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Abstract

Background The sensitivity and specificity of the leukocyte esterase test are relatively low for a screening test for urinary tract
infection (UTI). More accurate tests could reduce both overtreatment and missed cases. This study aimed to determine whether
neutrophil gelatinase-associated lipocalin (NGAL) can replace leukocyte esterase in the diagnosis of UTI and/or whether NGAL
accurately identifies children with acute pyelonephritis.

Methods Data sources—MEDLINE and EMBASE. We only considered published studies that evaluated the results of an index
test (NGAL) against the results of urine culture (for UTI) or against the results of dimercaptosuccinic acid (for acute pyelone-
phritis) in children aged 0 to 18 years. Two authors independently applied the selection criteria to all citations and independently
extracted the data.

Results A total of 12 studies met our inclusion criteria. Four studies (920 children) included data on NGAL for UTI; eight studies
(580 children) included data on NGAL for pyelonephritis. We did not pool accuracy values because the included studies used
different cutoff values. For the diagnosis of UTI, urinary NGAL appeared to have better accuracy than the leukocyte esterase test
in all included studies. For the diagnosis of pyelonephritis, neither plasma NGAL nor urinary NGAL had high sensitivity and/or
specificity. The number of studies was the main limitation of this systematic review.

Conclusions Urinary NGAL appears promising for the diagnosis of UTI; however, larger studies are needed to validate this
marker as a replacement for leukocyte esterase. The use of NGAL for diagnosing acute pyelonephritis requires further study.
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Abbreviations uNGAL Urine neutrophil gelatinase-associated
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antimicrobial treatment) [1]. Accordingly, there has been in-
terest in identifying tests that can more accurately differentiate
children with and without UTI. More accurate tests could
reduce both overtreatment and missed cases.

Current point-of-care tests for the diagnosis of acute pyelo-
nephritis (APN) are also suboptimal; among these, the best
markers are procalcitonin (PCT) and C-reactive protein
(CRP), which are only useful for ruling in and ruling out
APN, respectively [2].

NGAL is a small protein released by activated neutrophils
in response to infection. Thus, several investigators have com-
pared the accuracy of NGAL to the leukocyte esterase test as a
screening test for UTIL. Furthermore, because renal tubular
cells release NGAL in response to injury or infection [3],
others have investigated its potential as a marker of APN.

Although the accuracy of NGAL for acute kidney injury
has been reviewed, its utility in the diagnosis of UTI and APN
has not. This systematic review will examine whether plasma
or urine NGAL (pNGAL and uNGAL, respectively) can be
used to accurately diagnose UTI or APN.

Methods
Types of studies

The protocol for this review was submitted to PROSPERO
(https://www.crd.york.ac.uk/PROSPERO/) on November 13,
2018 (CRD42020137166). We considered published studies
that evaluated the results of an index test (NGAL) against the
results of urine culture (for UTI) or dimercaptosuccinic acid
(DMSA) for acute pyelonephritis (APN). Cross-sectional and
cohort studies were acceptable; case-control designs were in-
cluded only if controls were representative of children being
tested for UTI or APN (case-control studies with extreme
cases or controls tend to result in biased estimates) [4]. We
excluded studies in which another inflammatory marker (e.g.,
C-reactive protein, erythrocyte sedimentation rate) was used
to select those getting DMSA. We included studies of symp-
tomatic children from birth to 18 years of age with suspected
UTIL. Studies limited to children with neurogenic bladder or
children with major genitourinary abnormalities were exclud-
ed. Studies in which another test was initially used to screen
patients (e.g., WBC count to screen for UTI) were excluded.

Index tests
Studies that examined the accuracy of NGAL were consid-
ered, regardless of how NGAL was measured. Some studies

reported creatinine normalized uNGAL values (UNGAL/cre-
atinine), while others just reported uNGAL.
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Target conditions and reference standards

UTI and APN were the two target conditions examined. The
reference standard for diagnosis of UTI was the urine culture.
We defined UTI as growth of one or two organism(s) at >
10,000 colony-forming unit/ml (CFU/ml) from a catheterized
specimen, or > 100,000 CFU/ml clean catch, midstream, or
bag specimen, or any growth from a suprapubic specimen
[5]. The reference standard for assessing the presence and
extent of pyelonephritis is a DMSA scan obtained within
2 weeks of diagnosis of a UTI [6].

Search strategy

We searched MEDLINE and EMBASE. Searches were car-
ried out on December 7, 2019. Search strategies are presented
in the electronic supplement (online resource 1). The reference
lists of all included articles and relevant systematic reviews
were reviewed to identify additional studies not found through
the electronic review. Two authors independently applied the
selection criteria to all citations (titles and abstracts). The full
text of all articles identified by either author was retrieved and
reviewed. We limited the review to articles written in English,
Spanish, French, German, Portuguese, or Italian.

Data extraction and management

For each study meeting the inclusion criteria, we extracted the
following information: age of participants, fever required (yes,
no), used perineal bags to collect urine specimen (yes, no), and
case control (yes, no). Two by two tables were constructed
independently by two authors from the data in the publication.
Only studies for which two by two data were available (or
could be reconstructed) were included. Two authors indepen-
dently used the QUADAS II questionnaire to assess the risk of
bias in all studies meeting inclusion criteria [7].
Disagreements were resolved by discussion.

Statistical analysis and data synthesis

The primary analysis was to compare the NGAL test against
the reference standard. We had planned to pool accuracy
values (using a random-effects bivariate model using SAS
Proc NLMIXED in SAS; see registered protocol for more
detail) and statistically investigate heterogeneity only if 5 or
more studies reported accuracy values for the NGAL test
using the same cutoff. Otherwise, if different studies use dif-
ferent cutoff values when reporting accuracy, instead of
reporting pooled accuracy (i.e., sensitivity and specificity)
values, we had planned to examine how accuracy varied with
threshold on a summary receiver operating characteristic
curve (i.e., curve used to summarize performance of a diag-
nostic test based on data from a meta-analysis).
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Results

The results of the search strategy are shown in Fig. 1. Of the
1892 records identified, 60 records were retrieved and
reviewed. A total of 12 studies met our inclusion criteria;
one author was successfully contacted for clarification. The
characteristics of key excluded studies are detailed in the elec-
tronic supplement (online resource 2).

uNGAL or uNGAL/creatinine for UTI

Four studies (920 patients) provided data for these analyses
[8—11]. Two [9, 11] presented data for uNGAL over creatinine
and three [8, 10, 11] presented data for NGAL not normalized to
urine creatinine. Of the four studies, two used bags for urine
collection, three included only febrile populations, and two were
case control in design (Table 1). In all studies (Table 2, also see
online resource 3 for graphical representation), NGAL had mark-
edly higher accuracy than previously reported pooled sensitivity
and specificity values [95% confidence interval] for the leuko-
cyte esterase test (0.79 [0.77, 0.81] and 0.87 [0.86, 0.88], respec-
tively) [1]. Direct comparison between uNGAL and existing tests
for the diagnosis of UTI (leukocyte esterase test or WBC count)
was limited due to the small number of studies, but data from
studies that provided this is reported in Table 3; in all but one
study, the NGAL test (or NGAL/creatinine) was more sensitive
than the currently available test and had comparable or better
specificity; in one small study [9], uNGAL was more sensitive
but less specific than the leukocyte esterase test. An important
methodological limitation was that in two of the four included
studies, patient selection could have introduced bias (online
resource 4).

uNGAL for APN

Three studies (162 patients) provided data for this analysis [9,
12, 13]. Of the three studies, one used bags for urine collec-
tion, all three included only febrile children, and two were
case-control studies (Table 1); two studies reported uNGAL,
and two reported uNGAL/creatinine. An important methodo-
logical limitation was that in one of the three included studies,
patient selection could have introduced bias (online resource
4). The accuracy of uNGAL was low in all three studies
(Table 2 and online resource 3 for a graphical representation).

pNGAL for APN

Six studies (474 patients) provided data for this analysis [12,
14-18]. Of the 6 studies, none used bags for urine collection,
four included only febrile children, and none of the studies
were case control in design (Table 1). Both sensitivity and
specificity were above 80% in two of the six studies [14, 16]
(Table 2 and online resource 3 for a graphical representation).

Discussion

In this review we examined the accuracy of urinary NGAL for
the diagnosis of UTI and the accuracy of urinary and plasma
NGAL for the diagnosis of pyelonephritis. With regard to UTI
diagnosis, we found that urinary NGAL consistently
outperformed the leukocyte esterase test in both sensitivity and
specificity in the majority of included studies. The non-
uniformity of cutoffs used across the different studies precluded
the calculation of an overall sensitivity and specificity.

Fig. 1 FLow Diagram )
1892 unique references

1832 studies irrelevant

A 4

A 4

60 full-text studies assessed for eligibility

A 4

48 studies excluded

A 4

13 Not relevant

9 Not related

7 Insufficient data

4 Duplicate

3 Adult study

3 Scar detection

3 Case control with atypical controls
2 No DMSA

1 Commentary

1 Does not meet culture criteria

1 Not all were symptomatic

1 Other test required for inclusion

12 studies included
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Table2  Accuracy of NGAL for urinary tract infection (UTI) and acute pyelonephritis

Author Sensitivity Specificity Probability of UTI if Probability of UTI if
(95% CI) (95% CI) test positive (95% CI)* test negative (95% CI)*
NGAL for UTI
uNGAL
Jung [8], 2017 0.90 (0.82-0.95) 0.98 (0.95-099) 0.80 (0.67-0.89) 0.01 (0.01-0.02)
Lubell [10], 2017 0.97 (0.83-1.00) 0.96 (0.92-0.98) 0.71 (0.57-0.82) 0.00 (0.00-0.02)

Valdimarsson [11], 2017
uNGAL/creatinine

Lee [9] 2015

Valdimarsson [11], 2017

NGAL for Pyelonephritis
uNGAL
Shaikh [12], 2019
Yim [13], 2014
uNGAL/creatinine
Shaikh [12], 2019
Lee [9], 2015
Yim [13], 2014
pNGAL
Krzemien [14], 2019
Shaikh [12], 2019
Yun [15], 2018
Kim [16], 2017
Sim [17], 2015
Seo [18],2014

0.93 (0.85-0.97)

0.97 (0.82-1.00)
0.96 (0.90-0.99)

0.71 (0.48-0.88)
0.76 (0.61-0.87)

0.57 (0.34-0.77)
0.63 (0.39-0.83)
0.91 (0.78-0.97)

0.83 (0.63-0.93)
0.66 (0.39-0.87)
0.72 (0.56-0.84)
0.86 (0.74-0.94)
0.89 (0.76-0.95)
0.51 (0.36-0.66)

0.95 (0.87-0.98)

0.82 (0.64-0.92)
1.00 (0.93-1.00)

0.69 (0.51-0.83)
0.74 (0.53-0.88)

0.77 (0.59-0.89)
0.86 (0.56-0.97)
0.63 (0.42-0.80)

0.83 (0.63-0.93)
0.73 (0.52-0.88)
0.71 (0.48-0.88)
0.85 (0.75-0.92)
0.71 (0.59-0.81)
0.75 (0.53-0.89)

0.66 (0.43-0.84)

0.37 (0.22-0.55)

0.77 (0.66-0.86)
0.81 (0.70-0.89)

0.79 (0.65-0.88)
0.87 (0.64-0.96)
0.79 (0.69-0.86)

0.88 (0.74-0.95)
0.79 (0.64-0.88)
0.79 (0.65-0.88)
0.90 (0.83-0.94)
0.82 (0.76-0.87)
0.84 (0.70-0.92)

0.01 (0.01-0.02)

0.00 (0.00-0.03)
0.00 (0.00-0.03)

0.39 (0.24-0.56)
0.32 (0.22-0.45)

0.46 (0.33-0.58)
0.39 (0.26-0.54)
0.17 (0.07-0.36)

0.24 (0.12-0.44)
0.41 (0.25-0.59)
0.37 (0.26-0.50)
0.19 (0.11-0.32)
0.19 (0.10-0.34)
0.32 (0.19-0.49)

uNGAL = urine NGAL; pNGAL = plasma NGAL

* Assumed a pre-test probability of 10% [19] for UTI and 60% [20] for pyelonephritis

Nevertheless, in most studies examined, the accuracy of NGAL ~ replace the DMSA scan for definitive diagnosis.
significantly exceeded the accuracy of the leukocyte esterase test. ~ Furthermore, the number of studies in each of the three anal-

For differentiating pyelonephritis from cystitis, neither  yses (UNGAL for APN, uNGAL/creatinine for APN, pNGAL
uNGAL nor pNGAL demonstrated sufficient accuracy to  for APN) was small. This lack of data was compounded by

Table 3 Accuracy of leukocyte esterase or white blood cell (WBC) count for diagnosis of UTI in included studies

Author Sensitivity Specificity
(95% CI) (95% CI)

Probability of UTI if
test positive (95% CI)*

Probability of UTI if
test negative (95% CI)*

Leukocyte Esterase for UTI
Leukocyte esterase > 1+

Lubell [10], 2017
Lee [9], 2015

WBC > 5/high-powered field

Jung [8], 2017

Lee [9], 2015
Leukocyte esterase > trace

Valdimarsson [11], 2017

Lubell [10], 2017

0.60 (0.44-0.74)
0.42 (0.27-0.59)

0.87 (0.79-0.92)
0.67 (0.50-0.80)

0.90 (0.83-0.94)
0.74 (0.58-0.86)

0.99 (0.97-1.00)
0.94 (0.80-0.98)

0.77 (0.72-0.81)
0.67 (0.50-0.80)

0.78 (0.67-0.87)
0.97 (0.94-0.99)

0.88 (0.65-0.97)
0.43 (0.16-0.76)

0.29 (0.25-0.34)
0.18 (0.11-0.27)

0.31 (0.22-0.42)
0.75 (0.58-0.87)

0.04 (0.03-0.06)
0.06 (0.05-0.08)

0.02 (0.01-0.03)
0.05 (0.03-0.09)

0.01 (0.01-0.02)
0.03 (0.02-0.05)

 Assumed a pre-test probability of UTI of 10%
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methodological shortcomings in a large proportion of studies
(use of bag specimen, non-representative patient populations,
inclusion of children without fever). The pre-test probability
of pyelonephritis in young febrile children with a UTI is ap-
proximately 60% [20]. A positive DMSA scan increases the
probability of UTI to 93% and a negative DMSA scan de-
creases the probability of pyelonephritis to 18% (assuming
the DMSA has a sensitivity and specificity of 86% and 91%,
respectively). To rule in pyelonephritis, a useful test would
need to increase post-test probability of pyelonephritis to at
least 85%, with 85% selected as a clinically reasonable thresh-
old above which many clinicians would feel reasonably con-
fident in their diagnosis of pyelonephritis and which is almost
a high as a DMSA test. The post-test probability of pyelone-
phritis exceed 85% in only two [14, 16] of the six studies of
PNGAL and one [9] of three studies of uNGAL. To rule out
pyelonephritis, a useful test would need to reduce the post-test
probability of pyelonephritis to less than 20%, with 20%
representing the cutoff below which most clinicians would
feel reasonably confident in their diagnosis of cystitis and
which is close to the DMSA test. The post-test probability of
pyelonephritis was less than 20% in only two [16, 17] of the
six studies of pNGAL and one [13] of three studies of
uNGAL. In summary, the bulk of the data, albeit sparse, sug-
gest that the utility of both pNGAL and uNGAL for the diag-
nosis of pyelonephritis is limited.

The small number of studies with relevant data was a major
limitation on this analysis. This was especially patent in the
diagnosis of pyelonephritis, where cutoffs and estimates of
test accuracy varied widely between studies without explana-
tion. Another potentially large, but less obvious, limitation of
studies examining the accuracy of NGAL as a diagnostic
marker of pyelonephritis was the failure to differentiate be-
tween the monomeric and dimeric forms of the protein.
Previous studies have demonstrated that while the renal epi-
thelium produces NGAL predominantly in the monomeric
form, activated neutrophils in the urine (and in the infected
kidney) secrete NGAL primarily in its dimeric form [21].
Since assays that could differentiate the two forms were not
readily available until recently, none of the studies included
attempted to differentiate the two forms and thus did not con-
sider the effects that differentiating the two forms of the pro-
tein might have had on diagnostic accuracy. This may explain
why uNGAL was more accurate for diagnosis of UTI com-
pared to diagnosing APN. This suggests that future studies of
the diagnostic accuracy of NGAL should pay particular atten-
tion to the form of NGAL being measured. Inclusion of chil-
dren without fever was another limitation. However, except
for two studies, all children in the included studies were fe-
brile. Thus, only a small number of children without fever
(n =31 across all studies) were included. This is unlikely to
have significantly affected our results. Furthermore, only one
of the 5 analyses conducted (plasma NGAL for APN)

@ Springer

included studies with afebrile children. Differences in the def-
inition of UTI across studies were another limitation. Of the
studies looking at the accuracy of NGAL for UTI, two studies
allowed for the presence of a second organism on culture as
long as the child met the criteria for UTI with the first patho-
gen. Neither of these studies used perineal bags to collect
samples. We frequently encounter cases in which children
with likely UTI have growth of a second organism, usually
with counts < 10,000 CFU/ml, and thus feel that inclusion of
these studies is reasonable; similar criteria have been used in
large recent studies [22-24].

In summary, urinary NGAL offers a promising alternative
to the current leukocyte esterase test for diagnosing UTI.
Although we used 96-well plates and ELISA kits to measure
NGAL, individual testing using existing analyzers in many
hospital laboratories is becoming increasingly available.
Larger studies are needed to validate the superiority of this
marker for the diagnosis of UTI in children. For the differen-
tiation of cystitis from pyelonephritis, we found that neither
plasma nor urine NGAL levels appeared to be sufficiently
accurate; however, further study examining different molecu-
lar forms of NGAL (monomeric vs. dimeric) for the diagnosis
of APN are warranted.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00467-020-04854-3.
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