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Abstract The aim of this study was to assess the serum
concentrations of Clara cell secretory protein (CC16) in
association with acute and chronic lung injury in mechan-
ically ventilated preterm neonates. Thirty-five preterm
neonates (gestational age [GA] ≤31 weeks) with acute
respiratory failure were enrolled. Of these, 23 neonates
requiring ventilatory support within 2 h after birth com-
prised the mechanically ventilated group (MV group), and
12 neonates who were not ventilated made up the non-
ventilated group (NV group). Serum CC16 was measured
(using enzyme-linked immunosorbent assay [ELISA])
within 2 h (T0) and at 72 h (T1) after birth, at day 14 of
life (T2) and at 36 weeks postmenstrual age (T3). The
median CC16 concentrations were significantly higher in
the MV group compared to the NV group at all times.
Analysis with respect to differences observed in the group
characteristics showed that GA, Apgar score at 5 min and
mechanical ventilation were significant covariates of serum
CC16 at T0. All neonates in the NV group and 18 cases in
the MV group, respectively, survived discharge. Ventilated
survivors with later bronchopulmonary dysplasia (BPD;
oxygen requirement at T3, n=7) had significantly higher
CC16 at all times compared to nonventilated neonates.
Elevated serum CC16 levels at T2 were predictive of BPD
development. In conclusion, our results show that serum

CC16 increases significantly in preterm neonates ventilated
early after birth and remains high in those with later BPD.
Further research is needed to validate the usefulness of
CC16 as a peripheral blood biomarker of acute and chronic
lung injury.
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Abbreviations
AaDO2 Alveolar-arterial difference of oxygen
BPD Bronchopulmonary dysplasia
BW Birth weight
CC16 Clara cell 16-kD secretory protein
FiO2 Fraction of inspired oxygen
GA Gestational age
MV group Mechanically ventilated group
NCPAP Nasal continuous positive airway pressure
NV group Nonventilated group
PaCO2 Partial pressure of arterial carbon dioxide
PaO2 Partial pressure of arterial oxygen
RDS Respiratory distress syndrome

Introduction

Clara cell secretory protein (CC16, CC10 or CCSP) is a
15.8-kD protein secreted all along the tracheobronchial
epithelium, especially in the terminal bronchioles, where
nonciliated Clara cells are localised. Although the precise
role of CC16 remains to be elucidated, several properties
and functions in vitro suggest an important role of this
protein for the protection of the lung against inflammation.
These include the inhibition of enzymes such as cytosolic
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phospholipase A2, immune cells (neutrophils, monocytes,
fibroblasts) and cytokines (interferon-gamma) involved in
the inflammatory process. Furthermore, CC16 attenuates
surfactant degradation and oxidative stress [7, 10].

Under normal conditions, CC16, which is almost
exclusively expressed in the lumen of the respiratory
system, is also present in the bloodstream of healthy
subjects, albeit in much lower concentrations, following
its passive transfer across the air–blood barrier [10].
However, clinical studies have shown that circulating
CC16 rises in various pulmonary diseases characterised
by increased epithelial permeability, such as acute respira-
tory distress syndrome [18], idiopathic interstitial pneumo-
nia [26] and sarcoidosis [12], as well as after exposure to
environmental air pollutants [6] or fire smoke [5]. On the
basis of this evidence, CC16 has been proposed as a
potential, non-invasive, peripheral, blood biomarker specif-
ic to the lung injury.

Mechanical ventilation is known to disrupt alveolar
integrity [9], constituting a critical component of lung
injury in preterm neonates and progression to bronchopul-
monary dysplasia (BPD) [24]. Some inflammatory markers
in tracheal aspirates and peripheral blood heretofore used
for the early detection of lung injury in preterm neonates
receiving mechanical ventilation, such as proinflammatory
cytokines interleukin-1 beta and 6 [16, 25], are, rather,
products of a systemic inflammatory response and not
specific to lung disease [13]. In addition, the tracheal
aspirate technique is invasive, and, apparently, it can be
performed only in intubated neonates. Increased permeabil-
ity of the alveoli leading to a large bidirectional protein flux
between airways and circulation is considered to be a
hallmark feature of respiratory distress syndrome (RDS)
[14, 15], thus, theoretically permitting the diffusion of
CC16 into the vascular compartment. In this context, we
formulated the hypothesis that CC16 would increase
acutely in the blood of ventilated preterm neonates during
the initial phase of mechanical respiratory support propor-
tionally to respiratory disease severity, and that this increase
would persist in those who later develop BPD. To date,
there is only one study regarding circulating CC16
concentrations in ventilated preterm and term neonates
[19]. Nevertheless, in the aforementioned study, serum
CC16 was not critically assessed in association with
parameters related to mechanical ventilation or the severity
of the respiratory failure, and, most importantly, measure-
ments of serum CC16 were confined within the first week
of life.

Based on these considerations, we designed this study
with the aim of evaluating the profile of serum CC16
concentrations in preterm neonates requiring mechanical
ventilation in association with acute and chronic lung
injury, as documented clinically by BPD development.

Patients and methods

Study population

The study was approved by the human research review
board of our institution and an informed written consent
was obtained from all parents.

In this prospective observational study, inborn, preterm
neonates (gestational age [GA]≤31 weeks) with acute
respiratory failure were included. The enrolled neonates
were categorised into: (a) the nonventilated group (NV
group), in which supplemental oxygen or nasal continuous
positive airway pressure (NCPAP) were applied and (b) the
mechanically ventilated group (MV group), in which
synchronised intermittent mandatory ventilation was estab-
lished within the first 2 h of life.

In order to preclude the confounding effect of several
perinatal conditions on alveolar permeability and surfactant
metabolism and, consequently, on CC16 serum levels,
neonates born to mothers with diabetes or clinical cho-
rioamnionitis and those with severe perinatal asphyxia,
severe bleeding disorders (platelets count <50,000/mm3),
possible (clinical and laboratory evidence) or confirmed
(positive blood culture) early onset sepsis, as well as
congenital infections and anomalies, were excluded. Refus-
al of parental consent was also an exclusion criterion.
Furthermore, the plan of the study was that each eligible
neonate continued in the assigned group with respect to
respiratory support until successful extubation, death or the
development of BPD. Thus, neonates initially assigned to
the NV group who required mechanical ventilation after
day 3 of life were excluded from the final analysis. BPD
was defined as the need for oxygen at 36 weeks post-
menstrual age.

In all neonates, the demographic and perinatal character-
istics (sex, birth weight [BW], GA, maternal smoking,
preeclampsia/eclampsia, intrauterine growth retardation,
premature rupture of membranes >24 h, prenatal steroid
administration, mode of delivery, Apgar score), as well as
pulmonary data (severity and cause of acute respiratory
failure and surfactant administration) were recorded.
The severity of acute respiratory failure was assessed using
the alveolar-arterial difference of oxygen [AaDO2=
(FiO2*713)−PaCO2−PaO2, FiO2; fraction of inspired oxy-
gen, PaO2 and PaCO2; partial pressure of arterial oxygen
and carbon dioxide, respectively]. In ventilated neonates,
the oxygenation index [(mean airway pressure*FiO2*100)/
PaO2] was also calculated. Diagnosis of the cause of
respiratory failure was based on the X-ray findings. Serum
creatinine was used to evaluate renal functions possibly
affecting serum CC16 concentrations. The mean arterial
pressure was also recorded. The outcome parameters
collected included survival, the development of BPD, as
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well as the duration of mechanical ventilation, NCPAP and
supplemental oxygen.

Pulmonary and supportive care

Pressure-limited synchronised intermittent mandatory ven-
tilation was the ventilation mode applied. However, neo-
nates in the MV group were allowed NCPAP before the
initiation of mechanical ventilation, as was crossover from
MV to high-frequency oscillatory ventilation for refractory
respiratory failure. Exogenous surfactant (Beractant,
100 mg/Kg/dose) was given within the first 2 h after birth
and for two further doses. Prophylactic surfactant adminis-
tration in the delivery room was not performed. Following
extubation, infants were put on NCPAP. General supportive
treatment was at the discretion of the attending neonatol-
ogist, in line with the protocols applied in our department.

Blood sampling and serum CC16 assay

Arterial blood was drawn from all enrolled neonates for
CC16 measurement after their stabilisation in the neonatal
intensive care unit within the first 2 h of life (T0), and
before the first dose of surfactant in those treated, as well as
at 72 h (T1) after birth, at day 14 of life (T2) and at
36 weeks postmenstrual age in those still in hospital, or
before discharge (T3). Sera were stored at −80°C until
pneumoprotein measurements. Neonates who succumbed
before the second blood sampling were excluded from the
statistical analysis.

The serum human CC16 concentrations were measured
using quantitative colorimetric sandwich enzyme-linked
immunosorbent assay (ELISA) kits (BioVendor GmbH,
Germany) following the manufacturer’s instructions. Each
sample was run in duplicate and the mean concentration
was calculated. The lower limit of detection and assay
sensitivity were 0.02 ng/mL and 0.5 ng/mL, respectively.

Statistical analysis

The numerical data are expressed as medians with ranges, as
not all of the parameters studied followed a normal distribu-
tion (Kolmogorov-Smirnov test). Differences in numeric
variables were assessed using Mann-Whitney, Friedman’s or
Kruskal-Wallis nonparametric two-tailed tests, with post hoc
analysis performed (Dunn’s multiple comparison tests) when
indicated. Fisher’s exact test was used for the categorical
variables. Spearman’s nonparametric correlation was used to
describe the relation between two variables. Multiple regres-
sion was used to assess the influence of demographic and
perinatal characteristics on CC16 levels at T0. To validate the
usefulness of CC16 in predicting BPD, receiver operating
characteristic (ROC) curves were calculated at the different

time points and cut-off levels determined when a significant
result was obtained. Values of p<0.05 were considered to be
significant. Statistical analysis was performed by using the
Statistical Package for the Social Sciences (SPSS) software
for Windows (version 15.0, SPSS, Inc.) and GraphPad
InStat.

Results

Forty-one neonates were initially enrolled in the study. Two
of them assigned to the NV group were excluded from the
final analysis because mechanical ventilation was required
after the first 3 days of life, and four from the MV group
were excluded due to death prior to the second blood
sampling (n=3) and the diagnosis of congenital heart
disease (n=1). Thus, our study population consisted of 35
neonates assigned to the NV (n=12) and MV (n=23)
groups, respectively. The surviving neonates had blood
sampling at all time points, whereas all of those cases who
died had sampling at T0 and T1. The power of the study to
detect the observed differences in serum CC16 levels
between ventilated and nonventilated preterm neonates
was calculated to be 95.4% (at level a=5% using a two-
sided independent samples t-test).

Demographic and perinatal and neonatal characteristics

As shown in Table 1, the two groups differed significantly
with respect to GA, BW, intubation in the delivery room
and Apgar scores at 1 and 5 min, whereas the remaining
demographic and perinatal characteristics were comparable.
The cause of acute respiratory failure in the nonventilated
neonates was mild RDS (n=5) and transient tachypnea of
the newborn (n=7). Among those requiring mechanical
ventilation, 18 had RDS, three had lung immaturity and two
transient tachypnea of the newborn. Five and seven
neonates in the NV group needed respiratory support by
means of NCPAP and oxygen hood, respectively. Com-
pared to NV, the MV group had significantly higher AaDO2

(249.9 mmHg [40.4–552.6] vs. 102.5 mmHg [61.9–208.2],
P=0.005) at T0. All neonates with RDS within the MV
group were treated with exogenous surfactant. Most neo-
nates improved over time, resulting in less mechanical
respiratory support; 12 and six neonates assigned to the MV
group were on a ventilator at T1 and T2, respectively,
whereas none received mechanical ventilation at T3. Three
neonates in the MV group required high-frequency oscilla-
tory ventilation as a rescue therapy. All neonates in the NV
group survived discharge. However, five (21.7%) neonates
in the MV group died of pulmonary causes (n=2), severe
intraventricular haemorrhage (n=2) and sepsis-necrotising
enterocolitis (n=1) before day 14 of life. In one neonate
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dying of refractory arterial hypotension, hydrocortisone was
given on day 3 of life. No other neonate received inhaled or
systematic steroids to facilitate extubation. Of the surviving
ventilated neonates, seven (38.9%) developed BPD. No
neonate developed BPD in the NV group. Survivors in the
MV group with BPD had a significantly higher duration of
mechanical ventilation (29 days [9–73] vs. 2 days [0.5–11],
P<0.001), NCPAP (22 days [4–32] vs. 1 day [0.5–16], P=
0.02) and supplemental oxygen (85 days [70–187] vs.
5 days [1.5–48.5], P<0.001) as compared to those without
BPD.

Pneumoprotein serum concentrations

Simple bivariate correlations showed that serum CC16
values at birth (T0) did not correlate significantly with GA,
BW and Apgar score at 1 min, but they did have a
significant inverse correlation with Apgar score at 5 min
(Table 2). As a second step, multiple regression analysis
was carried out using all previous variables, including
mode of respiratory support, as possible confounders. It
was found that GA, Apgar score at 5 min and mechanical

ventilation were significant covariates (P<0.001) of initial
CC16 levels (Table 2).

At T0, the CC16 levels were significantly higher in the
MV group as compared to the NV group (Fig. 1). On
follow-up, the CC16 levels decreased in both groups
(Friedman’s test; NV group: P=0.006; MV group: P<
0.001), although these levels remained significantly higher
in the MV group (Fig. 1). Within the MV group, neonates
with RDS had higher CC16 concentrations at T0 and at T1,
albeit not significantly, as compared to those without RDS
(data not shown). Serum CC16 was not correlated with
AaDO2, the oxygenation index (MV group) or the mean
arterial pressure, as well as creatinine at T0 and T1.

In order to investigate the relationship between CC16
levels and BPD development, survivors in the MV group
were further divided into two subgroups with or without
later BPD. At T0, both subgroups of ventilated neonates
had significantly higher serum CC16 as compared to
nonventilated cases. However, on follow-up, the differences
were significant only between ventilated neonates with later
BPD and nonventilated cases at T2 and T3 (Fig. 2). It is
worth noting that six out of the seven neonates who
developed BPD were still mechanically ventilated at T2.

Finally, using ROC curve analysis, it was found that
only CC16 values of the whole study population on day 14
of life resulted in a significantly large area under the curve
(AUC=0.913, P=0.01) with respect to later BPD. An
optimal cut-off level for CC16 at T2 as determined by
Youden’s index (0.68) was 10.54 ng/mL, yielding a
sensitivity of 85.7% and a specificity of 82.6% in
predicting BPD development.

Discussion

The results of this study show that ventilated neonates have
significantly increased serum CC16 concentrations early

Table 2 Relationship of serum CC16 at T0 with clinical variables

Simple bivariate correlation

Spearman’s rho P-value
Gestational age −0.037 0.833
Birth weight −0.165 0.342
Apgar score at 1 min −0.057 0.745
Apgar score at 5 min −0.433 0.009

Multiple regression analysis
Beta P-value

Gestational age 2.42 0.006
Apgar score 5 min −4.25 0.003
Mechanical ventilation 8.97 0.001

rho=Spearman’s rank order correlation

Table 1 Demographic and
perinatal characteristics

a Numerical data are expressed
as median and range
DR=delivery room; PROM=pre-
mature rupture of membranes;
SGA=small for gestational age

NV group (n=12) MV group (n=23) P-value

BW (g)a 1,230 (880–1,350) 980 (530–1,340) 0.023
GA (weeks)a 29.5 (28–31) 27 (24–31) 0.006
Gender (male) (n, %) 6 (50) 14 (60.9) 0.537
SGA (n, %) 2 (16.7) 1 (4.3) 0.265
Maternal smoking (n, %) 0 (0) 1 (4.3) 1
Preeclampsia/eclampsia (n, %) 1 (8.3) 1 (4.3) 1
PROM>24 h (n, %) 3 (25) 2 (8.7) 0.313
Prenatal steroids (n, %) 12 (100) 17 (73.9) 0.074
Complete (n, %) 8 (66.7) 11 (47.8) 0.476
Caesarian section (n, %) 11 (91.7) 17 (73.9) 0.38
Apgar score: 1 mina 7 (6–8) 5 (3–8) 0.023

5 mina 8.5 (7–9) 8 (5–9) 0.022
Intubation in DR (n, %) 0 (0) 13 (56.5) 0.001
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after birth, which remain significantly higher in those
subsequently developing BPD.

Studies carried out in animals with acute lung injury [2,
11] and in adults receiving mechanical ventilation for acute
respiratory failure have demonstrated increased circulating
CC16 attributed to enhanced leakage across the bronchoal-

veolar–blood barrier [8, 18]. In the only existing relevant
study in neonates, however, mechanical ventilation has
been associated with a significant rise of serum CC16 in
moderately preterm neonates [19]. Furthermore, we dem-
onstrated that the increase of the specific protein in the
blood occurred early, even after a short-term exposure of
preterm neonates to the injurious effect of mechanical
ventilation, thus, confirming its sensitivity in detecting
subtle defects in the epithelial permeability [27].

Nevertheless, several other possibilities should be taken
into consideration for the differences in serum CC16 levels
noted early after birth. For example, these differences could
reflect a developmental maturation phenomenon, as venti-
lated neonates were of smaller gestational age. Previous
studies showed that CC16 in rabbit foetal lung [22], human
amniotic fluid [4], as well as in tracheal aspirate [17] and
serum [19] of neonates, increases as a function of
gestational age. In the present study, such a conclusion is
verified, as GA is shown to be significantly associated with
CC16 levels soon after birth when adjusting for Apgar
score at 5 min and ventilatory support. Thus, serum CC16
levels should be lower in more immature neonates. The fact
that, however, we found higher serum CC16 in immature
ventilated neonates when compared to more mature non-
ventilated cases, favours the view of a possible contributory
role of ventilatory support, including that provided during
resuscitation at birth. Nevertheless, it is difficult for the
effect of mechanical ventilation on serum CC16 to be
distinguished from that of lung immaturity, unless measure-
ments were performed in cord blood, that is, before any
respiratory intervention. Such an approach was not selected
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in the current study due to the possibility of contamination
with maternal blood [22]. Considering the causal link
between maternal infection/inflammation and premature
birth, intrauterine infection could also account for the
increased CC16 [23]. In lipopolysaccharide-induced acute
lung inflammation, an increased leakage of CC16 in the
serum has been documented in animals [2] and humans
[20]. Furthermore, neonates with postnatal infections were
reported as having elevated CC16 levels in the bronchoal-
veolar lavage [17]. In the present study, clinical chorioam-
nionitis and possible or proven neonatal infection were a
priori exclusion criteria. An additional confounder is
prenatal steroid administration to the mothers. The exper-
imental data showed increased transcriptional up-regulation
of CC16 production by pulmonary epithelial cells after
glucocorticoid exposure in utero [21]. Moreover, steroids
were found to block the release of CC16 in the blood [20],
a finding not yet confirmed by others [2]. Interestingly,
antenatal and postnatal glucocorticoid administration in
neonates was shown not to influence CC16 levels in
tracheal aspirates [17] and serum [19]. In this study, the
proportion of prenatal steroids was comparably high in both
groups, while only one ventilated neonate received steroids
postnatally. Lastly, from the analysis of our results, the
serum creatinine and mean arterial pressure were found to
not correlate with serum CC16, despite data indicating that
the blood levels of CC16 depend on its clearance from the
circulation [8].

According to our initial hypothesis, circulating CC16
was expected to be higher in ventilated neonates with RDS,
simultaneously reflecting derangement in oxygenation. In
adults with acute respiratory failure, serum CC16 was
found to be related to blood oxygenation [8]. We, indeed,
documented higher CC16 levels in ventilated neonates with
RDS, although not significantly within the first few hours
after birth. This finding should be investigated in larger
studies, as the number of ventilated neonates without RDS
included in this study was small. However, no association
could be demonstrated between serum CC16 and blood
oxygenation during the acute phase of RDS. Possibly, the
protein, apart from the disrupted alveoli predominately
affecting oxygenation, may follow other route(s) for its
lung to blood passage, especially when positive pressure
ventilation is performed. A possible mechanism may
involve destructive injury of the terminal conductive
airways at the junction with the gas exchange units.

Further analysis of our results showed that persistently
high serum CC16 levels up to day 14 of life were predictive
of BPD development. Increased serum CC16 is suggestive
of an ongoing injury of the bronchoalveolar–blood barrier.
Yet, as the maximal increase of serum CC16 was observed
in neonates still receiving ventilation at this time point, this
increase reflected ventilator-induced lung damage rather

than BPD development per se. From the clinical point of
view, the early detection of increased CC16 in serum is
important, since neonatologists are given the opportunity to
intervene in an attempt to minimise lung injury, e.g. by
using more lung-protective ventilatory strategies [1] or
certain pharmacological agents [3].

One limitation of this study was the fact that the
histological examination of the placenta was not performed
and, thus, the possibility of a subclinical infection under-
lying preterm delivery cannot be ruled out. In addition, the
number of enrolled neonates was relatively small, and the
use of more sophisticated statistical analyses, such as
logistic regression, was, therefore, not possible. Neverthe-
less, the study had enough power to confidently detect
differences in the serum CC16 levels between ventilated
and nonventilated preterm neonates.

In conclusion, our data provide evidence that serum
CC16 concentrations may be useful as a peripheral blood
biomarker in evaluating acute and chronic lung injury in
ventilated preterm neonates. The clinical significance of
increased serum CC16 for monitoring lung injury in
preterm neonates should be validated in larger studies.
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