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Abstract: Introduction: While urine culture is the gold standard for the urinary tract infection (UTI) diagnosis, delays in results
highlight the need for rapid tests. This study aimed to evaluate the accuracy of urine Gram staining, leukocyte esterase,
and nitrite in predicting the presence of UTI. Methods: A cross-sectional diagnostic accuracy study was conducted on
adult patients undergoing urine culture at a high-complexity hospital in northeastern Colombia. The results of Gram
staining and urinalysis (nitrite and leukocyte esterase) were compared to urine culture as the gold standard test, and
screening performance characteristics were calculated and reported for individual and combined tests. Results: A total
of 2,123 urine cultures were analyzed, with 49.8% testing positive. Escherichia coli was the most common pathogen
(24.7%), and 76.17% of patients received antibiotics, primarily ceftriaxone (38.7%). Gram staining showed 56.9% (95%
confidence interval (CI)=54.4 to 59.4) sensitivity and 76.8% (95% CI=72.6 to 80.5) specificity, leukocyte esterase had
67.9% (95% CI= 65.3 to 70.4) sensitivity and 84.5% (95% CI=81.4 to 87.2) specificity, and nitrite demonstrated the highest
sensitivity (85.3%, 95% CI=82.0 to 88.2). The combination of Gram staining (+), leukocyte esterase (+), and nitrite (+)
achieved 87.6% (95% CI=84.2 to 90.5) sensitivity and 94.6% (95% CI=93.1 to 95.9) negative predictive value (NPV), with
the decision tree identifying this combination as having the highest diagnostic utility (positive likelihood ratio (PLR)
= 23.77, 95% CI=18.34 to 30.80). Conclusion: It seems that, integrating urine Gram staining with leucocyte esterase
and nitrite improves UTI diagnosis in high-complexity emergency settings, reducing unnecessary urine cultures and
antibiotic use while enhancing resource utilization and mitigating bacterial resistance.
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1. Introduction

Urinary tract infection (UTI) is a condition that occurs when

microorganisms enter and multiply in the urinary tract, in-

cluding the kidneys, ureters, bladder, and urethra. Besides, it

is a common health concern, ranking as the third most preva-

lent type of infection after respiratory and gastrointestinal in-

fections. UTIs predominantly affect women and older adults

and represent a significant burden on healthcare systems (1,

2). The diagnosis of UTI relies on urine culture, considered

the gold standard due to its high accuracy in identifying uri-

nary pathogens (3). However, the time required to obtain re-

sults is often substantial, and this diagnostic service is not

always immediately available in many clinical settings (4-6).
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To address these limitations, rapid tests such as Gram stain-

ing and urinalysis are commonly employed. Gram staining is

a differential staining technique used to classify bacteria into

two main groups: Gram-positive and Gram-negative, based

on the structural characteristics of their cell walls. This tech-

nique differentiates microorganisms according to their abil-

ity to retain the primary stain, providing essential informa-

tion for their identification and microbiological classification

(7). Nonetheless, clinical studies have reported variable sen-

sitivities and specificities for Gram staining and urinalysis,

with accuracy rates typically ranging from 60% to 80% for the

detection of UTIs (5).

The detection of nitrite in urine is crucial for identifying UTIs,

as this compound is produced through the bacterial con-

version of nitrate. Although traditional dipstick tests pro-

vide semi-quantitative results with limited sensitivity, novel

methods, such as a portable colorimeter based on the modi-

fied Griess reaction, can detect nitrite concentrations as low

as 1.6 µM in artificial urine. This increased sensitivity facili-

tates the early identification of infections, thereby enhancing
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patient care. Furthermore, its integration with mobile appli-

cations enables the continuous monitoring of urinary health

(8).

In addition, leukocyte esterase is an enzyme produced by

white blood cells and serves as a biomarker for the detec-

tion of UTIs, indicating leukocyturia associated with a bac-

terial inflammatory response. The leukocyte esterase test is

included in urine dipstick analysis and provides a rapid and

non-invasive method for UTI screening. Its sensitivity ranges

from 83% to 96%, and its specificity from 78% to 90% (9).

However, factors such as contamination with vaginal secre-

tions or Trichomonas infections can lead to false positives,

while elevated protein levels or the presence of vitamin C can

cause false negatives. The effectiveness of this test increases

when combined with other methods, such as nitrite detec-

tion and urine culture, to confirm the diagnosis of UTIs (10).

These methods provide preliminary results within a short

time frame, facilitating the prompt initiation of treatment

when UTI is suspected (11). They are valuable in clinical

practice as they help guide the initial management of UTIs,

reducing delays and enabling timely treatment (12). In clin-

ical practice, the overuse of urine cultures in cases with-

out clear clinical evidence of UTI has emerged as a con-

cern, often leading to unnecessary treatments and increased

healthcare costs. This indiscriminate use of diagnostic re-

sources, coupled with the frequent empirical prescription of

antibiotics, exacerbates the growing problem of antimicro-

bial resistance as a critical public health challenge in modern

medicine (13). Addressing this issue requires adherence to

evidence-based guidelines that emphasize the judicious use

of urine cultures and antibiotics, prioritizing their use only in

patients with well-defined clinical indications for UTI (14).

Evaluating and optimizing rapid diagnostic tools that bal-

ance accuracy, cost, and accessibility is essential to improv-

ing clinical outcomes and mitigating the long-term conse-

quences associated with UTIs. This study aimed to evaluate

the diagnostic value of urine Gram staining, urine leukocyte

esterase, and urine nitrite in detecting the presence of UTI.

2. Methods

2.1. Study design and setting

This cross-sectional diagnostic accuracy study was con-

ducted to assess the screening performance characteristics

of Gram staining, and urine leukocyte esterase and urine ni-

trite evaluations for diagnosing UTI in comparison to urine

culture as the gold standard test. All adult patients who un-

derwent urine culture testing during the period of January

to September 2024 in the emergency department of a high-

complexity healthcare institution in northeastern Colombia

were studied.

The study protocol was approved by the institutional ethics

committee (Ethics code: CEI-2024-07461-6). All patient data

were anonymized to ensure confidentiality, and the study

adhered to the principles outlined in the Declaration of

Helsinki.

2.2. Participants

Adult patients (aged ≥18 years) with suspected UTI who un-

derwent at least one diagnostic test for evaluating UTI (gram

staining, urine nitrite, urine leukocyte esterase, and urine

culture) were included. Cases with incomplete records or

contaminated urine cultures were excluded. In cases with

more than one urine culture per event, the first requested

culture was selected. In pregnant women, both urinalysis pa-

rameters and at least one urine culture were considered for

evaluation. While antibiotic use may reduce microbiological

recovery by up to 20%, this factor was not used as an exclu-

sion criterion. Furthermore, based on a literature review, no

sufficient data were found to support a significant negative

impact of other medications on urinalysis or urine culture re-

sults.

2.3. Data gathering

Patient data were extracted from the institutional electronic

health record system, including demographic information,

clinical presentation, and results of Gram staining, urine ni-

trite test, urine leukocyte esterase test, and urine culture. The

information used in this study was extracted from the med-

ical records using data engineering techniques, ensuring a

structured and systematic collection. Subsequently, these

data were supplemented and validated by infectious disease

specialists and hospital physicians from the Infectious Dis-

eases Department, who were responsible for data collection

and verification, ensuring its accuracy and clinical relevance.

Urine Culture was considered the gold standard for identify-

ing urinary pathogens. Cultures were performed using inoc-

ulation on MacConkey Agar and Blood Agar. A culture is con-

sidered positive when a single organism is isolated at con-

centrations ≥105 CFU/mL.

Gram staining was performed on uncentrifuged urine sam-

ples to identify bacterial morphology and gram characteris-

tics. The procedure involves the sequential application of

crystal violet, Lugol’s iodine solution, a decolorizing agent

(alcohol or acetone), and safranin.

Urinalysis regarding the detection of nitrite and leukocyte

esterase was conducted using the COMBUR 10 Test M by

Cobas®. This analysis focuses on detecting nitrite with a de-

tection limit of 0.07 mg/dL and leukocyte esterase with a de-

tection limit of 12–25 LEU/µL. The test demonstrates a high

concordance rate with other methods, achieving 99% and

100% agreement for nitrite and leukocyte esterase detection,

respectively.

2.4. Statistical analysis

Categorical variables were expressed as frequencies and per-

centages, while continuous variables were presented as me-

dians with their respective 25th and 75th percentiles accord-

ing to their distribution. The screening performance char-

acteristics (sensitivity, specificity, positive predictive value
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(PPV), and negative predictive value (NPV), area under the

curve (AUC), positive likelihood ratio (PLR), and negative

likelihood ratio (NLR)) of Gram staining and leucocyte es-

terase in urinalysis were calculated using urine culture as the

reference standard. In addition, the accuracy of various com-

binations of the studied diagnostic tests in detecting UTI in

comparison with urine culture was evaluated. All estimates

were reported with 95% confidence intervals (CIs). The anal-

ysis was performed using Stata 17.0.

3. Results

3.1. Baseline characteristics of studied patients

In this study, a total of 2,123 urine culture results from adult

patients were analyzed. The majority of urine cultures were

performed for women (58.0%), with a median age of 60 (in-

terquartile range (IQR):41-74) years, and most patients were

from urban areas (85.1%). On admission, 28.6% of the pa-

tients were diagnosed with UTI, while 21.8% presented with

diagnoses suggestive of an infectious process. Upon hospi-

tal discharge, the diagnosis of UTI was confirmed for 35.9%

of cases. Escherichia coli (24.7%), Klebsiella pneumoniae

(16.9%), and Enterococcus faecalis (14.3%) were the most

prevalent detected microorganisms in urine cultures. 66.7%

of the patients were hospitalized. Table 1 summarizes the

baseline characteristics of the studied cases. Of the 1,986 uri-

nalyses performed, 48.4% were positive.

Of 2,123 samples, 49.8% showed positive urine cultures,

while 50.2% were negative. The percentages of positive test

results for urine leukocyte esterase, urine nitrite, and Gram

staining were 68.2%, 27.4%, and 76.0%, respectively. Table 2

shows the results of each diagnostic test and their combina-

tion.

3.2. Screening performance characteristics of
studied tests

Table 3 shows the screening performance characteristics of

studied tests in predicting UTI. The area under the receiver

operating characteristic (ROC) curve of Gram staining, urine

leukocyte esterase, and urine nitrite in predicting the pres-

ence of UTI was 0.67 (95% CI: 0.65 to 0.69), 0.76 (95% CI:0.74

to 0.78), and 0.75 (95% CI:0.74 to 0.76), respectively (figure 1).

The combination of Gram staining (+), leukocyte esterase (+),

and nitrite (+) had a sensitivity of 87.6% (95% CI: 84.2–90.5),

specificity of 60.6% (95% CI: 58.3–63.0), NPV of 94.6% (95%

CI: 93.1–95.9), PPV of 38.1% (95% CI: 35.2–41.1), PLR of 2.23

(95% CI: 2.08–2.39), NLR of 0.20 (95% CI: 0.16–0.26), and AUC

of 0.74 in predicting UTI.

3.3. Decision tree

A decision tree was constructed to evaluate the diagnostic

utility of three commonly used tests (Gram staining, leuko-

cyte esterase, and nitrite). Each test was assessed individu-

ally, and their likelihood ratios (LRs) were presented at the

tree’s branches. The final results of the decision tree based

on LRs show eight possible combinations. The combination

most likely to confirm the disease was found to be positive

results for all three tests (Gram staining, Leukocyte esterase,

Nitrite), with a cumulative PLR of 23.77 and NLR of 0.05 (Fig-

ure 2).

4. Discussion

Numerous negative effects have been associated with the

lack of precision in diagnosing UTIs. These include inaccu-

rate diagnoses, unnecessary exposure to antibiotics, adverse

effects from antibiotic use (e.g., Clostridioides difficile in-

fection), inappropriate hospital stays, and increased health-

care costs (15). Therefore, it is crucial to evaluate strategies

that can reduce unnecessary urine culture testing (16). In

this study, we assessed the effectiveness of combining urine

Gram staining with urinalysis parameters to detect UTI and

to determine when a urine culture should be processed for

the diagnosis of UTI.

In Northern Denmark, Kristensen et al. evaluated the per-

formance of combining leukocyte esterase and nitrite (pos-

itive results for either or both) and reported a sensitivity of

87% and a specificity of 45%, with a PLR of 1.58 and an NLR

of 0.30. Using pretest probabilities based on centers for dis-

ease control and prevention (CDC) definitions (28% for cos-

tovertebral pain and 60% for dysuria), they estimated that the

post-test probabilities increased to 35% (95% CI: 21% to 50%)

and 68% (95% CI: 55% to 80%) in patients with a positive dip-

stick test for leukocyte esterase, nitrite, or both. Conversely,

the post-test probabilities decreased to 12% (95% CI: 1% to

36%) and 27% (95% CI: 8% to 55%) in patients with a nega-

tive dipstick test (17).

Our findings support the utility of negative leukocyte esterase

and nitrite in ruling out a UTI diagnosis. However, positive

results for these markers alone cannot definitively confirm

UTI due to their limited post-test probability. Importantly,

the study by Kristensen et al. did not incorporate urine Gram

staining in their analysis. In contrast, our study demon-

strated an improved positive PLR of 9.7 and an NLR of 0.06

for the combination of leukocyte esterase and nitrite, offer-

ing greater discriminative power. Furthermore, we included

urine Gram staining in our analysis, enhancing the diagnos-

tic framework.

A 2013 study conducted on 212 pregnant women in Colom-

bia evaluated urinalysis, urine Gram staining, and ni-

trite. The urinalysis criteria for positivity included >5

leukocytes/high-power field, >5 red blood cells, or >2+ bac-

teria. Urine Gram staining achieved a sensitivity of 74% and

specificity of 86%, while urinalysis had a sensitivity of 21%

and specificity of 92%. Nitrite showed a sensitivity of 30% and

a specificity of 97% (14). Although that study assessed the ac-

curacy of combining urine Gram staining and urinalysis, its

PLR values were not superior to those of urinalysis compo-

nents alone, despite higher sensitivity for Gram staining (18).

Our results confirm that neither urine Gram staining nor uri-

nalysis alone is sufficient to reliably rule out UTI or predict a
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negative urine culture.

This study was conducted in a high-complexity healthcare

institution, focusing on patients presenting to the emergency

department. The implementation of rapid diagnostic tools

in such settings has been shown to enhance patient care by

reducing diagnostic and treatment times, thereby improving

overall clinical outcomes (5). Our findings align with this ev-

idence, suggesting that integrating urine Gram staining with

urinalysis parameters can expedite the diagnostic process for

UTI in the emergency department. This approach has the

potential to optimize resource utilization and reduce unnec-

essary antibiotic exposure, which is particularly beneficial in

high-acuity environments where timely decision-making is

critical.

A diagnostic accuracy study conducted in the Netherlands

in 2024, based on 718 samples, highlighted the overestima-

tion of UTI diagnoses and antibiotic exposure when relying

solely on dipstick tests in pregnant women without infection.

This underscores the potential risks of relying exclusively on

urinalysis variables for clinical decision-making (19). Our

study’s findings lie in the combined performance of diag-

nostic tests in two specific scenarios. First, negative results

for urine Gram staining, leukocyte esterase, and nitrite pro-

duced an NLR of <0.05, effectively ruling out UTI. Conversely,

when all tests were positive, the PLR reached 23.7, strongly

supporting a UTI diagnosis. However, other test combina-

tions yielded indeterminate results, necessitating urine cul-

ture for confirmation or exclusion.

Despite several studies exploring the costs associated with

rapid diagnostics and antimicrobial treatments for UTI (20),

none have comprehensively estimated the direct costs of di-

agnostic tools (e.g., urinalysis, Gram staining, urine cultures)

or the indirect costs, including hospital stays, antibiotic use,

and adverse effects related to overdiagnosis. A 2014 study in

Maryland, USA, focused on processing urine cultures only in

cases with pyuria, reducing culture volume by 10% and de-

creasing catheter-associated UTI (21). However, limited evi-

dence exists regarding the long-term effectiveness and safety

of such approaches.

Additionally, a systematic review of pediatric studies pro-

posed a diagnostic algorithm incorporating clinical indica-

tors, leukocyte esterase and nitrite, but the evidence was in-

sufficient to fully validate its utility (22). Pallin et al. (2014) re-

ported that unnecessary antibiotic use in asymptomatic bac-

teriuria occurred in 28% of cases (23). Applying this figure to

our patient population would translate to 594 inappropriate

urine cultures, with an estimated cost of $6,058, excluding

indirect costs. Thus, implementing a diagnostic optimiza-

tion strategy could significantly reduce operational costs and

align with findings from a 2024 meta-analysis, which high-

lighted the economic burden of community-acquired UTIs

caused by resistant microorganisms.

This study stands out for incorporating urine Gram stain-

ing alongside leukocyte esterase and nitrite in a large and

diverse patient cohort, making it one of the most compre-

hensive analyses conducted in Colombia and internation-

ally. The results demonstrate the potential to significantly

enhance diagnostic accuracy, reduce unnecessary urine cul-

tures, and lower costs in resource-limited settings. By mini-

mizing inappropriate antibiotic use, these findings also con-

tribute to mitigating bacterial resistance. Future research fo-

cusing on specific subgroups of urinary infections could fur-

ther refine diagnostic strategies and provide tailored insights

for improved clinical decision-making.

5. Limitations

While this study provides valuable insights, certain aspects

should be considered when interpreting the findings. The

retrospective nature of the analysis, along with its focus on

a single healthcare institution, may reflect contextual factors

specific to the study setting. Additionally, the diverse cohort

analyzed does not encompass all possible subgroups, such as

patients with recurrent UTI or specific comorbidities, which

could influence diagnostic outcomes. These factors, while

inherent to the study design, do not diminish the robustness

of the results but rather highlight areas for future research to

expand and validate these findings in broader contexts.

6. Conclusions

It seems that integrating urine Gram staining with leuco-

cyte esterase and nitrite improves UTI diagnosis in high-

complexity emergency settings, reducing unnecessary urine

cultures and antibiotic use, while enhancing resource utiliza-

tion and mitigating bacterial resistance.
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Table 1: Baseline characteristics of studied cases

Variables Values Variables Values
Sex Age (year)
Female 1,232 (58.0) Median (IQR) 60 (41-74)
Male 891 (41.9) Microorganism
Health insurance Escherichia coli 19 (24.7)
Contributory/Special/Specific 1,284 (50.5) Klebsiella pneumoniae 13 (16.9)
Subsidized 839 (39.5) Enterococcus faecalis 11 (14.3)
Residence area Proteus mirabilis 6 (7.79)
Rural 316 (14.9) Staphylococcus aureus 5 (6.49)
Urban 1,807 (85.1) Pseudomonas aeruginosa 4 (5.19)
Admission diagnosis Serratia marcescens 3 (3.90)
Urinary tract infection 608 (28.6) Staphylococcus saprophyticus 3 (3.90)
Suggestive of infectious process 463 (21.8) Candida albicans 2 (2.60)
Other Diagnoses 1,052 (49.6) Enterococcus faecium 2 (2.60)
Discharge diagnosis Others 11 (14.3)
Urinary tract infection 761 (35.9) Urology procedure
Suggestive of infectious process 252 (11.9) No 2,030 (95.6)
Other Diagnoses 1,110 (51.9) Yes 93 (4.38)
First administered antibiotic Non-urology procedures
Ceftriaxone 626 (38.7) No 1,859 (87.6)
Piperacillin/Tazobactam 358 (22.1) Yes 264 (12.4)
Cefazolin 190 (11.8) Hospitalization
Meropenem 130 (8.04) No 707 (33.3)
Ampicillin + Sulbactam 104 (6.43) Yes 1,416 (66.7)
Other 209 (12.9)
Data are presented as number (%) or median (inter quartile range (IQR) 25-percentile 75).

Table 2: The results of studied diagnostic tests and their combination

Diagnostic test Number (%)
Urine Culture
Negative 1,066 (50.2)
Positive 1,057 (49.8)
Urine leukocyte esterases
Negative 631 (31.8)
Positive 1,355 (68.2)
Gram Staining
Negative 487 (24.0)
Positive 1,542 (76.0)
Urine nitrite
Negative 1,442 (72.6)
Positive 544 (27.4)
Combinations
Gram Stain (+) Esterases (+) Nitrite (+) 460 (21.7)
Gram Stain (+) Esterases (+) Nitrite (-) 628 (29.6)
Gram Stain (+) Esterases (-) Nitrite (+) 24 (1.13)
Gram Stain (+) Esterases (-) Nitrite (-) 323 (15.2)
Gram Stain (-) Esterases (+) Nitrite (+) 40 (1.88)
Gram Stain (-) Esterases (+) Nitrite (-) 171 (8.05)
Gram Stain (-) Esterases (-) Nitrite (+) 2 (0.09)
Gram Stain (-) Esterases (-) Nitrite (-) 251(11.8)
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Table 3: Screening performance characteristics of gram Staining (GS), urine leukocyte esterase (ULE), and urine nitrite (UN) compared to

urine culture as the Gold Standard for detecting urinary tract infections

Test Sen Spec PPV NPV PLR NLR AUC
GS 56.9 (54.4–59.4) 76.8 (72.6–80.5) 88.6 (86.5–90.5) 36.0 (33.1–39.0) 2.45 (2.08–2.90) 0.56 (0.52–0.60) 0.67
ULE 67.9 (65.3–70.4) 84.5 (81.4–87.2) 90.4 (88.4–92.1) 55.1 (51.9–58.2) 4.37 (3.63–5.25) 0.38 (0.35–0.41) 0.78
UN 85.3 (82.0–88.2) 61.6 (59.0–64.1) 45.6 (42.5–48.7) 91.7 (89.8–93.4) 2.22 (2.06–2.39) 0.24 (0.19–0.29) 0.75
All three 87.6 (84.2–90.5) 60.6 (58.3–63.0) 38.1 (35.2–41.1) 94.6 (93.1–95.9) 2.23 (2.08–2.39) 0.20 (0.16–0.26) 0.74
Sen: sensitivity, Spec: specificity, PPV: positive predictive value, NPV: negative predictive value, PLR: positive likelihood ratio,
NLR: negative likelihood ratio, AUC: area under the receiver operating characteristic curve.

Figure 1: Area under the receiver operating characteristic (ROC) curve of the three studied tests in predicting the presence of urinary tract

infection.

Figure 2: Decision tree for evaluating the diagnostic utility of the three tests. Decision tree illustrating the diagnostic utility of Gram staining,

leukocyte esterase, and nitrite for evaluating suspected urinary tract infections. Likelihood ratios (LRs) adjacent to the test boxes represent

individual test performance, while LRs along the connecting lines indicate the combined diagnostic performance of sequential tests.
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