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Introduction
Urinary tract infection  (UTI) is the most 
common serious bacterial infection in early 
childhood.[1‑4] Appropriate diagnosis and 
treatment prevent complications such as 
renal scarring, hypertension, proteinuria, 
and end‑stage renal disease.[5‑11] About 
8% of girls and 2% of boys experience at 
least one episode of UTI upto the age of 
7.[5] Early, aggressive antibiotic treatment 
has been recommended for symptoms 
suggestive of UTI in young children to 
prevent renal scarring.[12] The results of 
urine culture, which is the gold standard 
diagnostic test for UTI, may not be available 
for 48‑‑72  h. The sensitivity of commonly 
used screening tests such as pyuria and 
positive urine nitrite test are low as shown 
by several studies.[13‑15] Pyuria may also be 
absent in infections with Proteus species.[16] 
Hence, novel markers for the rapid and 
accurate diagnosis of UTI would help in 
the early initiation of treatment in children 
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Abstract
Early antibiotic treatment for urinary tract infection  (UTI) in young children can prevent renal 
scarring. Sensitivity of pyuria and positive urine nitrite test as indicators of UTI are low, whereas 
results of urine culture, the gold standard for diagnosing UTI, may not be available for 48‑‑72  h. 
Novel markers for rapid and accurate diagnosis of UTI would help in the early initiation of treatment 
in children with suspected UTI. We studied the utility of urinary neutrophil gelatinase‑associated 
lipocalin  (NGAL) as an early marker of UTI. This study included 100 children between 3  months 
and 5  years with suspected UTI. After parental consent, a midstream clean catch or suprapubic 
aspirate urine specimen was sent for culture and NGAL analysis. Sensitivity and specificity of urine 
NGAL as a marker of UTI were estimated. Of the 100 children evaluated, urine culture was positive 
in 34%. Median urine NGAL values were higher in culture‑positive children than in culture‑negative 
children (223.20 vs 13.65, P = 0.0001). Receiver operating curve analysis showed an optimal cutoff 
level of 27  ng/ml for urine NGAL  (odds ratio, 8.2, 95% confidence interval, 3.1‑‑22.1) correlating 
best with culture positivity. Sensitivity and specificity of urine NGAL estimation were significantly 
better  (79.4% and 68.2%) when compared with urine white blood cell estimation (70.6% and 53%). 
Urine NGAL is a sensitive and specific marker to predict UTI in children with a cutoff level of 
27 ng/ml. It may serve as a screening test for detecting simple, uncomplicated UTI in young children.
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with suspected UTI, pending urine culture 
results.

Neutrophil gelatinase‑associated lipocalin 
(NGAL), also known as Lipocalin 2, is 
an iron carrier protein that is abundantly 
expressed in human neutrophils and also in 
monocytes/macrophages.[17,18] NGAL serves 
as a mediator of the innate immune response 
in mammals. Its transcription is induced by 
bacterial lipopolysaccharides.[17] There are 
some animal studies which had shown urinary 
NGAL  (uNGAL) to be an useful marker to 
detect UTI as it is upregulated in the presence 
of inflammation and infection.[17] We aimed to 
determine the usefulness of uNGAL in early 
detection of UTI in children less than 5 years 
of age with symptoms suggestive of UTI. We 
further aimed to calculate the optimal cutoff 
level of uNGAL in predicting UTI in this 
group of children.

Subjects and Methods
This prospective study was conducted in 
the Department of Paediatrics in a tertiary 
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care teaching hospital located in South India between 
January 2012 and June 2013. Written informed consent 
was obtained from the parents of study participants. The 
institutional review board approved the study protocol.

Study participants

The inclusion criteria was children between the age of 
3  months and 5  years with symptoms suggestive of UTI 
such as fever, nausea, vomiting, abdominal pain/back 
pain, straining/poor urinary stream, foul smelling urine, 
dysuria, frequency, urgency of micturition, diarrhoea, 
and urine white blood cell  (WBC) >5/cu.mm or urine 
WBC >11/cu.mm alone. The exclusion criteria were refusal 
to participate, chronic kidney disease, and knowledge 
of pre‑existing vesicoureteric reflux. Sample size was 
calculated using the following formula, with specificity of 
76% from the existing study[16] and precision rate of 8.5%.

N = 4pq/d2

N  =  sample size, p  =  specificity, q  =  1−p, d  =  precision 
rate

One hundred and fifty children were recruited for the 
study, of which 50 were excluded.  (refusal to participate, 
chronic kidney disease, and knowledge of pre‑existing 
vesicoureteric reflux).

Basic demographic details were collected for 100 children 
who formed the study group. All children had urine sample 
collection prior to the initiation of antibiotics. Suprapubic 
aspirate  (SPA) urine samples for uNGAL levels and urine 
culture were collected for children aged between 3 months 
to 3 years. For children between 3 and 5 years, midstream 
clean catch urine samples were obtained.

Test methods

The reference standard was urine culture, done by the 
department of Clinical Microbiology, according to the 
standard operating protocols.[19] Turnaround time for urine 
culture was 48 h. The urine culture was considered positive, 
if there was growth of  >105 CFU/ml of one organism in 
midstream clean catch urine samples and growth of any 
organism irrespective of colony count in SPA aspirate urine 
samples.

The index test was urine NGAL, determined using human 
NGAL/lipocalin‑2 particle enhanced turbidometricimmuno 
assay, supplied from Bioporto diagnostics. The urine 
samples were stored at  −70°C till further processing. On 
the day of running the test, the sample was thawed for 
1  h and centrifuged at 2,000  rpm for 10  min. It was then 
processed using the Roche Modular P‑800 automated 
chemistry analyser  (Roche Diagnostics, Germany). NGAL 
results can be made available in 3 h, if adopted as a routine 
test and in 90 min, if adopted as an urgent test, in contrast 
to urine culture results, which would not be available for 
48‑‑72 h. Normally, NGAL is present in negligible amounts 

in urine.[20] Hence, raised levels of uNGAL in children 
with UTI are of diagnostic value. Urine NGAL levels were 
expressed in nanograms/ml  (ng/ml). The index test was 
interpreted independent of the urine culture results.

Statistical analysis was done using SPSS 18 software. 
The sensitivity and specificity of uNGAL estimation as a 
marker of UTI was compared with urine WBC estimation 
in children with culture positivity. Receiver operating curve 
(ROC) analysis was performed to determine the sensitivity 
and specificity of different cutoff points for uNGAL and 
urine WBC estimation to predict UTI. The most appropriate 
cutoff point was chosen according to ROC analysis and the 
area under the curve  (AUC) was calculated. The positive 
and negative predictive values and likelihood ratios were 
also calculated.

Results
Majority of children were between 3 and 12  months of 
age  (51%), 13% were between 13 and 24  months of age, 
and 36% were between 25 and 60  months of age. The 
mean age was 22.09  months  (range: 3‑‑60  months). The 
female:male ratio was 1.3:1. Fever was the most common 
symptom and was seen in 85% of patients. Fever was the 
only presenting symptom in 36% of children. Vomiting was 
the next most common symptom, seen in 26% of children, 
followed by loose stools in 24%, dysuria in 18%, and 
straining while voiding in 16% of children. All children 
received broad spectrum antibiotics  (third generation 
cephalosporins) after obtaining urine culture and urine 
NGAL samples.

The median urine WBC value in the entire study group 
of 100 children was 43/cu.mm.  (IQR: 22‑‑143.75). The 
median uNGAL value in the study group was 23.60 ng/ml 
(IQR: 2.73‑‑193.58). Thirty four percent of the patients had 
culture‑positive UTI. The predominant organism grown in 
urine was Escherichia coli  (E.  coli) in 28/34  cases  (82%), 
followed by Enterococcus species in 3/34  (9%), Klebsiella 
species in 2/34  (6%), and Citrobacter species in 1/34 
children (3%). Seventy two percent had extended spectrum 
beta lactamase  (ESBL) producing strains of E.  coli, which 
were resistant to cephalosporin antibiotics. None of the 
patients who had culture‑positive UTI had systemic sepsis. 
Children who were suspected to have UTI but had negative 
urine culture were diagnosed with various other conditions 
like enteric fever, acute gastroenteritis, viral fever, dengue 
fever, and rickettsial fever.

ROC analysis

ROC analysis revealed that the AUC for uNGAL was 
0.76 and that of urine WBC was 0.70 [Figure  1]. Urine 
NGAL level was a more sensitive and specific marker 
of UTI at the cutoff level of 27  ng/ml  [odds Ratio: 8.2; 
95% confidence interval (CI): 3.1‑‑22.1] with sensitivity of 
79.4% and specificity of 68.2%, when compared with urine 
WBC  >38/cu.mm  (odds Ratio: 2.7; 95% CI: 1.12‑‑6.5). 
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The sensitivity of urine WBC was 70.6% and specificity 
of 53%, respectively, in predicting UTI [Table  1]. The 
positive predictive value  (PPV) and negative predictive 
value (NPV) of uNGAL were 56% and 87% and that of 
urine WBC  >38/cu.mm was 44% and 78%, respectively. 
The positive likelihood ratio and negative likelihood 
ratio of urine NGAL was 2.47 and 0.31 and that of urine 
WBC >38/cu.mm was 1.49 and 0.57, respectively [Table 2]. 
Urine NGAL  (at the cutoff level of 27  ng/ml) compared 
favorably to urine WBC >38/cu.mm.

The AUC of urine NGAL for children  >1  year was 0.72 
and for children  <1  year was 0.79. The sensitivity and 
specificity of urine NGAL for predicting UTI was more in 
children <1 year of age [Table 3].

The median urine NGAL value was higher in patients with 
culture positivity as compared with those with a negative 
urine culture result  (223.20 versus 13.65, P  =  0.0001). 
There was no significant difference in the mean urine 
NGAL value between infections caused by E.  coli and 
other organisms.

Discussion
Novel markers for the rapid and accurate diagnosis of UTI 
would help in the early initiation of treatment in children 
with suspected UTI, pending urine culture results. NGAL 
has been postulated as a marker. There are some animal 
studies which had shown urine NGAL to be a useful 
marker to detect UTI.[17]

Our study objectives are of particular relevance to practicing 
general pediatricians and pediatric nephrologists, who often 
come across children with UTI and for whom the improved 
ability to predict UTI for the early initiation of antibiotic 
treatment is necessary. We found that the optimal cutoff 
point of urine NGAL to predict UTI was 27  ng/ml  (odds 
Ratio: 8.3, CI: 3.1‑‑22.1). Urine NGAL was found to be 
more sensitive and specific than urine WBC estimation 

in predicting UTI. Similarly, Ichino et  al. described 
that uNGAL increased in early stages of experimental 
pyelonephritis in rats.[17] In another study done in 60 patients 
with UTI and 29 healthy controls aged from 2  months to 
12  years, the mean uNGAL level was significantly higher 
in the UTI group than in the controls  (91.02  ng/ml versus 
14.29  ng/ml, P  =  0.0001). In the same study, using a 
cutoff 20  ng/ml for uNGAL for the diagnosis of UTI, 
sensitivity and specificity were 97% and 76%, respectively 
(AUC, 0.979) and the optimal cutoff value for prediction of 
UTI was lower than the values determined for acute kidney 
injury.[16] The higher sensitivity and specificity in the 
above‑mentioned study as compared with our study can be 
attributed to the different patient age groups. In our study, 
we found that the sensitivity and specificity of urine NGAL 
for predicting UTI was more in children  <1  year of age 
as compared with older children  [Table  3]. In yet another 
study to predict uNGAL as a biomarker in the differential 
diagnosis of impairment of kidney function in cirrhosis, 
investigators found that participants with UTI (n = 25) had 
significantly higher uNGAL levels compared with those 
without UTI (n = 216) (median 166 mcg/g of creatinine vs 
42 mcg/g of creatinine, P < 0.0001).[21]

Around the same time as our study, Lubell et  al.[22] 
studied uNGAL levels in infants between 3  months and 
2  years. A  total of 260 children with suspected UTI were 
screened. A  urine culture positivity of 14% was obtained. 
They were able to demonstrate very high sensitivity 93% 
and specificity 95% at a cutoff value of 39.1 ng/ml. These 
higher levels may be explained by the fact that only 
children with history of significant fever were screened for 

Table 1: Sensitivity and specificity of uNGAL and urine 
WBC in predicting urine culture positivity

Test Sensitivity 
(%)

Specificity 
(%)

Odds ratio 
(95% CI)

Urine NGAL (>27 ng/ml) 79.4 68.2 8.2 (3.1‑22.1)
Urine WBC (>38/cu.mm) 70.6 53.0 2.7 (1.12‑6.5)

Table 2: Predictive values and likelihood ratios of 
uNGAL versus Urine WBC

Urine NGAL Urine WBC
Positive predictive value 56% 44%
Negative predictive value 87% 78%
Positive likelihood ratio 2.47 1.49
Negative likelihood ratio 0.31 0.57

Table 3: Sensitivity and specificity of uNGAL in 
predicting UTI based on age

Age Sensitivity 
(%)

Specificity 
(%)

Odds ratio 
(95% CI)

<1 year 84.2 71.9 13.6 (3.18‑58.34)
>1 year 73.3 64.7 5.04 (1.31‑19.31)

Figure 1: ROC curve showing comparison between urine NGAL and urine 
WBC
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UTI. In our study, increasing the cutoff value for NGAL to 
39.1 would have lowered the sensitivity, although it may 
have increased the specificity marginally.

Later studies by Lee et al.[23] comparing KIM 1 and uNGAL 
as biomarkers for early detection of UTI also had an ROC 
curve with AUC of 91%. The study by Valdimarsson 
et  al.[24] also demonstrated a higher sensitivity of 93% 
and specificity of 95% for predicting UTI at a cutoff of 
38 ng/ml in febrile infants.

There were a few limitations to our study. We compared 
only urine WBC counts with uNGAL levels. If other 
screening tests such as urine dipstick, bacteriuria were 
also compared with urine NGAL, the best combination 
of screening tests could have been identified. Further 
uNGAL levels also rise in acute kidney injury in critically 
ill patients and chronic kidney disease, this may limit its 
use.[24-26] Hence, further large trials are needed to compare 
uNGAL with other screening tests as well to make its use 
feasible in routine clinical practice.

Conclusions
This study, the first on Indian children, demonstrated 
uNGAL is a promising marker to detect simple, 
uncomplicated UTI in young children. The sensitivity and 
specificity of uNGAL was better than that of urine WBC, 
which is the commonly used screening test. 
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