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Urinary tract infection is an infection of the urinary system. Early diagnosis is helpful in timely
treatment. Urinary NGAL is a new method that is used for early diagnosis of UTI. Objective: To
evaluate the efficacy of urine neutrophil gelatinase-associated lipocalin (UNGAL) as a
biochemical marker for early UTI diagnosis. Methods: A analytical study was conducted from
Oct 2022 to Oct 2023, A total of 90 subjects having signs and symptoms of UTl irrespective of
age and gender. The study participants were divided into three groups. Patients with UTI were
included in diseased group (n=60) and healthy individuals were enrolled as controls in Group-I
(n=30). SPSS v-26 was used for data analysis. Descriptive and Inferential statistics were applied.
Results: The mean age of the participants was 30.5+6.9 years, 23(26 %) were male, and 67(74 %)
female. These participants were divided into three groups; Group-I (control) had 30(33.3%)
participants, group-Il (patients with signs and symptoms but negative culture) had 34(37.8%),
and group-lll (patients with signs and symptoms and positive cultures) had 26(28.9%)
participants. No growth was seen in participants of Group-l, Il, and Group-lll had positive
cultures including E. coli(16.7%), S. aureus (10%), Candida Sp. (1.1%) and Klebsiella Pneumonea
(1.1%) with significant findings (p<0.001). A significant difference among groups was noticed
with uNGAL levels (p<0.001); Group-IIl had raised uNGAL levels of 361+ 65.5ng/ml. Conclusion:
Urinary NGAL is a promising biomarker that can detect UTIs even in the absence of clinical
symptoms, enabling early diagnosisand treatment of UTls.

INTRODUCTION

Urinary tract infections (UTIs) are common infections that
happenwhen bacteria, oftenfrom the skin orrectum, enter
the urethra, and infect the urinary tract. Usual signs and
symptoms of lower UTI include pain or burning while
urinating, frequent urination, feeling the need to urinate
despite havinganempty bladder, bloodinurine, pressure or
cramping in the groin or lower abdomen and/or fever
(>38°c)[1]. On the basis of which parts are infected, UTl is
either labeled as lower tract infection which includes
urethraand bladder orupper tractinfection which includes
ureters and kidneys. UTI in adults is lower tract infection,
caused by bacterial infection and typically treated using
antibiotics [2]. The UTI can be divided into various types

depending on type of causative agent and in terms of
setting. UTlcanbe classified based on the causative agent,
where it can result from either bacterial agents or fungi,
with bacterial infection being the predominant type. In
terms of settings from where the infection was acquired,
UTlcan be either hospital-acquired or community acquired
in nature. Most of the UTI are uncomplicated but, in some
cases, due to various reasons it can proceed to
complicated infection [3]. In general, there are more than
150 million people annually getting bacterial UTls acquired
from community worldwide. Itisalsoreportedthat UTIsare
twice as common among women as compared to men,
belonging to age group 18-39 years when sexual activity is
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common[4,5]. In Pakistan the prevalence of UTIs in adults
isreportedtobe 11.6% where prevalence inmales was 8.9%
as compared to 13.8% prevalence in the females. It was
further reported that 20.7% of the positive cultures had
growth of gram-positive bacteria while 79.3% had gram
negative bacterial growth [6]. Urinary neutrophil
gelatinase-associated lipocalin (UNGAL) based technique
isanew method that can be used for early diagnosis of UTI.
It is a protein identified from human neutrophil granules
which is released as a part of innate immunity response to
the infection in cells [7]. An extensive assessment of the
literature revealed that, despite uNGAL's high level of
reliability and diagnostic accuracy, no research has been
conducted in Pakistan to examine its potential for the early
detection of adult urinary tract infections. Furthermore,
urine cultures frequently yield false-positive findings due
to contamination. If a physician views a negative urine
analysis (UA) result as adequate proof that a patient does
not have aUTI, a urine culture exam may not be performed,
increasing thelikelihood thata UTImay gounnoticed. Inthe
event that the patients took an antibiotic prior to the UA, a
false negative result can also be shown [8,9]. Therefore,
there is a need to explore the utility of this diagnostic
technique to diagnose UTlin adult population of males and
femalesin Pakistan.

The study aimed to ascertain whether urinary neutrophil
gelatinase-associated lipocalin (UNGAL) is a valuable
biochemical marker for early UTI diagnosis and to establish
the ideal cut-off point for uUNGAL based on sensitivity and
specificitytodiagnose UTIsinthe adult population.

METHODS

A descriptive-analytical study was conducted in the
Department of Chemical Pathology in collaboration with
the Medicine/Surgery Clinic at Pakistan Railway Hospital,
Islamic International Medical College, Rawalpindi,
Pakistan. The study was conducted after taking proper
consent from patientsand approval from the ethical review
board committee (IRB-Riphah/IIMC/IRC/22/2064. Dated;
October 04, 2022) from Oct 2022 to Oct 2023 through a
non-probability consecutive sampling technique. The
sample size was calculated by using the WHO sample size
calculator using Cochran' formula by considering 11.6%
prevalence was 160 [6]. However, a total of 90 subjects
were included in this research due to financial constraints
and limiting factors. The diseased group (n=60) consisted
of male and female adult patients (>18 years old) who had
symptoms of fever(>38°C), pain or burning during urination,
frequent urination, feeling the need to urinate even though
their bladder was empty[6]. Thirty healthy individuals were
included as controls, regardless of gender orage(>18years)
were included in the inclusion criteria. The Patients
diagnosed with diabetes, renal dysfunction, recurrent UTI,
pregnant females, patients taking antibiotics, and
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diagnosed with some otherrelated infection were added to
the Exclusion Criteria. Healthy individuals were enrolled as
control. Patients presented with signs and symptoms of
UTIl were enrolled in the diseased group (n=60).
Demographic data and clinical parameters including age,
gender, weight, height, clinical signs and symptoms,
duration of symptoms, presence of blood in urine, history
of clinical comorbidities, and medication history were
recorded on the pre-designed data collection proforma.
5ml blood was drawn from each patient for laboratory
investigations. The sample was transferred to a plain bottle
for serum collection and it was centrifuged at 3000 rpm for
5 minutes at-20 degrees centigrade. From collected blood
samples, serum creatinine, serum urea, and
Creactive protein (CRP) laboratory testing was done. The
patients were asked to provide 20 ml of clean-catch
midstream sample of urine ensuring aseptic measures for
urinalysis (urine R/E), which included: physical
examination, microscopy, and urine dipstick test. Urine
culturing was done by spreading urine samples on
MaConkey, blood, or chocolate agar plate and incubating at
35-37°C for 18-24 hours followed by identification tests
including gram staining, biochemical testing, and
microscopic examination. For uNGAL, the urine sample
was centrifuged for 20 minutes at the speed of 2000-3000
r.p.m then samples were proceeded for identification by
using NGAL ELISA Kit. Patients of diseased group (n=60)
were further categorized into two groups based on culture
report. uNGAL levels were compared among the three
groups. Data were kept confidential and anonymity of the
study participants was maintained. SPSS version 26.0 was
used for data entry and analysis. Descriptive statistics
(frequencies % and mean + SD) were computed. Pearson's
Chi-square test and one-way ANOVA were applied to
compare the variables among three study groups. p-value
<0.05 was considered significant by taking a 95%
confidenceinterval.

RESULTS

Mean age of 90 participants was 30.5 + 6.9 years, 23(26%)
were male, and 67 (74%) were female participants. Based
on urine culture report, study participants of diseased
group were categorized. 26 (29%) patients in diseased
group had a positive urine culture. Sample of apatienthad a
positive urine culture(Figure1).
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Figure 1: Urine Culture Sample of a Patient on Mcconkey Agar
Plate

The study participants were divided into three groups. In
Group | Healthy adults without signs and symptoms of UTI
and with normal urine routine examination (Controls)
(n=30). In Group Il Patients with signs and symptoms of UTI
with negative urine culture (n=34). In Group lll Patients with
signs and symptoms of UTI with positive urine culture
(n=26) (Figure 2).

Study Population (N=90)

M Control group (Group-l)

M Diseased group

I Culture Positive (Group-lil)
M Culture Negative (Group-Il)

Figure 2: Distribution of Study Population based on Signs and
Symptomsof UTland Urine Culture
No growth was seen in participants of Group |, Il and lll had
positive cultures including E. coli(16.7%), S. aureus (10%),
Candida Species(1.1%), and Klebsiella Pneumonia(1.1%)with
significant findings(p<0.001)(Figure 3).

Isolated Microorganisms
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No growth, 34
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B No growth S.Aureus ME.Coli M Candida Sp. MKlebsiella Pneumonea

Figure 3: Comparison of Study Groups with Isolated
Microorganisms
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Urinary NGAL levels were categorized as normal and high
<300 ng/ml and =300 ng/ml respectively. 92.3% (n=24)
patients of Group-lll had higher level of uNGAL (361 *
65.5ng/ml) as compared to other groups. A statistically
significant findings were observed with uNGAL among the
study groups(p<0.001)(Figure 4).

uNGAL levels among study groups
400

350

300
250 m
200 - «=e=uNGAL
150 170
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50

L]
Group-l Group-ll Group-lll

Figure 4: Comparison of Study Groups with Mean uNGAL Values

The majority of the study participants(81%, n=73) belonged
tolower socio-economic status, and the majority(42%)had
under-matric education. The mean urine creatinine was 81
+ 14.5 mg/dl, the mean serum urea was 32.5 + 6.8 mg/dl,
mean CRP value was 10.2 + 3.9, and mean value of serum
creatininewasfoundtobe 0.9+ 0.5mg/dl. The mean uNGAL
valueamongstudy subjectswas 272.3 +93 ng/ml(Table 1).

Table 1: Demographics and Clinical Parameters Among Study
Groups

Group
Study Variables Groupl Groupll Grouplll
(n=30) (n=34) (n=26)
Male 3(10.0%) [12(35.3%)| 8(30.8%)
Gender 0.053
Female 27(90.0%)[22 (64.7%)(18(69.2%)
Socio- Middle Class 13(43.3%)| 1(2.9%) | 3(11.5%)
Economic <0.001
Status Lower Class 17(30%) | 33(34%) | 23(26%)
Under Matric 3(10%) | 16(47%) | 19(73%)
Matric / SSC 8(26.7%) | 4(11.8%) | 4(15.4%)
Edgcational | Hssc / Intermediate | 17(56.7%) |13 (38.2%)| 3(11.5%) | 0.003
Graduation 1(3.3%) | 1(2.9%) -
Masters 1(3.3%) - -
Pain and / or Burning _ 34(100%) | 26 (100%) | <0.001
While Urinating ° ol <U.
FrequentUrination - 17(50%) |26(100%) [<0.001
Feeling the Need _ o o,
Signand to Urinate 33(97.1%) | 26(100% |<0.001
Symptoms Pressure or
Cramping in the - 31(91.2%) | 26 (100%) | <0.001
Groin Abdomen
Fever (>38 degree C) - 34(100%) [ 26 (100%) | <0.001
Blood in Urine - 16(47.1%) | 13(50%) [<0.001
_ 12(35.3%){ 16 (61.5%)
Leukocyte Esterase (5+, 7+4) | (6+,104++)
Nitrite - - 1(3.8%)
Urine 0.001
R/E <5 30(100%)|18(52.9%)| 6(23%) |<Y-
Pus 5 o
Cells >5 - 11(32.35%)( 12 (46.1%)
Numerous - 5(14.7%) | 8(30.8%)
No growth - 34(100%) -
Isolated S. aureus - - 9(34.6%)
Micro - E. coli - - 15(57.7%) | <0.001
Organisms | dida Species B - 1(3.8%)
Klebsiella Pneumonea - - 1(3.8%)
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uNGAL Normal (<300)  |30(100%)| 17(50%) | 2(7.7%)

<0.001

Levels High (<=300) - 17(50%) |24(92.3%)

Pearson's chi-square test and one-way ANOVA were
applied to measure significance. A significant difference
among groups was noticed with gender (p=0.053), socio-
economic status(<0.001), educational status(0.003), signs
and symptoms of UTI (<0.001), urine R/E (<0.001), serum
creatinine(0.031)and uNGAL levels(<0.001)(Table 2).

Table 2: Comparison of Study Groups with Age and Laboratory
Findings by One-Way ANOVA

Test of Homogeneity
of Variances G
Mean +S.D

Levene's
Statistic

Study Variables

Sig. F

Group-l | 31.03+8.42
Age Group-Il | 29.76 +6.48 2.547 .084 |.289 | .750
Group-lll | 30.73 +5.65

Group-l | 64.33+7.01

Urine
Creatinine | Group-Il | 99.24 +127.45 2.324 1041 | .621 | .204
(ma/dl) o oupi| 76.45 13,08
Group-| 30.6+5.10
Serum Urea

(ma/dl) Group-Il | 27.67+7.63 3.681 .0293 | .022 | .054
Group-lll'| 41.19 + 39.26

Group-I 0.72+0.13

Serum
Creatinine | Group-Il [ 0.89+0.29 4.477 <0.001 [9.782|<0.001
(mg/dl)
Group-lll'| 1.26+0.79
Group-I 2.43+0.60
CRP
(mg/dl) Group-II 6.12+7.22 10.034 0142 | .023 | 138

Group-ll | 24.45 +80.72

Group-l | 170.46 +10.63
‘('y;'c‘}")- Group-II | 294.17+61.78 15.9 <0.001 (97.990(<0.001

Group-lIl | 361.26 + 65.55

DISCUSSION

The purpose of this study was to demonstrate the
usefulness of urinary neutrophil gelatinase-associated
lipocalin (UNGAL) as a biochemical lab test for an early and
accurate diagnosis of UTI in adult population in order to
rationalize the empirical use of antibiotics and to define its
optimal cutoff point based on sensitivity and specificity for
diagnosing UTI in adults. Study population (n=30) was
divided into three groups based on signs and symptoms
andurine culturereports. In our study, the frequency of UTI
was higher in lower socioeconomic status (81.1%) and in
lower educational status(73%) groups, which is supported
by another study [10]. Likewise, Casey et al., in 2021
suggested that financial situation cannot be considered as
a prime factor but considered a phenomenal factor in
enhancing the rate of UTI[11]. Other studies reported that
educational level and socioeconomic status are the
significant contributing factors of UTI[12, 13]. Inour study,
out of diseased patients, 66.7% reported fever and pain/
burning during urination. According to Jagadesan et al.,
fever was the most common symptom in UTI patients[14].
Inour study on complete urine examination, 76.9% patients

DOI: https://doi.org/10.54393/pjhs.v5i06.1711

of group-lll and 47% of group-Il patients had >5 pus
cells/HPF or numerous pus cells/HPF, while control group
had <5 pus cells/HPF or no pus cell. Similar to our findings
Alateeq et al., reported that majority patients of non UTI
group either did not reveal any pus cells or had less than 5
WBCs/HPF, While, UTI group, had >5 or numerous pus
cells/HPF on urine routine examination [15]. Our study
reported the positive culture in 26(28.9%) patients, with
the most prevalent strains of Escherichia coli 15(57.7%)
among other bacterial agents causing UTI, followed by S.
Aureus 9(34.6%) while Candida Species and Klebsiella
Pneumonea were isolated in only 1(3.8%) patients. Similar
to our findings Mashaly et al., also reported that E. coli was
the highest prevalent (62%) among all positive cultures,
while Klebsiella Sp. represented the 2nd most common
organism (12%) [16]. According to Krzemien et al., E. coli
was in 52 (96.3%), Klebsiella Sp. in one patient [17]. In line
with their findings Jagadesan et al., stated 34% culture-
positive UTI patients in their study with the predominant
organism was E. coli (82%), followed by Enterococcus Sp.
(9%) and Klebsiella Sp. (6%)[14]. Our research indicates
that a higher level of uNGAL (=300 ng/dl) was present in
92.3%(n=26)of group-Ill patients(patients with UTI), with a
mean value of 361.26 + 65.5 ng/dl. According to a study,
uNGAL levels were higherin the UTI group than in the non-
UTI group in multivariate analysis (p<0.05) [18]. A recent
meta-analysis showed that urinary NGAL had a high
diagnostic valueindetection of UTI[19]. Ina meta-analysis,
researchers found that NGAL was more accurate for the
diagnosis of UTI[20]. Inarecent study, urinary NGAL levels
were found to be significantly higher in patients with
bacterial UTIs compared to those with non-bacterial UTIs
or controls. These findings suggest that urinary NGAL can
be used to differentiate between bacterial and non-
bacterial UTIs, which is important in quiding appropriate
treatment. It also suggests that raised uNGAL levels in
other negative culture groups were due to the non-
bacterial UTI [21]. Furthermore, according to a study,
reduced levels of urinary NGAL were because of the
recurrence of UTland could serve as a biomarker[22]. Few
studies have claimed that uNGAL is not helpful in the
diagnosis of UTI, which contradicts our findings. When an
author compared the NGAL level of UTI patients to that of
healthy controls, he did not detect a significant difference.
This could be because of the lack of inflammation or the
existence of renal injury in UTI patients. Larger studies,
according to the researcher, might validate the use of
uNGAL as a biomarker in the context of infection and
determine the best cut-off values[23]. According to many
researchers, it was observed that uNGAL levels
significantly decrease in patients having antibiotic
treatment [17]. Urinary NGAL level patterns in recurrent
UTlsseemto differfromthoseinfirst UTlepisodes. Forster
et al., for instance, demonstrated that NGAL levels may be
lower in patients with recurrent UTI compared with those
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without. Patients in the control group had lower median
NGAL concentrations than recurrent UTI group, while
patients with single UTI had higher NGAL value [24]. Of
course, little is known about it so, further studies are
needed to reach a definite assumption. The risk of bias
regarding patient selection and flow and timing was high
and unclear in few studies. This may be due to the
difference in study designs [19]. Despite the promising
results of studies investigating the diagnostic and
prognostic applications of uNGAL in UTls, the cost and
availability of uUNGAL assays may limit their widespread use
in clinical practice [25]. Another factor is the lack of a
standardized uNGAL assay. There are currently several
UNGAL assays available. This can lead to variability in the
diagnostic accuracy of uNGAL [26]. Literature suggests
that uNGAL can be used for early diagnosis and can predict
the severity of UTls and guide appropriate treatment.
Despite the promising results of many studies further
research is required to validate its diagnostic accuracy in
early diagnosis of UTls. Future longitudinal studies should
investigate the use of uNGAL in different patient
populationsandindifferent clinical settings.

CONCLUSIONS

Itis concluded that Urinary NGAL is a promising biomarker
that can detect UTls even in the absence of clinical
symptoms, enabling early diagnosis and treatment of UTls.
An early and reliable diagnosis of UTI with uNGAL can help
in avoiding the unnecessary use of antibiotics in patients
diagnosed with UTI. However, further research is
necessary to validate its diagnostic accuracy and to
determineitsoptimaluseindifferent patient populations.
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