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ABSTRACT
Aim: Prompt diagnosis and determination of the clinical severity and
intervention of lower respiratory tract infections (LRTI) is essential for the
prevention and management of life-threatening complications. Laboratory
tests do not serve as accurate indicators of clinical severity. Our aim was
to evaluate the contribution of urinary amino-terminal pro-brain natriuretic
peptide (NT-ProBNP) concentrations in children with LRTI to clinical
assessment in terms of determining clinical severity and the necessity of
hospitalization.
Materials and Methods: This prospective non-randomised study included a
total of 160 patients, aged 0-6 years, diagnosed with LRTI [(group 1=outpatient
group (n=108), and (group 2=hospitalized patients (n=52)]. The control group
(group 3) was comprised of 46 healthy children. Urinary NT-ProBNP level of
each participant was measured by ELISA method.
Results: Although not significant, the mean urinary NT-ProBNP level of
all patients was higher than that of the control group (p=0.322). When
we compared the three groups separately, the highest levels belonged to

Öz
Amaç: Alt solunum yolu enfeksiyonlarında (ASYE) erken tanı ve klinik
ciddiyetin belirlenmesi yaşamı tehdit eden komplikasyonların önlenmesi ve
tedavisi için şarttır. Laboratuvar bulguları her zaman hastalığın klinik ciddiyeti
hakkında fikir vermemektedir. Çalışmamızın amacı çocukluk çağı ASYE’lerinin
ciddiyeti ve hastane yatışı gerektirip gerektirmediğinin belirlenmesinde
idrarda amino-terminal pro-brain natriüretik peptid (NT-ProBNP) düzeyi
ölçümünün klinik değerlendirmeye katkısının değerlendirilmesidir.
Gereç ve Yöntemler: Bu prospektif non-randomize çalışmaya 0-6 yaş
aralığında ASYE tanısı alan toplam 160 hasta dahil edildi. [(Grup 1: Ayakta
tedavi edilen hastalar (n=108) ve grup 2: Hospitalize edilerek tedavi edilen
hastalar (n=52)]. Kontrol grubuna benzer yaş grubunda sağlıklı 46 hasta dahil
edildi (grup 3). Hastaların idrar NT-ProBNP düzeyi ELİSA metodu ile ölçüldü.
Bulgular: İstatistiksel olarak anlamlı olmasa da hastaların idrar NT-ProBNP
düzeyi kontrol grubuna göre daha yüksekti (p=0,322). Üç grup ayrı ayrı
karşılaştırıldığında; en yüksek değerlerin ayakta tedavi edilen hastalara
ait olduğu ve hospitalize edilen hastaların idrar peptid düzeylerinin kontrol
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outpatients whereas hospitalized patients showed slightly lower levels
than the control group without any statistical significance (p=0.128). As for
newborns (n=16), patients showed higher levels than the controls (p=0.041). P
value <0.05 was considered significant.
Conclusion: Although urinary NT-ProBNP level tends to increase to some
extent in childhood LRTI, this alteration does not seem to be valuable in the
prediction of the severity of the disease. We believe that the establishment
of further studies including larger series of patients, especially neonates, is
warranted.
Keywords: Child, lower respiratory tract infection, amino-terminal pro-brain
natriuretic peptide, urine

Introduction
Childhood lower respiratory tract infections (LRTI) are
encountered as widespread and common infectious diseases.
Pneumonia is the leading cause of mortality (17%) in children
aged <5 years (1). Estimatedly 1 million children younger than
five years of age died from pneumonia in 2014 according
to the most recent “Child Mortality Report” of UNICEF (2).
Bronchiolitis is the most common cause of hospitalization
in the first year of life. Prompt diagnosis, the determination
of clinical severity, and intervention of LRTI is essential
for the prevention and management of life-threatening
complications. This can only be achieved by proper clinical
assessment. Laboratory tests and chest radiographs do not
always serve as accurate indicators of clinical severity (3).
Brain natriuretic peptide (BNP) is a peptide hormone
mainly released from cardiac atrial myocytes but it is also
secreted by the ventricular myocardium in response to
pressure and volume overload. Enzymatic cleavage of proBNP results in the production of BNP and amino-terminal
pro-BNP (NT-ProBNP) (4). Serum levels of NT-ProBNP can
be tested easily, quickly and economically. Thus, measuring
plasma concentrations of NT-ProBNP has emerged as
a useful estimator of cardiac dysfunction and has been
incorporated into major adult guidelines for the detection and
management of heart failure as a diagnostic test (5).
The first studies evaluating plasma NT-ProBNP levels in
children focused on cardiac dysfunction and its predictivity
in differentiating between congestive heart failure (CHF) and
lung disease among infants with acute respiratory distress
(6,7). Research assessing plasma peptide levels in arrytmia,
febrile convulsion, epilepsy, syncope, sepsis, and more have
further been conducted (8-10). NT-ProBNP is also found in the
urine as small peptides undergo renal filtration (11). Studies
measuring urinary NT-ProBNP levels in children are generally
limited to the prediction and follow-up of hemodynamically
significant patent ductus arteriosus (hs-PDA) in preterm
infants (12,13).
It has been proposed that plasma NT-ProBNP levels
may elevate to some extent in LRTI based on cardiac
overload even in the absence of cardiac failure. Studies
using plasma NT-ProBNP levels in children with LRTI have

grubundan hafif olarak düşük olduğu, gruplar arası istatistiksel olarak anlamlı
fark olmadığı görüldü (p=0,128). Hasta yenidoğanların bebeklerin kontrol
grubundan daha yüksek değerler gösterdiği belirlendi (p=0,041). P<0,05
istatistiksel olarak anlamlı kabul edildi.
Sonuç: Çocukluk çağı ASYE’lerinde idrar NT-ProBNP değerleri yükselse de
sonuçlarımız bu değişikliğin hastalığın klinik şiddetinin tayininde değerli bir
belirteç olarak görülmediğine işaret etmektedir. Gelecekte bu konuda özellikle
yenidoğanların dahil edildiği daha fazla hasta sayısı ile yapılacak çalışmalara
ihtiyaç olduğunu düşünüyoruz.
Anahtar Kelimeler: Çocuk, alt solunum yolu enfeksiyonu, amino-terminal
pro-brain natriüretik peptid, idrar

reported a significant increase accompanying heart failure
only in children most of whom also had an underlying
congestive heart disease (CHD) (14,15). On the other hand,
no published report estimating the “clinical severity” of LRTI
in the absence of heart failure by detection of plasma or urine
NT-ProBNP levels exists hitherto in pediatric practice.
In this study, we planned to measure urinary NT-ProBNP
concentrations in children with LRTI. Our aim was to evaluate
the contribution of this easily applicable and non-invasive
diagnostic test in childhood LRTI to clinical assessment for
the determination of clinical severity and the necessity of
hospitalization.

Materials and Methods
Patients and Study Design
This prospective non-randomised study was conducted
in the Pediatric Outpatient Clinic, Emergency and Infectious
Diseases Departments, Neonatal and Pediatric Intensive
Care Units of Ankara University Faculty of Medicine between
November 2014-May 2015. The study protocol was approved
by the Clinical Research Ethical Commitee of Ankara
University (approval number: 17-735-14; October 2014).
Written informed consent was given by each parent.
We enrolled a total of 160 children, aged between 0-72
months, who were diagnosed with LRTI (acute pneumonia
or bronchiolitis). Since current knowledge indicates that
plasma NT-ProBNP value is high in the umbilical cord with
a further increase in the first two days of life, followed by
a rapid decrease in the first week (3-8 days), we included
neonates beyond the first week of life (16). Exclusion criteria
were outlined as previously diagnosed CHD, chronic lung
disease, respiratory tract abnormality, immune deficiency,
neuromuscular disease, major congenital malformation,
and inability to obtain written informed consent. Routine
echocardiographic evaluation was not performed unless a
suspicion of CHD or CHF was raised.
Clinical Evaluation of Patients
Each patient was clinically evaluated by a pediatrician.
Vital signs (heart rate, respiratory rate and oxygen saturation)
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were recorded at arrival. Tachycardia and tachypnea were
defined as pulse and respiratory rates at rest exceeding
upper limits of normal according to age (17,18).
Modified Wood’s Clinical Asthma Score (M-WAS) was
applied to patients diagnosed with bronchiolitis to assess
clinical severity (19). This clinical scoring scale focuses on
five signs; oxygen saturation, inspiratory breath sounds,
expiratory wheezing, use of accessory muscles, and mental
status. Patients were regarded as “mildly, moderately or
severely ill” based on this assessment.
Clinical severity in pneumonia was categorized as “mild”
or “severe” based on body temperature, signs of respiratory
distress, skin color, mental status, oxygen saturation, feeding
problems, signs of dehydration, heart rate, and capillary refill
time (3,20).
Patients were divided into two subgroups according to
clinical evaluation; group 1 (outpatient group, n=108) included
“mildly” or “moderately” ill patients who were evaluated and
discharged either from the outpatient clinic or emergency
department. Group 2 (n=52) consisted of hospitalized
patients, either in the infectious diseases department or
intensive care units, who were considered as “severe”
patients. Control group (Group 3) consisted of 46 healthy
children of similar age without signs of recent infection.
Urine Amino-Terminal Pro-Brain Natriuretic Peptide
Measurement
Urine was collected for the measurement of NT-ProBNP
within the first 2 h of admission for outpatients, and within
6 h for hospitalized patients. Samples (2 mL) were further
centrifuged at 4000 rpm for 5 minutes, and cell-free urine
was stored at -80 °C until assessment. Urine NT-ProBNP
quantification was handled in Ankara University Faculty
of Medicine, Immunology Laboratory with the enzyme
immunoassay for the quantitative measurement of BNP
fragment in biological fluids as per instructions (YH Biosearch
Laboratory, Shangai, China). The NT-ProBNP measuring range
in urine reported by the manifacturer is 5 to 2000 pg/mL.
Results above this range were rediluted and assessed again.

than out-patients [median (minimum-maximum) 16.1 (0.5-65)
versus 19 (2-71) months)].
Baseline clinical characeristics of the patients are
summarized in Table I. Mean admission time since symptoms
first appeared was similar between the two groups. Heart
and respiratory rates were higher in hospitalized patients.
Nevertheless, these findings were not totally regarded as
of clinical importance as hospitalized patients were younger.
The only statistically significant clinical difference between
the two groups was higher M-WAS, and pneumonia scores
on admission in hospitalized patients. Echocardiography was
performed in 11 outpatients (10.2%) and 13 hospitalized
patients (25%). All results were revealed as normal.
No Difference in Urinary Amino-Terminal Pro-Brain
Natriuretic Peptide Levels Amongst Groups
Table II shows urinary NT-ProBNP levels of our study
group. We observed higher urinary NT-ProBNP levels in the
patients in comparison with the control group, not reflecting
statistical significance (p=0.322). When we compared the
three groups separately, the highest levels belonged to
outpatients whereas hospitalized patients had slightly lower
levels than the control group. The difference between levels
of urinary NT-ProBNP of the three groups did not represent
any statistical significance (p=0.128). When we examined
urinary NT-ProBNP levels of the newborns (n=16) in our study
group, the patients (mean ± standard deviation: 696.9±147.1
pg/mL) had higher levels than controls (509.7±326.2 pg/mL)
(p=0.041).
Table I. Baseline clinical characteristics of the outpatient group and
hospitalized patients
Outpatient
group

Hospitalized
patients

Admission time since signs first
appeared (day)
[mean ± SD; median (min-max)]

4.5±4.0
3.00 (1-20)

4.9±3.90
4.00 (1-20)

Respiratory rate (/min)
[mean ± SD; median (min-max)]

40.1±10.70;
40.0 (15-70)

46.5±12.2
46.0 (16-80)

0.001

Tachypnea (%) (WHO criteria)

27.8

34.6

0.377

Low oxygen saturation (≤%92) (%)

16.7

25

0.212

Heart rate (/min)
[mean ± SD; median (min-max)]

123.4±21.1;
120 (88-170)

142.0±19.2
146 (90-170)

0.001

Tachycardia (%) (based on age)

22.2

34.6

0.095

Results

M-WAS score (for bronchiolitis)
(% of “moderately/severely ill”
patients)

5.7

42.1

<0.001

Patient Characteristics

Pneumonia score
(% of severe cases)

0

20.9

<0.001

Statistical Analysis
Differences amongst the three groups for the ordinal or
non-normally distributed continuous variables were evaluated
by Kruskal-Wallis variance analysis. Mann-Whitney U test was
used to test ordinal or non-normally distributed continuous
variables. Categorical variables were assessed by chi-square
test or Fisher’s exact test, where applicable. Degree of
association between variables was evaluated by Spearman’s
correlation coefficient. P value less than 0.05 was considered
significant.

Although the mean age of the control and patient groups
was similar (p=0.669), hospitalized patients were younger
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p

0.075

Max: Maximum, Min: Minimum, /Min: /Minute, SD: Standard deviation, WHO: World
Health Organization, M-WAS Score: Modified Wood’s Clinical Asthma Score
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Correlation of Amino-Terminal Pro-Brain Natriuretic
Peptide and Clinical Characteristics
We investigated the correlation between urinary
NT-ProBNP values and the patients’ clinical characteristics.
Inverse weak correlation was observed between urinary
NT-ProBNP values and both heart rate and mean admission
time. NT-ProBNP levels were higher in patients without
tachycardia [(median (minimum-maximum) 541.2 (65.51073.8) pg/mL)] in contrast to patients who had tachycardia
[363.3 (107-1028.9) pg/mL] (p=0.001). We observed no
relationship between other clinical characteristics and urinary
NT-ProBNP levels (Table III).

Discussion
We measured higher urinary NT-ProBNP levels in LRTI
patients compared to the control group. However, this finding
did not reach statistical significance and was consistent with
the previously published data reporting plasma NT-ProBNP
levels in children diagnosed with LRTI (6,7,14,15). On the
other hand, our main goal was to evaluate the diagnostic
acccurracy of urinary peptide levels in determining “severe”
cases. We observed no differerence between clinically severe
Table II. Comparison of urinary amino-terminal pro-brain natriuretic
peptide levels (pg/mL) between groups
Groups

Urine NT-ProBNP (pg/mL)
n

Mean ± SD

Median

Minimum

Maximum

Control

46

476.6±324.8

423.2

37.4

1189.9

Outpatients

108

527.4±244.2

543.4

98.1

1028.9

Hospitalized
patients

52

459.5±254

475.0

65.5

1073.8

All patients
(hospitalized
and outpatients)

160

505.4±248.8

527.3

65.5

1073.8

n: Number, SD: Standard deviation, NT-ProBNP: Amino-terminal pro-brain natriuretic
peptide

Table III. Correlation between urinary amino-terminal pro-brain
natriuretic peptide values (pg/mL) and clinical characteristics
Parameters

Urine NT-ProBNP (pg/mL)
Correlation coefficient (r)

p

Mean admission
time (days)

-0.164

0.038

Age (month)

-0.065

0.357

Breath rate (/min)

-0.048

0.549

Heart rate (/min)

-0.228

0.004

Oxygen saturation (%)

0.130

0.102

Bronchiolitis score

0.024

0.773

Pneumonia score

0.097

0.339

Min: Minute, NT-ProBNP: Amino-terminal pro-brain natriuretic peptide

cases who required hospitalization, and outpatients who
presented a milder clinical course. In the case of neonates,
the patients showed significantly greater values than controls
but this subgroup was relatively small in size. Furthermore,
since all neonates with LRTI should be hospitalized, and
clinical severity was similar with no existing severe cases
in our subgroup, we did not consider this finding of clinical
importance.
We proposed that one of the issues related to lower
values in hospitalized patients than in outpatients was
the later collection of urine (6 hr versus 2 hr). Delayed
testing might have resulted in lower values because of the
altered clinical course. We also believe that accompanying
tachycardia in our patients may present as an additional
factor leading to lower results as the correlation between
tachycardia and urinary NT-ProBNP was found to be strongly
negative. Although we did a thorough search, we could not
reach any statement in the literature indicating the effect of
tachycardia on plasma/urine NT-ProBNP levels. However, we
assume that tachycardia may cause reduced urinary protein
levels as a result of less emphasized volume and pressure
overload.
Previous work concerning children concluded that plasma
NT-ProBNP levels are significantly high in children with
CHF regardless of the etiology, and significant reduction
is observed after an approppriate intervention (6,7,14,15).
These studies indicated a statistically insignificant increase of
plasma NT-ProBNP values in children diagnosed with LRTI but
who did not have CHF, and concluded that plasma NT-ProBNP
might serve as a useful index for the differentiation of
dyspnea due to cardiac failure from a respiratory illness.
The cardiovascular and respiratory systems may be
regarded to be functioning as a single unit, as changes in one
reflect the other (21,22). Even little alterations in intrathoracic
pressure may cause substantial changes on the afterload
of small children (14). Nonetheless, an increase in plasma
NT-ProBNP level as a result of instant afterload changes
without clinically evident CHF may also be observed in
patients with LRTI. Aydemir et al. (23) reported increased
plasma NT-ProBNP levels in “severe” cases of transient
tacyhpnea of the newborn (TTN). This study documented
that echocardiographic evaluation revealed preserved systolic
functions in all infants although “near to normal limit” was
detected in severe cases (23). Authors linked this rise to
the contribution of natriuretic peptides in the regulation
of extracellular fluid volume. Whilst we think that events
occuring in the first days of life happen to be much
more complex representing “early transition” and should
be discussed separately, we believe this data pointing
to increased NT-ProBNP levels in infants with TTN with
normal cardiac functions is of value. Moreover, few studies
provided evidence that the secretion of natriuretic peptides
is induced by cytokines and inflammatory mediators (24,25).
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This information might be regarded as an additional factor
resulting in increased plasma peptide levels in LRTI.
Adult studies reported that plasma NT-ProBNP levels
serve as a strong predictor of severe pneumonia (26,27).
These studies found higher NT-ProBNP levels in patients
requiring intensive unit care and non-survivors, and linked
this increase to comorbidities (e.g. heart failure, renal failure)
and inflammatory mediators (26). We found only one study
reporting the predictive potential of plasma NT-ProBNP as
independent of comorbidities in adults with pneumonia (27).
Studies have assessed the diagnostic and prognostic
value of NT-ProBNP in urine as a simple and non-invasive
test (11,28). Although slightly lower values than plasma are
detected, urine NT-ProBNP was shown to have a diagnostic
accuracy to that of plasma NT-ProBNP for the diagnosis
of heart failure in adults (29). As far as we searched, we
found few studies evaluating urinary NT-ProBNP values in
children. Tosse et al. (12) designed the first study in children
assessing urinary peptide levels and clinical characteristics
and concluded that the measurement of urinary NT-ProBNP
is a powerful and non-invasive method to diagnose hs-PDA in
preterm infants. Subsequently, Celik et al. (13) noted similar
results and notified that urinary NT-ProBNP levels may help
clinicians to determine the effects of hs-PDA on the clinical
status of preterm infants. Czernik et al. (30) published higher
urinary NT-ProBNP levels in preterm neonates who further
developed retinopathy of prematurity. Although we aimed to
elucidate the predictive potential of urinary NT-ProBNP in the
determination of “severity” in childhood LRTI, we could not
demonstrate any relation.
Study Limitations
There are several limitations of this study. Firstly,
echocardiography was not performed on the whole study
group. Instead, it was carried out on patients whose clinical
evaluation was unclear to minimize redundant investigation in
patients showing typical signs of LRTI. The inability to analyze
fresh urine could be considered as another limitation. A recent
research reported slightly better predictive results with fresh
rather than frozen samples of NT-ProBNP for the diagnosis
of CHF in adults (31). A further point of discussion is the
invalid reference values of urinary NT-ProBNP in childen. We
gathered data of a limited number of patients from certain
published studies. We believe further research is mandatory
for the establishment of these values. Nevertheless, we
assume that this factor may not have influenced the
interpretation of our results since we “compared” the values
of two different groups.

in the prediction of the severity of the disease. We believe
that the establishment of further studies including larger
series of patients, especially neonates, is warranted to clarify
this issue of concern.
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