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Abstract: Urine culture remains the cornerstone of
timely and accurate diagnosis of urinary tract infec-
tions (UTIs), providing definitive identification of
the causative pathogen and enabling administration
of the targeted antibiotic therapy. This review aims
to support evidence-based clinical decision-making
and to reinforce the central role of microbiological
diagnostics in the comprehensive care of patients with
UTIs. This narrative review emphasizes the impor-
tance of standardized urine sampling, precise iden-
tification of causative agents (e.g., Escherichia coli,
Kilebsiella spp.), accurate antimicrobial susceptibility
testing, and the correct interpretation of laboratory
reports. Besides, this review provides a compara-
tive overview of relevant national and international
guidelines, including the Serbian national clinical
practice guide, as well as protocols issued by Europe-
an, American, and Australian health authorities. This
paper highlights the importance of local resistance
surveillance and the ex juvantibus approach (initiat-
ing treatment based on likely clinical benefit in the
absence of immediate diagnostic confirmation) in
guiding empirical therapy, as well as the need for close
cooperation between microbiologists and clinicians
to ensure the accuracy, relevance, and time delivery
of microbiology reports. In conclusion, urine culture
remains essential for accurate diagnosis and targeted
treatment of UTIs. Standardized sampling, proper
interpretation, and adherence to clinical guidelines
improve patients outcomes. Local resistance data and,
when needed, the ex juvantibus approach support ef-
fective empirical therapy.
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1. Introduction

Urinary tract infections (UTIs) are among the most
frequent infectious diseases encountered in prima-
ry care and represent a major reason for antibiotic
prescriptions, second only to respiratory tract in-
fections (Sanchez et al. 2023). In recent years, the
approach to diagnosing and managing UTIs has
undergone substantial advancement, largely due
to the growing threat of antimicrobial resistance
(AMR) and the need for tailored, evidence-based
treatment strategies. Within this evolving land-
scape, microbiological diagnostics have become
pivotal, not only for confirming infection but also
for directing appropriate therapy, detecting resis-
tance mechanisms, and reinforcing antimicrobial
stewardship efforts.

The urine culture is considered the gold standard
for diagnosing UTTs, allowing for rational and focused
therapy. However, the reliability of this diagnostic tool
relies heavily on proper sampling, swift processing,
and accurate laboratory techniques.

In this review, we aimed to explore the multifac-
eted role of the microbiology laboratory, from the
pre-analytical to the result interpretation phase.

2. Sampling, transport,
and laboratory processing

Accurate microbiological diagnosis of urinary tract
infections (UTIs) depends on strict adherence to
protocols during urine collection, transport, and
laboratory handling. Errors in any of these steps
can lead to contamination, false-positive results,
or missed infections, ultimately compromising pa-
tient care.
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2.1 Urine sampling and transport
Accurate UTIs diagnosis begins with appropriate
urine collection in a sterile container. Midstream urine
(MSU) and clean-catch urine are the most commonly
collected specimens and are recommended for routine
use. The types of urine specimen and collection are
presented In Table 1 (Public Health England, 2019).
Urine should ideally be transported to the laborato-
ry within 2 hours of collection. Delays can lead to over-
growth of contaminants and inaccurate colony counts.
If immediate transport is not possible, urine should be
refrigerated at 4°C for up to 24 hours to preserve sam-
ple integrity. Commercial urine transport systems con-
taining boric acid or similar preservatives are useful for
maintaining sample quality during delayed transport.

2.2 Laboratory processing and report
interpretation

Laboratory investigation of UTIs normally involves
microscopy (or an alternative method of measuring
cellular components) and quantitative culture (or an
alternative non-culture method such as a semi-auto-
mated urine analyser). Culture is typically performed
using a calibrated loop (commonly 1 pL or 10 pL) to
inoculate culture media, most often chromogenic agar,
cystine-lactose-electrolyte-deficient (CLED) agar, or
blood agar. Plates are incubated aerobically at 35-37°C
for 16-24 hours. In specific clinical contexts, extended
incubation or anaerobic conditions may be applied.
Interpretation of bacterial growth is based on
colony count thresholds, clinical presentation, and
collection method. Some protocols adopt sex-specif-
ic thresholds of 210> CFU/mL for women and >10°

CFU/mL for men (Gupta, et al. 2011; Hryniewicz, et al.
2013). In specific patient groups, counts between 10°
cfu/mL and 10* cfu/mL may be significant (National
Institute for Health and Care Excellence, 2022). Mixed
growth (=2 species) suggests sample contamination,
especially when commensal microbiota is present (
Public Health England, 2019)

Identification is typically achieved using conven-
tional biochemistry or Matrix-assisted laser desorp-
tion ionization-time of flight (MALDI-TOF) mass
spectrometry, while antimicrobial susceptibility testing
is performed and interpreted according to European
Committee on Antimicrobial Susceptibility Testing
(EUCAST) or Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines (European Committee on An-
timicrobial Susceptibility Testing, 2025; Clinical and
Laboratory Standards Institute, 2025). New diagnostic
technologies, including PCR panels and automated
urine analyzers, enable quicker result turnaround
and have the potential to shorten the time to targeted
treatment. Although urine culture is still necessary for
determining antimicrobial susceptibility, these rapid
tools help close the gap between the onset of clinical
symptoms and the start of appropriate therapy.

The most commonly isolated uropathogens in-
clude Escherichia coli (70-80%), Klebsiella spp., and
Proteus mirabilis (Gupta, et al. 2011; Hryniewicz, et
al. 2013). Accurate susceptibility profiling is crucial
to guide therapy and minimize the spread of resis-
tant strains. Resistance mechanisms such as extend-
ed-spectrum f-lactamase (ESBL) production or fluo-
roquinolone resistance must be reported promptly to
inform clinical decisions.

Types of urine specimen
and collection

Comment

Midstream clean-catch
urine

The most commonly recommended method for ambulatory patients.
It involves cleaning the external genital area and collecting midstream

urine to minimize contamination from skin flora

In patients with urinary catheters, a fresh sample should be collected via

Catheterized urine

aspiration from the catheter port using a sterile syringe—not from the

collection bag

Suprapubic aspirate

Reserved for neonates, infants, or when contamination must be avoided
entirely. It provides sterile, uncontaminated specimens

Bag and pad urine

In non-toilet-trained children, urine collection bags are often used, but
due to high contamination risk, samples must be interpreted cautiously

Specimens obtained during or as a result of cystoscopy, nephrostomy

Other specimens

and urostomy, prostatic massage/secretions. Specimens may also be
taken after bladder washout.

Table 1. Types of urine specimens and their relevance in diagnostic testing
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Prompt and well-interpreted laboratory reports,
aligned with the patient’s clinical condition, are crucial
to prevent failures of empirical therapy (Hryniewicz,
et al. 2013).

3. Antimicrobial resistance
of major UTIs pathogens

E. coli remains the leading cause of UTIs but shows
high resistance to commonly used antibiotics such as
ampicillin, ceftriaxone, and fluoroquinolones, while car-
bapenem resistance remains low (Jalil and Atbee, 2022).

K. pneumoniae is frequently multidrug-resistant, with
high rates of resistance to p-lactams and fluoroquinolo-
nes, largely due to ESBL production (Silva et al. 2022).

Enterococcus spp. are increasingly detected in com-
plicated UTIs and often show resistance to penicillin
and fluoroquinolones, though linezolid and tigecycline
remain effective (Mares et al. 2024).

Rising antimicrobial resistance among these
pathogens poses a major challenge for empirical UTI
treatment, highlighting the need for local surveillance
and antibiotic stewardship.

4. Therapeutic guidelines - national
and international

Serbian national guidelines recommend the following:
Rational Use of Antibiotics recommends fluoroquino-
lones, fosfomycin, and cephalosporins as first-line
treatments for acute cystitis, with second-line options
including amoxicillin/clavulanic acid, cephalosporins,
and trimethoprim sulphametoxasole (advised if E. coli
resistance is below 20%) (Ministry of Health, Republic
of Serbia, 2018). The other guideline, Management of
uncomplicated UTIs suggests fosfomycin trometamol,
nitrofurantoin, and pivmecillinam (although not li-
censed in Serbia) as first-line treatments, with fluo-
roquinolones and trimethoprim sulphametoxasole (if
resistance is low) as alternatives (Ministry of Health,
Republic of Serbia, 2022). For prostatitis, suggesting
broad-spectrum penicillins, third-generation ceph-
alosporins, and a combination of fluoroquinolones
and aminoglycosides (Ministry of Health, Republic
of Serbia, 2022). For acute pyelonephritis, both Serbian
guidelines recommend cephalosporins, fluoroquino-
lones, and aminoglycosides.

European Association of Urology (EAU) and
American Infectious Diseases Society of America
(IDSA) guidelines promote narrow-spectrum agents,
emphasizing the avoidance of fluoroquinolones due to
safety concerns and resistance patterns (Bachmann,
2022; U.S. and global perspectives, Bonkat, 2023).
Across all systems, individualized therapy remains a
central theme (Gupta, 2011).

5. Local resistance and the value of the ex
juvantibus approach

Effective management of UTIs increasingly depends
on up-to-date, locale-specific AMR surveillance.
The ex juvantibus approach, meaning empirical
treatment based on prior local antibiogram data,
clinician experience and patient’s previous therapeu-
tic responses, can significantly enhance therapeutic
success, especially in cases of recurrent infection,
atypical pathogens or in geographic areas with high
AMR prevalence. Microbiological laboratories play
a pivotal role in this process by generating accurate,
context-specific resistance profiles (rather than rely-
ing solely on national or broad-scale trends), there-
by enabling individualized therapy tailored to the
local microbial ecology.

Recent studies support this shift in paradigm: In
Hungary, a long-term study of UTI bacterial spec-
tra and resistance between 2012-2023 demonstrated
meaningful shifts in the prevalence of key pathogens
and their resistance profiles, further emphasising the
necessity of regionally calibrated antibiograms (Fe-
hér et al. 2025). Moreover, recent narrative review
evidence highlights that for urological infections the
choice of antibiotic “should be based on local level of
resistance of uropathogens (Kulchavenya, 2020).

Accordingly, the ex juvantibus approach be-
comes a bridge between empirical prescribing and
culture-guided therapy: while awaiting or in absence
of definitive microbiology results, the clinician uses
high-quality local data + prior patient history (e.g., pri-
or UTT with known resistant organism) to guide initial
antibiotic choice. This strategy helps to maximize the
likelihood of early effective therapy, while stewardship
programmes and rapid diagnostics aim to refine or
switch therapy as more precise data become available.

In practice, this means:

« Local antibiograms must be updated regularly
(preferably annually or semi-annually) and stratified
by setting (community vs hospital, long-term care,
outpatient vs catheterised vs non-catheterised).

« Laboratories should report not only the “resis-
tant/susceptible” status, but also prevalence of partic-
ular mechanisms (e.g., ESBL producers, fluoroquino-
lone resistance) and note significant shifts over time.

+ Clinicians should document prior infectious ep-
isodes, prior antibiotic exposures and known coloni-
sation or infection with resistant organisms, and use
that as part of initial empiric therapy decision-making.

« The empiric choice should then be refined as cul-
ture & susceptibility results return, promoting targeted
therapy, shorter duration, minimized broad-spectrum
use and thereby reducing onward selection of resistant
organisms.
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By embedding this collaborative, data-driven ap-
proach into everyday practice, we move from “blind”
empiricism toward a model of informed empiricism,
which ultimately supports both individual patient
outcomes and collective antimicrobial stewardship.

6. Interdisciplinary collaboration

The clinical impact of laboratory reports is significantly
amplified when microbiologists and clinicians engage in
active, interdisciplinary collaboration. Rather than simply
generating test results, microbiologists contribute expert
interpretation, placing microbiological data within the
broader context of emerging resistance patterns, local
epidemiology, and patient-specific clinical factors.
This bidirectional communication becomes es-
pecially critical in complex cases, such as recurrent
urinary tract infections, atypical presentations, or
infections unresponsive to standard therapy. In such
scenarios, laboratory data alone may be insufficient;
nuanced interpretation and discussion between disci-
plines can uncover alternative diagnoses, adjust thera-
peutic strategies, or prompt additional testing.
Integrating microbiologists into clinical deci-
sion-making processes ensures that diagnostic insights
are fully leveraged to inform timely, precise, and per-
sonalized treatment. This collaborative approach trans-
forms the laboratory from a passive service provider into
an active clinical partner, ultimately improving patient
outcomes and promoting antimicrobial stewardship.

7. Conclusion

Effective treatment of UTIs requires more than em-
pirical prescribing; it demands coordinated, evi-
dence-based decision-making anchored in high-qual-
ity microbiological diagnostics. Accurate specimen
collection, precise identification of causative patho-
gens, and reliable antimicrobial susceptibility testing
are fundamental to for guiding appropriate therapy.
These diagnostic pillars not only inform targeted treat-
ment but also help mitigate the risk of AMR. Crucially,
close collaboration between clinical microbiologists
and healthcare providers ensures that laboratory data
are not just reported, but meaningfully interpreted and
applied in the clinical context. This interdisciplinary
partnership bridges the gap between bench and bed-
side, facilitating timely, patient-specific therapeutic de-
cisions. Within this integrated model, microbiological
reporting evolves from a passive confirmation tool into
a dynamic instrument for clinical guidance, actively
shaping the course of treatment.
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