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Abstract: Patients treated for systemic urinary tract infections commonly have nonspecific presenta-
tions, and the specificity of the results of the urinalysis and urine cultures is low. In the following
narrative review, we will describe the widespread misuse of urine testing, and consider how to limit
testing, the disutility of urine cultures, and the use of antibiotics in hospitalized adult patients. Auto-
mated dipstick testing is more precise and sensitive than the microscopic urinalysis which will result
in false negative test results if ordered to confirm a positive dipstick test result. There is evidence
that canceling urine cultures if the dipstick is negative (negative leukocyte esterase, and nitrite) is
safe and helps prevent the overuse of urine cultures. Because of the side effects of introducing a
urine catheter, for patients who cannot provide a urine sample, empiric antibiotic treatment should
be considered as an alternative to culturing the urine if a trial of withholding antibiotic therapy is
not an option. Treatment options that will decrease both narrower and wider spectrum antibiotic
use include a period of watching and waiting before antibiotic therapy and empiric treatment with
antibiotics that have resistance rates > 10%. Further studies are warranted to show the option that
maximizes patient comfort and safety.

Keywords: urinary tract infection; internal medicine; laboratory tests; bacterial resistance;
treatment options

1. Introduction

Although urine tests are essential to diagnose a systemic urinary tract infection
(UTI) [1], indiscriminate testing and the misunderstanding of the test results can lead
to over and under-treatment, unnecessary introduction of a urinary catheter, more pro-
longed hospital stays, laboratory worker overload, and increased costs [2-5].

The proper testing and treatment of hospitalized adult patients with a suspected urinary
tract infection requires considering that the presenting symptoms are nonspecific [6-21] and
that positive urine tests do not confirm the diagnosis. There is no standardized combination of
symptoms, signs, and laboratory test results to diagnose a urinary tract infection, and the di-
agnosis is uncertain unless both the blood and urine samples grow the same bacteria [19-21].

In the following narrative review, we will describe the widespread misuse of urine
testing and consider how to limit testing and the disutility of urine cultures. Then, we will
present the advantages and disadvantages of therapeutic options.

2. Tests Can Only Rule out a Urinary Tract Infection but Not Confirm the Diagnosis
There is a high prevalence of pyuria by dipstick and microscopy independent of the

clinical presentation [6,18,22]. A study of elderly hospitalized patients reported a 42.4%

prevalence of either a trace leukocyte esterase or positive nitrite on dipstick testing in
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those with a negative urine culture [23], and over 20 years ago, a study of incontinent
but otherwise asymptomatic un-catheterized elderly institutionalized females reported
pyuria defined as >10 WBC/HPF on microscopic examination in 59% of the specimens
with bacteriuria and 34% of the specimens without bacteriuria [22]. Therefore, an abnormal
urinalysis cannot confirm the diagnosis of a urinary tract infection.

Bacteriuria also cannot establish the diagnosis of a UTI since reported rates of asymp-
tomatic bacteriuria are 16-18% in women older than age 70 years, 15-35% in institution-
alized men, and 25-50% in institutionalized women [16,22,24-27]. In hospitalized febrile
elderly patients with an extra-urinary tract reason for hospitalization, 30% of patients had
bacteriuria [8].

3. The Role of the Dipstick to Rule out a Urinary Tract Infection

There might be a role for the urinalysis to rule out a UTI, reducing urine cultures and
inappropriate hospitalizations and antibiotic therapy [23,28-31]. A meta-analysis reported
in 2004 estimated that the sensitivity of the dipstick in detecting a UTI in inpatients was
only 79% [32]. The studies included variable definitions of UTIs, variable performances of
the dipstick, and differences in defining the cutoff for a positive urine culture. However,
a positive dipstick (trace leukocyte esterase or positive nitrite test) identified 96.9% of
elderly patients with a bacteremic UTI [23] and 90.1% of those with isolated bacteriuria [30].
Canceling orders for urine cultures would have decreased inappropriate antibiotic therapy
and safely reduced urine cultures by 40% [23,30]. A study of non-surgical patients in the
Netherlands found that reflex urine testing cancellation could prevent more than half of
microscopic analysis and almost a fourth of urine cultures [31]. Because of the variability
in the methods of dipstick testing, reflex cancelation of urine cultures requires ensuring
that it is safe.

4. A Positive Dipstick Should Not Be Confirmed by a Microscopic Urinalysis

The dipstick is a precise test [23,33-35] contrasted with the microscopic urinalysis
that is not precise or accurate because of the effect of centrifugation, the variable urine
volumes under the cover slip [36], and intra- and inter-observer variation [37,38] (Table 1).
Centrifugation results in an average leukocyte loss of around 50% compared to counts in
a Fuchs—Rosenthal counting chamber without centrifugation [36] and the volume under
the cover slip can vary from 3- to 10-fold, dependent on the method of sampling and
the physical properties of the urine. Furthermore, there can be differences in volumes of
the centrifuged specimen and discarded supernatant, and in the thoroughness of mixing
the specimen before and after centrifugation. Shimoni et al. [23] reported that confirma-
tion of the dipstick with a microscopic examination would miss 21.9% of those with a
bacteremic UTI.

Table 1. Microscopic urinalysis causes of lack of precision and accuracy.

Variation in volume under the coverslip—3-10-fold
Variation in the discarded supernatant

Variation in mixing before and after centrifugation
Loss of cells during centrifugation

Intra and inter-observer variation

The imprecision and inaccuracy of the microscopic urinalysis are often not appreciated
and lead to diagnostic errors and selection bias [39,40]. A recent study in the United
States gave physicians an option to proceed to a urine culture only if there were ten or
more WBC/HPF; cultures decreased by nearly 50% adjusted for hospital days [39], but
the disutility of canceling urine cultures inappropriately was not studied. Another study
of patients with fever and a positive urine culture inappropriately included patients only
if they had five WBC/HPF [40]. One way to limit microscopic urinalysis and diagnostic
errors is to stop confirming the results of the dipstick by microscopy. Medical staff accepted
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the cessation of reflex microscopic examinations in outpatients [41,42] and inpatients [42].
Microscopic examinations done only by physician request decreased from 19,006 to less
than 50 in the first study over a 6-month period [41] and from a mean of 3278 to 236 monthly
tests in the other study [42].

5. Positive Findings on the Dipstick Can Lead to Inappropriate Further Testing

There is clinical utility if the dipstick rules out a urinary tract infection, but disutil-
ity includes reflex microscopic examinations and nephrological and urological referrals.
Physician education is essential to limit orders of urinalysis, not reflex positive findings for
microscopic examination, and to ignore the incidental finding of proteinuria and hematuria
in hospitalized patients.

5.1. The Disutility of Finding Blood by Dipstick Analysis

Expert opinion still contends that a positive dipstick test for blood requires confirma-
tion with a microscopic examination of the urine because of the possibility of a false-positive
result due to the presence of semen, hemoglobinuria, myoglobinuria, or a high pH [43],
but the reasons for the low precision of red blood cells/HPF is like that for WBC/HPF
except that in addition preparation also causes various degrees of hemolysis [44]. Reagent
strips for RBCs are more precise than microscopic urinalysis [33,45]. Therefore, microscopic
urinalysis is not suitable to confirm dipstick hematuria.

Hematuria is common in hospitalized patients. In 1 study after the exclusion of pa-
tients with a urinary catheter or positive urine culture, 7.1% of all hospitalized patients and
24.4% of all patients undergoing microscopic urinalysis met the criteria for a urological
workup [46]. However, a urological referral is of uncertain clinical utility and the inciden-
tal finding of blood on the dipstick in hospitalized patients should be ignored without
microscopic confirmation [47].

5.2. Proteinuria

Dipstick proteinuria may be a sign of a renal disorder or associated with acute disease,
and consequently, transient in hospitalized patients. Shimoni et al. [48] found that 45.0% of
internal medicine patients with a urinalysis had proteinuria of >+1 (>0.30 g/L). The results
of the in-hospital urinalysis are unreliable because a negative dipstick test does not rule out
proteinuria, and a positive test is likely to be transient or falsely positive. In patients with
diabetes mellitus, the most common cause of end-stage kidney disease [49], it is important
to test for proteinuria periodically in the outpatient setting because treatment can improve
health outcomes. In the hospital setting dipstick proteinuria can lead to needless referrals
and testing and should be ignored.

6. Other Tests to Rule out a Urinary Tract Infection

Other urine testing entails costs and increased laboratory technician time that is not
always available, and there is no evidence that such testing improves the clinical utility
of the automated dipstick test. Methods used to detect bacteriuria include gram stains,
flow cytometry, digital imaging with particle recognition, automated microscopy with
digital imaging [29,50-54], and manual determinations in a counting chamber such as the
reference method of the Fuchs-Rosenthal chamber. The counting chamber is labor intensive,
requires laboratory personnel with expertise and exposure to biological fluids, and is not in
widespread use. Like the dipstick and microscopic urinalysis, other methodologies cannot
be used to diagnose a urinary tract infection because of the highly prevalent abnormalities.
The use of methods to rule out a urinary tract infection requires a high sensitivity to detect
bacteriuria variously defined (see below) and that any false negatives do not result in
patient morbidity or mortality.

Flow cytometers can detect bacteriuria and might perform better than the dipstick in
ruling out the need for a urine culture. de Boer JF et al. [50] studied patients who presented
to the emergency department with fever or with inflammatory markers and reported a
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100% sensitivity with a specificity of 64.7% using the bacterial concentration measured
on the Accuri C6 flow cytometer (BD Biosciences, San Jose, CA, USA) to identify urine
cultures with at least 10° colony forming units (CFU)/mL. There were similar findings
in an earlier study of outpatients and inpatients [51]. Broeren et al. used the Sysmex
UF-1000i (Medical Electronics, Kobe, Japan) [52] and reported a sensitivity of 96% and a
specificity of 78% in identifying urine cultures with 10° CFU/mL; the cut-off value was
230 bacteria/pL. Manoni et al. [53] chose cut-off values for bacteria and leukocytes of
125/uL and 40/ uL, respectively, to obtain a sensitivity of 97% with a specificity of 94%
with the Sysmex UF-1000i. Flow cytometers are more labor intensive but perform better
than sediment analyzers [55]. It appears that the flow cytometers perform better than the
dipstick in ruling out a UTI but require the demonstration that false negative test results do
not endanger the patient before adaptation. Also, there is a need to balance patient benefits
with increased costs and technician time compared to using automated dipstick analyzers.

7. Urine Cultures

There is a lack of consensus for urine culture microbial threshold recommendations
for the clinical diagnosis of UTL evidence is sparse and has changed over time. The
most common definition of bacteriuria is >10° CFU/mL [6,18,23], but others have used
lower cut-offs: >10* and even >10? under certain circumstances. In 2012, the Society for
Healthcare Epidemiology of America (SHEA) defined bacteriuria in cultures with only
>10%2 CFU/mL [14] in a sample obtained by a urinary catheterization procedure. In 2019,
The Infectious Disease Society of America recommended using 10° CFU/mL in voided
urine as the threshold for defining true UTI in symptomatic patients [4], and the Centers
for Disease Control and Prevention increased the minimum bacterial colony count from
>10% to >10° CFU/mL. However, the UTI Reference Standard Consensus Group recently
lowered the bacteriuria threshold from (10° colony-forming units per mL) to 10* colony-
forming units per mL [56]. These are consensus decisions that are not evidence-based
because the proper cut-off for diagnosing significant bacteriuria is uncertain. Higher cut-
offs will decrease antibiotic use in those without a UTI but perhaps result in inappropriately
withholding treatment.

7.1. Urine Cultures Are Overutilized and Have Clinical Disutility (Table 2)

Overuse of urine cultures in the hospital increases inappropriate use of antibiotics [8,57-60].
In patients with a positive urine culture, emergency department physicians in varied training
stages often prescribe antibiotics to patients where clear, specific, and data-driven guidelines
suggest treatment is unnecessary and potentially harmful [60]. A retrospective cohort study in
46 hospitals in the United States showed that 83% of patients with asymptomatic bacteriuria
were treated with antibiotics [59] and had prolonged hospital stays. A 27% prevalence of urine
cultures was reported in a national study of hospitalized patients of all ages in the United States,
frequently in patients with reasons outside the urinary tract for admission (heart failure, acute
myocardial infarction, cellulitis, and pneumonia) [61]. A meta-analysis of the literature using
appropriateness of antimicrobial administration based on guidelines published by the Infectious
Diseases Society of America found that isolation of gram-negative pathogens on urine culture,
pyuria, nitrite positivity, and female sex increased the odds of receiving inappropriate treatment
that occurred in 45% of patients with asymptomatic bacteriuria [62]. The authors emphasized,
however, that the uncertainty in the differentiation between asymptomatic bacteriuria and a
UTI partially explained the ‘overtreatment’ of patients with asymptomatic bacteriuria [62].

The use of antibiotics is the second most common cause of adverse drug event-related
Emergency Department visits [63]; in hospitalized patients, 20% of the patients suffer
at least one antibiotic-related adverse drug event within 90 days of antibiotic use, 97%
of which results in added hospital days, clinic visits, or laboratory testing [64]. Patients
prescribed antibiotics have an increased risk of a Clostridium difficile infection (CDI) or an
infection due to antibiotic-resistant bacteria [65]; each day of antibiotic therapy increases
individual risk of CDI by 9% [66]. Besides limiting their use, another intervention is shorter-
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course therapies. It was found in 1 study that 5-7 days of antibiotics is equivalent to longer
durations [67] for patients with pyelonephritis. A step-down to a highly bioavailable oral
agent [68] was successful in patients with bacteremia from a urinary source [68] as early
as Day 3. Commonly cited key considerations for intravenous to oral conversion include
clinical stability, absence of fever, and resolving leukocytosis, but it is unclear how to predict
when step-down is safe. The reflex cancellation of the urine culture in those with a negative
dipstick is one measure that will decrease the widespread inappropriate use of antibiotics.

The disutility of the urine culture also includes the need for urinary catheterization
procedures to obtain a urine sample. In 1 study, 50% of the febrile elderly patients without
another source for the infection needed urinary catheterization to obtain a sample for
culturing [7], leading to an increased risk for an indwelling urinary catheter in the hospital
and on discharge [7,8]. Thus, the balance between risks and benefits is unclear despite the
consensus opinion recommending urinary catheterization in elderly febrile patients who
cannot provide a urine specimen [69]. Finally, another potential harm of urine cultures is a
false positive diagnosis that will lead to inappropriate antibiotic treatment and a delay in
definitive interventions.

Table 2. Disutility of urine cultures.

1. Unnecessary use of antibiotics
a. Adverse drug events
b. Clostridium difficile infection
¢. Increased bacterial resistance rates

2. Delay in definitive interventions

3. Introduction of a urine catheter to obtain a specimen

7.2. Bacterial Sensitivities and Antibiotic Therapy

We prefer that the initial treatment discordance between the antibiotic and bacterial
sensitivity be called bacterial resistance to initial antibiotic therapy (BRIAT) and not in-
appropriate antibiotic therapy because the initial treatment might have been appropriate
despite BRIAT.

There are claims that the accepted treatment for pyelonephritis resistance rates should
be <10% [70-72]; the evidence for those recommendations is weak based on clinical experi-
ence, descriptive studies, and expert committee reports. It is unclear whether to accept a
significant risk for BRIAT or to treat the patient with wider spectrum antibiotics that are
generally held in reserve to decrease future resistance rates [73-75]. Risk factors for resis-
tance, primarily from extended-spectrum beta-lactamase (ESBL) positivity include being
bedridden, having a permanent urinary catheter as well as having a history of recent antibi-
otic usage, and having a previous hospitalization in an ESBL high-burden region [7,76,77].
One study reported that risk factors for BRIAT due to ESBL in elderly and stable internal
medicine patients with a suspected UTI were male sex, previous hospitalization for a UTI,
referral from a nursing home, and presence of a urinary catheter [78]. The risk of BRIAT
increased from 13.0% to 69% as the number of risk factors increased from 0 to 4. The absence
of risk factors, however, cannot rule out ESBL positivity and reported models to predict
antibiotic susceptibility for urinary tract infections to third-generation cephalosporins such
as ceftriaxone are poor with c-statistics <0.70 [7,79]. Mark et al. [40] reported ESBL infection
risk factors in 82-81% of patients admitted with a febrile UTI in those with and without
BRIAT. It appears that decisions on treatment cannot be made based on risk factors for
resistant organisms.

Third-generation cephalosporins would not be used in most areas of the world as
first-line empiric therapy for suspected urinary and respiratory tract infections if there
was a requirement for <10% resistance rates. Ceftriaxone Escherichia coli resistance rates
worldwide range from 5% to over 90% with a median of 45% [78,80,81]. Reports of
ceftriaxone and other third-generation cephalosporins resistance rates vary from 12.9%
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in Northern California patients admitted with fever and a positive urine culture [40],
29% [79] of patients admitted to the hospital in Singapore and up to 43% of Turkish
patients with pyelonephritis [82]. In Mexico [83] the prevalence of Escherichia coli-resistant
organisms was 32.1%, and the average resistance rate for all the Enterobacteriaceae in
University hospitals affiliated with the Center for Disease Control research network in
the USA was 21% [84] ranging from around 5% to 45%. In Israel, resistance rates to
Ceftriaxone were around 30% for Escherichia coli and 40-50% for Klebsiella pneumonia and
Proteus mirabilis [80]. However, despite high resistance rates, many hospitals use empiric
therapy with cephalosporins [40,80-82,85,86].

8. Should All Hospitalized Patients with a Suspected Systemic UTI Be Treated with
Drugs That Have <10% Resistance Rates?

Although a chosen antibiotic may have been inadequate based on in vitro testing, it
may have achieved sufficient therapeutic levels within the urinary tract to provide clinical
benefit [87]; there may be a need to rethink urinary antibiotic breakpoints when treating
multidrug-resistant organisms [88]. Urine concentrations, sometimes 100 to 1000 times
higher than those achieved in the serum with equivalent doses can occur. For example, the
peak ceftriaxone concentration after 1000 mg given intravenously is 151 mg/L in the serum
but 995 mg/L in the urine. This may partially explain why two-thirds of elderly patients
with BRIAT have reported responding [7,89,90] to initial therapy.

In patients with a UTI and systemic involvement but not presenting with septic shock,
most studies have found that BRIAT does not significantly increase the mortality rates
in patients with a febrile UTI [7], acute pyelonephritis [82,91], a complicated UTI [92],
with urosepsis [78,84,93,94] or even in patients with a catheter-associated UTI [94]. A
meta-analysis estimated that there was no definite increase in the risk for mortality in
patients of all ages treated with BRIAT on internal medicine wards for upper UTIs [95].
There were no deaths due to BRIAT in 94 adults of all ages from Korea treated with either
ceftriaxone or ciprofloxacin [91,96,97] and in 43 febrile females, half of whom were elderly
treated with gentamycin [90]. On the other hand, Mark DG et al. [40] in Northern California
studied patients admitted with a febrile UTI; patients with BRIAT had an increased 90-day
mortality rate adjusted for comorbidities and severity of illness. However, for patients who
die after 72 h, to show an association with BRIAT, the chart review needs to confirm that
the death was due to end-organ damage, caused by the delay in “appropriate” antibiotic
treatment. We are unaware of reports showing that BRIAT increases mortality in patients
not presenting with septic shock.

There are hospitals where carbapenems cover nearly all bacteria grown in the urine [40,
80,89], and upfront treatment in patients with a suspected UTI lowers the resistance rates
to <10% and can shorten symptomatic times and hospitalization periods in patients by
reducing patients with BRIAT [7,40,93,96]. The downside is the antibiotic treatment of
patients without a UTI and increased overall resistance rates. To prepare for increas-
ing rates of bacterial resistance to carbapenems, a recent randomized controlled trial in
patients with systemic urinary tract infections found that an investigational drug Cefepime-
Taniborbactam was non-inferior to meropenem with a 90% clinical response [98].

9. Watch and Wait

The best treatment option for symptomatic elderly clinically stable hospitalized pa-
tients without an extra-urinary tract presentation is uncertain. The knowledge that BRIAT
does not reduce in-hospital survival or treatment success among stable, non-ICU patients
may allow holding back antibiotic therapy in these patients until culture results are avail-
able [92]. This might reduce significantly antibiotic usage, since over >80% of elderly
patients presenting to the emergency department with fever are hospitalized [99-101],
and most are treated empirically with antibiotics. Around 40% were reported to have
negative urine culture in 1 study [8]. An alternative approach to elderly hospitalized
patients presenting with nonspecific symptoms without an extra-urinary tract source is
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to withhold antibiotic therapy if there is no systemic involvement [102] and no clinical
predictors for ‘severe sepsis’ [103-105]. It is unclear, however, how to select patients for
supportive therapy and monitoring without empirical antibiotics that are safe and specific
enough to significantly decrease inappropriate antibiotic therapy. The decision requires
balancing the side effects of antibiotics and hospitalization stays in patients without a
bacterial infection and increased symptomatic periods and possible mortality in those with
a UTI (Figure 1). Newer drugs could lend support for treating hospitalized patients with a
suspected systemic UTI with drugs that have <10% resistance rates.

Treatment options for patients hospitalized with a suspected
urinary tract infection and no extra-urinary source

Stable patient

I Watch and wait . [ Third generation cephalosporins I | Carbapenem

Less use of antibiotics Lower resistance rates Increased resistance rates
Lower resistance rates Longer length of stay Shorter length of stay
Longer length of stay Longer symptomatic period Shorter symptomatic period
Longer symptomatic period No increased mortality rates '

In-hospital mortality rates?

Septic shock
i i p— Carbapenem
Severe sepsis

Figure 1. Benefits and risks of treatment options for hospitalized patients with a suspected urinary

tract infection.

10. Conclusions

It is important to understand the limitations of urinalysis and consider options for
the diagnosis and treatment of patients with a suspected UTL. Patients treated for systemic
urinary tract infections commonly have nonspecific presentations, and the specificity of
the results of the urinalysis and urine cultures is low. There are ways to limit testing, the
disutility of urine cultures, and the use of antibiotics in hospitalized adult patients (Table 3).
Automated dipstick testing is more precise and sensitive than microscopic urinalysis, which
will result in false negative test results if ordered to confirm a positive dipstick test result.
There is evidence that canceling urine cultures if the dipstick is negative (negative leukocyte
esterase and nitrite) is safe and can decrease the overuse of urine cultures and unnecessary
antibiotic therapy. Because of the side effects of introducing a urine catheter, for patients
who cannot provide a urine sample, empiric antibiotic treatment should be considered as an
alternative to culturing the urine if a trial of withholding antibiotic therapy is not an option.
Treatment options that will decrease both narrower and wider spectrum antibiotic use
include a period of watching and waiting before antibiotic therapy and empiric treatment
with antibiotics that have resistance rates > 10%. Further studies are warranted to show
which option maximizes patient comfort and safety.

Table 3. Diagnosis and treatment of patients with a suspected urinary tract infection.

1. Limit urine cultures if the dipstick is negative.

2. Do not confirm the dipstick results with a microscopic urinalysis.

3. Limit reflexing incidental findings on dipstick (blood, protein).

4. Limit urine catheterization to obtain a urine sample.

5. Consider a watch and wait policy for stable patients with nonspecific symptoms.




Diagnostics 2024, 14, 1078 8 of 12

Funding: This research received no external funding
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Froom, P.; Shimoni, Z. The uncertainties of the diagnosis and treatment of a suspected urinary tract infection in elderly hospitalized
patients. Expert. Rev. Anti. Infect. Ther. 2018, 16, 763-770. [CrossRef]

2. Advani, S.D.; Polage, C.R.; Fakih, M.G. Deconstructing the urinalysis: A novel approach to diagnostic and antimicrobial
stewardship. Antimicrob. Steward Healthc. Epidemiol. 2021, 1, 6. [CrossRef]

3. Schulz, L.; Hoffman, R.J.; Pothof, J.; Fox, B. Top ten myths regarding the diagnosis and treatment of urinary tract infections. J.
Emerg. Med. 2016, 51, 25-30. [CrossRef]

4. Nicolle, L.E.; Gupta, K; Bradley, S.E,; Colgan, R.; DeMuri, G.P,; Drekonja, D.; Eckert, L.O.; Geerlings, S.E.; Kéves, B.; Hooton, T.M.;
et al. Clinical practice guideline for the management of asymptomatic bacteriuria: 2019 update by the Infectious Diseases Society
of America. Clin. Infect. Dis. 2019, 68, e83—e110. [CrossRef] [PubMed]

5. Nicolle, L.E.; Gupta, K,; Bradley, S.E; Colgan, R.; DeMuri, G.P.; Drekonja, D.; Eckert, L.O.; Geerlings, S.E.; Koves, B.; Hooton, T.M.;
et al. Clinical practice guideline for the management of asymptomatic bacteriuria: 2019 update by the infectious diseases society
of America. Clin. Infect. Dis. 2019, 68, 1611-1615. [CrossRef]

6. Mody, L.; Juthani-Mehta, M. Urinary tract infections in older women: A clinical review. JAMA 2014, 311, 844-854. [CrossRef]

7. Shimoni, Z.; Cohen, R.; Avdiaev, R.; Froom, P. Treatment of febrile geriatric patients with suspected urinary tract infections in a
hospital with high rates of ESBL producing bacteria: A cohort study. BM]J. Open 2016, 6, e013696. [CrossRef]

8.  Shimoni, Z.; Avdiaev, R.; Froom, P. Urine cultures in hospitalized geriatric patients presenting with fever. Am. J. Med. Sci. 2017,
353,17-21. [CrossRef] [PubMed]

9.  Juthani-Mehta, M.; Tinetti, M.; Perrelli, E.; Towle, V.; Van Ness, PH.; Quagliarello, V. Diagnostic accuracy of criteria for urinary
tract infection in a cohort of nursing home residents. J. Am. Geriatr. Soc. 2007, 55, 1072-1077. [CrossRef]

10. Beveridge, L.A.; Davey, P.G.; Phillips, G.; McMurdo, M.E. Optimal management of urinary tract infections in older people. Clin.
Interv. Aging. 2011, 6, 173-180. [CrossRef]

11.  Nicolle, L.E. Urinary infections in the elderly: Symptomatic or asymptomatic. Int. J. Antimicrob. Agents. 1999, 11, 265-268.
[CrossRef] [PubMed]

12. Loeb, M.; Brazil, K.; Lohfeld, L.; McGeer, A.; Simor, A.; Stevenson, K.; Zoutman, D.; Smith, S.; Liu, X.; Walter, S.D. Effect of a
multifaceted intervention on number of antimicrobial prescriptions for suspected urinary tract infections in residents of nursing
homes: Cluster randomised controlled trial. BMJ 2005, 331, 669. [CrossRef] [PubMed]

13.  Rowe, T.A,; Juthani-Mehta, M. Diagnosis and management of urinary tract infection in older adults. Infect. Dis. Clin. N. Am. 2014,
28, 75-89. [CrossRef]

14. Stone, N.D.; Ashraf, M.S,; Calder, J.; Crnich, C.J.; Crossley, K.; Drinka, PJ.; Gould, C.V; Juthani-Mehta, M.; Lautenbach, E.; Loeb,
M.; et al. Society for healthcare epidemiology long-term care special interest group. Surveillance definitions of infections in
long-term care facilities: Revisiting the McGeer criteria. Infect. Control Hosp. Epidemiol. 2012, 33, 965-977. [CrossRef]

15.  Garcia, R; Spitzer, E.D. Promoting appropriate urine culture management to improve health care outcomes and the accuracy of
catheter-associated urinary tract infections. Am. J. Infect. Control 2017, 45, 1143-1153. [CrossRef]

16. Ninan, S.; Walton, C.; Barlow, G. Investigation of suspected urinary tract infection in older people. BM] 2014, 349, g4070.
[CrossRef] [PubMed]

17.  Nicolle, L.E.; SHEA Long-Term-Care-Committee. Urinary tract infections in long-term-care facilities. Infect. Control Hosp.
Epidemiol. 2001, 22, 167-175. [CrossRef] [PubMed]

18. Detweiler, K.; Mayers, D.; Fletcher, S.G. Bacteriuria and urinary tract infections in the elderly. Urol. Clin. N. Am. 2015, 42, 561-568.
[CrossRef] [PubMed]

19.  Woodford, H.J.; Graham, C.; Meda, M.; Miciuleviciene, J. Bacteremic urinary tract infection in hospitalized older patients-are any
currently available diagnostic criteria sensitive enough? J. Am. Geriatr. Soc. 2011, 59, 567-568. [CrossRef]

20. Barkham, TM.S.; Martin, EC.; Eykyn, S.J. Delay in diagnosis of bacteraemic urinary tract infection in elderly patients. Age Ageing.
1996, 25, 130-132. [CrossRef]

21. Shimoni, Z.; Kasem, A.; Froom, P. The influence of mental status on reported local urinary tract symptoms in patients with
bacteraemic urinary tract infections. Int. J. Clin. Pract. 2021, 75, €13741. [CrossRef] [PubMed]

22.  Ouslander, ].G.; Schapira, M.; Schnelle, ].E,; Fingold, S. Pyuria among chronically incontinent but otherwise asymptomatic nursing
home residents. . Am. Geriatr. Soc. 1996, 44, 420-423. [CrossRef]

23.  Shimoni, Z.; Glick, J.; Hermush, V.; Froom, P. Sensitivity of the dipstick in detecting bacteremic urinary tract infections in elderly

hospitalized patients. PLoS ONE 2017, 12, e0187381. [CrossRef] [PubMed]


https://doi.org/10.1080/14787210.2018.1523006
https://doi.org/10.1017/ash.2021.167
https://doi.org/10.1016/j.jemermed.2016.02.009
https://doi.org/10.1093/cid/ciy1121
https://www.ncbi.nlm.nih.gov/pubmed/30895288
https://doi.org/10.1093/cid/ciz021
https://doi.org/10.1001/jama.2014.303
https://doi.org/10.1136/bmjopen-2016-013696
https://doi.org/10.1016/j.amjms.2016.11.001
https://www.ncbi.nlm.nih.gov/pubmed/28104098
https://doi.org/10.1111/j.1532-5415.2007.01217.x
https://doi.org/10.2147/CIA.S13423
https://doi.org/10.1016/s0924-8579(99)00028-x
https://www.ncbi.nlm.nih.gov/pubmed/10394981
https://doi.org/10.1136/bmj.38602.586343.55
https://www.ncbi.nlm.nih.gov/pubmed/16150741
https://doi.org/10.1016/j.idc.2013.10.004
https://doi.org/10.1086/667743
https://doi.org/10.1016/j.ajic.2017.03.006
https://doi.org/10.1136/bmj.g4070
https://www.ncbi.nlm.nih.gov/pubmed/24994808
https://doi.org/10.1086/501886
https://www.ncbi.nlm.nih.gov/pubmed/11310697
https://doi.org/10.1016/j.ucl.2015.07.002
https://www.ncbi.nlm.nih.gov/pubmed/26475952
https://doi.org/10.1111/j.1532-5415.2010.03284.x
https://doi.org/10.1093/ageing/25.2.130
https://doi.org/10.1111/ijcp.13741
https://www.ncbi.nlm.nih.gov/pubmed/32991029
https://doi.org/10.1111/j.1532-5415.1996.tb06414.x
https://doi.org/10.1371/journal.pone.0187381
https://www.ncbi.nlm.nih.gov/pubmed/29088289

Diagnostics 2024, 14, 1078 90f12

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.
50.

51.

52.

53.

Monane, M.; Gurwitz, J.H.; Lipsitz, L.A.; Glynn, R.J.; Choodnovskiy, I.; Avorn, J. Epidemiologic and diagnostic aspects of
bacteriuria: A longitudinal study in older women. J. Am. Geriatr. Soc. 1995, 43, 618-622. [CrossRef] [PubMed]

Kaye, D.; Boscia, J.A.; Abrutyn, E.; Levison, M.E. Asymptomatic bacteriuria in the elderly. Trans. Am. Clin. Climatol. Assoc. 1989,
100, 155-162. [PubMed]

Nicolle, L.E. Asymptomatic bacteriuria in the elderly. Infect. Dis. Clin. N. Am. 1997, 11, 647-662. [CrossRef]

Hedin, K.; Petersson, C.; Wideback, K.; Kahlmeter, G.; Molstad, S. Asymptomatic bacteriuria in a population of elderly in
municipal institutional care. Scand. J. Prim. Health Care 2002, 20, 166-168. [CrossRef] [PubMed]

Kayalp, D.; Dogan, K.; Ceylan, G.; Senes, M.; Yucel, D. Can routine automated urinalysis reduce culture requests? Clin. Biochem.
2013, 46, 1285-1289. [CrossRef] [PubMed]

Jones, C.W.; Culbreath, K.D.; Mehrotra, A.; Gilligan, PH. Reflect urine culture cancellation in the emergency department. J. Emerg.
Med. 2014, 46, 71-76. [CrossRef]

Shimoni, Z.; Hermush, V.; Glick, J.; Froom, P. No need for a urine culture in elderly hospitalized patients with a negative dipstick
test result. Eur. J. Clin. Microbiol. Infect. Dis. 2018, 37, 1459-1464. [CrossRef]

Laan, B.J.; van Horrik, TM.Z.X.K,; Nanayakkara, PW.B.; Geerlings, S.E. How many urinalysis and urine cultures are necessary?
Eur. J. Intern. Med. 2021, 83, 58-61. [CrossRef]

Devillé, W.L.; Yzermans, J.C.; van Duijn, N.P; Bezemer, P.D.; van der Windt, D.A.; Bouter, L.M. The urine dipstick test useful to
rule out infections. A meta-analysis of the accuracy. BMC Urol. 2004, 4, 4. [CrossRef] [PubMed]

Froom, P.; Bieganiec, B.; Ehrenrich, Z.; Barak, M. Stability of common analytes in urine refrigerated for 24 h before automated
analysis by test strips. Clin. Chem. 2000, 46, 1384-1386. [CrossRef] [PubMed]

Gambke, B.; Kouri, T.; Kutter, D.; Nagel, D.; Vukovich, T.; Wefers, A. Multicentre evaluation of the urine analyser miditron junior.
Scand. J. Clin. Lab. Invest. 1997, 57, 605-611. [CrossRef] [PubMed]

Bonnardeaux, A.; Somerville, P.; Kaye, M. A study on the reliability of dipstick urinalysis. Clin. Nephrol. 1994, 41, 167-172.
[PubMed]

Gadeholt, H. Quantitative estimation of urinary sediment, with special regard to sources of error. Br. Med. |. 1964, 1, 1547-1549.
[CrossRef]

Oyaert, M.; Delanghe, J. Progress in Automated Urinalysis. Ann. Lab. Med. 2019, 39, 15-22. [CrossRef]

Wald, R.; Bell, C.M.; Nisenbaum, R.; Perrone, S.; Liangos, O.; Laupacis, A.; Jaber, B.L. Interobserver reliability of urine sediment
interpretation. Clin. . Am. Soc. Nephrol. 2009, 4, 567-571. [CrossRef] [PubMed]

Howard-Anderson, ].R.; Ashraf, S.; Overton, E.C.; Reif, L.; Murphy, D.J.; Jacob, J.T. Sustained decrease in urine culture utilization
after implementing a reflex urine culture intervention: A multicenter quasi-experimental study. Infect. Control Hosp. Epidemiol.
2020, 41, 369-371. [CrossRef]

Mark, D.G.; Hung, Y.Y,; Salim, Z.; Tarlton, N.J.; Torres, E.; Frazee, B.W. Third-Generation Cephalosporin Resistance and Associated
Discordant Antibiotic Treatment in Emergency Department Febrile Urinary Tract Infections. Ann. Emerg. Med. 2021, 78, 357-369.
[CrossRef]

Froom, P.; Barak, M. Cessation of dipstick urinalysis reflex testing and physician ordering behavior. Am. . Clin. Pathol. 2012, 137,
486-489. [CrossRef] [PubMed]

Chen, M.; Eintracht, S.; MacNamara, E. Successful protocol for eliminating excessive urine microscopies: Quality improvement
and cost savings with physician support. Clin. Biochem. 2017, 50, 88-93. [CrossRef]

Perazella, M.A.; O’'Leary, M.P.; Etiology and Evaluation of Hematuria in Adults. UpToDate Version December 2022. Available
online: https://www.medilib.ir/uptodate /show /7208 (accessed on 22 November 2022).

Adams, E.C,, Jr.,; Fetter, M.C.; Free, H.M.; Free, A.H. Hemolysis in hematuria. J. Urol. 1962, 88, 427—-430. [CrossRef]

Penders, J.; Fiers, T.; Delanghe, J.R. Quantitative evaluation of urinalysis test strips. Clin. Chem. 2002, 48, 2236—2241. [CrossRef]
[PubMed]

Froom, P.; Shimoni, Z.; Dusseldorp, N.; Benbassat, J. Asymptomatic Microscopic Hematuria in Inpatient Nonsurgical Adults. Am.
J. Clin. Pathol. 2023, 159, 221-224. [CrossRef]

Shimoni, Z.; Froom, P.; Dusseldorp, N.; Benbassat, J. Stop routine microscopic urinalysis in hospitalized patients with dipstick
abnormalities? J. Eval. Clin. Pract. 2022, 28, 566-568. [CrossRef] [PubMed]

Shimoni, Z.; Froom, P.; Benbassat, J. Proteinuria in hospitalised internal medicine adult patients. Postgrad. Med. ]. 2022, 98,
369-371. [CrossRef] [PubMed]

Webster, A.C.; Nagler, E.V,; Morton, R.L.; Masson, P. Chronic kidney disease. Lancet 2017, 389, 1238-1252. [CrossRef]

de Boer, EJ.; Gieteling, E.; van Egmond-Kreileman, H.; Moshaver, B.; van der Leur, S.J.; Stegeman, C.A.; Groeneveld, PH. Accurate
and fast urinalysis in febrile patients by flow cytometry. Infect. Dis. 2017, 49, 380-387. [CrossRef]

Moshaver, B.; de Boer, F.; van Egmond-Kreileman, H.; Kramer, E.; Stegeman, C.; Groeneveld, P. Fast and accurate prediction of
positive and negative urine cultures by flow cytometry. BMC Infect. Dis. 2016, 16, 211. [CrossRef]

Broeren, M.A.; Bahgeci, S.; Vader, H.L.; Arents, N.L. Screening for urinary tract infection with the Sysmex UF-1000i urine flow
cytometer. J. Clin. Microbiol. 2011, 49, 1025-1029. [CrossRef] [PubMed]

Manoni, E; Fornasiero, L.; Ercolin, M.; Tinello, A.; Ferrian, M.; Hoffer, P.; Valverde, S.; Gessoni, G. Cutoff values for bacteria and
leukocytes for urine flow cytometer Sysmex UF-1000i in urinary tract infections. Diagn. Microbiol. Infect. Dis. 2009, 65, 103-107.
[CrossRef] [PubMed]


https://doi.org/10.1111/j.1532-5415.1995.tb07194.x
https://www.ncbi.nlm.nih.gov/pubmed/7775718
https://www.ncbi.nlm.nih.gov/pubmed/3077574
https://doi.org/10.1016/s0891-5520(05)70378-0
https://doi.org/10.1080/028134302760234627
https://www.ncbi.nlm.nih.gov/pubmed/12389754
https://doi.org/10.1016/j.clinbiochem.2013.06.015
https://www.ncbi.nlm.nih.gov/pubmed/23810583
https://doi.org/10.1016/j.jemermed.2013.08.042
https://doi.org/10.1007/s10096-018-3271-1
https://doi.org/10.1016/j.ejim.2020.08.013
https://doi.org/10.1186/1471-2490-4-4
https://www.ncbi.nlm.nih.gov/pubmed/15175113
https://doi.org/10.1093/clinchem/46.9.1384
https://www.ncbi.nlm.nih.gov/pubmed/10973869
https://doi.org/10.3109/00365519709055284
https://www.ncbi.nlm.nih.gov/pubmed/9397492
https://www.ncbi.nlm.nih.gov/pubmed/8187361
https://doi.org/10.1136/bmj.1.5397.1547
https://doi.org/10.3343/alm.2019.39.1.15
https://doi.org/10.2215/CJN.05331008
https://www.ncbi.nlm.nih.gov/pubmed/19261816
https://doi.org/10.1017/ice.2020.5
https://doi.org/10.1016/j.annemergmed.2021.01.003
https://doi.org/10.1309/AJCPLJFSS62YBAWN
https://www.ncbi.nlm.nih.gov/pubmed/22338063
https://doi.org/10.1016/j.clinbiochem.2016.06.016
https://www.medilib.ir/uptodate/show/7208
https://doi.org/10.1016/S0022-5347(17)64815-8
https://doi.org/10.1093/clinchem/48.12.2236
https://www.ncbi.nlm.nih.gov/pubmed/12446482
https://doi.org/10.1093/ajcp/aqac158
https://doi.org/10.1111/jep.13638
https://www.ncbi.nlm.nih.gov/pubmed/34812562
https://doi.org/10.1136/postgradmedj-2021-141002
https://www.ncbi.nlm.nih.gov/pubmed/37066436
https://doi.org/10.1016/S0140-6736(16)32064-5
https://doi.org/10.1080/23744235.2016.1274048
https://doi.org/10.1186/s12879-016-1557-4
https://doi.org/10.1128/JCM.01669-10
https://www.ncbi.nlm.nih.gov/pubmed/21248088
https://doi.org/10.1016/j.diagmicrobio.2009.06.003
https://www.ncbi.nlm.nih.gov/pubmed/19748419

Diagnostics 2024, 14, 1078 10 of 12

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

fﬁigo, M.; Coello, A.; Fernandez-Rivas, G.; Carrasco, M.; Marco, C.; Fernandez, A.; Casamajor, T.; Ausina, V. Evaluation of
the SediMax automated microscopy sediment analyzer and the Sysmex UF-1000i flow cytometer as screening tools to rule out
negative urinary tract infections. Clin. Chim. Acta 2016, 456, 31-35. [CrossRef] [PubMed]

Sanchez-Mora, C.; Acevedo, D.; Porres, M.A.; Chaqués, A.M.; Zapardiel, ]J.; Gallego-Cabrera, A.; Lopez, ].M.; Maesa, ].M.
Comparison of automated devices UX-2000 and SediMAX/AutionMax for urine samples screening: A multicenter Spanish study.
Clin. Biochem. 2017, 50, 714-718. [CrossRef] [PubMed]

Bilsen, M.P,; Conroy, S.P.; Schneeberger, C.; Platteel, T.N.; van Nieuwkoop, C.; Mody, L.; Caterino, ].M.; Geerlings, S.E.; Kéves,
B.; Wagenlehner, F; et al. A reference standard for urinary tract infection research: A multidisciplinary Delphi consensus study.
Lancet Infect. Dis. 2024. [CrossRef] [PubMed]

Previtali, G.; Ravasio, R.; Seghezzi, M.; Buoro, S.; Alessio, M.G. Performance evaluation of the new fully automated urine particle
analyser UF-5000 compared to the reference method of the Fuchs-Rosenthal chamber. Clin. Chim. Acta 2017, 472, 123-130.
[CrossRef] [PubMed]

Chant, C.; Dos Santos, C.C.; Saccucci, P.; Smith, O.M.; Marshall, ].C.; Friedrich, ].O. Discordance between perception and treatment
practices associated with intensive care unit-acquired bacteriuria and funguria: A Canadian physician survey. Crit. Care Med.
2008, 36, 1158-1167. [CrossRef] [PubMed]

Petty, L.A.; Vaughn, V.M,; Flanders, S.A.; Malani, A.N.; Conlon, A.; Kaye, K.S.; Thyagarajan, R.; Osterholzer, D.; Nielsen, D.;
Eschenauer, G.A; et al. Risk Factors and outcomes associated with treatment of asymptomatic bacteriuria in hospitalized patients.
JAMA Intern. Med. 2019, 179, 1519-1527. [CrossRef] [PubMed]

Castafieda, N.R.; Doodlesack, A.; Fyfe, W.; Edlow, J.; Grossman, S.A. The data and the reality: Urine cultures and emergency
medicine physicians. Intern. Emerg. Med. 2022, 17, 2349-2355. [CrossRef]

Horstman, M.].; Spiegelman, A.; Naik, A.D.; Trautner, B.W. National patterns of urine testing during inpatient admission. Clin.
Infect. Dis. 2017, 65, 1199-1205. [CrossRef]

Flokas, MLE.; Andreatos, N.; Alevizakos, M.; Kalbasi, A.; Onur, P.; Mylonakis, E. Inappropriate management of asymptomatic
patients with positive urine cultures: A systematic review and meta-analysis. Open Forum Infect. Dis. 2017, 24, ofx207. [CrossRef]
Shehab, N.; Lovegrove, M.C.; Geller, A.L; Rose, K.O.; Weidle, N.J.; Budnitz, D.S. US emergency department visits for outpatient
adverse drug events, 2013-2014. JAMA 2016, 316, 2115-2125. [CrossRef]

Tamma, P.D.; Avdic, E.; Li, D.X,; Dzintars, K.; Cosgrove, S.E. Association of adverse events with antibiotic use in hospitalized
patients. JAMA Intern. Med. 2017, 177, 1308-1315. [CrossRef] [PubMed]

Malik, U.; Armstrong, D.; Ashworth, M.; Dregan, A.; L'Esperance, V.; McDonnell, L.; Molokhia, M.; White, P. Association between
prior antibiotic therapy and subsequent risk of community-acquired infections: A systematic review. J. Antimicrob. Chemother.
2018, 73, 287-296. [CrossRef] [PubMed]

Chalmers, J.D.; Akram, A.R.; Singanayagam, A.; Wilcox, M.H.; Hill, A.T. Risk factors for Clostridium difficile infection in
hospitalized patients with community-acquired pneumonia. J. Infect. 2016, 73, 45-53. [CrossRef]

Spellberg, B. The new antibiotic mantra-“Shorter Is Better. JAMA Intern. Med. 2016, 176, 1254-1255. [CrossRef]

Sutton, J.D.; Stevens, V.W.; Chang, N.-C.N.; Khader, K; Timbrook, T.T.; Spivak, E.S. Oral b-lactam antibiotics vs fluoroquinolones
or trimethoprim-sulfamethoxazole for definitive treatment of Enterobacterales bacteremia from a urine source. JAMA Netw. Open
2020, 3, €2020166. [CrossRef] [PubMed]

Meddings, J.; Saint, S.; Fowler, K.E.; Gaies, E.; Hickner, A.; Krein, S.L.; Bernstein, S.J. The Ann Arbor criteria for appropriate
urinary catheter use in hospitalized medical patients: Results obtained by using the RAND/UCLA appropriateness method. Ann.
Intern. Med. 2015, 162, S1-534. [CrossRef]

Malmros, K.; Huttner, B.D.; McNulty, C.; Rodriguez-Bafio, J.; Pulcini, C.; Téngdén, T.; ESGAP UTI Working Group. Comparison of
antibiotic treatment guidelines for urinary tract infections in 15 European countries—results of an online survey. Int. ]. Antimicrob.
Agents 2019, 54, 478-486. [CrossRef]

Gupta, K.; Hooton, T.M.; Naber, K.G.; Wullt, B.; Colgan, R.; Miller, L.G.; Moran, G.J.; Nicolle, L.E.; Raz, R.; Schaeffer, A.].; 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 European Society for Microbiology and Infectious Diseases. Clin.
Infect. Dis. 2011, 52, €103-e120. [CrossRef]

de Cueto, M.; Aliaga, L.; Al6s, ].I; Canut, A.; Los-Arcos, I.; Martinez, ].A.; Mensa, J.; Pintado, V.; Rodriguez-Pardo, D.; Yuste, ] R.;
et al. Executive summary of the diagnosis and treatment of urinary tract infection: Guidelines of the Spanish Society of Clinical
Microbiology and Infectious Diseases (SEIMC). Enferm. Infecc. Microbiol. Clin. 2017, 35, 314-320. [CrossRef] [PubMed]

Chang, H.J.; Hsu, PC,; Yang, C.C.; Kuo, A.].; Chia, J.H.; Wu, T.L.; Lee, M.H. Risk factors and outcomes of carbapenem-
nonsusceptible Escherichia coli bacteremia: A matched case-control study. J. Microbiol. Immunol. Infect. 2011, 44, 125-130.
[CrossRef] [PubMed]

Armand-Lefevre, L.; Angebault, C.; Barbier, F. Emergence of imipenem-resistant Gram-negative bacilli in intestinal flora of
intensive care patients. Antimicrob. Agents Chemother. 2013, 57, 1488-1495. [CrossRef] [PubMed]

Harris, PN.; Tambyah, P.A.; Paterson, D.L. 3-Lactam and p-lactamase inhibitor combinations in the treatment of extended-
spectrum flactamase producing Enterobacteriaceae: Time for a reappraisal in the era of few antibiotic options? Lancet Infect. Dis.
2015, 15, 475-485. [CrossRef] [PubMed]


https://doi.org/10.1016/j.cca.2016.02.016
https://www.ncbi.nlm.nih.gov/pubmed/26921459
https://doi.org/10.1016/j.clinbiochem.2017.02.005
https://www.ncbi.nlm.nih.gov/pubmed/28188739
https://doi.org/10.1016/S1473-3099(23)00778-8
https://www.ncbi.nlm.nih.gov/pubmed/38458204
https://doi.org/10.1016/j.cca.2017.07.028
https://www.ncbi.nlm.nih.gov/pubmed/28760666
https://doi.org/10.1097/CCM.0b013e3181692af9
https://www.ncbi.nlm.nih.gov/pubmed/18379242
https://doi.org/10.1001/jamainternmed.2019.2871
https://www.ncbi.nlm.nih.gov/pubmed/31449295
https://doi.org/10.1007/s11739-022-03032-7
https://doi.org/10.1093/cid/cix424
https://doi.org/10.1093/ofid/ofx207
https://doi.org/10.1001/jama.2016.16201
https://doi.org/10.1001/jamainternmed.2017.1938
https://www.ncbi.nlm.nih.gov/pubmed/28604925
https://doi.org/10.1093/jac/dkx374
https://www.ncbi.nlm.nih.gov/pubmed/29149266
https://doi.org/10.1016/j.jinf.2016.04.008
https://doi.org/10.1001/jamainternmed.2016.3646
https://doi.org/10.1001/jamanetworkopen.2020.20166
https://www.ncbi.nlm.nih.gov/pubmed/33030555
https://doi.org/10.7326/M14-1304
https://doi.org/10.1016/j.ijantimicag.2019.06.015
https://doi.org/10.1093/cid/ciq257
https://doi.org/10.1016/j.eimc.2016.11.005
https://www.ncbi.nlm.nih.gov/pubmed/28017477
https://doi.org/10.1016/j.jmii.2010.06.001
https://www.ncbi.nlm.nih.gov/pubmed/21439515
https://doi.org/10.1128/AAC.01823-12
https://www.ncbi.nlm.nih.gov/pubmed/23318796
https://doi.org/10.1016/S1473-3099(14)70950-8
https://www.ncbi.nlm.nih.gov/pubmed/25716293

Diagnostics 2024, 14, 1078 11 of 12

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Oteo, J.; Pérez-Vazquez, M.; Extended-Spectrum, C.J. [beta]-lactamase producing Escherichia coli: Changing epidemiology and
clinical impact. Curr. Opin. Infect. Dis. 2010, 23, 320-326. [CrossRef]

Goodman, K.E.; Lessler, J.; Cosgrove, S.E.; Harris, A.D.; Lautenbach, E.; Han, ]. H.; Milstone, A.M.; Massey, C.J.; Tamma, P.D;
Antibacterial Resistance Leadership Group. Antibacterial resistance leadership group. A clinical decision tree to predict whether
a bacteremic patient is infected with an extended-spectrum p-lactamase-producing organism. Clin. Infect. Dis. 2016, 1, 896-903.
[CrossRef] [PubMed]

Shimoni, Z.; Salah, M.; Kasem, A.; Hermush, V.; Froom, P. Bacterial Resistance to Cephalosporin Treatment in Elderly Stable
Patients Hospitalized with a Urinary Tract Infection. Am. J. Med. Sci. 2020, 360, 243-247. [CrossRef]

Li, N.Y;; Poh, G.Q.; Teng, G.C.W.; Chen, H.H.; Chan, D.5.G.; Chan, S.P; Tambyah, P.A.; Bagdasarian, N.; Wu, ].E. A Prediction Tool
for the Presence of Ceftriaxone-Resistant Uropathogens upon Hospital Admission. Antibiotics 2020, 9, 316. [CrossRef] [PubMed]
Shimoni, Z.; Froom, P. Ceftriaxone Usage and Resistance Rates in Internal Medicine Departments. Qeios 2023. [CrossRef]
World Health Organization Global Antimicrobial Resistance and Use Surveillance System (GLASS). 2021. Available online:
https:/ /www.who.int/health-topics/antimicrobial-resistance (accessed on 31 December 2023).

Kayaaslan, B.; Oktay, Z.; Hasanoglu, I.; Kalem, A K; Eser, E; Ayhan, M.; Guner, R. Increasing rates of extended-spectrum
B-lactamase-producing Escherichia coli and Klebsiella pneumoniae in uncomplicated and complicated acute pyelonephritis and
evaluation of empirical treatments based on culture results. Eur. J. Clin. Microbiol. Infect. Dis. 2022, 41, 421-430. [CrossRef]
Zavala-Cerna, M.G.; Segura-Cobos, M.; Gonzalez, R.; Zavala-Trujillo, I.G.; Navarro-Perez, S.F.; Rueda-Cruz, ].A.; Satoscoy-Tovar,
F.A. The Clinical Significance of High Antimicrobial Resistance in Community-Acquired Urinary Tract Infections. Can. |. Infect.
Dis. Med. Microbiol. 2020, 2020, 2967260. [CrossRef] [PubMed]

Talan, D.A.; Takhar, S.S.; Krishnadasan, A.; Mower, W.R.; Pallin, D.J.; Garg, M.; Femling, J.; Rothman, R.E.; Moore, J.C.; Jones,
A.E,; et al. Emergence of Extended-Spectrum p-Lactamase Urinary Tract Infections Among Hospitalized Emergency Department
Patients in the United States. Ann. Emerg. Med. 2021, 77, 32-43. [CrossRef] [PubMed]

Tocut, M.; Zohar, I.; Schwartz, O.; Yossepowitch, O.; Maor, Y. Short- and long-term mortality in patients with urosepsis caused by
Escherichia coli susceptible and resistant to 3rd generation cephalosporins. BMC Infect. Dis. 2022, 22, 571. [CrossRef]

Israeli Infection Prevention Unit Antibiotic Supplied to the Hospitalized Patients. 2021. Available online: https://www.gov.il/
BlobFolder/dynamiccollectorresultitem /ic-rep-ant-hosp-2021/he/files_publications_units_infection-control_ant_hosp_2021
.pdf (accessed on 31 December 2023).

Wenzler, E.; Danziger, L.H. Urinary Tract Infections: Resistance Is Futile. Antimicrob. Agents Chemother. 2016, 60, 2596-2597.
[CrossRef] [PubMed]

Chastain, D.B.; King, S.T.; Stover, K.R. Rethinking urinary antibiotic breakpoints: Analysis of urinary antibiotic concentrations to
treat multidrug resistant organisms. BMC Res. Notes 2018, 11, 497. [CrossRef]

Asakura, T.; Ikeda, M.; Nakamura, A.; Kodera, S. Efficacy of empirical therapy with non-carbapenems for urinary tract infections
with extended-spectrum beta-lactamase-producing Enterobacteriaceae. Int. J. Infect. Dis. 2014, 29, 91-95. [CrossRef] [PubMed]
Wie, S.H.; Kim, HW.; Chang, U.I Effects of gentamicin monotherapy for the initial treatment of community-onset complicated
non-obstructive acute pyelonephritis due to Enterobacteriaceae in elderly and non-elderly women. Clin. Microbiol. Infect. 2014, 20,
1211-1218. [CrossRef] [PubMed]

Lee, S.S.; Kim, Y.; Chung, D.R. Impact of discordant empirical therapy on outcome of community-acquired bacteremic acute
pyelonephritis. J. Infect. 2011, 62, 159-164. [CrossRef] [PubMed]

Eliakim-Raz, N.; Babitch, T.; Shaw, E.; Addy, I.; Wiegand, 1.; Vank, C.; Torre-Vallejo, L.; Joan-Miquel, V.; Steve, M.; Grier, S.;
et al. Risk factors for treatment failure and mortality among hospitalized patients with complicated urinary tract infection: A
multicenter retrospective cohort study (RESCUING Study Group). Clin. Infect. Dis. 2019, 68, 29-36. [CrossRef]

Wiggers, ].B.; Sehgal, P.; Pinto, R.; MacFadden, D.; Daneman, N. The association of adequate empirical treatment and time to
recovery from bacteraemic urinary tract infections: A retrospective cohort study. Clin. Microbiol. Infect. 2019, 25, 1253-1258.
[CrossRef]

Babich, T.; Zusman, O.; Elbaz, M.; Ben-Zvi, H.; Paul, M.; Leibovici, L.; Avni, T. Empirical antibiotic therapy does not improve
outcomes in catheter-associated urinary tract infection: Prospective cohort study. Clin. Infect. Dis. 2017, 65, 1799-1805. [CrossRef]
[PubMed]

Parienti, J.J.; Lucet, ].C.; Lefort, A.; Armand-Lefevre, L.; Wolff, M.; Caron, E,; Cattoir, V.; Yazdanpanah, Y. Empirical therapies
among adults hospitalized for community-acquired upper urinary tract infections: A decision-tree analysis of mortality, costs,
and resistance. Am. J. Infect. Control 2015, 43, e53-e59. [CrossRef] [PubMed]

Lee, S.; Song, D.Y.; Cho, S.H.; Kwon, K.T. Impact of extended-spectrum beta-lactamase on acute pyelonephritis treated with
empirical ceftriaxone. Microb. Drug Resist. 2014, 20, 39-44. [CrossRef]

Jeon, ].H.; Kim, K.; Han, W.D.; Song, S.H.; Park, K.U.; Rhee, ].E.; Song, K.H.; Park, W.B.; Kim, E.S.; Park, S.W.; et al. Empirical
use of ciprofloxacin for acute uncomplicated pyelonephritis caused by Escherichia coli in communities where the prevalence of
fluoroquinolone resistance is high. Antimicrob. Agents Chemother. 2012, 56, 3043-3046. [CrossRef]

Wagenlehner, EM.; Gasink, L.B.; McGovern, P.C.; Moeck, G.; McLeroth, P; Dorr, M.; Dane, A.; Henkel, T.; CERTAIN-1 Study
Team. Cefepime-Taniborbactam in Complicated Urinary Tract Infection. N. Engl. ]. Med. 2024, 390, 611-622. [CrossRef]

Leung, Y.Y,; Ma, KK,; Tsang, W.T.; Lau, C.L.; Ko, S.; Chan, W.L.; Ng, E. A retrospective study of geriatric patients presenting with
fever to an accident and emergency department in Hong Kong. Hong Kong J. Emerg. Med. 2008, 15, 88-95. [CrossRef]


https://doi.org/10.1097/qco.0b013e3283398dc1
https://doi.org/10.1093/cid/ciw425
https://www.ncbi.nlm.nih.gov/pubmed/27358356
https://doi.org/10.1016/j.amjms.2020.05.008
https://doi.org/10.3390/antibiotics9060316
https://www.ncbi.nlm.nih.gov/pubmed/32531880
https://doi.org/10.32388/25V7OW
https://www.who.int/health-topics/antimicrobial-resistance
https://doi.org/10.1007/s10096-021-04392-2
https://doi.org/10.1155/2020/2967260
https://www.ncbi.nlm.nih.gov/pubmed/32566057
https://doi.org/10.1016/j.annemergmed.2020.08.022
https://www.ncbi.nlm.nih.gov/pubmed/33131912
https://doi.org/10.1186/s12879-022-07538-5
https://www.gov.il/BlobFolder/dynamiccollectorresultitem/ic-rep-ant-hosp-2021/he/files_publications_units_infection-control_ant_hosp_2021.pdf
https://www.gov.il/BlobFolder/dynamiccollectorresultitem/ic-rep-ant-hosp-2021/he/files_publications_units_infection-control_ant_hosp_2021.pdf
https://www.gov.il/BlobFolder/dynamiccollectorresultitem/ic-rep-ant-hosp-2021/he/files_publications_units_infection-control_ant_hosp_2021.pdf
https://doi.org/10.1128/AAC.00006-16
https://www.ncbi.nlm.nih.gov/pubmed/27016557
https://doi.org/10.1186/s13104-018-3599-8
https://doi.org/10.1016/j.ijid.2014.08.018
https://www.ncbi.nlm.nih.gov/pubmed/25461239
https://doi.org/10.1111/1469-0691.12711
https://www.ncbi.nlm.nih.gov/pubmed/24909648
https://doi.org/10.1016/j.jinf.2010.10.009
https://www.ncbi.nlm.nih.gov/pubmed/21055417
https://doi.org/10.1093/cid/ciy418
https://doi.org/10.1016/j.cmi.2019.02.027
https://doi.org/10.1093/cid/cix680
https://www.ncbi.nlm.nih.gov/pubmed/29020203
https://doi.org/10.1016/j.ajic.2015.05.033
https://www.ncbi.nlm.nih.gov/pubmed/26159501
https://doi.org/10.1089/mdr.2013.0075
https://doi.org/10.1128/AAC.06212-11
https://doi.org/10.1056/NEJMoa2304748
https://doi.org/10.1177/102490790801500204

Diagnostics 2024, 14, 1078 12 of 12

100.

101.

102.

103.

104.

105.

Keating, H.J., 3rd; Klimek, J.J.; Levine, D.S.; Kiernan, EJ. Effect of aging on the clinical significance of fever in ambulatory adult
patients. J. Am. Geriatr. Soc. 1984, 32, 282-287. [CrossRef] [PubMed]

Limper, M.; Eeftinck Schattenkerk, D.; de Kruif, M.D.; van Wissen, M.; Brandjes, D.P,; Duits, A.].; van Gorp, E.C. One-year
epidemiology of fever at the emergency department. Neth. |. Med. 2011, 69, 124-128. [PubMed]

Bilsen, M.P,; Jongeneel, R M.H.; Schneeberger, C.; Platteel, T.N.; van Nieuwkoop, C.; Mody, L.; Caterino, ].M.; Geerlings, S.E.;
Koves, B.; Wagenlehner, E; et al. Definitions of Urinary Tract Infection in Current Research: A Systematic Review. Open Forum
Infect. Dis. 2023, 10, ofad332. [CrossRef]

Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; Bernard, G.R.; Chiche, ].D.;
Coopersmith, C.M.; et al. The third international consensus definitions for sepsis and septic shock (sepsis-3). JAMA 2016, 315,
801-810. [CrossRef]

Seymour, C.W.,; Liu, V.X,; Iwashyna, T.J.; Brunkhorst, EM.; Rea, T.D.; Scherag, A.; Rubenfeld, G.; Kahn, ].M.; Shankar-Hari, M.;
Singer, M.; et al. Assessment of clinical criteria for sepsis: For the third international consensus definitions for sepsis and septic
shock (sepsis-3). JAMA 2016, 315, 762-774. [CrossRef] [PubMed]

Sepsis: Recognition, diagnosis and early management. BJU Int. 2017, 2018, 497-514. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/j.1532-5415.1984.tb02022.x
https://www.ncbi.nlm.nih.gov/pubmed/6707408
https://www.ncbi.nlm.nih.gov/pubmed/21444937
https://doi.org/10.1093/ofid/ofad332
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0288
https://www.ncbi.nlm.nih.gov/pubmed/26903335
https://doi.org/10.1111/bju.14179
https://www.ncbi.nlm.nih.gov/pubmed/29603898

	Introduction 
	Tests Can Only Rule out a Urinary Tract Infection but Not Confirm the Diagnosis 
	The Role of the Dipstick to Rule out a Urinary Tract Infection 
	A Positive Dipstick Should Not Be Confirmed by a Microscopic Urinalysis 
	Positive Findings on the Dipstick Can Lead to Inappropriate Further Testing 
	The Disutility of Finding Blood by Dipstick Analysis 
	Proteinuria 

	Other Tests to Rule out a Urinary Tract Infection 
	Urine Cultures 
	Urine Cultures Are Overutilized and Have Clinical Disutility (Table 2) 
	Bacterial Sensitivities and Antibiotic Therapy 

	Should All Hospitalized Patients with a Suspected Systemic UTI Be Treated with Drugs That Have <10% Resistance Rates? 
	Watch and Wait 
	Conclusions 
	References

