 1998–2011. Open 
Forum Infect Dis 2017;4(1):ofw281.

	23.	 Pujades-Rodriguez M, et al. Lower urinary tract infections: management, 
outcomes and risk factors for antibiotic re-prescription in primary care. 
EClinicalMedicine. 2019;14:23–31.

	24.	 Costelloe C, et al. Effect of antibiotic prescribing in primary care on 
antimicrobial resistance in individual patients: systematic review and 
meta-analysis. BMJ. 2010;340: c2096.

	25.	 Sanchez GV, et al. In vitro antimicrobial resistance of urinary Escherichia 
coli isolates among U.S. outpatients from 2000 to 2010. Antimicrob 
Agents Chemother 2012;56(4):2181–3.

	26.	 Heytens S, et al. Women with symptoms of a urinary tract infection but a 
negative urine culture: PCR-based quantification of Escherichia coli sug‑
gests infection in most cases. Clin Microbiol Infect. 2017;23(9):647–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Economic burden of antibiotic-not-susceptible isolates in uncomplicated urinary tract infection: Analysis of a US integrated delivery network database
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design
	Patients
	Objectives
	Cost calculations
	Statistical analyses

	Results
	Patients
	Healthcare resource use
	Progression to cUTI
	All-cause and UTI-related costs
	Medical, pharmacy, and antibiotic costs
	Sensitivity analyses

	Discussion
	Conclusions
	Acknowledgements
	References


