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	 This study aimed to compare urine sediment microscopy and reagent strips with 
urine culture for the diagnosis of urinary tract infections in outpatients in Jaén, Peru, in 2025. 
The research was comparative with a quantitative approach. A quantitative, comparative, 
non-experimental, cross-sectional. The sample consisted of 250 patients over 18 years of age 
of both genders, evaluated between March and May 2025. Three brands of reagent strips 
were used (Medi Test combi, ComboStik, and Mission), prioritizing the detection of nitrites 
and leukocyte esterase. Microscopic examination of the urine sediment assessed the presence 
of leukocytes (> 5 fields) and the number of organisms per field observed. A urine culture 
was used as the reference standard, with significant bacteriuria defined as bacterial growth 
≥105  CFU/mL on MacConkey and CLED agar. Additionally, the diagnostic performance of the 
techniques employed was evaluated by calculating sensitivity, specificity, predictive values, 
and the concordance index. The prevalence of urinary tract infection was 34.8%. Among the 
reagent strips evaluated, the Mission (sensitivity: 51.72%; specificity: 87.12%) and ComboStik 
(sensitivity: 47.13%; specificity: 91.41%) brands demonstrated the best performance for leukocyte 
esterase detection. Meanwhile, urinary sediment microscopy achieved a sensitivity of 100.00% 
and a specificity of 88.48% for leukocyte detection. In conclusion, urinary sediment microscopy 
was the best-performing test for diagnosing urinary tract infections. Among the reagent strips, 
Mission and ComboStik yielded the best results, particularly regarding the leukocyte esterase 
parameter.
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	 Urinary tract infections (UTIs) are among 
the most recurrent infectious diseases worldwide 
and represent a significant public health issue. 
It is estimated that over 150 million cases occur 
annually, generating a high demand for medical 
care and a substantial economic impact on 

healthcare systems.1 The costs associated with 
the diagnosis, treatment, and follow-up of these 
infections are estimated to total approximately 1.6 
billion US dollars.2 UTIs can affect individuals of 
any age group; however, their frequency varies 
according to population characteristics, being 
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more common among women, newborns, and the 
elderly—groups at the highest risk of developing 
the condition.3

	 The diagnosis of UTIs is based on 
integrating the patient’s clinical assessment with 
laboratory test findings.4 Among these, urine 
culture remains the gold-standard microbiological 
test for confirming infection, owing to its high 
accuracy in correctly identifying positive and 
negative cases. In addition to establishing the 
diagnosis, this method allows for the identification 
of the causative pathogen and the determination of 
its antimicrobial susceptibility profile, providing 
valuable information for selecting appropriate 
treatment and detecting bacterial resistance 
mechanisms.5

	 However, performing a urine culture 
is laborious, as it takes 48 to 72 hours to obtain 
results,5 delaying pharmacological treatment 
and allowing the infection to spread.6,7 This has 
generated interest in alternative methods that 
provide rapid and economical results. Therefore, 
urine dipstick tests and microscopy of urinary 
sediment are used as tools in the initial analysis of 
urinary tract infections.
	 The urine dipstick test is one of the 
most widely used tests in clinical laboratories 
due to its speed, ease of use, and non-invasive 
nature. This method primarily identifies the 
presence of leukocyte esterase and nitrites, 
markers associated with urinary tract infections. 
However, its diagnostic performance can be 
affected by various factors, including the type 
of microorganism causing the infection and the 
conditions under which the biological sample is 
obtained.7,8

	 Various reagent strips can differ in their 
diagnostic performance regarding the detection 
of parameters such as leukocytes, nitrites, and 
erythrocytes. Despite their widespread diagnostic 
use, they exhibit variability in their sensitivity 
and specificity.9,10 In this regard, Vuljanic et al.9 
determined the level of agreement and accuracy for 
nitrites, bilirubin, and total protein of 12 of the most 
commonly used urine reagent strips in Croatia. The 
sensitivity and specificity of the reagent strips for 
nitrites ranged from 68% to 98%. The differences 
between reagent strips from various manufacturers 
increase the possibility of errors, which can lead to 
inappropriate decisions.

	 Urinary sediment microscopy involves 
the microscopic examination of urine to identify 
leukocytes, bacteria, and other abnormal structures 
present in the sample. This procedure is a low-cost 
alternative that provides important information 
about the inflammatory response of the urinary 
tract.11 However, its usefulness can be limited by 
a lack of standardization in analytical procedures, 
as well as by factors related to the proper collection 
and preservation of samples, which can lead to 
artifacts and crystallization that interfere with the 
interpretation of the results.
	 Delayed diagnosis and treatment of UTIs 
may increase the risk of disease progression and 
the development of complications. In this setting, 
rapid diagnostic methods, including reagent strips 
and urinary sediment microscopy, provide practical 
and readily accessible alternatives that yield results 
more quickly than urine culture, thereby supporting 
earlier clinical assessment and timely decision-
making. These tools could facilitate the early 
identification of UTIs, optimize clinical decision-
making, and ensure timely initiation of treatment, 
thereby helping to improve patients’ prognosis 
and quality of life. Accordingly, the study aimed 
to compare microscopic examination of urinary 
sediment and test strips with urine culture for the 
diagnosis of urinary tract infections in outpatients 
in Jaén, Peru, in 2025.

Materials and Methods

	 This study was a comparative study with a 
quantitative approach, a non-experimental design, 
and a cross-sectional design. The population 
consisted of 714 outpatients treated at the Morro 
Solar Health Center in the department of Cajamarca, 
Peru (12°112 003 S 77°012 553 W). The sample 
size was determined using the formula for finite 
populations and consisted of 250 outpatients 
evaluated between March and May 2025. A non-
probabilistic consecutive sampling method was 
used, in which all outpatients who met the selection 
criteria during the study period were included 
sequentially.
	 The study included patients of both sexes, 
aged 18 years or older, who had not received 
antibiotic treatment during the five days prior to 
urine collection and who gave their consent to 
participate in the study. Urine samples collected 
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more than six hours before processing, obtained 
during the menstrual period, or that did not meet 
the appropriate preanalytical conditions were 
excluded.
Collection and transport of urine samples
	 Prior to sample collection, patients were 
informed of the pre-analytical conditions to be 
considered, based on the procedures manual for 
obtaining samples for bacteriological diagnosis 
from the Ministry of Health of Peru (MINSA).12 
The collected urine containers were transported 
for processing to the microbiology laboratory of 
the National University of Jaén - UNJ (under cold 
chain 4-50C).
Laboratory Processing of Urine Samples
	 In the laboratory, the urine samples 
underwent physical (recording of color and 
appearance), chemical, and microbiological 
evaluation. For the chemical evaluation, three 
brands of 11-parameter reagent strips were used 
between them Medi-Test-combi SGL (Macherey-
Nagel, Germany), ComboStik (DFI Co., Ltd., 
South Korea) and Mission (ACON Biotech, 
China). The strips were fully immersed in fresh, 
uncentrifuged urine, and the leukocyte (LEU) and 
nitrite (NIT) parameters were interpreted after 30 
seconds of exposure.
	 Next, the urinary sediment examination 
was performed, for which 10 ml of urine was 
centrifuged (BOECO Model SC-8, Germany) at 
2500 revolutions per minute (rpm) for 10 minutes. 
The supernatant was then discarded, and 500 
µl of sediment was observed microscopically 
400 x magnification (OPTIKA model B-150D-
BRPL, Italy). Parameters such as the presence of 
leukocytes (> 5 leukocytes per microscopic field) 
and germs (bacteria) were evaluated as indicators 
of presumptive urinary tract infection.
	 To confirm the presence of a urinary tract 
infection, urine samples were inoculated onto 
MacConkey agar (Merck Millipore, Germany) 
and CLED agar (Merck Millipore, Germany) 
and incubated at 37 °C for 24 hours (Memmert, 
model IN55, Germany). The cultures were read 
and interpreted by experienced microbiologists 
following standardized laboratory procedures. 
	 A urine culture was considered positive 
when it showed bacterial growth of ≥105 CFU/
mL. This value was selected as the microbiological 
criterion for significant bacteriuria in midstream 

urine samples, with the aim of standardizing 
the classification of cultures and comparing the 
diagnostic performance of the tests evaluated. 
It should be noted that samples showing growth 
of three or more different microorganisms were 
classified as contaminated and were excluded from 
the analysis. 
Diagnostic performance of urine tests
	 The predictive value of reagent strips 
and urinary sediment analysis was determined, 
considering urine culture as the gold standard or 
reference test. A data collection form, validated 
for relevance and clarity by four experts (two 
urologists, one microbiologist, and one medical 
technologist), was used to record the parameters.
Ethical Considerations
	 The study was approved by the UNJ 
Research Ethics Committee (Report 001-2025-CEI-
VPI-UNJ). All participants signed an informed 
consent form expressing their willingness to 
participate in the research.
Statistical Analysis
	 The data were analyzed using Jamovi 
software, version 2.3.28. Descriptive statistics 
were used to summarize the study variables using 
absolute frequencies, relative frequencies, and 
percentages. The diagnostic performance of the test 
strips and urinary sediment was evaluated using 
urine culture as the reference test, by calculating 
sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), positive 
and negative likelihood ratios (LR+ and LR”), the 
diagnostic odds ratio (DOR), the validity index, and 
the Youden index. The 95% confidence intervals 
(95% CI) were calculated for sensitivity, specificity, 
and predictive values. The agreement between each 
diagnostic test and urine culture was assessed using 
Cohen’s kappa coefficient, interpreted as poor 
(0.20–0.40), moderate (0.41–0.60), substantial 
(0.61–0.80), almost perfect (0.81–0.99), and 
perfect (1.00).

Results 

	 Figure 1 shows the prevalence of urinary 
tract infections among patients evaluated at the 
Morro Solar health center, which accounted for 
34.80% of the total.
	 Table 1 shows that 61.20% of the patients 
evaluated were women, with 26.40% of them 
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Table 1. Prevalence of urinary tract infection according to gender and age range

General characteristics				   Urinary tract infection	
		               Positive		              Negative	             Total	
		  n	 %	 n	 %	 n	 %	 p

Sex	 Male	 21	 8.40	 76	 30.40	 97	 38.80	 0.001
	 Female	 66	 26.40	 87	 34.80	 153	 61.20	
Age range	 18 – 29 years	 40	 16.00	 50	 20.00	 90	 36.00	 0.009
	 30 – 59 years	 29	 11.60	 87	 34.80	 116	 46.40	
	 60 years and over	 18	 7.20	 26	 10.40	 44	 17.60	

*Percentage calculation based on a total of 250. Chi-square test, p<0.05: significant

Fig. 1. Prevalence of urinary tract infections in outpatients

Table 2. Urine test strips and urine sediment for the diagnosis of urinary tract infections

Urinary 	               Meditest	                ComboStik	                 Mission		             Urine sediment 	        Urine sediment 
tract	                 combi SGL					                  Urine culture	            Urine culture
infection	 n	 %	 n	 %	 n	 %	 n	 %	 n	 %

Positive	 49	 19.60	 57	 22.80	 66	 26.40	 87	 34.80	 87	 34.80
Negative	 201	 80.40	 193	 77.20	 184	 73.60	 163	 65.20	 163	 65.20
Total	 250	 100.00	 250	 100.00	 250	 100.00	 250	 100.00	 250	 100.00

*Percentages calculated based on a total of 250

having a urinary tract infection. The majority of 
patients with urinary tract infections were between 
the ages of 18 and 29 (16.00%).
	 The Mission (26.40%) and ComboStik 
(22.80%) test strips most frequently detected 

samples positive for UTIs. Urinary sediment 
analysis detected 100% of UTI cases confirmed 
by urine culture (Table 2).
	 The sensitivity and specificity of the 
test strips and urinary sediment were evaluated 
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Table 4. Physical characteristics of urine in outpatients with urinary tract infections

Physical     				   Urinary tract infection	
characteristics 	                 Positive		                   Negative		                 Total		  p
of urine

Density	 Meditest combi SGL	 n	 %	 n	 %	 n	 %	
	 < 1.015 g/mL	 33	 13.20	 72	 28.80	 105	 42.00	 0.341
	 < 1.015 g/mL	 54	 21.60	 91	 36.40	 145	 58.00	
	 ComboStik							     
	 < 1.015 g/mL	 11	 4.40	 38	 15.20	 49	 19.60	 0.043*
	 < 1.015 g/mL	 76	 30.40	 125	 50.00	 201	 80.40	
	 Mission							     
	 < 1.015 g/mL	 23	 9.20	 50	 20.00	 73	 29.20	 0.483
	 < 1.015 g/mL	 64	 25.60	 113	 45.20	 177	 70.80	
Appearance	 Clear	 2	 0.80	 67	 26.80	 69	 27.60	 0.000*
	 Slightly cloudy	 2	 0.80	 72	 28.80	 74	 29.60	
	 Cloudy	 83	 33.20	 24	 9.60	 107	 42.80	

*Percentages calculated based on a total of 250. Chi-square test, p<0.05: significant.

using urine culture as the gold standard. The 
Mission and ComboStik test strips showed a 
mean sensitivity for leukocyte esterase of 51.52% 
and 47.13%, respectively, with high specificity 
(87.12–100.00%). In contrast, microscopic urine 
examination showed a sensitivity of 100.00% and 
a specificity of 88.48% for the leukocyte parameter. 
In addition, the Kappa coefficient demonstrated 
minimal and moderate agreement for nitrites 
(0.09–0.13) and leukocyte esterase (0.34–0.42), 
respectively. Urine sediment examination showed 
nearly perfect agreement with urine culture (Table 
3).
	 When evaluating the physical character-
istics of the urine, it was found that the urine 
appeared cloudy in 33.20% of patients with urinary 
tract infections. Regarding density assessed with 
test strips, it was greater than or equal to 1.015 g/
mL in most adults with UTIs (Table 4).  

 
Discussion

	 The prevalence of urinary tract infections 
among outpatients treated at the Morro Solar Health 
Center (Jaén) was 34.8% (Figure 1), with a higher 
incidence among women (26.4%), which is likely 
due to the fact that women tend to seek outpatient 
care more frequently for urinary tract infections.³ 
Regarding age distribution, it was observed that 

most patients with urinary tract infections were 
between 18 and 29 years old (Table 1). At this stage 
of life, the prevalence may be related to frequent 
sexual activity or multiple sexual partners, the use 
of spermicides as a contraceptive method, and 
other risk factors. It is also important to mention 
the inappropriate use of antibiotics, which disrupts 
the balance of the vaginal microbiota and leads to 
increased drug resistance in microorganisms.¹³
	 This study evaluated the diagnostic 
accuracy of the nitrite and leukocyte esterase 
parameters of urine test strips and urine sediment 
microscopy, using urine culture as the gold standard 
for diagnosing UTIs. The results showed that 
the Mission (26.40%) and ComboStik (22.80%) 
test strips detected UTI-positive samples more 
frequently. In contrast, urinary sediment detected 
100% of urinary tract infection cases (Table 2).
	 The results obtained highlight the 
limitations of UTI assessment based on test 
strips, due to the low sensitivity of the nitrite 
test (6.90%–10.34%) despite its high specificity 
(98.77%–100.00%). The Kappa coefficient showed 
minimal agreement for nitrite testing (0.09–0.13) 
(Table 3). In contrast, Gurung et al.10, using the 
Combi-10SL test strip, reported sensitivity and 
specificity of 43.75% and 77.51%, respectively. 
These results differ from those obtained in the 
present study, as they used the nitrite marker to 



2742 López-Gallego et al., Biomed. & Pharmacol. J,  Vol. 19(3), 2736-2745 (2026)

evaluate the test strip’s effectiveness in detecting 
urinary tract infections caused by ESBL-producing 
Escherichia coli. 
	 It should be noted that the presence 
of nitrites in urine is an indicator based on the 
breakdown of nitrate compounds into nitrites, 
primarily by bacteria of the Enterobacteriaceae 
family.14,15 Therefore, a negative result may occur 
in infections caused by bacteria lacking nitrite 
reductase. In addition, a false-negative result 
may occur when urine remains in the bladder for 
less than four hours (frequent urination) or due 
to excessive water intake prior to urine sample 
collection.16,17

	 The leukocyte esterase marker is based 
on the release of this enzyme by leukocytes and 
serves as an indirect sign of inflammation.18,19 In 
the present study, leukocyte esterase showed a 
sensitivity ranging from 37.93% to 51.72% and a 
specificity ranging from 87.12% to 92.02%, with a 
Kappa coefficient indicating moderate agreement 
(Table 3). The results obtained are consistent with 
those reported by Hans et al.1, who evaluated 
202 patients over the age of 18 with clinical 
symptoms of urinary tract infection, demonstrating 
a sensitivity of 47.22% and a specificity of 81.53% 
for leukocyte esterase using the Medicate UC-9A 
test strip.
	 Overall, the results showed that leukocyte 
esterase had higher sensitivity than the nitrite 
test for all three brands of test strips evaluated, 
a finding consistent with previous studies on 
diagnostic accuracy conducted in Peru,15  India,¹ 
and Ethiopia.4 Therefore, nitrite testing (NPV: 
81.82%–100.00%; NPV: 66.80%–67.36%) and 
leukocyte esterase testing (PPV: 68.18%–74.55%; 
NPV: 77.53%–77.17%) (Table 3) could serve as 
valuable diagnostic tools, particularly in areas 
with limited health infrastructure and a lack of 
specialized equipment and trained personnel. An 
evaluation of the combined diagnostic performance 
of both parameters revealed increased sensitivity 
but low precision in pediatric populations.15

	 Urinary sediment microscopy examines a 
person’s immune response, which more accurately 
reflects the pathophysiological status of the 
urinary tract; the most important parameters are 
the counts of leukocytes, bacteria, and red 
blood cells per microscopic field.20,21 When 
evaluating performance, urine microscopy showed 

a sensitivity of 98.85% and 100.00% for bacteria 
and leukocytes, respectively (Table 3). Similarly, 
the predictive values for bacteria (PPV: 71.67%; 
NPV: 99.23%) and leukocytes (PPV: 83.65%; NPV: 
100.00%) (Table 3) indicate that urine sediment 
examination has a good ability to detect urinary 
tract infections. Furthermore, urinary sediment 
examination showed near-perfect agreement with 
urine culture (Table 3).
	 These findings are consistent with those 
reported by Semprúm et al.²² and Aguirre et al.²³, 
who consider microscopic evaluation of urinary 
sediment to be a useful tool for the initial diagnosis 
of urinary tract infections, especially when 
combined with the patient’s clinical information. 
However, its performance depends on the quality of 
the urine sample, the standardization of processing, 
and the observer’s experience—factors that can 
influence the results.
	 Upon evaluating the physical characteri-
stics of the urine, it was observed that it was turbid 
in 33.20% of patients with urinary tract infections, 
and that the specific gravity was greater than or 
equal to 1.015 g/mL in most of the recorded cases 
(Table 4). In this regard, a study conducted at 
a Mexican hospital analyzed the most common 
parameters of urinalysis in urinary tract infections 
among 254 hospitalized and outpatient patients, 
demonstrating a correlation between the appearance 
of the urine and its specific gravity; that is, the 
greater the turbidity, the higher the specific gravity 
of the urine. Furthermore, it was demonstrated that 
a cloudy appearance and increased specific gravity 
are significant indicators in routine urinalysis for 
the diagnosis of urinary tract infections,²³ which is 
consistent with the findings of this study.
	 Urine test strips and microscopic 
examination of urinary sediment are rapid, low-
cost diagnostic alternatives that can provide early 
guidance in cases of clinical suspicion and help 
inform the initial treatment decision.24 However, 
despite its good performance, urine culture remains 
the gold standard for diagnosing urinary tract 
infections.5,25 It remains essential in patients with 
complicated or recurrent cases, pregnant women, 
young children, immunocompromised patients, 
individuals with urinary catheters, or when it is 
necessary to identify the causative microorganism 
and determine its antibiotic susceptibility profile.25 
	 However, the results must be interpreted 
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in light of various methodological limitations. First, 
the test strips were evaluated via visual inspection; 
thus, interpretation depended on the observer’s 
experience and judgment. Variations could have 
arisen due to lighting conditions and individual 
perception of color changes. Furthermore, a 
positive urine culture was defined using a single 
threshold of ≥105 CFU/mL. Although this criterion 
is commonly applied to midstream urine samples, 
current clinical guidelines acknowledge that 
lower bacterial counts may also indicate infection. 
Consequently, the use of this cutoff point may 
have led to an underestimation of some UTI cases. 
Therefore, test strip results should be interpreted 
with caution and, whenever possible, confirmed 
through microbiological testing.

Conclusion

	 In  conclusion,  ur inary sediment 
microscopy demonstrated the highest diagnostic 
performance for detecting urinary tract infections, 
with high sensitivity (98.85%–100.00%) and 
agreement with urine culture. Among the test 
strip parameters, leukocyte esterase showed better 
diagnostic performance than nitrite across the three 
brands evaluated, although its sensitivity remained 
considerably lower than that of urinary sediment 
microscopy.
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