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Abstract

Background Clinical criteria are essential for diagnosing urinary tract infections (UTls) followed by urine testing,
including urinalysis (UA). No study has evaluated the potential related factors that may guide the appropriate
collection of urine cultures. Therefore, we aimed to assess the factors that may guide the appropriate collection of
urine cultures.

Methods This was a case-control study of patients for whom a urine culture and a UA were ordered in the
emergency department (ED) between February 2018 and December 2022. The cases included patients with positive
cultures, whereas the controls included patients without growth. Patients were excluded if they were pregnant,
underwent any urological procedure, received antibiotics within 3 days before ED presentation, or before culture
collection.

Results Of the 263 patients, 123 had growth and 140 did not have growth in urine cultures. In the univariate analysis,
female gender, urinary symptoms, urinary white blood cell (WBC) count > 5 cells/hpf, and nitrite in urine were
significantly associated with growth (P <0.05). However, only female gender (aOR, 1.86; 95% Cl, 1.06-3.24), urinary
WBC count>5 cells/hpf (@OR, 4.60; 95% Cl, 2.21-9.59), and positive nitrite in urine (aOR, 21.90; 95% Cl, 2.80-171.00)
remained significant in the multivariable analysis. These factors also remained significant in the subgroup of patients
with urinary symptoms, except for the female gender.

Conclusion A high urinary WBC count and positive nitrite in UA should be utilized as a guide to collect urine culture,
particularly in female patients, to limit the unnecessary ordering of urine culture in the ED. These factors can be used
as evidence-based UA reflex criteria as an antimicrobial stewardship intervention.
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Introduction

Urinary tract infections (UTIs) are a frequent infec-
tious disease occurring in hospitalized and non-hospi-
talized patients. UTIs can be either lower (cystitis) or
upper (pyelonephritis) and can be either complicated or
uncomplicated. Uncomplicated UTIs commonly affect
women, children, and elderly patients who are immuno-
competent. Complicated UTIs are consistently associated
with indwelling catheters, urinary tract abnormalities,
immunosuppression, or exposure to antibiotics. Various
organisms can cause UTIs, the most prevalent of which
are Escherichia coli, Klebsiella pneumoniae, Proteus
mirabilis, Enterococcus spp., and Staphylococcus sapro-
phyticus [1].

Clinical criteria form the basis for the diagnosis of UTI.
Such clinical criteria include symptoms, such as dysuria,
urinary frequency or urgency, nocturia, urinary inconti-
nence, gross hematuria, suprapubic pain, offensive odor,
and turbid urine, as well as a prior history of UTT [2].

The second essential element for the diagnosis of UTIs
is urine testing, including urine analysis or urinalysis
(UA), which is a rapid diagnostic tool that provides sig-
nificant clinical information about urine composition,
and urine microbiological cultures [2, 3]. UA can be
done via either dipstick testing or microscopic examina-
tion to evaluate the presence of nitrite, white blood cells
(WBCs), red blood cells (RBCs), pus, or bacteria. While
UA can provide information that helps the clinician in
identifying potential urinary problems, urine culture is
considered the gold-standard test for diagnosing UTIs
as it provides quantitative information and identification
of the pathogen involved [3, 4]. In certain cases, such as
complicated UTIs, urine culturing maybe repeated to
ensure bacterial eradication [5].

Although no guidelines are currently available, there
are some consensus recommendations for urine cul-
ture collection. These include ordering culture in the
presence of signs or symptoms of UTI (such as dysuria
or flank pain), automatically canceling repeat urine cul-
tures within five days of a positive culture (during the
same hospital admission and seven days for long-term
care residents), requesting a urine culture when detect-
ing an elevation in urine WBC count, notifying clinicians
that high colony counts (i.e., > 100,000 CFU/mL) may not
represent a true infection in the absence of symptoms or
signs, encouraging clinicians not to treat asymptomatic
bacteriuria or mixed flora, and listing in the culture and
susceptibility report only the antibiotics recommended
by the guidelines to which the organism is susceptible [6].
Overall, these recommendations aim to avoid unneces-
sary urine cultures that often may lead to misdiagnosis of
UTTIs resulting in unwarranted antibiotic utilization [6].

The term UA reflex refers to the identification of cer-
tain abnormalities in UA, usually pyuria (elevated
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leukocytes or pus), that could reflect bacterial growth in
urine cultures [7, 8]. A few studies in the literature evalu-
ated the UA results associated with bacterial growth in
urine cultures. In these studies, a urine WBC>5 cells/
hpf and a positive urinary nitrite were the most signifi-
cant UA results associated with bacterial growth [3, 7, 9].
Notably, other factors, including age, gender, and blood
laboratory results of WBC count and inflammatory
markers were not previously assessed for their potential
association with growth in urine cultures.

While some studies have assessed UA reflex criteria for
urine culturing, no study was found in the literature that
evaluated other potential related factors that may guide
appropriate collection of urine cultures. Therefore, this
study aimed to assess such factors, including UA reflex,
which may become criteria for urine culturing. Addi-
tionally, no studies from Saudi Arabia have evaluated
the practice of urine analysis and urine culture order-
ing. Hence, the current study also aimed to evaluate such
practice by assessing the number of patients in whom a
urine culture order may not have been necessary.

Methods

Study design and patients

This was a retrospective case-control study to evaluate
the potential factors associated with bacterial growth in
urine culture of any count in patients for whom urine
culture was ordered. Patients who presented to the emer-
gency department (ED) of King Abdulaziz University
Hospital in Jeddah, Saudi Arabia between February 2018
and December 2022 and had both a UA and urine culture
ordered for them were screened for study eligibility. The
study protocol was approved by the Biomedical Research
Ethics Unit of the Faculty of Medicine at King Abdulaziz
University (reference no. 552—20).

Eligible patients were adults (=18 years old) who had
both urine culture and urine analysis collected at the
time of presentation at the ED. Patients were excluded if
they were pregnant, underwent any urologic procedure,
received antibiotic therapy within 3 days before present-
ing to the ED or before culture collection (ED medica-
tion orders were evaluated for the timing of antibiotic
ordering), or had growth of yeast cells in culture. Patients
were divided into two groups: the cases group included
patients who had positive urine cultures, whereas the
matching control group included patients who did not
have growth in their urine cultures.

UA and urine culturing

In our institution, UA is processed fairly quickly at the
biochemistry lab after urine specimen collection, where
the results are uploaded to the patient’s electronic medi-
cal record within a few hours. Urine analysis is done on
an aliquot of the undiluted urine using Iris iQ200/iChem
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auto-mated urine microscopy analyzer (Beckman Coulter
Inc., Brea, CA, USA). On the other hand, urine cultures
follow the standard microbiological processing, where
the specimen undergoes serial dilution followed by plat-
ing on appropriate agar plates and incubated overnight
at 37° C. When growth is observed on the plate, bacte-
rial identification is carried out using matrix assisted
laser desorption/ionization time of flight (MALDI-TOF)
(bioMérieux, France), followed by antibiotic susceptibil-
ity testing using VITEK 2 system (bioMérieux, France).
As such, the whole urine culture processing takes about
24 h.

Evaluated factors for association with bacterial growth in
urine cultures

The factors that were evaluated for their potential asso-
ciation with growth in urine culture included patient-
specific factors, UA factors, and blood laboratory results
factors. The patient-specific factors were age, gender,
presence of urinary symptoms (as documented in the
notes of the patients’ electronic medical record), and
factors of complicated UTI, such as diabetes, renal
impairment, presence of indwelling catheter prior to

Table 1 Characteristics of patients

Characteristic No growth Growth Pvalue
(n=140) (n=123)

Patient characteristics

Age (years) 557 593 0433
[37.2-72.5] [36.5-75.1]

Gender (female) 74 (52.9) 84 (68.3) 0.011

Kidney transplant recipient 2(14) 1(0.8) 0.639

Ureteral stent 1(0.7) 0(0) 0348

Baseline temperature (°C) 37 37[36-37.2] 0.272
[36 5-374]

Urinary symptoms 43 (30.7) 61 (49.6) 0.002

Presence of complicate UTl factor 88 (62.9) 71(57.7) 0.39

Immunosuppression 1(36.4) 44 (35.8) 0912

Diabetes ( 1) 7(5.7) 0.633

Structural or functional abnormal- (2 ) 2(1.6) 1.00

ity of the UT

Renal insufficiency 3(2.1) 2(1.6) 1.00

Catheter prior to presentation 2(1.4) 6 (4.9) 0.152

Diagnosed with UTI 8(5.8) 33(26.6) <0.001

Laboratory values

Blood WBC 88 9.0 0.641
[6.3-13.8] [6.6-11.8]

Blood WBC > 11,000 cells/mm? 58 (41.4) 40 (32.5) 0.136

C-reactive protein (n=68) 69.6 65 0.961

[304-133.8] [364-116.3]
ESR (n=39) 48 [28-84] 63 [54-94.5] 0.053
PCT (n=42) 0.3[0.1-09] 06[0.3-3.7] 0.174
Data are presented as n (%) or median [interquartile range]

ED, emergency department; ESR, erythrocyte sedimentation rate; PCT,
procalcitonin; UT, urinary tract; UTI, urinary tract infection; WBC, white blood
cell
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presentation to the ED, pregnancy, immunosuppression,
and structural or functional abnormality of the urinary
tract. UA factors included urinary WBC count, urinary
pH, positive nitrite, presence of mucus, and presence
of squamous epithelium. The blood laboratory results
assessed included blood WBC count and inflammatory
markers commonly associated with infections, namely
C-reactive protein, erythrocyte sedimentation rate, and
procalcitonin.

Statistical analysis

The distribution of the continuous data was determined
using the Shapiro-Wilk test of normality. As the data
were not normally distributed, they were presented as
median [interquartile range, IQR] and compared using
the Mann-Whitney U test. Categorical variables were
presented as numbers (percentages) and were compared
using the Chi-square test or Fisher’s exact test as appro-
priate. Univariate and multivariable regression analyses
were utilized to evaluate factors associated with urinary
bacterial growth of >10° CFU/mL in urine cultures,
where factors with a P<0.05 in the univariate analy-
sis were included in the multivariable analysis model
to generate adjusted odds ratios (aORs) and 95% confi-
dence intervals (95% CI). Goodness of fit of the model
was determined using Hosmer-Lemeshow test, whereas
omnibus test of model coefficients was used to establish
the model significance. An a priori P value of <0.05 was
used to determine the statistical significance. Statisti-
cal analysis was done using SPSS version 28.0 software
(IBM Corp. Armonk, NY, USA). Subgroup analyses were
conducted for the subgroup of patients who had urinary
symptoms and for the subgroup of patients who had a
urinary bacterial growth count of >10° CFU/mL. This
bacterial growth count value was selected since it is the
count used as a cutoff value to diagnose non-catheterized
patients with UTI [5].

In order to achieve a power of 80% with an assumed
20% difference between the ratio of patients with urinary
bacterial growth between the study and cases groups and
an a-error probability of 5%, a sample size of 264 patients
was required.

Results

Patients characteristics

A total of 263 patients were included in the study; 123
patients showed growth, and 140 did not show growth
in urine cultures. Table 1 lists the baseline character-
istics of patients, where the median [IQR] age was 55.7
[37.2-72.5] years and 59.3 [36.5-75.1] years in the no
growth and growth groups, respectively (P=0.433).
Females represented the majority of the growth group
(68.3% vs. 52.9%; P=0.011), and none were pregnant.
Only three patients in the whole cohort were kidney
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transplant recipients, one in the growth group and one
in the no growth group (0.8% vs. 1.4%; P=0.639). Addi-
tionally, only one patient had a ureteral stent and had
no growth in urine culture. Significantly more patients
in the growth group had urinary symptoms than in the
non-growth group (49.6% vs. 30.7%; P=0.002). The
most commonly reported urinary symptoms included
dysuria, urinary frequency, urinary urgency, foul smell-
ing urine, flank pain, or suprapubic pain. Additionally,
more patients in the growth group received a diagnosis
of UTI according to the notes in their electronic medi-
cal records in comparison with those in the non-growth
group (26.6% vs. 5.8%; P<0.001). As such, the number of
patients who subsequently received antibiotics in the ED
was significantly higher in the growth group than in the
control group (62.6% vs. 45.7%; P=0.006). No significant
differences were found in the remaining characteristics
between the two groups.

Urine culture and UA results are presented in Table 2.
No significant difference was observed in the urine speci-
men source between the two groups whether it was a
clean catch (midstream) or from a catheter (P=0.692)
although more than half of the specimens in both groups
were obtained from midstream urine. The most com-
monly isolated organism among patients with urinary
bacterial growth was Escherichia coli (n=47; 38.2%), fol-
lowed by Klebsiella pneumoniae (n=20; 16.3%). A higher
urine WBC count (and specifically a count of >5 cells/
hpf) and positive nitrite were significantly more common
in the group of patients who had growth in their urine
cultures (P<0.001 for both comparisons), whereas urine
pH and the presence of mucus or squamous epithelium
were not different between the two groups.

Regression analysis results

Results of univariate and multivariable regression analy-
ses are shown in Table 3. In the univariate analysis, the
odds of growth in urine culture were 25.39 times higher
in the case of positive nitrite in UA, which was statisti-
cally significant (95% CI, 3.29-189.53; P<0.001). The sec-
ond factor associated with high odds of bacterial growth
was urinary WBC count>5 cells/hpf, with an OR of 4.98
(95% CI, 2.50-9.93; P<0.001). Other characteristics sig-
nificantly associated with growth in urine cultures were
female gender (OR, 1.92; 95% CI, 1.16-3.18; P=0.011)
and the presence of urinary symptoms (OR, 2.22; 95% CI,
1.34-3.67; P=0.002).

Table 3 Factors associated with bacterial growth in urine culture
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Table 2 Urine culture and urine analysis results
Characteristics No growth Growth P value

(n=140) (n=123)
Urine Culture results
Specimen source 0.692
Midstream 82 (58.6) 75 (61)
Catheter 58 (41.4) 48 (39)
Amount (CFU/mL) N/A
100-1,000 N/A 1(0.8)
1,000-10,000 N/A 3(24)
10,000-100,000 N/A 24.(19.5)
> 100,000 N/A 64 (52)
Mixed growth N/A 31(25.2)
Organism N/A
Escherichia coli N/A 47 (38.2)
Klebsiella pneumoniae N/A 20(16.3)
Proteus mirabilis N/A 9(7.3)
Enterococcus faecalis N/A 3(24)
Enterococcus faecium N/A 3(24)
Pseudomonas aeruginosa N/A 2(1.6)
Acinetobacter baumannii N/A 2(1.6)
Providencia stuartii N/A 1(0.8)
Enterobacter aerogenes N/A 1(0.8)
Staphylococcus aureus N/A 1(0.8)
Mixed growth N/A 1(0.8)
Staphylococcus saprophyticus N/A 1(0.8)
Enterobacter cloacae N/A 1(0.8)
Citrobacter freundii N/A 31(25.2)
Resistance
No resistance N/A 71 (60.7) N/A
ESBL N/A 27 (23.1) N/A
MDR N/A (34) N/A
CRE N/A 3(26) N/A
Urine analysis results
White blood cell count (cell/hpf) 11 [4-40] 120 [24-765] <0.001
White blood cell > 5 cells/hpf 91 (65) 111(90.2) <0.001
pH 55[5-65] 55[5-6.5] 0361
Nitrite 1(0.7) 19(15.4) <0.001
Mucus 23(16.4) 18 (14.6) 0.689
Squamous epithelium 74(52.9) 74 (60.2) 0.233

Data are presented as n (%) or median [interquartile rangel]

CRE, carbapenem-resistant Enterobacterales;
B-lactamase; MDR, multidrug-resistant

ESBL, extended-spectrum

The multivariable regression analysis model showed a
goodness of fit. In this analysis, the characteristics that
remained significantly associated with bacterial growth
in urine cultures were female gender (aOR, 1.86; 95% CI,
1.06-3.24; P=0.030), urinary WBC count>5 cells/hpf

Factor OR 95% Cl P value aOR 95% Cl P value
Gender (Female) 1.92 1.16-3.18 0.011 1.86 1.06-3.24 0.030
Urinary symptoms 222 1.34-3.67 0.002 1.73 0.99-3.01 0.051
Urine white blood cell count > 5 cells/hpf 498 2.50-9.93 <0.001 4.60 2.21-9.59 <0.001
Positive urinary nitrite 25.39 3.35-192.75 <0.001 21.90 2.80-171.00 0.003
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Table 4 Factors associated with growth in urine culture in patients with urinary symptoms
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Factor OR 95% Cl Pvalue aOR 95% ClI Pvalue
Urine white blood cell count > 5 cells/hpf 6.88 2.08-22.79 <0.001 6.72 1.93-2341 0.003
Positive urinary nitrite 10.29 1.28-82.43 0.008 9.92 1.16-85.08 0.036
Table 5 Factors associated with bacterial growth count of > 10° CFU/mL in urine culture (n=204)

Factor OR 95% Cl P value aOR 95% ClI P value
Gender (female) 247 1.29-4.71 0.005 2.34 1.11-4.92 0.025
Urinary symptoms 2.26 122-4.14 0.006 1.78 0.89-3.56 0.102
Urine white blood cell count>5 cells/hpf 10.95 3.27-36.72 <0.001 8.11 2.38-27.70 <0.001
Positive urinary nitrite 32.08 4.07-252.87 <0.001 2343 2.88-190.84 0.003

(aOR, 4.60; 95% CI, 2.21-9.59; P<0.001), and the pres-
ence of nitrite in the urine (aOR, 21.90; 95% CI, 2.80—
171.00; P=0.003).

Subgroup analysis

In the subgroup analysis of patients with urinary symp-
toms (n=104), only urinary WBC count>5 cells/hpf and
positive nitrate in urine were significantly associated with
bacterial growth in the univariate analysis. These associa-
tions remained significant in the multivariable analysis
(Table 4).

Table 5 presents the results of the subgroups analysis
of patients with urinary bacterial growth count of >10°
CFU/mL (n=64) in comparison with the patients who
had no growth in their urine cultures (n=140). The
female gender, a urine WBC count of >5 cells/hpf, and
positive nitrite in urine were significantly associated with
urinary growth of >10° CFU/mL in both the univariate
and multivariable regression analyses. However, the pres-
ence of urinary symptoms was significantly associated
with this outcome in the univariate analysis only. Other
patient and UA factors had a P>0.05 in the univariate
analysis; thus, the were not included in the multivariable
analysis.

Discussion

While previous studies evaluated UA reflex criteria for
urine culturing, this is the first study to evaluate addi-
tional potential factors besides UA that could be associ-
ated with bacterial growth in urine cultures. We found
that female gender, a high urinary WBC count, and posi-
tive nitrite were the main factors associated with urinary
bacterial growth. The same factors were associated with
the same outcome in patients with urinary symptoms.
None of the other evaluated factors, including blood
WBC count and inflammatory markers were significantly
associated with urinary bacterial growth. Moreover, the
current study revealed that many of the ordered urine
cultures may not have been necessary given the lack of
indications of bacterial presence in the urine based on
UA results.

Urinary WBCs are part of the body’s immune sys-
tem, and their counts increase considerably in response
to infection or inflammation to eradicate the causative
pathogen. Some studies have demonstrated that the
absence of urinary WBCs is a strong predictor of nega-
tive bacterial growth in urine cultures and vice versa [7,
9]. Hence, this suggests a strong association between
high urinary WBC count and the presence of bacteria
in urine. A prior study indicated that a positive nitrite
test had a low sensitivity value of 0.48, a relatively high
specificity value of 0.83, a positive predictive value of
0.43, and a negative predictive value (NPV) of 0.86 in
predicting UTIs. The study also revealed that WBC>5/
hpf had a high sensitivity in predicting UTIs and rela-
tively high NPV (0.95) [10]. Another study of 4,130
patients demonstrated that combining the factors of
a high WBC count>5 cells/hpf in urine with a positive
nitrite was significantly associated with bacterial growth
in urine culture (Chi-square=516.43; P<0.001). When
these UA reflex criteria were implemented as a guide for
urine culture ordering, the rate of urine culture orders
and hence inappropriate use of antibiotics were sig-
nificantly reduced by 36.1%, from 45.1 to 9% during the
study period of 3 months only (2<0.001) [3]. Such find-
ing indicated that implementing UA reflex criteria for
urine culturing could be an effective antimicrobial stew-
ardship intervention In another study, the absence of
leukocyte esterase and pyuria were recognized to have
a strong predictive value for negative urine cultures
(NPV for both >0.9) [11]. In another study by Lynch, et
al,, urine reflex culturing (urinary WBC count>10 cells/
hpf) was safe and simple to use in acute care, ED care,
and long-term care settings, resulting in a reduction of
approximately 50% in hospital cultures, where the rate of
pre-intervention culture orders was 3.6 cultures per 100
days while the post-intervention rate dropped to 1.8 cul-
tures per 100 days (£<0.001) [12]. In addition to lowering
microbiological expenses, this strategy probably reduced
the number of patients treated for asymptomatic bacte-
riuria (ASB) and misidentification of catheter-associated
urinary tract infections (CAUTIs) [12]. Another study
by Penney et al., which included 11,322 urine specimens,
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found that the implementation of a stricter UA reflex
criterion (only urinary WBC count>15 cells/hpf) was
associated with a significant reduction in culture order
rates (from 32.5 cultures per 1,000-patient days to 8.7
cultures per 1,000-patient days; P<0.001), consequently
resulting in improved diagnostic efficacy and reduc-
ing antibiotic prescription rates without significantly
impacting patients’ outcomes [13]. Another recent study
effectively addressed the issue of excessive urine culture
testing in evaluating inpatient fevers, particularly for
CAUTIs. Their implementation of a diagnostic steward-
ship program resulted in a significant 45% reduction in
urine cultures conducted for inpatients, underscoring the
program’s practical efficacy and impact. The interven-
tion was a bundle encompassing staff education, criteria
formulation, and implementation of audit-feedback sys-
tems. This bundled intervention addressed the problem
of unnecessary urine culturing resulting in substantial
monthly cost reductions ranging from $920 to $3,910.
This accomplishment underscores the importance of
implementing standardized criteria for urine culture
requests in the healthcare sector, providing a compelling
case for similar initiatives in other medical environments
[14].

It has been evidenced that females are generally more
likely to be affected by UTIs than males due to mul-
tiple risk factors, including shorter urethra, menopause-
induced structural modification of the mucosal linings
of the urethra and the vagina, frequency of sexual inter-
course, menstrual cycle changes, and lower genitourinary
tract morpho-dynamic alterations. However, recurrent
infections without a clear cause have also been reported
in non-pregnant, premenopausal women [15]. Diagnos-
ing UTIs in elderly women can be challenging due to
factors such as cognitive impairment, prevalent lower
urinary tract symptoms, and high incidence of ASB.
One study highlighted the necessity for a discerning bio-
marker in this demographic, particularly the absence of
specific pyuria assessment in women aged 65 and above.
The study, which included 164 participants, showed
that successful differentiation of UTIs in older women
from asymptomatic controls, including those with ASB,
can be achieved through quantifying pyuria using auto-
mated microscopy or urine flow cytometry. Furthermore,
the commonly used pyuria cutoff of 10 leukocytes/uL
exhibited low specificity (36%) for UTIs in older women,
prompting a need for reconsideration, but showed high
sensitivity (100%). These values indicated that a urinary
WBC count of >10 cells/uL most likely reflects a posi-
tive urine culture. However, a lower pyuria value cannot
rule out bacterial growth in the culture. Considering the
degree of pyuria is crucial when assessing older women
for UTIs as current cutoffs may result in incorrect
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diagnosis, which may affect patient care and antimicro-
bial stewardship [16].

Only patients who visited the ED were included in the
current study since we noticed that many patients in our
ED get a urine culture ordered for them. This observa-
tion was also reported in previous studies [3, 8, 12, 17].
The study by Lynch et al. observed a significant impact of
applying UA reflex criteria for urine culturing in the ED,
where this intervention resulted in a reduction of urine
culture ordering by 38% from 5.4 cultures per 100 visits
to 3.3 cultures per 100 visits (P=0.002) [12]. Therefore,
to limit such a large number of potentially unnecessary
orders of urine cultures in the ED as a stewardship ini-
tiative, we aimed to investigate the factors that can help
select patients for whom a urine culture order could be
necessary.

Pharmacists can play a critical role in directing the
medical team towards the correct method of collecting
urine cultures, ultimately leading to selecting the most
suitable antimicrobial therapy and reducing unneces-
sary antimicrobial use. A previous study demonstrated
a higher rate of appropriate culture-directed antimicro-
bial therapy after implementing pharmacist-assisted
urine culture review in the ED (P=0.0001), resulting in
improved clinical outcomes of patients. Furthermore, a
substantial redcution in the treatment of asymptomatic
bacteriuria was observed (P=0.0001) [18].

Kidney transplant recipients could be at risk of micro-
bial colonization, usually with pathogens not detected
by standard microbiological culturing that typically
grows aerobic bacteria and yeast. A study by Sarier et al.
detected 52 organisms in 37 urinary specimens collected
from 60 patients (61.7%), where the most common organ-
isms were anaerobes (Gardnerella vaginalis and other
obligate anaerobes), atypical bacteria (Ureaplasma spp.
and Mycoplasma hominis), and cytomegalovirus [19]. In
our study, only one of three kidney transplant patients
had a growth in their urine cultures with K. pneumoniae.
Furthermore, kidney transplant patients with ureteral
stents are also at risk of ureteral sent colonization, mostly
with Enterococcus spp [20]. Enterococcus spp. was also
the most common organism isolated from positive dou-
ble J stent samples collected from non-transplant recipi-
ents [21]. In that study, microbial growth was observed
in 82.5% of proximal double J stent samples and 78.4% of
distal double ] stent samples. Such findings indicate that
ureteral stents increase the risk of microbial coloniza-
tion, regardless of kidney transplant status. Although our
study included only one patient with a ureteral stent who
had no growth in urine culture, it remains prudent for
clinicians to evaluate such patients for urinary symptoms
and rule out UTL.

In the subgroup of patients with urinary symptoms
presumed to be diagnosed with UTI, a urine WBC count
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of >5 cells/hpf and positive nitrite in the urine were con-
sistent predictors of urinary culture growth. There were
9.72-fold increased odds of a positive culture in those
with a WBC count of >5 cells/hpf (95% CI, 1.93-23.41;
P=0.003) and 9.92-fold increased odds of positive culture
with positive nitrite test (95% CI, 1.16—-84.08; P=0.036).
These high odds add to the body of evidence that indi-
cate the strong association between high WBC count and
positive nitrite in the urine with bacterial growth, which
can be used as UA reflex criteria in patients presenting
with urinary symptoms. These two factors, as well as the
female gender and the presence of urinary symptoms
were significantly associated with a bacterial growth
count of >10° CFU/mL, which is the cutoff value used to
establish UTI diagnosis in non-catheterized patients [5].

The design of the current study has some limitations.
As a retrospective study, our study was constrained
by the lack of laboratory data in the medical records of
some patients, which may have made it challenging to
assess such measurements as factors associated with uri-
nary bacterial growth, such as the lack of values of some
inflammatory markers for some patients. This could be
overcome by conducting a prospective study involv-
ing ordering laboratory tests of interest. Moreover, we
acknowledge that the cutoff bacterial growth count to
diagnose catheter-associated UTI is 1,000 CFU/mL
in catheterized urine and >100,000 CFU/mL in non-
catheterized urine. However, we included patients who
had any level of bacterial growth as we mainly aimed to
evaluate the association of various factors with bacterial
growth and not solely the amount needed to diagnose
UTI since the diagnosis of UTI can be established in the
presence of symptoms regardless of the bacterial count
[22]. Lastly, about one-quarter of the patients had mixed
bacterial growth. While these patients met the study’s
inclusion criteria, the lack of a specific growth count lim-
ited the possibility of including such patients in the sub-
group analysis involving patients with a growth count of
>10° CFU/mL.

Conclusion

According to our findings, female gender, high WBC
count in urine (>5 cells/hpf), and the presence of nitrite
in urine were significantly associated with bacterial
growth in urine cultures. No additional patient or UA
factors were significantly associated with urinary bac-
terial growth including the subgroup of patients with
documented urinary symptoms. Therefore, clinicians,
particularly in the ED, may use high urinary WBC count
and the presence of nitrite in UA, particularly in women,
as an indication for urine culture collection in order to
limit the ordering of the culture in the absence of these
factors. Using these factors as a guide can be imple-
mented as an antimicrobial stewardship intervention in
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the ED as well as in other clinical settings, such as inpa-
tient wards, since limiting urine culture ordering could
consequently reduce inappropriate antibiotic use as illus-
trated in previous studies.

Abbreviations

aOR adjusted odds ratio

ASB Asymptomatic bacteriuria

CAUTI Catheter-associated urinary tract infection
CFU Colony forming unit

a Confidence interval

ED Emergency department

hpf high power field

MALDI-TOF  Matrix assisted laser desorption/ionization time of flight
OR Odds ratio

UA Urinalysis

uTl Urinary tract infection

WBC White blood cell

Acknowledgements
This study was presented at the Third Annual Saudi Clinical Pharmacy Society
Meeting, Riyadh, Saudi Arabia in September 2023.

Author contributions

NMA, MBM, ATA, and AAA: investigation, data curation, and writing—
original draft preparation. DA and SA: writing—review and editing. AKT:
conceptualization, formal analysis, supervision, and writing—review and
editing.

Funding
Not applicable.

Data availability
The data of the current study are available from the corresponding author
upon request.

Declarations

Ethical approval

Ethical approval was obtained from the Research Ethics Committee of

the Faculty of Pharmacy, King Abdulaziz University, Jeddah, Saudi Arabia
(Reference No. 552 —20). We certify that the study was performed in
accordance with the ethical standards as laid down in the 1964 Declaration of
Helsinki and its later amendments or comparable ethical standards.

Consent to participate
All participants provided verbal consent to participate prior to the interviews.

Consent for publication
All participants were informed that the collected data will be published, for
which they provided their consent.

Competing interests
The authors declare no competing interests.

Received: 9 March 2024 / Accepted: 9 June 2024
Published online: 26 June 2024

References

1. Flores-Mireles AL, Walker JN, Caparon M, Hultgren SJ. Urinary tract infections:
epidemiology, mechanisms of infection and treatment options. Nat Rev
Microbiol. 2015;13(5):269-84. https://doi.org/10.1038/nrmicro3432.

2. Schmiemann G, Kniehl E, Gebhardt K, Matejczyk MM, Hummers-Pradier E.
The diagnosis of urinary tract infection: a systematic review. Dtsch Arztebl Int.
2010;107(21):361-7. https://doi.org/10.3238/arztebl.2010.0361.


https://doi.org/10.1038/nrmicro3432
https://doi.org/10.3238/arztebl.2010.0361

Alateeq et al. International Journal of Emergency Medicine

Ourani M, Honda NS, MacDonald W, Roberts J. Evaluation of evidence-based
urinalysis reflex to culture criteria: impact on reducing antimicrobial usage.
Int J Infect Dis. 2021;102:40-4. https://doi.org/10.1016/].jid.2020.09.1471.
Karah N, Rafei R, Elamin W, Ghazy A, Abbara A, Hamze M, et al. Guideline for
urine culture and biochemical identification of bacterial urinary patho-
gens in low-resource settings. Diagnostics (Basel). 2020;10(10). https://doi.
0rg/10.3390/diagnostics10100832.

Sinawe H, Casadesus D. Urine Culture. StatPearls [Internet], Treasure Island
(FL). 2023. https://www.ncbi.nlm.nih.gov/books/NBK557569/.

Claeys KC, Trautner BW, Leekha S, Coffey KC, Crnich CJ, Diekema DJ, et al.
Optimal urine Culture Diagnostic stewardship practice-results from an Expert
modified-Delphi Procedure. Clin Infect Dis. 2022;75(3):382-9. https://doi.
0rg/10.1093/cid/ciab987.

Jones CW, Culbreath KD, Mehrotra A, Gilligan PH. Reflect urine culture cancel-
lation in the emergency department. J Emerg Med. 2014;46(1):71-6. https://
doi.org/10.1016/jjemermed.2013.08.042.

Stagg A, Lutz H, Kirpalaney S, Matelski JJ, Kaufman A, Leis J, et al. Impact

of two-step urine culture ordering in the emergency department: a time
series analysis. BMJ Qual Saf. 2018;27(2):140-7. https://doi.org/10.1136/
brmjgs-2016-006250.

Fok C, Fitzgerald MP, Turk T, Mueller E, Dalaza L, Schreckenberger P. Reflex
testing of male urine specimens misses few positive cultures may reduce
unnecessary testing of normal specimens. Urology. 2010;75(1):74-6. https://
doi.org/10.1016/j.urology.2009.08.071.

Advani S, North RM, Turner NA, Ahmadi S, Denniss J, Francis A, et al. 2818.
Investigating urinalysis criteria that predict UTI: impact of age, sex, and urine
culture thresholds. Open Forum Infect Dis. 2023;10(Suppl 2). https://doi.
0rg/10.1093/0fid/ofad500.2429.

Advani SD, Turner NA, Schmader KE, Wrenn RH, Moehring RW, Polage CR, et
al. Optimizing reflex urine cultures: using a population-specific approach to
diagnostic stewardship. Infect Control Hosp Epidemiol. 2023;44(2):206-9.
https://doi.org/10.1017/ice.2022.315.

Lynch CS, Appleby-Sigler A, Bork JT, Dave R, Agnes K, Sanikop M, et al. Effect
of urine reflex culturing on rates of cultures and infections in acute and
long-term care. Antimicrob Resist Infect Control. 2020;9(1):96. https://doi.
0rg/10.1186/513756-020-00762-1.

Penney JA, Rodday AM, Sebastiani P, Snydman DR, Doron S. Effecting the
culture: impact of changing urinalysis with reflex to culture criteria on culture
rates and outcomes. Infect Control Hosp Epidemiol. 2023;44(2):210-5.
https://doi.org/10.1017/ice.2022.178.

Luu A, Dominguez F, Yeshoua B, Vo C, Nallapa S, Chung D, et al. Reduc-

ing catheter-associated urinary tract infections via cost-saving diagnostic

(2024) 17:77

20.

21.

22.

Page 8 of 8

stewardship. Clin Infect Dis. 2021;72(11):e883-6. https://doi.org/10.1093/cid/
ciaal512.

Bartoletti R, Cai T, Wagenlehner FM, Naber K, Bjerklund Johansen TE. Treat-
ment of urinary tract infections and antibiotic stewardship. Eur Urol Supple-
ments. 2016;15(4):81-7. https://doi.org/10.1016/j.eursup.2016.04.003.

Bilsen MP, Aantjes MJ, van Andel E, Stalenhoef JE, van Nieuwkoop C, Leyten
EMS, et al. Current Pyuria Cutoffs promote inappropriate urinary tract infec-
tion diagnosis in Older Women. Clin Infect Dis. 2023;76(12):2070-6. https://
doi.org/10.1093/cid/ciad099.

Almulhim AS, Aldayyen A, Yenina K, Chiappini A, Khan TM. Optimization of
antibiotic selection in the emergency department for urine culture follow
ups, a retrospective pre-post intervention study: clinical pharmacist efforts. J
Pharm Policy Pract. 2019;12:8. https://doi.org/10.1186/540545-019-0168-z.
Hisham M, ElLababidi R, Alsalama F, Elrefaei H, Nasef R, Khan MZ et al. 1197.
Pharmacist-assisted urine culture review and antimicrobial stewardship inter-
ventions in the emergency department: A study from the Middle East Gulf
region. Open Forum Infect Dis. 2023;10(Suppl 2). https://doi.org/10.1093/
ofid/ofad500.1037.

Sarier M, Demir M, Goktas S, Duman |, Buyukkinaci M, Yuksel Y, et al. Results
of real-time multiplex polymerase chain reaction assay in renal transplant
recipients with sterile pyuria. Transpl Proc. 2017;49(6):1307-11. https://doi.
0rg/10.1016/j.transproceed.2017.02.051.

Sarier M, Seyman D, Tekin S, Duman |, Uygun B, Demir M, et al. Comparision
of Ureteral Stent colonization between deceased and live donor renal trans-
plant recipients. Transpl Proc. 2017;49(9):2082-5. https://doi.org/10.1016/j.
transproceed.2017.09.028.

Tulone G, Costanzo A, Pavan N, Giaimo R, Claps F, Fasciana TMA, et al.
Analysis of bacterial stent colonization: the role of urine and device micro-
biological cultures. Antibiot (Basel). 2023;12(10). https://doi.org/10.3390/
antibiotics12101512.

Gupta K, Hooton TM, Naber KG, Wullt B, Colgan R, Miller LG, 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(5):e103-20. https://doi.org/10.1093/cid/
cig257.

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


https://doi.org/10.1016/j.ijid.2020.09.1471
https://doi.org/10.3390/diagnostics10100832
https://doi.org/10.3390/diagnostics10100832
https://www.ncbi.nlm.nih.gov/books/NBK557569/
https://doi.org/10.1093/cid/ciab987
https://doi.org/10.1093/cid/ciab987
https://doi.org/10.1016/j.jemermed.2013.08.042
https://doi.org/10.1016/j.jemermed.2013.08.042
https://doi.org/10.1136/bmjqs-2016-006250
https://doi.org/10.1136/bmjqs-2016-006250
https://doi.org/10.1016/j.urology.2009.08.071
https://doi.org/10.1016/j.urology.2009.08.071
https://doi.org/10.1093/ofid/ofad500.2429
https://doi.org/10.1093/ofid/ofad500.2429
https://doi.org/10.1017/ice.2022.315
https://doi.org/10.1186/s13756-020-00762-1
https://doi.org/10.1186/s13756-020-00762-1
https://doi.org/10.1017/ice.2022.178
https://doi.org/10.1093/cid/ciaa1512
https://doi.org/10.1093/cid/ciaa1512
https://doi.org/10.1016/j.eursup.2016.04.003
https://doi.org/10.1093/cid/ciad099
https://doi.org/10.1093/cid/ciad099
https://doi.org/10.1186/s40545-019-0168-z
https://doi.org/10.1093/ofid/ofad500.1037
https://doi.org/10.1093/ofid/ofad500.1037
https://doi.org/10.1016/j.transproceed.2017.02.051
https://doi.org/10.1016/j.transproceed.2017.02.051
https://doi.org/10.1016/j.transproceed.2017.09.028
https://doi.org/10.1016/j.transproceed.2017.09.028
https://doi.org/10.3390/antibiotics12101512
https://doi.org/10.3390/antibiotics12101512
https://doi.org/10.1093/cid/ciq257
https://doi.org/10.1093/cid/ciq257

	﻿Beyond urinalysis: evaluation of various clinical and laboratory reflex criteria to warrant urine culture collection in the emergency department
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design and patients
	﻿UA and urine culturing
	﻿Evaluated factors for association with bacterial growth in urine cultures
	﻿Statistical analysis

	﻿Results
	﻿Patients characteristics
	﻿Regression analysis results
	﻿Subgroup analysis

	﻿Discussion
	﻿Conclusion
	﻿References


