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Urine culture and sensitivity (C&S) remains the gold standard diagnostic for urinary tract infections (UTI). To re-
duce the use of inaccurate or broad-spectrumempiric antimicrobials, rapid identification andquantification (IDQ)
and antimicrobial susceptibility testing (AST) with results within 30 and 150 min, respectively, are under devel-
opment. To assess the impact of rapid diagnostics, five UTI vignettes were constructed, and ninety-one United
States physicians were surveyed regarding their diagnostic, management, and antimicrobial choices before and
after IDQ and AST results. Rapid diagnostics increased the postponement of antimicrobial therapy pending AST
results from 16% to 38% and 5% to 54% in Vignettes 1 and 2 and reduced the use of ineffective antibiotics from
41% to 0% and 69% to 0% in Vignettes 2 and 4. Rapid diagnostics increased the use of narrow spectrum agents
in the five vignettes, indicating its potential to revitalize physician responsibility in antimicrobial stewardship.
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1. Introduction

Patients with urinary tract infection (UTI) are cared for by physi-
cians across healthcare settings and specialties, accounting for over
10.5million ambulatory visits in 2007 and 2million hospital admissions
in 2005 (Schappert and Rechtsteiner 2011). Self-reports of UTI in
women 18 years or older reveal an even higher annual incidence of
UTI in 10.8% of women, with a 60.4% calculated lifetime risk (Foxman
et al. 2000). The associated costs of UTI diagnosis and management
are estimated to be between $1.6 and $2.14 billion annually in the
United States (U.S.) (Foxman 2002; Brown et al. 2005).

Despite the impact of UTIs on healthcare finances and patient well-
being, physician management remains inconsistent. The U.S. Food and
Drug Administration (FDA) continues to issue black box warnings to
avoid prescribing fluoroquinolones in uncomplicated UTI, due to their
association with peripheral neuropathy, tendon rupture, and mental
health side effects (Food and Drug Administration, U.S. 2018). Never-
theless, U.S. studies reveal that physicians continue to overprescribe
second and third-tier antimicrobials, such as ciprofloxacin, for UTI
treatment (Zatorski et al. 2016; Grover et al. 2007). In Europe, a 2010
focus group showed that physicians fail to adhere to UTI guidelines
due in part to inadequate microbiological testing and follow up
(Lugtenberg et al. 2010). In the U.S., the diversity of UTI management
approaches may be secondary to a lack of uniformity among U.S. medi-
cal subspecialty guidelines on the management, as well as prevention,
of acute and recurrent UTIs, leading physicians to draw individualized
conclusions on antimicrobial choice and UTI prophylaxis, rather than
follow validated recommendations (Markowitz et al. 2018; Smith
et al. 2018).

Limitations in current diagnostic technologies are a barrier to accu-
rate and effective UTI management. Standard culture and sensitivity
(C&S) assays take 48–72 h to return clinically actionable results,
resulting in a delay that promotes the use of empiric antimicrobial
therapy. Even when prior urine culture results are available, there is
only a 57% correspondence with previously identified uropathogens if
4–8 weeks have elapsed between infections (MacFadden et al. 2014).
Culture results are even less predictive if there is a longer time course
between infections. Due to the delay between patient presentation
and culture results, overly aggressive, ineffective, and unnecessary
treatment for UTI frequently occurs, as the CDC estimates that 50% of
antimicrobial prescriptions used in the outpatient setting are inappro-
priate (Measuring Outpatient Antibiotic Prescribing 2017).

Rapid diagnostic tools are urgently needed to improve the manage-
ment of UTI. One study found that the presence of one or more symp-
toms of UTI (i.e. dysuria, frequency) was associated with only a 50%
pre-test probability of UTI (Bent et al. 2002). Furthermore, history
taking, physical exam and dipstick analysis are unable to rule out a
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UTI when a woman presents with one or more symptom of a UTI (Bent
et al. 2002). New technologies for the rapid testing of urine specimens
are emerging, including flow cytometry and electrochemical rRNA bio-
sensors, which provide bacterial identification in less than 45 min, with
up to a 96% correlation with C&S results (Mach et al. 2011; Scott et al.
2018; Davenport et al. 2017). Providing physicians with rapid data
about the nature of a patient’s infection (i.e. species identification, quan-
tification, and antimicrobial susceptibility panel) has the potential to
pivot UTI management from empiric guesswork to precision medicine.
Herein, we describe results of a survey of physicians from various spe-
cialties examining the impact of rapid diagnostic testing on the clinical
care of patients with UTI. To our knowledge, this is the first study to
detail the impact of rapid diagnostics on physicianmanagement choices
in standardized, simulated UTI scenarios.
Table 1
UTI clinical vignettes

Vignette Patient history and physical exam (PE)

1 24-year-old female presenting with dysuria, urinary frequency and urgency
• Physical Exam: normotensive, afebrile, no costovertebral angle (CVA) tender
• Dipstick Result: (+) leukocyte esterase (LE)

2 46-year-old female with recurrent UTI presenting with urinary frequency
• Physical Exam: normotensive, afebrile, no CVA tenderness
• Dipstick Result: (+) leukocyte esterase (LE), (+) nitrite, (+) protein
• Most recent culture (6 months ago):
N100,000 CFU/mL E. coli
◦ Ampicillin: Resistant
◦ Ceftriaxone: Susceptible
◦ Ciprofloxacin: Susceptible
◦ Gentamicin: Susceptible
◦ Nitrofurantoin: Susceptible
◦ First-generation cephalosporins: Susceptible
◦ Piperacillin-Tazobactam: Susceptible
◦ Trimethoprim/sulfamethoxazole: Resistant

3 71-year-old female with recurrent UTI and immunosuppression from daily
methotrexate use presenting with urinary frequency, urgency and pelvic pain
• Physical Exam: normotensive, afebrile, non-specific back pain, CVA tendern
cannot be ruled out

• Dipstick: (+) leukocyte esterase (LE)
• Most recent culture (3 months ago): N100,000 CFU/mL Klebsiella pneumoni
o Amikacin: Susceptible
o Ampicillin: Resistant
o Ceftriaxone: Susceptible
o Ciprofloxacin: Susceptible
o Gentamicin: Susceptible
o Nitrofurantoin: Susceptible
o First-generation cephalosporins: Susceptible
o Piperacillin-Tazobactam: Susceptible
o Trimethoprim/sulfamethoxazole: Susceptible

4 53-year-old female with recurrent UTI presenting with dysuria, urinary urgen
frequency and malaise × 3 days
• Physical Exam: normotensive, febrile (101.3 F), (+) CVA tenderness
• Dipstick: (+) LE, (+) nitrite
• No past cultures available

5 33-year-old female with prior UTI presenting with urinary frequency, urgenc
and very bothersome dysuria × 2 days
• Physical Exam: normotensive, afebrile, no costovertebral angle (CVA) tendern
• Dipstick: (+) leukocyte esterase (LE)
• Most recent culture (1 year ago): N100,000 CFU/mL E. coli
◦ Ampicillin: Resistant
◦ Ceftriaxone: Susceptible
◦ Ciprofloxacin: Susceptible
◦ Gentamicin: Susceptible
◦ Nitrofurantoin: Susceptible
◦ First-generation cephalosporins: Susceptible
◦ Piperacillin-Tazobactam: Susceptible
◦ Trimethoprim/sulfamethoxazole: Resistant
2. Methods

This survey is part of a UCLA IRB-approved study of clinician man-
agement of uncomplicated and complicated UTI using urine C&S, as
compared to rapid identification and quantification (IDQ) and antimi-
crobial susceptibility testing (AST).

2.1. Survey design

Five UTI vignetteswere developed that are characteristic of common
patient presentations in our UCLA urology clinic subspecializing in
UTI management. The clinical vignettes are outlined in Table 1. Each
vignette consists of three segments: Patient history and physical
exam, rapid IDQ results, and rapid AST results. Following each of
Rapid IDQ result Rapid AST result

ness
N100,000 CFU/mL E. coli ◦ Ampicillin: Resistant

◦ Ceftriaxone: Susceptible
◦ Ciprofloxacin: Susceptible
◦ Nitrofurantoin: Susceptible
◦ First-generation cephalosporins: Susceptible
◦ Fosfomycin: Susceptible
◦ Trimethoprim/sulfamethoxazole: Susceptible

N100,000 CFU/mL E. coli ◦ Ampicillin: Resistant
◦ Ceftriaxone: Susceptible
◦ Ciprofloxacin: Resistant
◦ Nitrofurantoin: Susceptible
◦ First-generation cephalosporins: Susceptible
◦ Fosfomycin: Susceptible
◦ Trimethoprim/sulfamethoxazole: Resistant

ess

ae

No bacteria detected N/A

cy, N100,000 CFU/mL E. coli ◦ Ampicillin: Resistant
◦ Ceftriaxone: Resistant
◦ Ciprofloxacin: Resistant
◦ Nitrofurantoin: Susceptible
◦ First-generation cephalosporins: Resistant
◦ Fosfomycin: Susceptible
◦ Trimethoprim/sulfamethoxazole: Susceptible
◦ Ertapenem: Susceptible
◦ Piperacillin-Tazobactam: Susceptible

y

ess

No bacteria detected N/A
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the three segments, questions were presented involving: (1) patient
management, (2) antimicrobial treatment options and (3) physician
comfort level with rapid UTI diagnostics. Of note, participants were un-
able to skip questions or alter their previous responses, although they
could stop participating in the survey at any time. A demographic ques-
tionnaire on physician background, including level of training, number
of years in practice, and type of practice was included at the beginning
of each survey.

2.2. Survey administration

Surveyswere distributed and completed fromAugust 2017 toMarch
2018 both in-person and online by U.S. physicians who treat UTI.
Physicians in emergency medicine, family medicine, infectious disease,
internal medicine, obstetrics and gynecology, and urology were re-
cruited by multiple means. The research team contacted UCLA depart-
ment chairs and requested that they post a link to the survey on their
departmental listserv. The survey was also posted on social media
platforms for physicians in the above specialties. Lastly, the survey
was distributed to physicians at departmental conferences. In all
modes of distribution, participation in the survey was voluntary and
anonymous,with no direct benefit to the physician. No prior knowledge
of rapid UTI diagnostics was required for participation the in study, as a
brief introduction was provided in the survey on the sensitivity and
time course of IDQ and AST. The survey detailed that rapid identification
testing detected bacteria at a level of ≥10,000 CFU/mL with an accuracy
of N96% compared to traditional clinical microbiology.

2.3. Statistical analysis

All responses were coded via the Survey Monkey platform and
exported electronically. These data were entered into Stata/IC for statis-
tical analyses with P values from categorical data computed using the
Fisher’s exact test and P values from numerical data computed using
the 2-tailed t test. Differences in antibiotic selection between specialties
were calculated by chi-square analysis; however, because of small sam-
ple sizes, pair-wise statistics within specialties were not performed.

Several analyses examinedwhether antibiotic usagewas considered
“within guidelines” or “outside of guidelines,” necessitating definition
of the antimicrobial agents that were recommended for the specific
vignette. These definitions were derived from Infectious Disease Society
Table 2
UTI vignettes: management. Choice of antibiotic therapy, diagnostic testing and other mana
quantification (IDQ) results. 1Following IDQ results, the language of this question changed fr
AST, rather than C&S testing. 2Vignettes 3 and 5 revealed no bacterial growth on IDQ, negating th
for further diagnostic workup or symptomatic management in these cases.

Vignette 1 –
Uncomplicated
cystitis

Vigne
Recur
UTI

Action Chosen H&P IDQ H&P

Treat with an antibiotic and not send urine
for culture and sensitivity (C&S)1

31% 33% 10%

Treat with an antibiotic and send urine for C&S1 52% 29% 84%
Send urine for C&S1 and postpone treatment
pending results

5% 31% 1%

Send urine for C&S1, prescribe Pyridium and
postpone antibiotic treatment pending results

11% 7% 4%

Other (please specify) 1% 0% 0%
Choose all that apply2

Treat with an antibiotic
Send urine for culture and sensitivity (C&S)
to detect low-count bacteriuria

Further diagnostic testing for pelvic pain
Prescribe Pyridium to relieve symptoms
Postpone antibiotic treatment pending results
Other (please specify)
of America (IDSA) guidelines on the use of therapeutic agents in uncompli-
cated cystitis and acutepyelonephritis (Gupta et al. 2011). For thepurposes
of these analyses, “within guideline” therapy for uncomplicated cystitis
was considered to be trimethoprim/sulfamethoxazole, nitrofurantoin,
Fosfomycin, or pivmecillinam, and therapy for acute pyelonephritis
was outlined as ciprofloxacin, trimethoprim/sulfamethoxazole, ceftri-
axone, or an aminoglycoside.

3. Results

3.1. Demographic information

The clinical vignette survey yielded responses from ninety-one U.S.
physicians representing a variety of specialties, levels of training, and
clinical settings. Of all respondents, 52% were trainees (residents and
fellows), 42%were attending physicians, and 5%were physicians in pri-
vate practice. Most respondents (69%) had been in practice 10 years
or less, while only 10% were in practice for 11–15 years and 21% for
greater than 15 years. Physicians specializing in infectious disease
(21%), urology (21%), and internal medicine (23%) comprised the ma-
jority of respondents, with the remaining 35% comprised of emergency
medicine, family medicine, obstetrics and gynecology, and other
subspecialties; 67% of respondents were based in an academic setting,
while 13% were affiliated with a county healthcare facility and 11%
with a community clinic. Physicians practicing at a single academic
center in California comprised the majority of respondents (84.6%),
while physicians sampled from out of state (15.4%) resided in Indiana,
Iowa, Massachusetts, Michigan, Minnesota, Montana, Nevada, North
Carolina, Oregon, Rhode Island, Tennessee, and Washington.

3.2. UTI vignettes

In the case of acute, uncomplicated cystitis, the majority of physi-
cians chose to treat empirically and send urine for culture and sensi-
tivity (Table 2). When a uropathogen with broad susceptibility to
antibiotics was revealed, as in Vignette 1, 74% of treatment choices
were unchanged. However, when rapid IDQ and AST results revealed
an extended-spectrum beta-lactamase (ESBL) producing E. coli strain
resistant to ciprofloxacin, cephalexin, and ceftriaxone, change in man-
agementwas seen in 78% of respondentswith effective therapy increas-
ing from 31% to 100% (Fig. 1). Additionally, when AST results were
gement options are detailed following history and physical (H&P) and identification and
om “C&S” to “Rapid AST,” as respondents now chose if they would like to send for rapid
e need for AST testing. Respondents were promptedwith a different set of answer choices

tte 2 –
rent

Vignette 3 –
immuno-
suppressed, no
UTI

Vignette 4 –
Pyelonephritis

Vignette 5 –
urethritis,
no UTI

IDQ H&P IDQ H&P IDQ H&P IDQ

9% 0% 1% 4% 13%

37% 91% 95% 79% 66%
43% 5% 2% 13% 9%

11% 3% 0% 3% 10%

0% 1% 1% 0% 1%

19% 13%
52% 47%

55% 62%
31% 43%
33% 40%
0% 0%



Fig. 1. Selection of Effective Therapy Before and after AST results. Effective therapy is based on IDSA guidelines for Vignettes 1, 2 and 4, and the selection of no antibiotic therapy in
Vignettes 3 and 5, in which a uropathogen is not present. The standard error for each percentage within the binary sample is indicated with error bars. *The two-tailed Fisher exact
test is significant at the 0.05 level.
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revealed in the case of a recurrent UTI, effective therapy increased from
under 59% to 100% (Fig. 1).

Antibiotic selection adherent to IDSA guideline was noted in 82% of
the empiric selections in the uncomplicated cystitis case (Table 3).
However, almost all of the antibiotics prescribed by trainees (residents
and fellows) were guideline compliant, compared to only 66% of
those prescribed by attending physicians. This divergence in treatment
practices continued in the case of pyelonephritis, as significantly fewer at-
tending physicians selected trimethoprim-sulfamethoxazole therapy
compared to trainees (Pb 0.05). Choice of an empiric antibiotic also varied
significantly between physicians in primary care, infectious disease,
urology and emergency medicine in the case of recurrent UTI and
pyelonephritis, with P values of 0.017 and 0.001, respectively (Table 4).

Vignettes 3 and 5 outlined cases in which no bacteria was present in
urine specimens. After viewing a negative rapid IDQ test in these cases, a
72% and 66% reduction in antibiotic use was noted, respectively, signif-
icantly reducing the rate of unnecessary antimicrobial prescriptions
(Fig. 1, Table 2).

Physicians felt very comfortable with rapid IDQ and AST testing in
acute, uncomplicated cystitis cases, with confidence scores of 9.1 +/-
1.9 (scale of 0-10) for waiting 30 min after specimen collection for
IDQ results and 8.6 +/- 2.3 for waiting 150 min for AST results prior to
prescribing an antibiotic. However, only half of respondents (52.3%)
were confident (comfort rating of 6-10) in deferring antibiotic therapy
in an immunocompromised patient after receiving a negative rapid
IDQ test, while many were neutral (22.1%) (comfort level of 5) or less
confident (25.6%) (comfort rating of 0–4).

4. Discussion

While our study is limited by its small sample size, and heavily
weighted toward California physicians in a single academic institution,
the results of this study indicate that rapid diagnostic testing is valuable
in many presentations of UTI. Rapid IDQ and AST increased the use of
accurate, narrow-spectrum antimicrobials in cases of recurrent UTI
and UTIs caused by ESBL producing E. coli strains. Rapid IDQ and AST
allowed the patient to begin a successful treatment regimen for their
uropathogen within 150 min of presentation, as opposed to 2 to
3 days later, as in the case of urine C&S. Respondents indicated a high
level of comfort with rapid diagnostics, reporting a 9.1 +/- 1.9 comfort
level with waiting 30 min after specimen collection for IDQ results
in order to prescribe an antibiotic for acute, uncomplicated cystitis.
Respondents also indicated an 8.6 +/- 2.3 comfort level with telling
patients that their antibiotic prescription would be ready for pickup
150 min after AST results became available.

These data point to a shifting paradigm in UTI management, in
which individualized, diagnostics-driven antimicrobial use is perceived
as valuable not only to decrease patient symptomatology, but to reduce
the “collateral damage” of multi-drug resistant organisms that other-
wise proliferate in the management of acute UTIs (Paterson 2004). It
is worth noting that physicians’ comfort level with deferring antibiotic
treatment when presented with an immunosuppressed patient with a
negative IDQ result was closer to neutral at 6.1 +/- 2.6. This decrease
in comfort reveals the more conservative approach that physicians
have inmanaging complex UTI cases, inwhich the risk of delaying treat-
ment could have serious consequences. As a result, many chose to treat
broadly and rely on the gold standard C&S. Even in this context, a nega-
tive IDQ result could enable physicians to investigate other etiologies
while awaiting C&S results, thus saving valuable time and resources.
This principle extends to other complex cases, including pregnant
women, patients with neurogenic bladder, and elderly patients with
cognitive dysfunction.

Physician management of UTI veered from IDSA guidelines within
our survey. In the acute cystitis vignette, 68% of respondents chose to
send for C&S and 16% postponed treatment pending C&S results. A ma-
jority of physicians requesting C&S in a case of uncomplicated cystitis
directly contradicts IDSA guidelines that recommend against sending
for C&S in such cases (Gupta et al. 2011). This divergence from guide-
lines is significant because it implies that physicians either perceive
a benefit to knowing the identity and antimicrobial susceptibility of
their patient’s uropathogen that exceeds the cost of ordering C&S, or
are following healthcare delivery settings and reimbursement patterns
that encourage ordering C&S. This choice may be motivated by physi-
cian experiences with treatment failure, UTI recurrences, or the misdi-
agnosis of a sexually transmitted disease or other urinary pathology
(Stamm and Norrby 2001).

As UTI is one of the highest volume diagnoses seen in clinical and
hospital settings, improved diagnosis and management has the poten-
tial to have major impacts on patient quality of life. A 2017 European
study on recurrent UTI (rUTI) found that patients with two or more
UTIs in the last six months, or three or more UTIs in the last year,
took an average of 3.09 sick days due to UTIs, and 7.5% reported



Table 3
Choice of Antimicrobial Agents: Residents and Fellows vs. Attendings.Note the following abbreviations. R&F: residents and fellows. ATT: attendings. P: P value of statistical difference
between treatment choices of residents/fellows and attendings. H&P: history and physical. IDQ: identification and quantification. AST: antimicrobial susceptibility testing. TMP/SMX:
trimethoprim/sulfamethoxazole. Pip/Tazo: piperacillin/tazobactam

ALL R&F ATT P ALL R&F ATT P ALL R&F ATT P

Vignette Antibiotic chosen H&P IDQ AST
Vignette 1 – TMP/SMX 32% 33% 34% 34% 40% 32% 36% 38% 39%
Uncomplicated Nitrofurantoin 48% 63% 29% b.01 28% 35% 14% b.05 47% 56% 31% b.05
Cystitis Ciprofloxacin 5% 0% 13% b.05 4% 2% 8% 6% 2% 11%

Cephalexin 7% 0% 13% b.05 7% 2% 11% 11% 4% 19% b.05
Fosfomycin 2% 2% 3% 2% 2% 3% 0% 0% 0%
Ceftriaxone 0% 0% 0% 0% 0% 0% 0% 0% 0%
Ertapenem 0% 0% 0% 0% 0% 0% 0% 0% 0%
Pip/Tazo 0% 0% 0% 0% 0% 0% 0% 0% 0%
No Antibiotic 3% 2% 3% 23% 19% 30% 0% 0% 0%
Other 2% 0% 5% 1% 0% 3% 0% 0% 0%

Vignette 2 – TMP/SMX 4% 4% 6% 2% 4% 0% 0% 0% 0%
Recurrent Nitrofurantoin 42% 52% 25% b.05 29% 42% 11% b.01 52% 60% 40%
UTI Ciprofloxacin 27% 27% 28% 18% 17% 19% 0% 0% 0%

Cephalexin 24% 13% 39% b.01 15% 8% 22% 41% 29% 57% b.05
Fosfomycin 3% 4% 3% 3% 6% 0% 5% 8% 0%
Ceftriaxone 0% 0% 0% 1% 2% 0% 2% 2% 3%
Ertapenem 0% 0% 0% 1% 0% 3% 0% 0% 0%
Pip/Tazo 0% 0% 0% 0% 0% 0% 0% 0% 0%
No Antibiotic 0% 0% 0% 30% 21% 44% b.05 0% 0% 0%
Other 0% 0% 0% 0% 0% 0% 0% 0% 0%

Vignette 3 – TMP/SMX 34% 37% 29% 14% 20% 6%
Immuno- Nitrofurantoin 5% 7% 3% 1% 2% 0%
suppressed, Ciprofloxacin 33% 30% 37% 14% 13% 17%
No UTI Cephalexin 13% 7% 20% 7% 7% 6%

Fosfomycin 0% 0% 0% 0% 0% 0%
Ceftriaxone 7% 11% 3% 3% 2% 6%
Ertapenem 0% 0% 0% 0% 0% 0%
Pip/Tazo 2% 4% 0% 1% 2% 0%
No Antibiotic 7% 4% 9% 58% 54% 66%
Other 0% 0% 0% 1% 0% 0%

Vignette 4 – TMP/SMX 19% 27% 6% b.05 16% 26% 3% b.05 62% 62% 60%
Pyelonephritis Nitrofurantoin 1% 2% 0% 1% 3% 0% 4% 3% 7%

Ciprofloxacin 30% 20% 42% b.05 26% 12% 40% b.05 0% 0% 0%
Cephalexin 5% 2% 9% 6% 6% 7% 0% 0% 0%
Fosfomycin 2% 0% 6% 1% 3% 0% 4% 3% 7%
Ceftriaxone 34% 38% 36% 30% 26% 40% 0% 0% 0%
Ertapenem 0% 0% 0% 0% 0% 0% 12% 15% 10%
Pip/Tazo 5% 9% 0% 4% 9% 0% 17% 18% 17%
No Antibiotic 0% 0% 0% 12% 12% 10% 0% 0% 0%
Other 4% 2% 0% 3% 3% 0% 0% 0% 0%

Vignette 5 – TMP/SMX 3% 0% 7% 0% 0% 0%
Urethritis Nitrofurantoin 47% 64% 27% b.01 18% 24% 10%

Ciprofloxacin 10% 6% 17% 3% 3% 3%
Cephalexin 21% 12% 30% 7% 6% 7%
Fosfomycin 0% 0% 0% 0% 0% 0%
Ceftriaxone 1% 3% 0% 1% 0% 3%
Ertapenem 1% 0% 3% 0% 0% 0%
Pip/Tazo 0% 0% 0% 0% 0% 0%
No Antibiotic 15% 15% 13% 69% 67% 73%
Other 1% 0% 3% 1% 0% 3%
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greater than ten medical visits per year (Wagenlehner et al. 2018). A
2015 international study uncovered that 62% of patients with rUTI re-
port some degree of depression, with these symptoms often unevalu-
ated by a physician (Renard et al. 2015). Upfront determination of the
microbiological nature of the UTI would avoid the problems that result
from the diagnostic delay of C&S, as rapid diagnostics would decrease
sustained UTI symptoms from the unsuccessful treatment of resistant
uropathogens, sequelae that affect 39.6% of UTI patients in Poland and
53.2% in Russia, and which are likely also common within the U.S.
(Wagenlehner et al. 2018).

Whilewe did not power our study to detect a difference in attending
and trainee choice in antimicrobials, data from our clinical vignette sur-
vey illustrate that physicians at various stages of training treat UTIs sig-
nificantly differently. In Vignettes 1, 2 and 5, nitrofurantoin, a first-line,
narrow spectrum therapy for acute, uncomplicated cystitis, was used at
significantly higher rates by residents and fellows as compared to
attending physicians. In contrast, attending physicians tended to
prescribe the broader spectrum agents, ciprofloxacin and cephalexin,
for the empiric therapy of uncomplicated cystitis. Notably, trainees did
not utilize nitrofurantoin at higher rates in Vignette 3 or 4, cases with
more complex presentations and potential for serious sequelae. This re-
sult implies that trainees chose antibiotics selectively, prescribing broad
spectrum, tissue-penetrating antimicrobials when needed in more
complex cases.

Overuse of broad spectrum antibiotics complicates antimicrobial
stewardship efforts. Antimicrobial stewardship is a cornerstone of
the fight against antimicrobial resistance (AMR), which remains on
the rise worldwide (Prestinaci et al. 2015). In the case of UTI, a grow-
ing number of urinary isolates are becoming resistant to broad-
spectrum antimicrobials. Urinary E. coli isolates from U.S. outpatients
have demonstrated resistances rates of 18% to cephalothin, 24% to
trimethoprim-sulfamethoxazole, 17% to ciprofloxacin, and2.3% to ceftri-
axone (Sanchez et al. 2012). Resistance is considerably higher among in-
patient isolates; 11.9% of E. coli isolates from 72 U.S. hospitals in 2012



Table 4
Comparison of Initial Antibiotic Selection by Specialty. Note the following abbreviations. TMP/SMX: trimethoprim/sulfamethoxazole. Pip/Tazo: piperacillin/tazobactam. PCP: primary
care physician, including family medicine, internal medicine, geriatrics, and pulmonary medicine. ID: infectious diseases. URO: urology. ED: emergency medicine. Anesthesiology was
excluded from this analysis given a low sample size. Themost common antibiotic selected by specialty is highlighted. Note that more than 20% of the cells in this table have expected cell
counts less than five, with several values at a minimum of less than one.

Specialty TMP/SMX Nitrofurantoin Ciprofloxacin Cephalexin Fosfomycin Ceftriaxone Ertapenem Pip/Tazo None

Case 1 PCP 9 23.7% 21 55.3% 2 5.3% 4 10.5% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 5.3%
ID 6 31.6% 8 42.1% 2 10.5% 0 0.0% 2 10.5% 0 0.0% 0 0.0% 0 0.0% 1 5.3%

URO 11 52.4% 8 38.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 9.5%
ED 1 11.1% 5 55.6% 1 11.1% 2 22.2% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

P value 0.080
Case 2 PCP 0 0.0% 17 45.9% 5 13.5% 13 35.1% 2 5.4% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

ID 1 5.3% 5 26.3% 10 52.6% 2 10.5% 1 5.3% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
URO 3 14.3% 10 47.6% 6 28.6% 2 9.5% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
ED 0 0.0% 3 37.5% 1 12.5% 4 50.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%

P value 0.017*
Case 3 PCP 13 36.1% 1 2.8% 11 30.6% 6 16.7% 0 0.0% 2 5.6% 0 0.0% 1 2.8% 2 5.6%

ID 4 22.2% 0 0.0% 10 55.6% 3 16.7% 0 0.0% 1 5.6% 0 0.0% 0 0.0% 0 0.0%
URO 11 55.0% 1 5.0% 3 15.0% 1 5.0% 0 0.0% 1 5.0% 0 0.0% 0 0.0% 3 15.0%
ED 0 0.0% 2 25.0% 3 37.5% 1 12.5% 0 0.0% 1 12.5% 0 0.0% 0 0.0% 1 12.5%

P value 0.111
Case 4 PCP 9 25.7% 0 0.0% 8 22.9% 1 2.9% 0 0.0% 17 48.6% 0 0.0% 0 0.0% 0 0.0%

ID1 1 5.6% 0 0.0% 11 61.1% 1 5.6% 2 11.1% 2 11.1% 0 0.0% 0 0.0% 0 0.0%
URO 5 26.3% 0 0.0% 4 21.1% 1 5.3% 0 0.0% 7 36.8% 0 0.0% 2 10.5% 0 0.0%
ED 0 0.0% 1 12.5% 1 12.5% 1 12.5% 0 0.0% 4 50.0% 0 0.0% 0 0.0% 1 12.5%
P value 0.001⁎

Case 5 PCP 0 0.0% 14 58.3% 1 4.2% 7 29.2% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 2 8.3%
ID 2 11.1% 5 27.8% 4 22.2% 2 11.1% 0 0.0% 1 5.6% 1 5.6% 0 0.0% 3 16.7%
URO 0 0.0% 9 50.0% 2 11.1% 2 11.1% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 5 27.8%
ED 0 0.0% 3 42.9% 0 0.0% 3 42.9% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 14.3%
P value 0.171

1 Not listed: one respondent chose to prescribe cefepime/ceftazidime (5.6% of infectious disease responses).
⁎ The Chi-square statistic is significant at the 0.05 level.
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were extended-spectrum beta lactamase (ESBL)-producers
(Castanheira et al. 2014). Analysis of ESBL-producing bacteria in speci-
mens in a tertiary care hospital in Rhode Island showed 80% of ESBL-
producing organisms were found in patients with a UTI, with 69% of
ESBL-producing E. coli resistant to trimethoprim/sulfamethoxazole
(TMP/SMX) and 92% resistant to ciprofloxacin (Kassakian and Mermel
2014).

To combat AMR, the Joint Commission mandated that healthcare
systems have antimicrobial stewardship programs that aim to re-
duce the use of overly broad, ineffective, and unnecessary antibi-
otics. Stewardship programs with computer-assisted decision
support and antimicrobial de-escalation protocols have been associ-
ated with an 11-38% reduction in the prescription of antimicrobials,
a $5-10 reduction in cost per patient-day, and reduced rates of ESBL
Klebsiella (68% to 44%) and carbapenem-resistant Pseudomonas
(61% to 41%) (Kaki et al. 2011). A key component of any antimicro-
bial stewardship program is utilization of narrow spectrum agents
whenever appropriate. Our study found that trainees are far more
likely to prescribe the narrow spectrum agent, nitrofurantoin, and
adhere to UTI guidelines in their prescribing practices than attend-
ing physicians. Differences in cystitis treatment between trainees
and attendings are evident despite the availability of UTI manage-
ment guidelines from the IDSA, American College of Obstetricians
and Gynecologists (ACOG), American Urological Association
(AUA), and other professional medical societies. Although further
research is needed to explore this issue, a possible cause for this dis-
crepancy is that attending physicians developed their prescribing
patterns prior to the publication of guidelines on UTI management,
and, thus, became more comfortable with fluoroquinolones. An-
other factor may involve attendings’ concerns about the adverse ef-
fects associated with narrow spectrum agents, such as TMP/SMX.
Pharmaceutical marketing, antimicrobial cost, and variations in
drug dosing may also contribute to UTI management practices
that are independent of national and international guidelines
(Lugtenberg et al. 2010; Taur and Smith 2007). As a result, adherence
to updated stewardship programs may require more attention among
senior physicians, as compared to their newly trained, junior colleagues.

Current approaches to antimicrobial stewardship are based on
quality improvementmeasures, such as electronicmedical record alerts
and antibiograms, which are available to physicians to provide passive
awareness of local resistance patterns (Kaki et al. 2011). Without im-
provements in UTI diagnostics, physicians will remain inaccurate in
their antimicrobial use, either over- or under-prescribing antibiotics,
as antimicrobial resistance rises. Unfortunately, the limited store of an-
tibiotics available in the U.S. does not appear to be growing, especially
for gram-negative uropathogens, posing a threat to the empiric treat-
ment of UTI. Despite the financial, regulatory and intellectual property
incentives for drug companies to develop novel antibiotics, 71% of
these programs are limited to push incentives, leaving pharmaceutical
companies the difficult task of self-financing later stages of their re-
search (Simpkin et al. 2017). Additionally, of the drugs in development,
relatively few are likely to be effective against “urgent threat” patho-
gens, as defined by the CDC (Simpkin et al. 2017). This crucial shortage
in resources, coupled with years of limited success with stewardship
programs, represents an opportunity for stewardship to be supported
by an alternative approach, namely at the level of the UTI diagnostic.
While rapid urinary assays for pyuria and bacteriuria have been avail-
able in the U.S. for decades, point-of-care assays to identify specific
uropathogens and their antimicrobial susceptibility profiles remain
under development, with several tests on the market for other applica-
tions, but not yet approved for urine specimens or analyzed for cost
(Davenport et al. 2017;Waisman et al. 1999). Several national and inter-
national studies have revealed that physician approaches to antimicro-
bial stewardship lack personal responsibility, as 82% of physicians find
the issue of resistance to be very important globally, yet only 53% find
it important in their personal practices (Nicholson et al. 2018; Wester
et al. 2002). Giving providers the opportunity to serve as primary diag-
nosticians with rapid diagnostics, rather than empiric therapists, has
the potential to make antibiotic stewardship an active process and pro-
vide physicians the agency to dramatically improve antimicrobial usage.
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5. Conclusion

In summary, rapid diagnostics have the potential to bring about a
paradigm shift in the diagnosis and management of UTI. In a variety of
UTI presentations, rapid IDQ and AST would improve antimicrobial ac-
curacy and effectiveness compared to empiric therapy. Additionally,
there are notable differences between trainee and attending physician
management of acute cystitis. These data indicate that a rapid diagnostic
has the potential to reduce the total number of antibiotics prescribed
per infection and encourage the use of narrow spectrum antibiotics,
particularly among senior physicians. Adapting current UTI practices
to a rapid diagnosticmodel has the potential to improve healthcare out-
comes and empower individual physician responsibility in antimicro-
bial stewardship.

Future studies should be aimed at gauging UTI treatment patterns
within a larger sample of healthcare professionals, including physician
assistants and nurse practitioners, who are frequently the primary
care providers for patients with uncomplicated cystitis.
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