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Abstract
Background: Plasma levels of Clara cell protein (CC16) and Surfactant Protein D (SP–D) are elevated in patients 

with Acute Lung Injury or Acute Respiratory Distress Syndrome (ALI/ARDS). We investigated the relation between 
these biomarkers and clinical outcome scores from mechanically ventilated patients at risk for lung injury.

Methods: Data from all 150 patients enrolled in a previously reported preventive randomized controlled trial, 
comparing a 10 ml/kg with a 6 ml/kg tidal volume strategy in patients without ALI/ARDS at the onset of mechanical 
ventilation, were used. CC16 and SP–D levels were measured in plasma samples at baseline and on day 2 and 4 
after initiation of the mechanical ventilation protocol. The relation between CC16 and SP–D levels and development of 
ALI/ARDS (North American European Consensus Conference (NAECC) criteria), and of the following clinical scores: 
lung injury score, Sequential Organ Failure Assessment (SOFA) score, and oxygenation index, was investigated using 
multivariate regression analysis.

Results: Plasma CC16 and SP–D levels increased after 4 days in patients who developed acute lung injury 
(NAECC criteria). At all time points the plasma CC16 level was significantly correlated with the lung injury score, SOFA 
score and oxygenation index. The highest correlations were observed on day 2 (standardized coefficient, β=0.38; 
β=0.54; and β=0.40; P<0.001 for all, respectively). The systemic SP–D level was correlated with these scores only on 
day 4 (β=0.29; β=0.26; and β=0.33; P<0.05 for all, respectively). 

Conclusion: Plasma CC16 and SP–D levels may be used to monitor the extent of lung injury in mechanically 
ventilated intensive care unit patients. 
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Introduction
Acute Lung Injury (ALI) and its more severe form Acute Respiratory 

Distress Syndrome (ARDS) are major causes of morbidity and mortality 
in Intensive Care Unit (ICU)–patients [1]. A correct and well–timed 
diagnosis of ALI/ARDS allows the clinician to apply specific measures 
such as reduction of tidal volume size and restrictive fluid management 
[2,3]. Both the lung injury score [4] and the North–American European 
Consensus Conference criteria [5] are commonly employed to define 
patients with ALI/ARDS. More recently, an alternative definition, i.e. 
the Delphi definition, has been proposed [6]. The applied criteria are, 
however, susceptible to personal interpretation, potentially leading 
to gross under–recognition [7]. In addition, the PaO2/FiO2–ratio and 
chest radiograph abnormalities can be influenced by use of higher levels 
of Positive End–Expiratory Pressure (PEEP) so that patients may no 
longer fulfill the ALI/ARDS criteria [8]. 

Adding objective measures such as biological markers could 
improve recognition of patients with ALI/ARDS. In a recent study we 
showed that plasma levels of Clara cell protein (CC16) and surfactant 
protein D (SP–D) are diagnostic of ALI/ARDS in patients with 
ventilator–associated pneumonia [9]. Thus, biomarkers as CC16 and 
SP–D may aid in the (early) recognition of ALI/ARDS. 

In the present study, we aimed to extend these findings by 
investigating the relationship between plasma levels of Clara cell 
protein (CC16), surfactant protein D (SP–D) and clinical scores 
relevant to ALI/ARDS patients. In a recently reported study in patients 
without ALI/ARDS at the onset of mechanical ventilation we showed 
that reduction of tidal volume size may prevent ALI/ARDS during 
the course of mechanical ventilation [10]. Moreover, with higher tidal 
volumes (10 ml/kg predicted body weight) an increased lung injury 
score was observed after 4 days, indicative of the presence of lung injury. 
In the present study we determined plasma CC16 and SP–D levels and 
related these findings to lower and conventional tidal volumes and 
development of acute lung injury (NAECC criteria) during the course 
of mechanical ventilation. Furthermore, we studied whether levels of 
these biomarkers were independently associated with the lung injury 
score, sequential organ failure score, and oxygenation index and 
development lung injury during the course of mechanical ventilation. 
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Finally we explored the diagnostic accuracy of these markers for the 
diagnosis of lung injury.

Methods
Study design/patient selection

Data from 150 patients participating in a previously reported 
randomized controlled trial of tidal volume of 10 ml/kg versus 6 ml/
kg predicted body weigh in patients without ALI/ARDS at the onset 
of mechanical ventilation were used [10]. The protocol was approved 
by the institutional review board of both hospitals where the trial was 
performed and written informed consent was obtained as previously 

described. For the present study, plasma samples from all patients 
enrolled were available for analysis of CC16 and SP–D levels. 

Trial–related procedures

All study methods have been previously reported in detail, 
including inclusion and exclusion criteria and mechanical ventilation 

procedures. In short, patients were randomly assigned to mechanical 
ventilation with tidal volumes of 10 or 6 ml/kg predicted body weight. 
The volume–controlled mode was used according to the study protocol 
until the patient could be weaned from the ventilator. Development of 
lung injury was scored by two independent intensivists who had access 
to all clinical data except ventilator settings. The lung injury score was 
calculated including the static lung compliance. The Sequential Organ 
Failure Assessment (SOFA) score was calculated as described previously 
[11]. The oxygenation index was calculated using the following formula: 
mean airway pressure × FiO2 × 100% / PaO2 [12]. 

Measurement of biomarkers

Levels of CC16 and SP–D were measured in plasma samples which 
were collected at baseline (day 0), on day 2 and day 4. CC16 and SP–D 
levels were measured with an enzyme–linked immunosorbent assay 
as described previously [9] but the exception that we used a different 
capture antibody for the SP–D assay (clone HM3022, HyCult, Uden, 
The Netherlands).

Statistics

Data are presented as medians (25th percentile–75th percentile 
interquartile ranges). Because the CC16 and SP–D levels were not 
normally distributed the bivariate analyses were performed with the 
Mann Whitney U test. The relations between CC16 and SP–D levels 
with the lung injury score, SOFA score and oxygenation index were 
studied with the Spearman’s correlation coefficient for each time point. 
In case age was significantly correlated with these variables in univariate 
analysis, a linear regression model was constructed to study the relation 
while controlling for age. 

To study whether plasma CC16 and SP–D levels change over time 
in patients ventilated with lower or conventional tidal volumes a linear 
mixed model was constructed by adding time and randomization group 
as factors in the model. In this model, the interaction between time 
and randomization was used to assess any effect of lower tidal volumes 
on CC16 and SP–D levels. To study changes over time in relation to 
development of lung injury we constructed the same model but now 
with time and development of lung injury as factors in the model. 
To study the relation between baseline CC16 and SP–D levels and 
development of lung injury, a logistic regression model was constructed 
with randomization group and biomarker levels as independent 
variables. Receiver operating characteristic curves were constructed for 
CC16 and SP–D levels on day 2 and 4 to study the diagnostic accuracy 
to distinguish patients who did and did not develop lung injury.

All analyses were performed with SPSS version 15.0 (Chicago, 
Illinois, USA). P value<0.05 was considered as statistically significant. 

Results
The patient population was as previously described [10]. In 

short, 74 patients were randomized to mechanical ventilation with 
conventional tidal volumes and 76 patients to lower tidal volumes. 
Twelve patients developed ALI/ARDS. Ten of these patients were 
randomized to conventional tidal volumes. There were no significant 

differences between both randomization groups with regard to baseline 
characteristics and presence of risk factors for ALI/ARDS (Table 1). 
The median (25th percentile–75th percentile IQR) CC16 plasma levels 
in patients ventilated with conventional and lower tidal volumes at 
baseline were 10.4 (5.2–21.6) ng/ml vs. 8.8 (5.6–18.9) ng/ml, respectively 
(P=0.68) and SP–D plasma levels were 286 (159–518) ng/ml vs. 396 
(236–528) ng/ml, respectively (P=0.10). There was evidence for a lower 
CC16 level in smokers but statistical significance was not reached. The 
CC16 level in non–smokers was 12.0 (5.9–31.0) and in smokers (8.6 
(4.6–17.7), P=0.09. In both randomization groups the CC16 levels did 
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Figure 1: Serial data on plasma levels of Clara cell protein (CC16) and 
surfactant protein D (SP–D) in patients ventilated with conventional tidal 
volumes of 10 ml per kilogram of predicted body weight (closed circles) and 
patients ventilated with lower tidal volumes of 6 ml per kilogram of predicted 
body weight (open circles).

VT of 10 ml/kg
(n=74)

VT of 6 ml/kg
(n=76) P–value

Age (years) 58 (±17) 63 (±15) 0.06
Male sex 50 (68%) 49 (64%) 0.69
APACHE–II score 20 (±8) 21 (±7) 0.93
SOFA 8 (±4) 7 (±3) 0.19
LIS 1.2 (±0.6) 1.3 (±0.6) 0.08
Underlying ALI risk factors: 0.60
-Sepsis 7 4
-Shock 6 9
-Pneumonia 1 3
-Aspiration 1
-Pancreatitis 1
-Trauma 12 10
Blood transfusion 14 11 0.47
Chronic alcohol abuse 6 5 0.72
Smoking history 45 (61%) 58 (76%) 0.04
Baseline CC16 (ng/ml) 10.4 (5.2–21.6) 8.8 (5.6–18.9) 0.68
Baseline SP–D (ng/ml) 286 (159–518) 396 (236–528) 0.10

VT tidal volume; APACHE–II acute physiology and chronic health evaluation–II 
score; SOFA sepsis organ failure assessment score; LIS lung injury score; CC16 
Clara cell protein; SP–D surfactant protein D

Table 1: Baseline characteristics.
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not change over time but the SP–D levels increased slightly after 4 days 
in the conventional tidal volume group (P=0.02; Figure 1).

With univariate analysis, the plasma CC16 levels were significantly 
correlated with the oxygenation index, the lung injury score and the 
SOFA score at all three time points. The strongest correlations were 
observed on day 2: oxygenation index, ρ=0.36, lung injury score, ρ=0.34 
and SOFA score, ρ=0.51 (P<0.001 for all). On day 2 and 4 the SP–D 
levels were significantly correlated with the SOFA score, but only on day 
4 a significant correlation with the lung injury score and oxygenation 
index was observed. With multivariate analysis controlling for age, the 
correlations (standardized beta) mostly remained significant (Table 2).

The baseline plasma CC16 and SP–D levels were not significantly 
different between patients who developed lung injury and those who 
did not. At study entry CC16 levels were 12.0 (8.3–26.6) ng/ml vs. 9.6 
(5.3–20.0) ng/ml (P=0.35) and SP–D levels were 278 (190–590) ng/
ml vs. 330 (178–514) ng/ml (P=0.98) in patients who did and did not 
develop lung injury respectively. CC16 levels decreased significantly 
after 4 days in patients who did not develop lung injury (P<0.001) 
while levels increased slightly in lung injury patients (Figure 2). This 
difference was significantly different between groups (linear mixed 
model, interaction P=0.006; Figure 2). By day 4 the SP–D levels were 
also significantly increased in patients with lung injury and this increase 
was also significantly different from patients who did not develop lung 
injury (P<0.001; Figure 2).

In logistic regression analysis, both the baseline CC16 and SP–D 
level were not predictive of development of lung injury. At day 2 
however, both CC16 and SP–D levels were significantly higher in 
lung injury patients. The diagnostic properties of both biomarkers 
were moderate as shown by the area under the curve of the receiver 
operating curves (CC16: AUC=0.68 [95% CI 0.54–0.82], P=0.04; 

SP–D: AUC=0.66 [95% CI 0.52–0.81], P=0.06, Figure 3). By day 4, the 
diagnostic characteristics had improved markedly. The area under the 
curve for CC16 was 0.77 (95% CI 0.60–0.94; P=0.04) and for SP–D 0.84 
(95% CI 0.70–0.98; P=0.01). A cut–off value of 8 ng/ml of CC16 had a 
sensitivity of 100% (95% CI 82–100) but specificity was low with 54% 
(95% CI 47–61). A cut–off value of 450 ng/ml SP–D yielded a sensitivity 
of 100% (95% CI 82–100) and a specificity of 65% (95% CI 65–58).

Discussion
Several conclusions can be drawn from the present study. First, 

we observed that plasma levels of CC16 correlate well with the lung 
injury score, oxygenation index and SOFA score at days 0, 2 and 4. 
Second, we also observed a correlation between plasma SP–D levels 
and these scores, but only after 4 days of mechanical ventilation. Third, 
development of lung injury in this cohort of patients was accompanied 
by a 3–fold increase in plasma SP–D levels while CC16 levels were 
only moderately increased in patients with lung injury. And finally, 
although both CC16 and SP–D levels increased after lung injury had 
been diagnosed, the diagnostic accuracy of these biomarkers was only 
moderate.

CC16 is a low–molecular weight protein (16 kDa) that is produced 
by Clara cells in the small airways [13]. SP–D is a large (589 kDa), 
asymmetric protein [14] produced by alveolar type II cells and Clara 
cells [13]. Accumulation of these lung proteins into blood is determined 
by the leakiness of the respiratory membrane as well as by the gradient 
for each protein across the respiratory membrane. For a large protein 
like SP–D, passage of the respiratory membrane is limited and thus a 
steeper gradient will affect its passage across the respiratory membrane 
less than that of a small protein like CC16. Thus enhanced plasma levels 
of SP–D provide in particular an indication of damage to the respiratory 
membrane. In contrast, elevated plasma levels of CC16 may be caused 
by both an enhanced local production as well as increased leakiness 
across the respiratory membrane. In the present study we observed an 
increase in CC16 levels but not as high as we expected based on our 
observations in patients with ventilator–associated pneumonia [9] and 
by others [15–18]. Based on CC16 plasma levels one cannot distinguish 
between an enhanced leakiness and enhanced local production of 
CC16. Interestingly, the increase in plasma SP–D levels was much more 
profound than the increase in CC16 levels. As leakage of SP–D across 
the respiratory membrane is more restricted than that of CC16, the 
increased accumulation of SP–D in the blood is highly suggestive of 
more damage of the respiratory membrane in patients with lung injury, 
although this does not preclude an altered SP–D production. In rats 
challenged with intratracheal lipopolysaccharide, bronchoalveoalar 
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Figure 2: Serial data on plasma levels of Clara cell protein (CC16) and 
surfactant protein D (SP–D) in patients who developed acute lung injury 
according to the North American European Consensus Conference criteria 
(closed circles) and in patients who did not develop acute lung injury (open 
circles).
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Figure 3: Receiver operating characteristic curves of plasma levels of Clara 
cell protein (CC16) and surfactant protein D (SP–D) for the differentiation 
between patients with and without acute lung injury on day 2 (dashed line) 
and day 4 (straight line).

Day 0 Day 2 Day 4
CC16
Oxygenation index 0.12 0.41*** 0.24*
Lung injury score 0.22* 0.39*** 0.29*
SOFA score 0.37*** 0.53*** 0.50***
SP–D
Oxygenation index 0.02 0.06 0.33*
Lung injury score 0.07 0.06 0.29*
SOFA score 0.02 0.22* 0.26*

CC16 Clara cell protein; SP–D surfactant protein D; SOFA sequential organ failure 
assessment; * P<0.05, ** P<0.01, *** P<0.001.
Table 2: Standardized coefficients (beta) of multivariate linear regression analysis.
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SP–D levels were increased after 72 hours [19]. In contrast, in patients 
with ALI/ARDS, bronchoalveolar SP–D levels remained comparable to 
control levels [20]. Whether an enhanced SP–D production is manifest 
in our study group remains to be determined. 

We observed a strong correlation between the SOFA score and 
CC16 and a moderate correlation between the lung injury score and 
CC16 on all 4 days but a correlation with SP–D only on the fourth 
day. The delay in correlation is probably caused by the same reasons 
mentioned above. CC16 may enter the bloodstream more readily 
than SP–D. Systemic SP–D levels probably do not increase before the 
permeability has increased significantly. Mechanical ventilation may 
induce lung injury at a rate that manifests in increased SP–D levels only 
after a couple of days. Surprisingly the correlation of CC16 with the 
SOFA score was much stronger than with the lung injury score. The 
SOFA score is calculated as a score based on objective biomarkers of 
organ dysfunction [11]. The lung injury score is partly dependent on 
the interpretation of chest radiographs, which can be subjective. This 
may explain the weaker correlation. Multiple organ failure is often 
accompanied by respiratory failure. The strong relation of plasma CC16 
levels with the SOFA score may be an indication that CC16 in plasma is 
a good candidate biomarker to monitor injury to the lungs, even in the 
absence of all the criteria for ALI/ARDS.

We have demonstrated before that CC16 is an excellent biomarker 
for ALI/ARDS in patients with ventilator–associated pneumonia [9]. 
In contrast, the diagnostic accuracy of CC16 plasma levels was only 
moderate in the present study while the diagnostic accuracy of SP–D 
was comparable to what we previously observed in patients with 
ventilator–associated pneumonia [9]. This may be due to a high number 
of patients with congestive heart failure which is recently shown to be 
associated with high CC16 levels [21]. The rate of SP–D production 
may be comparable between patients with pneumonia and other causes 
of ALI/ARDS while pneumonia may have a different impact on CC16 
release compared to sepsis or trauma. The absolute levels of SP–D we 
observed in the present study were comparable to the levels in patients 
with ventilator–associated pneumonia and ALI/ARDS of the previous 
study. This may indeed explain the same level of diagnostic accuracy of 
SP–D in both our studies. 

In the present study we observed that plasma levels of CC16 and 
SP–D increase in patients with lung injury. We observed that plasma 
CC16 levels correlate strongly with the SOFA score and moderately with 
the lung injury score and oxygenation index in mechanically ventilated 
patients. The diagnostic accuracy of these biomarkers was however 
moderate. This may be related to different underlying risk factors for 
ALI/ARDS. Whether differences in CC16 production or transfer to the 
bloodstream exist between patients with direct or indirect causes of 
ALI/ARDS remains to be investigated in future studies. 
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