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Department of Pediatrics, College of

Medicine and Health Sciences, United

Arab Emirates University, Al Ain,

United Arab Emirates

Specialty section:

This article was submitted to

Children and Health,

a section of the journal

Frontiers in Pediatrics

Received: 31 August 2021

Accepted: 31 January 2022

Published: 14 March 2022

Citation:

Lamot M, Miler M, Nikolac Gabaj N,

Lamot L, Milošević M, Harjaček M and
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Background: Febrile illnesses in young children can be a major diagnostic challenge,

despite the routine use of various laboratory markers. Recent advancements in the

understanding of inflammatory processes have highlighted the role of calprotectin, a

heterodimer consisting of S100A8 and S100A9 proteins, with many studies suggesting

its clinical value as a biomarker of inflammation. This research aimed to evaluate the

usefulness of serum calprotectin (sCal) as a biomarker of urinary tract infection (UTI),

which was due to its high pooled prevalence and feasibility of urine culture as a diagnostic

reference standard selected for a model of bacterial infection in children.

Methods: Febrile children aged 0–36 months with suspected UTI based on positive

urinalysis or viral respiratory tract infection were included. Children with significant

bacteriuria in urine culture were labeled as cases (n= 58), while those with confirmed viral

infection (n = 51), as well as those with suspected UTI but sterile urine culture who went

on to develop symptoms consistent with viral respiratory infection (n = 7), were labeled

as controls. sCal levels were determined by a commercial immunoassay. Conventional

inflammation markers (C-reactive protein, procalcitonin, white blood cell count, absolute

neutrophil count, and neutrophil percentage) were measured on the day of the clinical

examination. Differences in measured inflammatory markers between cases and controls

were analyzed with Mann-Whitney U-test. ROC analysis reported cut-off values with the

best sensitivity and specificity to distinguish bacterial UTI from viral respiratory infection.

Results: All analyzed inflammatory biomarkers, including sCal, were significantly

higher in cases than in controls. Median concentration of sCal was 4.97µg/mL (IQR

3.43–6.42) and 2.45µg/mL (IQR 1.63–3.85) for cases and controls, respectively (p

< 0.001). For identifying bacterial UTI, sensitivity and specificity of sCal were 77.6

and 69.0%, respectively, at an adjusted cut-off point of >3.24µg/mL (AUC 80.2%).
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Conclusion: sCal could have substantial added value in the management of a child with

fever and positive urinalysis and is a promising biomarker in distinction between bacterial

UTI and viral respiratory causes of febrile illness in children under the age of 3 years.

Keywords: calprotectin, urinary tract infection, bacterial infection, biomarker, pediatrics, respiratory viral diseases

INTRODUCTION

A number of recent studies have shown a significant interest in
comprehending the clinical diagnostic potential of monitoring
calprotectin concentrations in blood and body fluids (1). Due to
its ubiquity during infection and/or inflammation and stability at
room temperature, it comes as no surprise that calprotectin has
been by now isolated from feces, urine, saliva, cerebrospinal fluid,
meconium, synovia, and serum/plasma (1, 2). Fecal or blood-
based calprotectin seems to be an effective diagnostic and follow-
up biomarker in inflammatory bowel disease (IBD), rheumatoid
arthritis (RA), spondyloarthritis, juvenile idiopathic arthritis
(JIA), ANCA associated vasculitis, systemic lupus erythematosus
(SLE), and Kawasaki disease, where it is used as a predictor of
disease relapse, response to treatment, and structural damage (3–
6). Additionally, it has been shown that plasma calprotectin levels
might be used to distinguish the bacterial from viral infection (7).
In adults, calprotectin exhibited a great sensitivity and specificity
in the discrimination between bacterial pneumonia and viral
respiratory infections, while in preterm and term infants with
culture proven or high probable sepsis, its sensitivity, as well as
positive and negative predictive values, were higher than those
reported for conventional infection markers (8–10).

Despite the routine use of various clinical and laboratory
markers, febrile illnesses in children younger than 3 years of age
can be a major diagnostic challenge for physicians caring for
children (11). Although self-limiting viral respiratory infections
are the principal cause of fever in this group, a considerable
portion of children will develop a bacterial urinary tract infection
(UTI) that requires antibiotic treatment. The most commonly
used inflammatory markers such as white blood cell count
(WBC), C-reactive protein (CRP), and procalcitonin (PCT) aid
in identifying children at risk for bacterial infection, though
their sensitivity and predictive ability are limited. Generally, both
CRP and PCT perform better than WBC, while in the youngest
children with serious bacterial infection PCT outperforms CRP
in the very first hours from fever onset, but with much higher
cost (11).

Calprotectin (referred to by various authors as L1, 27E10
antigen, CFA, MRP8/14, calgranulin A/B, and S100A8/S100A9)
is a calcium binding protein named after its protective,
antimicrobial properties (12, 13). It is expressed primarily in
neutrophils and to a much lesser extent in monocytes, and
its production is induced by the pro-inflammatory cytokines
TNFα and IL1β via transcriptional factor C/EBPα (14, 15). The
pathways which induce calprotectin expression and secretion
during bacterial infection start with bacterial lipopolysaccharides
(LPS) binding to a toll-like receptor 4 (TLR4) on phagocytes
(16). On the other hand, calprotectin is designated as a damage

associated molecular pattern protein (DAMP) which acts by
binding to two pattern-recognition receptors, TLR4 and RAGE
(receptor for advanced glycation end products), on innate
immune cells, releasing numerous inflammatory mediators,
including calprotectin. Hence, calprotectin acts in paracrine and
autocrine manner to amplify acute immune response, and has a
potential to indicate inflammation (16, 17).

To the best of our knowledge, no study has investigated
the possible role of serum calprotectin (sCal) in differentiating
viral from the bacterial cause of febrile illnesses in infants and
children. This research aimed to evaluate the usefulness of sCal
as a biomarker of bacterial UTI in children younger than 3 years
of age, hypothesizing that sCal is significantly higher in children
with proven bacterial UTI than in children with respiratory
viral disease.

MATERIALS AND METHODS

Participants and Procedures
This was a prospective study performed between October 2018
and February 2020 (before the first confirmed case of SARS-
CoV-2 infection in Croatia) at the Department of Pediatrics in
Sestre milosrdnice University Hospital Center, Zagreb, Croatia.
The study involved children aged 0–36months whowere brought
to Emergency Department due to a fever ≥38◦C lasting <72 h
and admitted to the inpatient or outpatient ward for further
follow-up and treatment of suspected UTI (based on urinalysis)
or respiratory tract infection. None of the participants had a
history of chronic illness or ongoing antibiotic use at the time
of visit.

Patients who turned out to have a UTI were regarded as
cases, while those with proven viral respiratory infection, as
well as those with sterile urine culture who went on to develop
symptoms suggestive of viral respiratory infection, were regarded
as controls. All of the participants had other source of bacterial
infection excluded by negative pharyngeal swab, normal otoscopy
finding, sterile blood culture, and/or negative chest radiography
(if performed). The urine was collected as per the institution’s
protocol, with a sterile plastic bag attached to the perineum after
thorough cleaning. Diagnosis of UTI wasmade with both positive
urinalysis (leukocyte esterase greater than a trace amount and/or
any positive nitrite detected by dipstick test) and significant
bacteriuria in urine culture [100,000 colony forming units (CFU)
of a single urinary tract pathogen per milliliter] (18–20). The
diagnosis of viral respiratory infection was confirmed with rapid
influenza or respiratory syncytial virus (RSV) immunoassays.

Every participant of the study underwent a medical history
taking and clinical examination. Conventional inflammatory
markers, such as CRP, PCT, WBC, absolute neutrophil count
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TABLE 1 | Microbiological isolates and their distribution in study participants.

Participants Diagnosis Microbial etiology No. of subjects

Bacterial infection (N = 58) UTI Escherichia coli 55

Klebsiella pneumoniae 2

Enterobacter spp. 1

Controls (N = 58) Confirmed respiratory viral infection RSV 9

Influenza A or B 42

Symptomatic respiratory viral infection with sterile pyuria Unknown 7

UTI, urinary tract infection; RSV, respiratory syncytial virus.

FIGURE 1 | Patient selection flowchart.

(ANC), and neutrophil percentage (N%), were measured on the
day of the clinical examination with routine standards of the
hospital laboratory.

WBCs were evaluated using Sysmex XN-1000 hematology
analyzer (Sysmex, Kobe, Japan), CRP was measured by
immunoturbidimetry method on Architect c8000, and
PCT was determined by chemiluminescent microparticle
immunoassay on Architect i2000sr, both Abbott, Abbott
Park, IL, USA. The serum was frozen and preserved at
−20◦C until 69 samples were collected and analyzed for
calprotectin at the same time. Two cycles were performed,
which makes a total of 138 tested serum samples. SCal levels
were determined using a commercial Quantum Blue R© sCal
quantitative lateral flow assay on Quantum Blue reader
(BÜHLMANN Laboratories AG, Schönenbuch, Switzerland).
Test required 20 µL of serum, samples were diluted 1:10, and

results were available after 20min. Sensitivity of the test is
<0.5 µg/mL.

Ethical Considerations
All included patients provided a written informed consent to
participation signed by their parent/guardian. The study protocol
was approved by the institutional ethics committee and all
procedures performed were following the ethical standards of the
institutional ethics committee and the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.

Statistical Analysis
Data distribution was checked with the Smirnov-Kolmogorov
test.Where the assumption of normality was not upheld, the non-
parametric tests were used. Continuous variables were expressed
as the median and interquartile range (IQR). Data were analyzed
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TABLE 2 | Differences in variables of interest between cases with bacterial infection and respiratory viral controls.

Bacterial UTI cases (N = 58∗) Respiratory viral controls (N = 58∗) P-value

Age (months) 3.75 (2.0–6.13) 14.0 (5.0–21.25) <0.001

Duration of fever (hours) 12.0 (5.75–24.5) 24.0 (12.0–48.0) 0.006

sCal (µg/mL) 4.97 (3.43–6.42) 2.45 (1.63–3.85) <0.001

CRP (mg/L) 41.8 (21.1–104.38) 6.4 (1.68–16.28) <0.001

PCT (ng/mL) 0.31 (0.11–2.05) 0.09 (0.06–0.2) <0.001

WBC (109/L) 17.95 (13.08–22.73) 7.8 (5.40–11.7) <0.001

ANC (109/L) 8.99 (6.35–12.01) 3.42 (2.02–5.19) <0.001

N% 52.45 (45.28–61.43) 45.55 (33.73–55.9) 0.001

∗Number of participants with determined PCT levels were 45 and 36 for patients with bacterial infection and controls, respectively.

sCal, serum calprotectin; CRP, C-reactive protein; PCT, procalcitonin; WBC, white blood cell count; ANC, absolute neutrophil count; N%, neutrophil percentage.

For continuous variables, medians and interquartile ranges are shown.

For two-group comparison, significance was defined as P ≤ 0.05.

TABLE 3 | Correlation between sCal values and variables of interest.

rs N P-value

Age (months) 0.416 58 0.001

Duration of fever (hours) 0.231 58 0.081

CRP (mg/L) 0.446 58 <0.001

PCT (ng/mL) 0.263 45 0.081

WBC (109/L) 0.491 58 <0.001

ANC (109/L) 0.611 58 <0.001

N% 0.601 58 <0.001

CRP, C-reactive protein; PCT, procalcitonin; WBC, white blood cell count; ANC, absolute

neutrophil count; N%, neutrophil percentage.

Strong positive correlation was defined as rs (Spearman correlation coefficient) >0.5 and

P ≤ 0.05.

for statistically significant differences using Mann-Whitney U
test or Fisher exact test. The Kruskal Wallis test was used
for determining whether the medians of sCal in 2 or more
age sub-groups differ significantly, after which a Dwass-Steel-
Critchlow-Fligner post-hoc test was performed to find out which
of these groups differ from each other. Spearman correlation
coefficient (rs) tested the significance of the correlation between
sCal and values of standard inflammatory biomarkers. ROC
analysis reported cut-off values with the best sensitivity and
specificity to distinguish bacterial from viral infection. Univariate
and multivariate binary logistic regression analysis were made
for prediction of bacterial infection among febrile children.
Statistical analysis was performed using SPSS for Windows
(version 25; IBM Corporation, Chicago, IL, USA). ROC curve
analysis was performed using MedCalc (version 19.1.7; MedCalc
Software Ltd, Ostend, Belgium). Two-sided tests were used, with
the level of statistical significance set at 0.05.

RESULTS

Patient Selection and Demographics
A total of 138 patients were included in the study: 87 with
suspected UTI and 51 with proven respiratory viral infection.

Out of the patients with suspected UTI, 9 with insignificant
bacteriuria (<100,000 CFU/mL) were immediately excluded,
while 20 with sterile pyuria (no identified urinary tract pathogen)
went for further assessment. Among these patients with sterile
pyuria, 13 had clinical, radiological, and/or microbiological
diagnosis of bacterial infection other than UTI and were
excluded, while 7 with no such diagnosis of bacterial infection
who further developed symptoms suggestive of viral respiratory
infection were included in the control group. Therefore, the final
number of participants was 116, divided into UTI cases group
and respiratory viral infection control group, each consisting of
58 participants (Table 1). There were no significant differences in
gender distribution between cases and controls, with 30 (51.7%)
and 29 boys (50%), respectively. Figure 1 outlines the patient
selection for the study enrollment.

Inflammatory Markers Levels
A statistically significant difference was found between
participants and controls for all measured inflammatory
biomarkers, including sCal. There was a strong positive
correlation in cases between sCal and neutrophil count and
percentage (rs = 0.611 and rs = 0.601, respectively, P < 0.001)
and moderate between sCal and WBC and CRP (rs = 0.491 and
rs = 0.446, respectively, P < 0.001). Table 2 shows differences in
variables of interest between participants with bacterial infection
and controls. There was no significant relationship between sCal
and PCT (P = 0.081) in patients with proven bacterial infection
(Table 3).

Performance of Serum Calprotectin in
Bacterial Infection
ROC analysis (Figure 2) showed that sCal > 3.24µg/mL has the
best sensitivity (77.6%) and specificity (69.0%) according to the
Youden index (J = 0.46; AUC= 80.2%, 95% confidence interval,
0.717–0.870). With the cut-off value set, a new binary variable
(>3.24 or ≤3.24) was analyzed with the binary regression
model. A significant prediction of bacterial infection was found
for the value of sCal > 3.24µg/mL with odds ratio 7.69
(95%CI: 3.35–17.65; P < 0.001).Table 4 summarizes AUC results
and, at optimal cut-off value, sensitivity and specificity of all
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FIGURE 2 | ROC curve and diagnostic performance of serum calprotectin in differentiation between bacterial UTI and respiratory viral infections.

tested blood-based inflammatory biomarkers for the distinction
between diagnosis of bacterial UTI and viral infection.

Serum Calprotectin Analysis Across Age
Sub-groups of Participants With Bacterial
Infection
Children with UTI were divided into 4 age groups: neonates
(under 28 days of age), young infants (1–3months), infants (4–12
months), and toddlers (13–36 months) (19, 21, 22). As shown in
Tables 5, 6, sCal values in patients with bacterial infection were
statistically significantly lower in neonates than infants (W =

4.140, P = 0.018).

Binary Logistic Regression Analysis for
Predicting Bacterial Infection Among
Febrile Children
The results of univariate binary logistic regression analysis for
association of all measured biomarkers (based on their AUC)

with UTI in febrile children under 3 years of age are presented
in hierarchical order in Table 7. WBC was the best predictor of
UTI with R2 0.32, while R2 of sCal and CRP were 0.24 and 0.21,
respectively. In multivariate binary logistic regression analysis,
when sCal was combined with WBC, its predictive value for UTI
improved (R2 = 0.37, AUC 0.876). The model with CRP added to
WBC and sCal was only slightly better (R2 = 0.40, AUC 0.882).

DISCUSSION

The present study is the first to report the efficacy of sCal as a
biomarker for the differentiation between bacterial UTI and viral
respiratory infection in febrile children younger than 3 years of
age. Moreover, it explored the performance of sCal relative to
other inflammatory markers in children with bacterial UTI. A
febrile bacterial UTI and viral respiratory infection were used as
a model of bacterial and viral infection in children, respectively,
due to its high pooled prevalence and feasibility of urine culture
and nasopharyngeal aspirates as a diagnostic reference standard
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TABLE 4 | Performance of all analyzed inflammatory biomarkers.

Inflammatory marker Cases/controls AUC Optimal cut-point Sensitivity Specificity Accuracy Youden index

sCal 58/58 0.802 3.24µg/mL 77.6 79.0 73.28 0.4655

CRP 58/58 0.8176 19.7 mg/L 75.86 77.59 76.72 0.5345

PCT 45/36 0.758 0.28 ng/mL 53.33 86.11 67.9 0.3944

WBC 58/58 0.8585 12.1 × 109/L 84.48 77.59 81.03 0.6207

ANC 58/58 0.8433 6.18 × 109L 79.3 84.48 81.9 0.6379

N% 58/58 0.6828 48.35% 63.79 67.24 65.52 0.3103

sCal, serum calprotectin; CRP, C-reactive protein; PCT, procalcitonin; WBC, white blood cell count; ANC, absolute neutrophil count; N%, neutrophil percentage.

TABLE 5 | sCal median values across age sub-groups of participants with UTI.

Age group N Median sCAL (IQR)

Neonates 13 2.40 (1.65–5.10)

Young Infants 16 5.20 (3.63–5.93)

Infants 24 5.61 (3.84–8.70)

Toddlers 5 6.40 (4.19–8.76)

Significant difference in median values of sCal between two or more age sub-groups was

detected with Kruskal-Wallis non-parametric test (X2 = 11.1, P = 0.001).

sCAL, serum calprotectin.

Neonates: under 28 days of age; Young infants: 1–3 months; Infants: 4–12 months;

Toddlers: 13–36 months.

TABLE 6 | Pairwise comparisons of sCAL median values between age

sub-groups of participants with UTI using the Dwass-Steel-Critchlow-Flinger

(DSCF) post-hoc test.

Pairwise comparison W P

Neonates Young Infants 3.071 0.131

Neonates Infants 4.140 0.018

Neonates Toddlers 3.137 0.118

Young Infants Infants 1.445 0.737

Young Infants Toddlers 2.103 0.446

Infants Toddlers 0.653 0.967

DSCF post-hoc test showed significant difference (P ≤ 0.05) in median values of sCal

between neonates and infants (bold).

W, Wilcoxon rank sum test statistic.

Neonates: under 28 days of age; Young infants: 1–3 months; Infants: 4–12 months;

Toddlers: 13–36 months.

(23–25). Besides, clinical manifestation of febrile UTI in this age
group often lack any signs and symptoms typical for children
after 5 years of age, makingUTI in a younger age group somewhat
of a diagnostic dilemma (26).

According to AAP (American Academy of Pediatrics) and
NICE (National Institute for Health and Care Excellence)
guidelines, urinalysis is an important part of managing infants
and young children presenting with unexplained fever of 38◦C or
higher (19, 20). Urine dipstick test is the recommended screening
method for UTI in febrile children from 3 months to 3 years of
age, and in age group 2 to 24 months has diagnostic sensitivity
of 67–94% and specificity of 64–92% (19, 20). On top of that,
readily available serum markers CRP and PCT are often used to

prognosticate pyelonephritis in children with UTI. While CRP
has been studied with conflicting results, more studies confirmed
that PCT is a valuable indicator of acute renal involvement
and the best predictor of permanent renal scarring in children
under 2 years of age with first febrile UTI (27). Nevertheless,
there is no compelling evidence to recommend the routine
use of any of these tests in clinical practice (28). Moreover, as
mentioned above, the reference standard for diagnosis of UTI
is urine culture, which is time consuming and frequently leads
to engagement of antibiotic treatment while pending for results,
often not in line with the rules of rational pharmacotherapy (29).
Finally, despite the increased availability of laboratory testing and
development of clinical scores reachable online, such as UTIcalc,
there is still no entirely accurate early predictor of UTI in children
(30). Hence, establishing timely and reliable diagnosis of UTI in
children presents an unmet clinical need.

The main presented finding in our study was that children
with proven bacterial urinary tract infection had significantly
higher sCal concentration than children with viral respiratory
tract infection. This result is supported by Havelka et al.
who recently reported that in adults with acute respiratory
infections, plasma calprotectin levels were significantly higher in
patients with bacterial pneumonia, mycoplasma pneumonia, and
streptococcal tonsillitis compared to plasma calprotectin levels in
patients with proven viral infections (10). Based on results of our
multivariate binary logistic regression analysis, sCal has the best
predictive value for UTI when combined with WBC (R2 = 0.37),
while CRP has little added value (R2 = 0.40) in that combination.
Moreover, the strongest correlation was observed between sCal
values and neutrophils (absolute count and percentage), which
can be explained by the fact that calprotectin is almost exclusively
restricted to neutrophils and by now is already known as amarker
for neutrophil mediated inflammation (2, 10, 15, 31).

In addition, sCal values correlated with CRP moderately,
and there was no correlation with PCT, which reflects different
aspects of the body’s response to infection. Moreover, PCT in
our study showed noticeably lower AUC for recognizing bacterial
UTI than sCal (0.758 vs. 0.802), but this can be attributed to
the selection bias, since PCT was routinely analyzed in only
62% of controls and 77.6% of cases (who all were probably
more ill-appearing than the others) compared with 100% of
study participants with defined sCal values. On the other hand,
our results showed that other routinely measured inflammatory
biomarkers (CRP, PCT, WBC, ANC, and N%) were significantly
higher in cases of bacterial UTI than in controls with respiratory
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TABLE 7 | The results (in hierarchical order) of univariate binary logistic regression analysis for association of all measured biomarkers (based on their AUC values) with

UTI in febrile children under 3 years of age.

Predictor OR 95% CI R2 (%) R2 adj (%) AUC P

WBC 1.2898 1.18–1.41 32.26 31.64 0.8585 ≤0.001

ANC 1.4334 1.25–1.64 28.60 27.98 0.8433 ≤0.001

sCal 1.9494 1.5–2.55 24.2 23.58 0.8017 ≤0.001

CRP 1.0362 1.02–1.05 21.33 20.71 0.8176 ≤0.001

PCT 1.9988 0.93–4.29 12.64 11.74 0.7580 0.076

N% 1.0522 1.02–1.08 8.45 7.83 0.6828 0.001

sCal, serum calprotectin; CRP, C-reactive protein; PCT, procalcitonin; WBC, white blood cell count; ANC, absolute neutrophil count; N%, neutrophil percentage.

viral infection, with similar observed high performance AUC for
identifying bacterial UTI.

We analyzed sCal values in four different physiologically
meaningful age sub-groups of children under 3 years of age with
bacterial UTI and recognized that neonates with UTI have lower
sCal concentrations than infants with UTI. Unfortunately, the
number of cases in each sub-groupwas too small tomake relevant
conclusions based on our findings. Nevertheless, this has raised
an important point of how age influences sCal kinetics. Since
currently the number of reliable studies on the matter is limited,
a new study investigating reference interval of sCal in various age
groups of children, especially neonates, is warranted.

Interestingly, Terrin et al. reported that in very low birth
weight newborns with suspected sepsis, the diagnostic accuracy
of sCal was greater (at cut-off value of 1.7µg/mL sensitivity was
89% and specificity 96%) than the performance of CRP, WBC,
and ANC (8). A few years later, Decembrino et al. published
similar results in term infants with the same diagnosis: at cut
off value of 2.2µg/mL sCal was identified to distinguish between
infants with and without sepsis with sensitivity and specificity of
62.5 and 69.7%, respectively, whereas CRP for a cut-off of 6.0
mg/L showed a sensitivity of 50% and specificity of 66.7% (9).
The provided explanation was that CRP concentration increases
rather slowly in the initial phase of inflammatory response to
pathogens and many peripartum factors influence its kinetics.
Considering there is no need for de novo synthesis and its rapid
release from neutrophils, sCAL could be an earlier marker of
bacterial infection, although this should be confirmed by a new
study as well (32).

In our study, the participants were selected keenly and
divided into two well-defined homogeneous groups according
to the reference standard for the diagnosis of bacterial UTI or
viral respiratory infection, which is the main strength of the
study. Besides, comparison to other inflammatory markers was
performed, providing data on the performance of sCal relative to
the routinely used biomarkers.

The most important limitation of the study is a small
number of participants from a single center. Thus, caution
should be exercised, especially when interpreting findings of
subgroups with small sample size. Additionally, instead of
commonly recommended invasive urethral catheterization or
bladder puncture, non-invasive bag technique was performed,
thus the positive urine culture/significant bacteriuria was defined

as presence of ≥105 CFU of single urinary tract pathogen
per milliliter of urine, while patients with lower bacterial
counts or multiple pathogens were excluded from the study
(18, 19). Nevertheless, this non-invasive collection technique
could possibly influence the results of the study. Furthermore,
the design of the study with only one, initial laboratory
analysis on the first day of admission is insufficient for
evaluating kinetics of inflammatory biomarkers, which makes
the hypothesis that sCal as a biomarker of bacterial infection
reaches its maximum level in blood before CRP and other
routinely used inflammatory biomarkers only speculative. Also,
there were some significant differences in age and duration of
fever among participants with bacterial UTI and viral respiratory
infection, with the former being of younger age and shorter
duration of fever (Table 2). Considering the above-mentioned
observation that neonates have lower sCAL concentration
than infants, as well as weak correlation of sCAL with age
(Table 3), the differences in sCAL among these two groups
might be even higher, as probably are the differences in
clinical appearance, prompting caregivers of children with
UTI to visit an emergency department earlier and hence
the lower duration of fever. Finally, 7 patients who initially
presented as possible UTI due to the positive urinalysis,
developed symptoms suggestive of respiratory viral infection
while waiting for the results of urine culture, which came
back negative. This situation is not uncommon in everyday
clinical practice and therefore those participants were regarded
as symptomatic respiratory viral infection with sterile pyuria
and included in controls group. Nevertheless, similar sCAL
concentrations were observed among these and other patients
with proven viral respiratory infection and no significant
differences were noticed if they are excluded from the analysis
(data not shown).

In conclusion, compared to febrile patients with respiratory
viral infection, sCal was significantly elevated in patients with
bacterial UTI. Although it is clear that the diagnosis of UTI
cannot be based on serum biomarkers and that urine culture
remains the gold standard for diagnosis, our results suggest that
sCal could have substantial added value in the early management
of a child with fever and positive urinalysis and serve as an
accurate biomarker in distinction between bacterial UTI and
respiratory viral causes of febrile illness in children under 3 years
of age.
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