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Introduction
Urinary tract infections (UTIs) are one of the most widely studied 

infectious illnesses encountered by pediatric healthcare providers [1]. 
Pediatric patients with UTIs can present with non-specific symptoms 
such as fever, vomiting, and decreased oral intake. This leads to a 
delay in both the diagnosis of UTI and initiation of treatment, thus 
increasing the risk of complications [2]. The untimely diagnosis as well 
as treatment of UTI is essential. Delayed or ignored UTI diagnosis may 
cause malfunction in offering possible long-term consequences and 
suitable treatment, comprising of hypertension, renal scarring, as well 
as chronic renal failure [3]. The supplementary rigorous UTI forms can 
consequently result in acute complications such as dehydration and 
acute kidney injury (AKI).

In current clinical practice, UTI can be detected by using a variety 
of tests. These include screening tests, such as dipstick urinalysis from 
midstream urine that measures leukocyte esterase, nitrite, blood, 
and proteins. Diagnostic tests include positive microscopy and urine 
culture, if it demonstrates more than 100,000 colonies from a single 
organism and 10 white blood cells per high power field (WBCs/HPF) 
[2].

The culture of urine is considered to be a gold standard to diagnose 
UTI. However, positive results of culture needs two to three day for 
accomplishing identification of bacteria. Recently, the nitrite levels, 
leukocyte esterase, pH of urine are employed to screen for the condition 
of UTI, however, sensitivities for such test are about 70-80% [2]. For 
the purpose of early UTI diagnosis, researchers are now exploring 
other biomarkers. Currently, various biomarkers are demonstrated for 
early AKI diagnosis comprising of kidney injury molecule-1 (KIM-
1), neutrophil gelatinase-associated lipocalin (NGAL), interleukin-18 
(IL-18), and cystatin C, [4]. NGAL is one of an original protein 
identified in the granules of human neutrophils. It is also considered 

to be a constituent of the innate immune system. NGAL has a 
major role in several cellular responses, comprising of proliferation, 
bacteriostasis, differentiation, and apoptosis [5,6]. NGAL is a lipocalin, 
a small 25-kDa extracellular protein. It is bounded covalently to the 
matrix metalloproteinase 9 that is specifically expressed by different 
neutrophils and displays antibacterial characteristic. Hence, this 
lipocalin is thought to be an innate immune system constituent [7]. 
NGAL is articulated at reduced levels in various tissues for instance, 
liver, kidney, and epithelium. It actively participates in the proliferation, 
development, and differentiation of quite a few human tissues. NGAL 
expression is induced in the epithelial cells by inflammation or by other 
injuries such as infection, intoxication, ischemia, AKI, and neoplastic 
transformation [7].

Current evidences have demonstrated that urinary and serum 
NGAL levels indicate a specific, sensitive, and novel biomarker for the 
untimely AKI detection as NGAL is stimulated quickly and released 
from the renal tubular cells with regards to insults on the kidney [8]. 
The measurements of NGAL are employed as early AKI biomarkers 
in a heterogeneous pediatric ICU setting and are capable to predict 
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AKI with high sensitivity 1-2 days before the serum creatinine levels 
increases [9,10]. Current studies have shown the worth of NGAL in 
identifying patients with AKI [11], i.e. it differentiates between acute 
pyelonephritis and lower UTI [12], and diagnoses UTI in adults in ICU 
settings [13].

Therefore, NGAL can be considered as a good marker for renal 
function and inflammation, providing more specificity for the 
diagnosis of AKI. Researches on urinary NGAL are limited in Saudi 
Arabia. It is believed that measuring urinary NGAL can be an effective 
screening tool to diagnose various renal diseases. In this study, we need 
to authorize the efficiency of computing urinary NGAL as a tool to 
diagnose UTI, with the hopes that medical therapy can be commenced 
early and potential complications can be avoided.

Methods and Data Collection
A cross-sectional study design was used to assess specificity and 

sensitivity of urinary NGAL in the early UTI diagnosis. The researcher 
recruited 73 patients (33 male and 40 female patients). The inclusion 
criteria included febrile children with an average temperature of >38°C 
in the emergency or pediatric ward (0-14 years), who were clinically 
assessed by a physician and suspected to have UTI. The duration of the 
study was three months i.e. from June-August 2014.

The data was collected on data sheets including demographics 
(gender, date of birth, and race), chronic illness, previous documented 
UTI, presenting symptoms, vital signs, weight, blood glucose, a history 
of prophylactic Abs, type of antibiotics used, dipstick results, laboratory 
workup blood tests (including C-reactive protein (CRP), hemoglobin 
(HGB), white blood cells (WBCs), platelets, creatinine, blood culture, 
sensitivity (C&S), and urine tests(including WBCs, red blood cells 
(RBCs), leukocytes, and urine C&S). A UTI was diagnosed when the 
patients were presented with pyuria (≥5 WBCs/HPF) and positive 
urine culture(pure growth of 105 organism/ml). 

Urine samples for culture and NGAL analysis were obtained by 
catheter in infants and by midstream urine in older age groups. The 
correlation between NGAL and CRP levels were also examined.

Ethical declaration

The ethical approval for this study was granted by the ethics 
committee of King Abdulaziz University Hospital regarding studies 
in human subjects. Moreover, the study was approved by the ethics 
committee and the hospital administration. Informed and a written 
consent was acquired from the patients’ parents before participating in 
the study.

Statistical analysis

Shapiro-Wilk’s test was used to determine the distribution of 
continuous parameters (such as abnormal vs. normal). Based on the 
distribution of data, non-parametric tests were utilized to evaluate 
non-stop parameters among groups. Non-parametric Mann-Whitney 
U test was employed to examine the urinary NGAL levels and mean 
serum CRP with positive culture of urine in comparison to the negative 
cultures. A Spearman correlation was undertaken to examine if any 
relationship exists between urinary protein, urine NGAL, and estimated 
creatinine clearance. Analysis through ROC (Receiver operating curve) 
was used to examine the specificity and sensitivity of different cutoff 
points for uNGAL was used to predict UTI. The most suitable cutoff 
value that maximizes both sensitivity and specificity has been selected 
for both uNGAL and serum CRP. Hanley method is used to compare 
ROC analysis for uNGAL and serum CRP (14). The level of statistical 

significance was examined at p<0.05.

Results
Out of 73 patients, 31 patients were suffering from UTIs, whereas 42 

did not have UTIs. There were around 33 male and 40 female patients. 
The mean age of the patients with UTIs was 25 months, and the mean 
age of patients without UTIs was 27.3 months. The median urinary 
NGAL level in patients with UTIs was 56 ng/ml, with an interquartile 
range of (29.1-82.9) ng/ml, whereas the median in patients without 
UTIs was 24 ng/ml, with an interquartile range of (7.1-40.9) ng/ml. The 
median serum CRP level in patients with UTIs was 10 mg/l, with an 
interquartile range of (4.7-15.3) mg/l, whereas the median inpatients 
without UTIs was7.2 mg/l, with an interquartile range of (3.3-11.2) 
mg/l. 

Comparison of urinary NGAL levels in patients with and 
without UTIs

As the data were not normally distributed, the Mann-Whitney U 
test was used to compare the mean urinary NGAL levels. The mean 
rank of urinary NGAL was 43.7 ng/ml in patients with UTIs compared 
with 31.7 ng/ml in patients with negative culture results (Figure 1). 
Hence, with a p-value of 0.17, the mean difference was non-significant. 

For serum CRP levels, the mean rank was 38.5 mg/l in patients 
with UTIs in comparison to 35.8 mg/l in patients with negative culture 
results; therefore, the difference was not significant with p-value 0.3.

Spearman correlation test

According to Spearman correlation test, a significant correlation 
exists between NGAL and CRP levels (Table 1). This test is a statistical 
measure to determine the strength of a   monotonic association between 
the selected variables.  The more closer a value is to 1, the stronger will 
be the relationship.  The significant spearman correlation co-efficient 
value of   0.503 confirms, what is apparent in the Scatter plot in appendix 
that there appears to be a positive correlation between NGAL and CRP 
levels. Thus, large values of NGAL are associated with large CRP levels 
(rs=0.503 n =73, p < .001) (Figure 2).  

Roc curve analysis

According to ROC curve analysis for NGAL levels, the area under 
the curve was 0.664. The optimal cut-off value was 35.83 ng/ml. The 
sensitivity was 0.594, and the specificity was 0.683. For serum CRP, the 
area under curve was 0.536. The optimal cut-off value was calculated 
to be 6.9 mg/l. The sensitivity is 0.53 and specificity is 0.47 (Figure 3). 
By using Hanley method, difference of the area under curve is 0.128. 
Moreover, this difference is not significant with p-value of 0.17.

Discussion
To best of our knowledge, this is the first study in Saudi Arabia 

to examine the ability of urinary NGAL levels to act as a diagnostic 
biomarker for pediatric UTI. In this cross-sectional study, the urinary 
NGAL level was a poor marker for the early diagnosis of UTIs. These 
results contradict the findings of other studies conducted in both rats 
and humans, where urinary and serum NGAL levels served as a good 
marker for the early diagnosis of UTIs.

In mouse models, urinary NGAL microRNA and protein levels 
increased immediately after injecting bacteria into the kidney. The 
increase in urinary NGAL levels persists until 6 weeks post-injection 
[14]. In contrast to the results of our study, Sim et al. showed that 
urinary NGAL is an excellent marker for UTI diagnosis in a study 
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these studies, it can be concluded that the measurement of urinary 
NGAL levels represents a rapid screening test for UTI diagnosis, helping 
to predict upper UTI versus lower UTI. This assist in determining 
appropriate duration of antibiotic treatment (pyelonephritis requires 
a longer course of antibiotics than isolated cystitis). However, a wide 
variety of optimal cut-off values for UTI diagnosis have been found 
among different clinical studies.

In this study, the author found a clear correlation between urinary 
NGAL and CRP levels. This finding is consistent with the results of 
other studies, indicating that NGAL can act as an acute phase reactant 
during an inflammatory process. This finding may not be surprising 
given that NGAL is released from neutrophils. Urinary NGAL 
can also serve as a good biomarker for monitoring the response to 
therapy. Recurrent febrile UTIs are related to the presence of vesico-
ureteral reflux and the development of renal scars [18]. To assess the 
effectiveness of urinary biomarkers in renal scar screening, Kitalo et al. 
measured the following biomarkers in the urine of 49 febrile infants: 
“NGAL, beta-2 microglobulin” (BMG), “liver-type fatty acid binding 
protein” (L-FABP), “N-acetyl-β-D-glucosaminidase” (NAG), as well 
as angiotensinogen (AGT). Only urinary angiotensinogen levels were 
positively correlated with the development of renal scars in febrile 
UTI [19]. However, another study demonstrated that urinary NGAL 
correlated with the development of renal scarring in 34 children with 
vesicoureteral reflux. Interestingly, limited association was found 
between the levels of urinary NGAL and reflux grade [20].

NGAL can also help to detect bacterial infection. NGAL is 
markedly augmented during bacterial infections in comparison to 
the viral infections, suggesting that NGAL can be precious diagnostic 
marker for distinguishing between viral and acute bacterial infections 
[15]. NGAL biosynthesis was known to be stimulated by bacterial 
overgrowth because NGAL has a bacteriostatic effect by depleting 
siderophores. The role of urinary and serum NGAL is not limited 
to UTI; NGAL is also related to acute tubular injury. The possible 
usefulness of NGAL as an AKI biomarker was documented because 
NGAL is considered to be most basic and rapidly induced genes in the 
kidney after nephrotoxic or ischemic injury in animal models [7]. In 
a study involving 143 children with septic shock, Derek et al. found 
that urinary NGAL levels are considered to be exceedingly predictive 
of the AKI developments. The median level of NGAL was 355 ng/ml 
in patients with AKI, in comparison to“186 ng/ml” in patients without 
AKI [21]. Urinary NGAL levels can also help to distinguish pre-renal 

Figure 1: The mean urinary NGAL level is higher in patients with positive 
UTI versus negative UTI, the difference was not significant with p-value 0.17.

Correlations

NGAL CRP

Spearman’s rho
  

NGAL

Correlation Coefficient 1.000 .503**

Sig. (2-tailed) . .000

N 80 80

CRP

Correlation Coefficient .503** 1.000

Sig. (2-tailed) .000 .

N 80 80

**Correlation is significant at the 0.01 level (2-tailed)
Table 1: Spearman’s correlation test.
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Figure 2: Spearman’s correlation test result.

of 123 children. Urinary NGAL was a sensitive biomarker that was 
capable of distinguishing upper from lower UTI. The best predictive 
urinary cut-off value was 102 ng/ml [15]. The aforementioned study 
also demonstrated that urinary NGAL/creatinine and serum cystatin 
C levels can distinguish between upper and lower UTIs. Moreover, 
urinary NGAL/creatinine and KIM-1 levels can also distinguish cases 
of UTI (upper and lower) from the control group [16].

Unfortunately, in this study, we did not perform 99mTc 
dimercaptosuccinic acid (DMSA) scans, which would help to detect 
whether urinary NGAL could distinguish upper UTIs from lower UTIs. 
Another pediatric study in Turkey showed that urinary NGAL levels 
and the urinary NGAL/creatinine ratio were both predictive of UTI.

The optimal cut-off value in the Turkish study was 20 ng/ml, while 
the optimum cut-off value in our study was 35.8 ng/ml [17]. Based on 

Figure 3: ROC curve analysis: for NGAL levels, the area under the curve was 
0.664. The optimal cut-off value was 35.83 ng/ml. The sensitivity was 0.594, 
and the specificity was 0.683. For serum CRP, the area under the curve was 
0.528. The optimal cut-off value was 6.9 mg/l. The sensitivity was 0.53 and the 
specificity was 0.47.
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failure from intrinsic kidney disease. A study from Germany involved 
87 subjects, including 24 patients with pre-renal AKI, 38 patients with 
intrinsic kidney disease, and 25 healthy subjects. The mean urinary 
NGAL level was 458 ng/ml in patients with intrinsic AKI compared 
with 64.8 ng/ml in patients with pre-renal AKI. This finding is clinically 
important because the management of pre-renal AKI differs from that 
of intrinsic AKI [22].

NGAL has also been studied in other kidney diseases, including 
autosomal polycystic kidney disease [23] and systemic lupus nephritis 
[24]. It is unclear why urinary NGAL did not perform well as a diagnostic 
marker for UTI in our study. There are several limiting factors in our 
study. This study only recruited a small number of patients and was 
sampled from a single center. Additionally, the study did not perform a 
DMSA scan, which is considered an excellent imaging tool to diagnose 
upper UTI. It would have permitted the author to test the efficacy of 
urinary NGAL for distinguishing upper from lower UTI.  We found 
both uNGAL and serum CRP as poor markers for UTI diagnosis. We 
used ROC analysis, which is a good indicator for examining sensitivity 
and specificity but it has limitations as it relies on assumption of the best 
threshold point for clinical performance and is subjected to bias. The 
patients were not followed up regarding the presence of vesicoureteral 
reflux and renal scarring, which is known to be associated with the 
development of hypertension, and chronic kidney disease. We believe 
that a multicenter study with a larger sample size will assist to evaluate 
the role of urinary NGAL as an early diagnostic measure for UTI. 
Moreover, more follow up time is needed to assess the possible role of 
urinary NGAL as a predictive test for long-term sequelae from UTI 
such as renal scarring, hypertension, and impaired renal function.

Conclusions
Urinary NGAL is not an adequate predictor for the early diagnosis 

of UTI in children. However, it is recommended that multicenter 
studies including a larger number of patients should be conducted to 
confirm these findings. The relationship of urinary NGAL with the 
occurrence of vesicoureteral reflux and renal scars development must 
be assessed in a prospective manner.
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