
Biomarkers in urinary tract infections – which ones are
suitable for diagnostics and follow-up?

Abstract
Introduction: Urinary tract infections (UTIs) are one of themost common
infections worldwide. Under special circumstances, clinicians must rely
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in UTIs.
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Results:We found 131 articles, mostly from the paediatric population.
Neutrophil gelatinase-associated lipocalin (NGAL) and interleukins (IL)
have a leading role in diagnosing and differentiating UTIs based on a 4 Jahn Ferenc Dél-pesti Kórház

és Rendelőintézet, Budapest,
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lot of observational, comparative trials. Heparin Binding Protein (HBP),
Lactoferrin (LF), Heat-Shock Protein-70 (HSP-70), Human Defensin-5
(HD-5), Lipopolysaccharide Binding Protein (LBP) andmass spectrometry
studies are promising, but confirming data are lacking. Themeasurable
components of the innate immune system and local host cell response
could be appropriate biomarkers, but their significance is currently un-
known.
Conclusions: Conventional biomarkers for UTIs have low specificity. The
use of urinary NGAL and interleukins could improve the sensitivity and
specificity of laboratory diagnosis of UTIs.
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Summary of findings
1. Conventional biomarkers (pyuria, nitrite, proteinuria,

CRP, PCT) have weak accuracy in general for diagnosis
and differential diagnosis for UTIs.

2. The urothelium is an interactive immunological
structure that produces an enormous quantity of
molecules during the host-pathogene interaction. All
of these molecules can form a subject for further re-
search as a potential biomarker for UTIs.

3. Most data is collected on NGAL and interleukins, but
their role is not exclusive in diagnostics considering
the limiting factors and the lack of well-designed,
confirming studies.

4. There are studies with at least 50 or more other bio-
markers with either promising or controversial out-
comes on their clinical usefulness, which we present
briefly.

5. Not only for diagnosis but also for etiologic diagnosis
there is a novel technology (NMR-spectrometry) with
convincing, but few studies.

6. None of the presented biomarkers can render an ex-
ceptional or exclusive role in the field of diagnostics,
thus further research is needed to identify suitable,
reliable and easily measurable biomarkers.

1 Introduction
Urinary tract infections (UTIs) are amongst the most
common infections worldwide. The diagnosis is based on
symptoms, laboratory and imaging findings depending
on the clinical manifestation. In this article, we will use
the terminology as defined by the European Urological
Association (EAU) in their guideline. For details, see
Table 1.
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Table 1: Notions and definitions used in the article

Non-febrile, symptomatic lower UTIs react with local mu-
cosal responses; febrile UTIs (f-UTIs)/acute pyelonephritis
(APN) have an added significance to systemic host re-
sponse; patients with asymptomatic bacteriuria (ABU)
normally have no or only a discrete host response. Al-
though these approaches provide an appropriate diagnos-
is in the majority of cases, their diagnostic accuracy or
clinical usability can be limited in some situations, includ-
ing UTIs in infants and in patients with neurogenic condi-
tions or continuous catheterization.
Unfortunately, the widely used conventional biomarkers,
including C-reactive protein (CRP), urine nitrite, leukocyte
esterase, pyuria, and proteinuria, have a low sensitivity
and specificity for predicting or differentiating UTIs,
leading to over- or undertreatment. According to a retro-
spective pediatric study – analyzing 1,186 subjects, using
these conventional diagnostic tools, 43% of the patients
are overtreated, and 13% are undertreated, leading to
recurrent infections, antibiotic resistance or kidney
damage [1]. Thus, the need for a suitable, specific, easily
measurable, widely available and quick biomarker for
UTIs is in the focus of interest.
The search for the potential markers exploded when
specific functions of the urothelium were described. The
epithelial cells in bladder mucosa are not only a barrier,
but also an active, responsive structure. During inflam-
matory setting, it produces cytokines in order to eliminate
the microbial threat [2]. In this process, every produced
molecule has its own role, forming a subject for identifying
a suitable biomarker.

2 Methods
A literature search for biomarkers used in UTIs from
January 1999 until May 2020 was performed. We used
“urinary tract infections” and “biomarker” as the main
key words in the PubMed, Medline and Cochrane data-
bases. After reviewing, a total of 226 publications were
identified, which were screened by title and abstract. Ex-
cluding the duplicates, we included 168 articles for full

paper selection. Due to lacking data or weak study design,
we excluded another 37, thus in the end, a total of
131 articles were included into this paper. Based on the
results, we divided the available biomarkers into 5 groups:

1. conventional markers;
2. promising, thoroughly studied biomarkers;
3. promising biomarkers that need further studies;
4. biomarkers of unknown significance;
5. controversial, not useful markers.

Under the term “promising biomarkers”, we understand
those markers that performed remarkable results on a
scientific or on a statistical basis. For detailed information,
see Table 2.

Table 2: Identified studies on different biomarkers
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3 Results
Out of the 131 articles, 70 articles were on children, 49
on adults. The remaining 12 articles were either basic
research or reviews. 55 studies operated with patient
numbers over 50. In 30 articles, we found data on con-
ventional biomarkers (CRP, procalcitonin (PCT), pyuria,
nitrite etc.). These studies were either comparative with
novel biomarkers or comparative with other conventional
biomarkers. We did not deal with the latter ones, because
our primary target was to identify and analyze novel bio-
markers.

3.1 Conventional markers

In this category, we selected those markers that have
been in clinical use from the beginning of laboratory dia-
gnostics of UTIs.
Based on a retrospective study analyzing 1,223 cases,
pyuria’s negative predictive value (NPV) is 75%, and the
positive predictive value (PPV) is 40% in UTIs. Neither
centrifugation nor staining the samples add any diagnost-
ic advantage [3]. According to a review by Averbeck et
al., a nitrite test is also a surrogate marker. However, its
sensitivity is only 35–57%, but PPV is high with 96%.
Combining pyuria with nitrite indicates 67% of the culture-
positive cases [4]. Considering that proteinuria can occur
in a series of other disease with a varying ratio of the ex-
creted proteins, it is a non-specific marker of UTIs [5].
Lower UTIs induce the local immune system. It is obvious
that acute phase proteins like CRP or PCT do notmarkedly
elevate in serum. Based on a Cochrane meta-analysis,
CRP has a sensitivity of 94%, and a specificity of 39%,
indicating APN with the cut-off value of 2 mg/dl [6]. In a
large, prospective study among children, PCT had 86%
sensitivity and 89% specificity in detecting APN using
1.3 ng/ml as cut-off value [7].

3.2 Promising, thoroughly studied
biomarkers

3.2.1 Neutrophil gelatinase-associated lipocalin
(NGAL)

We identified 49 articles on the following biomarkers,
where studies with larger patient numbers (above
50 subjects) and/or with specific, well-defined, statistic-
ally proven outcomes were available. In specific patient
groups, more difficult to study, as neurogenic bladder
disorder and elderly patients with ABU, studies with
smaller patient groups were also considered.
NGAL is an acute-phase protein [8], [9]. It was first ob-
served in acute kidney injury affecting the proximal tubuli
[10], [11]. It has a far-reaching effect on immune pro-
cesses and has a direct bacteriostatic effect by blocking
the siderophores on the Gram-negative bacterial wall
[12]. NGAL levels elevate after 12 hours of the infection
and reach their peak within 3 days [13]. Its secretion

shows a variation by age and gender, but differences are
small, thus there is no need for standardization [14].
NGAL excretion is independent from glomerular filtration,
thus standardization for creatinine is not necessary [15].
Table 3 summarizes the results of studies on NGAL.
Based on the results, urinary NGAL can be a suitable
marker for diagnosing UTIs in children and in adults. Al-
though serumNGAL elevates during UTIs as well, referring
to the listed data, urinary NGAL seems to be a more
sensitive marker for predicting UTIs. For differential dia-
gnosis of upper from lower UTIs, NGAL also could be a
useful marker. Although the difference between the two
groups was not significant in every study, a remarkable
disparity could be observed between these groups [16].
Urine NGAL (U-NGAL) could be used for monitoring as
well, because its level correlates with the duration of in-
fection [17].

3.2.2 Cytokines

During the host cell-pathogen interaction, a cytokine burst
occurs in order to recruit the cells of the innate immune
system and enhance the defense against pathogens. In
UTIs, cytokines are mainly produced locally in the uroep-
ithelial cell lining of the bladder and secreted into the
urine. Generally, creatinine correlation of the cytokine
content to compensate for different dilutions of the urine
is not considered necessary [18]. Mostly, interleukin 1-
beta (IL-1B), interIeukin-6 (IL-6) and interleukin-8 (IL-8)
are studied. IL-1B could be a promising marker for differ-
entiation between upper and lower UTIs [19]. Studies
performed on different cytokines are shown in Table 4.
IL-6 and IL-8 are expressed rapidly after getting into
contact with pathogens. IL-6 not only recruits immune
cells, but also initiates gene cascades in order to produce
antimicrobial peptides [20]. Due to its key role, it can be
a predictor for UTIs and a marker of differentiation.
IL-8 has a central role in all inflammatory processes. Al-
though its elevated concentration is observed in UTIs and
can be a predictor of acute pyelonephritis, its specificity
is low. It raises in every kind of congenital urinary anom-
aly, except antenatal renal pelvic dilatation. Thus, IL-8 is
not suitable for diagnosing UTIs when an anatomical
disorder is present [21].
In a recent observational study, 466 patients were en-
rolled. It turned out that measuring IL-8 in urine along
with serum CRP and neutrophil-lymphocyte ratio (NLR)
could indicate the pathogen among adults with type 2
diabetes mellitus. According to the authors, lower levels
of CRP (median value: 33 mg/dl), higher levels of NLR
(over 3.5) and higher levels of urine IL-8 (uIL-8) (median:
2,120 pg/ml) refer to extended spectrum beta-lactamase
(ESBL) producing Escherichia coli infection. The opposite
findings (median CRP under 39.8 mg/dl, NLR under 3.5,
uIL-8 median 668 pg/ml) could indicate the presence of
UTIs caused by ESBL producing Klebsiella pneumoniae.
Increased NLR and IL-8 not only refers to the etiology,
but also indicates the occurrence of renal damage. Among
the aforementioned markers, NLR had the strongest
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Table 3: Urinary and serum NGAL for predicting UTI and differentiating infections

predictive value for diagnosing UTIs caused by ESBL
producing E. coli with 88% sensitivity, 73% specificity,
93% PPV and 24% NPV [22].
Using cytokines for diagnosing UTIs is limited by their low
specificity. Elevated levels can be seen in a variety of
other diseases, where the immune system is activated
for a shorter or longer period [23]. A promising solution
for this is to find cytokine combinations for a specific
disease and develop cytokine pattern studies [24].

3.3 Promising biomarkers that need
further studies

In this category, we listed biomarkers that have promising
results, but due to small numbers of studies, data is
lacking about their actual usefulness.

3.3.1 Heparin binding protein (HBP)

HBP is released from activated neutrophils. HBP has a
multiple role in inflammation [25]. On the one hand, it
inducesmacromolecular efflux in endothels, thus respons-
ible for swelling and edema forming. On the other hand,
it is chemo-attractant and activates monocytes and
macrophages [26], [27]. In UTIs, it has an excellent value
not only in predicting, but also in differentiating upper
from lower UTIs. For studies on HBP, see Table 5.

3.3.2 Matrix metalloprotease-9 (MMP-9)

MMP-9 is a metalloprotease enzyme with a specific role
in degradation of extracellularmatrix components. During
UTIs, MMP-9 often occurs in complex with NGAL [28].
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Table 4: Diagnostic and differential diagnostic value of Il-1B, IL-6, IL-8

Table 5: Studies on HBP

Hatipoglu et al. measured the MMP-9/NGAL complex
level in 145 childrens’ urine [29]. They found 98% sensi-
tivity and 97% specificity with the cut-off value of
0.08 ng/mg for predicting the diagnosis of UTIs. It could
be a better indicator than NGAL alone. Due to the high
sensitivity and specificity, it could be used for distinguish-

ing ABU from UTIs. Thanks to its kinetics, it is suitable for
monitoring as well [29].
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3.3.3 Human neutrophil peptides-1,-3
(HNP-1,-3), human defensin-5 (HD-5)

Alpha defensins originate from white blood cells and
epithelial cells. In a recent, observational, non-comparat-
ive study, using the cut-off values of 174 pg/mg for HD-
5 and 383 μg/mg for HNP-1, the sensitivity was 86% and
the specificity was 88% for predicting urine culture posit-
ivity among 199 children with UTIs [30]. There is a lack
of further studies to determine the actual usefulness of
these two markers.

3.3.4H1-nuclearmagnetic resonance (H1-NMR)
spectrometry

H1-NMR spectrometry is a novel laboratory method for
detecting metabolites in various samples with limited
accessibility. Most human diseases have characteristic
modifications in the metabolite profile of fluids prior and
during the development of clinical symptoms [31].
Searching a discriminative marker for bacterial UTIs,
acetic acid occurred. Using 0.03 mmol/mmol as cut-off,
it has 91% sensitivity and 95% specificity for predicting
bacterial UTIs.
Trymethylamine (TMA) is a natural metabolite of E. coli
activity. Withmeasuring the TMA/CRN ratio, the presence
of an E.coli infection can be determined with 97% spe-
cificity and 66% sensitivity using the 0.0117mmol/mmol
value as cut-off. Results were based on analyzing 133
urine samples [31].
6-hydroxinicotinic acid (6-OHNA) is a metabolite of
nicotinic acid, which is a metabolite of the Pseudomonas
aeruginosa and Klebsiella species. With this method,
etiological diagnosis could be made. Results were based
on 30 samples [32].

3.3.5 Lactoferrin (LF)

Lactoferrin is a stable iron-binding protein that circulates
in serum. Using the 200 ng/ml as a cut-off, its specificity
is 89% and its sensitivity 93% for distinguishing between
ABU and UTIs [33]. These results originate from a com-
parative, observational study among adults. Although the
study population was over 100 people, no one has con-
firmed the results ever since.

3.3.6 Heat shock protein-70 (HSP-70)

HSPs upregulate during infection. For predicting UTIs, its
sensitivity and specificity was 100% using the 158 µg/ml
as cut-off in a prospective, comparative, observational
study among 40 children with febrile UTIs [34].

3.3.7 Bonemorphogenic protein-2 (BMP-2) and
cystatin C (CysC)

BMP-2 has a role in organ regeneration. Its level signific-
antly increases in urinary stone formation and in infec-
tions.

Cystatin C is an endogenous biomarker for renal damage.
It has a predictive value in diagnosing APN in children
(cut-off: 1.08 mg/dl, sensitivity 58%, specificity 87%).
According to a single, small observational study (45 pa-
tients), bothmarkers have high values in diagnosing UTIs
and predicting stone formation. Using 44 pg/ml as cut-
off value for urinary BMP-2 for predicting UTIs has 92%
sensitivity, 80% specificity and 86% accuracy. For urine
CysC, the sensitivity was 85%, specificity 91% and accur-
acy 88%, using 525 ng/ml as cut-off [35].

3.3.8 Lipopolysacharide-binding protein (LBP)

LBP is an acute phase protein. In a single, observational
study among children, LBP had a sensitivity of 96%, and
a specificity of 100% with an undetermined cut-off value
[36]. Although the study population was over 100 chil-
dren, data is lacking about its exact usefulness.

3.4 Biomarkers of unknown significance

In this category, we listed biomarkers that are elevated
during UTIs, but there is insufficient information about
their clinical usefulness (Table 6).

3.5 Controversial, not useful markers

Under controversial biomarkers, we listed molecules
where studies reported contradictory results regarding
their usefulness for diagnosis or differential diagnosis of
UTIs. The common feature in these studies were the small
populations included.
Useless markers are not suitable for diagnosis or differ-
ential diagnosis in UTIs. Mostly, these biomarkers do not
correlate with the course of the disease, or the measure-
ment is technically too complicated for daily application.
The followingmarkers were either not useful for predicting
UTIs or not practical: copeptin, KIM-1, ATP, TREM-1,
apolipoprotein D, alpha amylase 2B, non-secretory ribo-
nuclease, fibronectin, elastase, etc. [17], [37], [38], [39],
[40].
Controversial data on their usefulness can be found for
the following biomarkers: Beta-2-microglobulin, pentraxin-
3, prosaposin, Tamm-Horsfall Protein, Arginin-Vasopressin
[37], [41], [42].

4 Discussion
UTIs are common infections in every age group. Under
special circumstances, timely diagnosismight be challen-
ging. In these situations, clinicians must decide on
laboratory findings, which have a weak accuracy in gen-
eral. As seen in the details, none of the aforementioned
biomarkers can predict the presence of a UTI exclusively.
Thus, the interest turns to novel markers, specifically in
special patients populations, for example children, who
cannot describe their symptoms reliably, or among pa-
tients with constant catheterization, who have asympto-
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Table 6: Summary of biomarkers of unknown significance

matic bacteriuria with or without specific symptoms refer-
ring to infection. In these cases, measuring the severity
of the immune response could be a suitable alternative
to decide about the need of antibiotic treatment. In addi-
tion, the diagnostic accuracy of biomarkers can probably
only be determined when combined with a detailed and
standardized scoring of subjective symptoms along
severity indexing and individual risk ratification. For this
reason, using validated questionnaires, for example the
Acute Cystitis Symptom Score questionnaire [43], [44],
could allow stratification of different clinical scenarios in
combination with novel biomarkers in the future.
There are specific difficulties in each patient population
in which UTI biomarkers are needed, but unfortunately,
the patient groups with the highest need for a biomarker
are also the ones that are most difficult to study. Not only
symptom scoring is difficult; when ABU is frequent, the
host response differentiation is obstructed. Furthermore,
the comparator, ideally intraindividual comparison before
and after a UTI episode, is commonly replaced bymatched
controls. In our literature search, we found that approxim-
ately one third of the articles were on NGAL or on cy-
tokines. Considering that cytokines are key components
of the local host-cell response, these are promising bio-
markers for differentiating upper from lower UTIs – espe-
cially IL-6 and IL-8 [18], [21]. Furthermore, they might be
useful in measuring the level of local immune response
during uncomplicated lower UTIs, which can help the de-
cision about non-antibiotic treatment [45].
NGAL also has a potential in the diagnosis of UTIs with
high sensitivity and specificity. However, an important

limitation is that it is a common marker of kidney injury,
thus acute or chronic disease and other potential condi-
tions that are yet unknown can elevate its level along with
an infectious disease. In this field, further observations
are needed [16].
Most of the published data on biomarkers focus on chil-
dren. There were examples when the context were proven
for adults as well, thus we believe that further findings
should be valid for adults too. However, due to a lack of
studies, the probative value is still missing [16]. Another
weakness of the literature search is the lack of data on
men, as well as on other forms of UTIs.
Finding suitable biomarkers for UTIs has limitations: The
immune system is constantly influenced by varying con-
ditions (chronic, metabolic or malignant disease, intercur-
rent infections etc.) which may influence the expression
of biomarkers. Further research could include a search
for bacterial metabolites or volatile organic compounds
in urine [31], [44]. The amount of the novel biomarkers
is enormous. Therefore, we here focused on those that
have promising results or were studied in larger quantit-
ies. The cut-off values varied in a wide range in the differ-
ent studies. The production of these molecules may vary
by the severity of the symptoms, the activation of the
immune system, anatomic anomalies etc. In order to de-
termine precise cut-off values, a meta-analysis should be
performed. However, due to the large number of variables
involved, it is uncertain whether such an analysis could
be conducted successfully.
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5 Further research
Each of the biomarkers discussed above needs to be in-
vestigated and validated further in well designed clinical
studies to determine their clinical usefulness for diagnosis
and treatment outcome in patients with different categor-
ies of UTI, including uncomplicated and complicated UTI
and urosepsis.

6 Conclusion
Since the diagnostic accuracy and clinical usability of
traditional biomarkers for UTIs in certain clinical settings
are limited, there is a need for novel, accurate and widely
available biomarkers. Urinary NGAL and interleukins are
the most suitable biomarkers that are currently available
for clinicians with a potential to improve the sensitivity
and specificity of laboratory diagnosis of UTIs.

Abbreviations
• 6-OHNA: 6’-hydroxy nicotinic acid
• 8-oxodG: 8’-hydroxy-2’-deoxyguanine
• ABU: Asymptomatic bacteriuria
• APN: Acute pyelonephritis
• ATP: Adenosine triphosphate
• BMP-2: Bone morphogenic protein-2
• CA19-9: Carboanhydrate antigene 19-9
• CAP37: Cationic antimicrobial protein of 37 kd (syn-

onyme for HPB)
• CD14: Cluster of differentiation 14
• CD44: Cluster of differentiation 44
• CIC: Clean intermittent catheterisation
• CRN: Creatinine
• CRP: C-reactive protein
• CysC: Cystatin C
• ESBL: Extended spectrum beta lactamase
• H1-NMR: H1-nuclear magnetic resonance
• HBP: Heparin binding protein
• HD-5: Human defensin-5
• HNP-1: Human neutrophil peptide-1
• HNP-3: Human neutrophil peptide-3
• HSP-70: Heat shock protein-70
• IL: Interleukin
• IL-1B: Interleukin-1 beta
• IL-6: Interleukin-6
• IL-8: Interleukin-8
• LBP: Lipopolisaccharide binding protein
• LF: Lactoferrin
• l-UTI: Lower urinary tract infection
• NGAL: Neutrophil gelatinase-associated lipocalin
• NLR: Neutrophil-lymphocyte Ratio
• NPV: Negative predictive value
• MCP-1: Monocyte chemotactic protein-1
• MMP-9: Matrix metalloprotease-9
• PCT: Procalcitonin
• PGE2: Prostaglandin-E2

• PPV: Positive predictive value
• sIL-1B: Serum interleukin 1 beta
• sIL-6: Serum interleukin-6
• sIL-8: Serum interleukin-8
• s-NGAL: Serum neutrophil gelatinase-associated lipo-

calin
• s-UTI: Symptomatic urinary tract infection
• TAC: Total antioxidant capacity
• TMA: Trimethylamine
• TLR: Toll-like receptor
• TREM-1: Triggering receptor expressed on myeloid

cells-1
• uIL-1B: Urinary interleukin-1 beta
• uIL-6: Urinary interleukin-6
• uIL-8: Urinary IL-8
• u-NGAL: Urinary neutrophil gelatinase-associated

lipocalin
• UPJO: Uretero-pelvic junction obstruction
• UTI: Urinary tract infection
• u-UTI: Upper urinary tract infection
• YKL-40: Tyrosine (Y) – lysine (K) – leucin (L) of 40 kDa
• VUR: Vesico-ureteral reflux
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