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Background: Clara cell protein 16 (CC16) has multiple functions, including antioxidant, anti-inflammatory, and immune regulation 
properties. Nevertheless, the concrete function of CC16 in adult patients with community-acquired pneumonia (CAP) remained 
blurred.
Methods: A total of 541 adult patients with CAP were recruited on admission. Peripheral blood specimens, clinical parameters, and 
demographic characteristics were collected. The concentration of serum CC16 was evaluated through ELISA. The relationships 
between serum CC16 and clinical parameters were appraised by Spearman or Pearson correlative analyses. The correlations of serum 
CC16 with severity and prognosis were assessed using linear or logistic regression models.
Results: The level of CC16 was gradually decreased across with the elevated severity scores system of CAP. After treatment, the level 
of serum CC16 was upregulated. Correlative analyses found that serum CC16 was negatively related to inflammatory cytokines. 
Additionally, multivariate linear and logistic regression models revealed that serum CC16 was inversely associated with severity scores 
system. In addition, reduced serum CC16 on admission elevated the risks of vasoactive agent usage, ICU admission, and death during 
hospitalization. We observed an almost discriminatory ability for severity and death between serum CC16 and severity scores system, 
and were all obviously elevated compared to routine inflammatory and infectious markers.
Conclusion: There are substantially inverse correlations between serum CC16 level on admission with severity scores and poorly 
prognostic outcomes, indicating that CC16 is involved in the pathophysiological process of CAP. This study is helpful for establishing 
the potential application of serum CC16 in risk evaluation and targeted treatment.
Keywords: Clara cell protein 16, community-acquired pneumonia, severity, prognosis, inflammation, cohort study

Background
Community-acquired pneumonia (CAP) is a significant reason for morbidity and mortality, which has posed a huge threat 
to human health all over the world. Because of regular complications and a long hospitalization period, mortality is still 
high among CAP patients.1–3 CAP is a popular infectious disease. At present, more than 5 million CAP patients emerge 
in America, with 1 million hospitalizations and 60,000 deaths from pneumonia every year.4 As many countries have 
faced an aging society, immune system is decreased, as well as changing characteristics of pathogens and rising antibiotic 
resistance are incrementally occurring, CAP therapy is presently encountering lots of new challenge in today’s complex 
world.5–7 Several more effective biomarkers may offer assistance to estimate the illness condition and reduce the death 
risk in CAP patients. Previous studies have found that levels of serum annexin A1, procalcitonin, D-Dimer, and miR- 
181b can predict the severity and prognosis in CAP patients.8–11 In addition, a series of studies from our team indicated 
that the concentrations of several serum biomarkers, such as S100A9, survivin, interleukin-27 (IL-27), and IL-37 are 
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strongly associated with the severity and prognosis among CAP patients.12–14 Therefore, we speculate that serum 
biomarkers exert vital roles in early illness estimation and prognostic prediction in CAP patients.

Clara cell protein 16 (CC16) is a small protein primarily produced by Clara cells and arranges on the respiratory 
epithelium, distal respiratory, terminal bronchioles, and the mucosa of the respiratory tract, which accounts for the 
majority of its contents in blood.15–17 An emerging body of evidences indicates that CC16 has multiple physiological 
functions, such as anti-inflammatory, antioxidant, antifibrosis, immune regulation, anti-tumoral properties, and so on.18–21 

Previous investigations have hinted that CC16 is implicated in the progression of many pulmonary diseases, consisting of 
acute lung injury, chronic obstructive pulmonary disease (COPD), asthma, silicosis, and idiopathic pulmonary fibrosis.22– 

27 Additionally, serum CC16 is also obviously reduced in smokers.28 Consequently, CC16 has been a topic of general 
interest for its potential biomarker in pulmonary diseases.

So far, there is no exact evidence of CC16 in CAP. The correlation of CC16 and CAP severity has not been 
elucidated. Not only that, the relationships between CC16 and prognostic outcomes remain indistinct among CAP cases. 
Previous animal studies have revealed that the level of CC16 is reduced in bronchoalveolar lavage fluid (BALF) of 
mouse model of human influenza infection.29 Moreover, CC16 deficiency mouse increases the secretion of bacterial 
invasion proteins during Mycoplasma pneumoniae infection.30 Therefore, we think that CC16 may exert vital roles in the 
process of CAP. Hence, when the content of serum CC16 was detected, the associations between serum CC16 with the 
severity scores system and poor prognostic outcomes were assessed in CAP cases. Our study may provide a useful 
reference for the value of serum CC16 in the disease assessment and prognosis discrimination for CAP cases.

Materials and Methods
Study Population
The entire 541 participators were recruited in the Second Affiliated Hospital of Anhui Medical University in Hefei city, 
Anhui Province, China, from September 2020 to June 2022 through systematic sampling. All participants were diagnosed 
in accordance with CAP diagnostic standard.31,32 The inclusion criteria: (I) All CAP patients were newly diagnosed; (II) 
All patients were infected in the community, not hospital; (III) All subjects participated in the follow-up research and 
blood fasting samples were collected; (IV) All participators did not receive treatment or intervention before the 
hospitalization. Moreover, the follows were the exclusion criteria: (I) Under the age of 18; (II) Pregnant women; (III) 
Antibiotics, antiviral drugs, and glucocorticoids were taken in the past week; (IV) Subjects who accompanied by 
autoimmune diseases, tumor, COPD, infectious diseases, asthma, and other chronic pulmonary diseases were excluded; 
(V) Patients were in hospital over the past 6 months; (VI) Nucleic acid testing was conducted, Corona Virus Disease 
2019 (COVID-19) patients were excluded.33,34 Patients who presented with symptoms of CAP should be admitted 
immediately. Blood draw was conducted by professional nurses at 7 am on admission. In addition, clinical character-
istics, demographic information, as well as laboratory data were collected. The severity was estimated using CAP 
severity scores system, including CRB-65, CURB-65, CURXO, PSI, SMART-COP, and APACHE II.35,36 The higher the 
scores were, the severer the severity was.37,38 Moreover, CAP patients were divided into mild and severe cases on the 
basis of the American Thoracic Society criterion.39

Enzyme-Linked Immunosorbent Assay (ELISA)
Blood specimens were centrifuged at 3000 RPM, then collected and kept in the −80°C refrigerator until use.40,41 Human 
CC16 commercial ELISA kits (CSB-E08680h) were provided by Cusabio, Wuhan, China. The concentration of serum 
CC16 was determined using ELISA in accordance with the standard methods with simple alterations.42–44 Dilution of 
samples, reaction time of antibodies, and color-developing time were different and moderately altered in this experiment. 
Moreover, CAP patients were divided into three groups on the basis of the tertiles of serum CC16: Tertile 1, the 
concentration of serum CC16 was lower than 63.8 pg/mL; Tertile 2, the concentration of serum CC16 was from 63.8 pg/ 
mL to 153.1 pg/mL; Tertile 3, the concentration of serum CC16 was higher than 153.1 pg/mL.
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Statistical Analysis
All statistical analyses were conducted in SPSS 19.0. The continuous variables were presented as mean (standard error) 
or median (P25, P75). The categorical variables are expressed in terms of frequency (percentage). One-way ANOVA and 
non-parametric test were used to compare the differences between continuous variables. The differences in categorical 
variables were compared with χ2 test. The value of serum CC16 was log-transformed. The relationships between serum 
CC16 level and clinical parameters were appraised by Spearman or Pearson correlation analyses. In addition, confound-
ing factors, including age, smoker, hypertension, diabetes mellitus, cerebral infarction, coronary heart disease, and 
bronchitis, were adjusted in the multivariate linear and logistic regression models. The relationships between serum 
CC16 level with severity scores system and poorly prognostic outcomes were estimated in the multivariate regression 
models. Paired Student’s t-test was conducted to compare serum CC16 of CAP patients in onset and convalescent phases. 
Predictive capacity was analyzed using receiver operating characteristic (ROC). Thirty-day mortality was compared with 
Kaplan–Meier methods and Log rank test. P value less than 0.05 was defined as statistically significant.

Results
Demographic Characteristics and Clinical Information
Demographic information, clinical parameters, and laboratory data were evaluated. As shown in Table 1, 541 eligible 
CAP patients were finally enrolled. The average age was 59.1 years. Female patients accounted for 41.2% and there were 

Table 1 Demographic Characteristics of Participants at Baseline

Characteristic All Participators Tertiles of Serum CC16 P

Tertile 1  
(<63.8 pg/mL)

Tertile 2  
(63.8~153.1 pg/mL)

Tertile 3  
(>153.1 pg/mL)

N 541 180 181 180

Age, years 59.1±1.10 65.0 (45.0, 73.0) 63.0 (47.0, 71.0) 57.0 (54.0, 76.0) 0.022

Female, n (%) 223 (41.2) 71 (36.0) 87 (46.1) 65 (41.6) 0.059
BMI 22.3±0.29 23.1±0.52 22.4±0.49 21.6±0.47 0.085

Smoker, n (%) 108 (20.0) 41 (22.5) 35 (19.1) 32 (18.0) 0.478

Heart rate (beats per min) 89.4±1.11 90.6±1.67 87.1±2.07 90.6±1.98 0.343
Respiratory rate (breaths per min) 19.8±0.21 20.2±0.44 19.4±0.27 19.8±0.35 0.241

Oxygen saturation (%) 94.8±0.55 93.2±1.40 95.5±0.73 95.7±0.46 0.126
Temperature (°C) 36.7±0.04 36.7±0.07 36.8±0.08 36.6±0.06 0.323

Systolic pressure (mmHg) 125.0±1.17 126.5±1.98 124.0±2.06 124.9±2.13 0.577

Diastolic pressure (mmHg) 75.2±0.72 77.5±1.20 74.2±1.34 73.9±1.17 0.083
Hypertension, n (%) 146 (27.0) 53 (29.2) 45 (24.7) 48 (26.7) 0.614

Diabetes mellitus, n (%) 59 (10.9) 18 (10.1) 17 (9.39) 24 (13.5) 0.396

Cerebral infarction, n (%) 50 (9.2) 20 (11.2) 12 (6.7) 18 (10.1) 0.310
Coronary heart disease, n (%) 28 (5.2) 6 (3.4) 14 (7.9) 8 (4.5) 0.145

Bronchitis, n (%) 6 (1.1) 0 2 (1.1) 4 (2.2) 0.132

Procalcitonin (ng/L) 0.08 (0.03, 0.50) 0.11 (0.04, 0.59) 0.07 (0.02, 0.41) 0.07 (0.03, 0.47) 0.173
D-dimer (mg/L) 0.82 (0.41, 2.29) 2.0±0.26 1.3±0.19 1.8±0.27 0.157

Tumor necrosis factor alpha (pg/mL) 7.5 (4.5, 22.6) 8.7 (4.1, 25.8) 6.1 (4.4, 28.0) 5.1 (4.9, 19.6) <0.001

C-reactive protein (mg/L) 56.2 (7.4, 141.9) 63.7 (7.8, 166.9) 37.3 (6.9, 124.2) 62.9 (11.6, 147.4) 0.291
Interleukin-6 (pg/mL) 14.8 (4.1, 43.3) 22.0 (2.4, 75.0) 10.7 (4.0, 35.9) 14.4 (5.4, 36.9) 0.591

CURB-65 1.1±0.07 1.3±0.14 0.9±0.12 1.0±0.11 0.030

CRB-65 0.9±0.06 1.1±0.11 0.7±0.09 0.8±0.09 0.041
PSI 66.5±2.50 75.2±4.51 56.0±4.35 66.4±4.09 0.008

CURXO [Severe, n (%)] 113 (20.9) 55 (30.3) 33 (18.0) 25 (13.9) <0.001

SMART-COP 1.7±0.12 1.0 (0, 4.0) 1.0 (0, 2.0) 1.0 (0, 2.0) 0.082
APACHE II 7.6±0.40 8.0 (4.0, 10.5) 5.0 (4.0, 8.0) 6.0 (3.0, 8.5) 0.364
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20.0% smokers. Moreover, the comorbidities were evaluated. The results indicated that there were 146 (27.0%) 
hypertension, 59 (10.6%) diabetes mellitus, 50 (9.2%) cerebral infarction, 28 (5.2%) coronary heart disease, and 6 
(1.1%) bronchitis in all CAP patients (Table 1). Several inflammatory cytokines, such as D-dimer, tumor necrosis factor- 
α (TNF-α), C-reactive protein (CRP), and interleukin 6 (IL-6) were simultaneously detected. According to CURXO 
score, there were 113 (20.9%) severe patients in the whole CAP cases. The average scores of CURB-65, CRB-65, PSI, 
SMART-COP, and APACHE II were 1.1, 0.9, 66.5, 1.7, and 7.6, respectively. Finally, demographic information, clinical 
and laboratory data were further estimated in cases with different concentrations of serum CC16. As shown in Table 1, 
age was decreased with elevating CC16 concentration among CAP patients. Moreover, we found that TNF-α concentra-
tion was lower in subjects with a higher CC16 content. Finally, severity scores system was gradually downregulated 
across the elevated CC16 (Table 1).

The Content of Serum CC16 in CAP Cases
The contents of serum CC16 were compared in CAP cases. Figure 1A indicates no difference of serum CC16 level in 
cases with different CRB-65 scores. Based on CURB-65 score system, the content of serum CC16 was higher in cases 
with 0~1 score than those in 3~5 scores (Figure 1B). According to SMART-COP score system, serum CC16 was lowest 
in 7~8 scores compared with other scores in CAP cases (Figure 1C). Additionally, serum CC16 level was downregulated 
in severe cases (CURXO score system) (Figure 1D). Serum CC16 concentration was gradually reduced in line with PSI 
score (Figure 1E). Simultaneously, on the basis of APACHE II score, serum CC16 concentration was higher in <4 scores 
compared with 6~9 and >9 scores (Figure 1F). After treatment, serum CC16 was significantly upregulated in CAP cases 

Figure 1 The contents of serum CC16 in CAP patients with different severity. (A–G) The concentration of serum CC16 was evaluated using ELISA. (A) The 
concentrations of CC16 were compared in cases with different CRB-65 scores. (B) The concentrations of CC16 were compared in cases with different CURB-65 scores. 
(C) The concentrations of CC16 were compared in cases with different SMART-COP scores. (D) The concentrations of CC16 were compared in cases with different 
CURXO scores. (E) The concentrations of CC16 were compared in cases with different PSI scores. (F) The concentrations of CC16 were compared in cases with different 
APACHE II scores. (G) The concentrations of serum CC16 were compared in CAP cases before and after treatment. *P<0.05, **P<0.01.
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(Figure 1G). Lastly, serum CC16 was compared in CAP cases with different etiologies. No obvious difference of serum 
CC16 content was observed in cases with bacterial infection or viral infection (data not shown).

Correlations Between Serum CC16 Content and Clinical Parameters
Pearson correlation analysis revealed that serum CC16 content was positively linked with the count of lymphocyte 
(r=0.56; P=0.004) (Figure 2). Although no dominant correlation was found between serum CC16 with the indexes of 
liver function and renal function, Pearson correlation analysis found that the content of serum CC16 was inversely 
correlated with creatine kinase MB (CKMB) (r=−0.82; P<0.05). Moreover, Spearman correlation analysis indicated that 
serum CC16 was negatively related with many inflammatory cytokines, including D-dimer (r=−0.33; P<0.05), TNF-α (r= 
−0.47; P<0.05), CRP (r=−0.46; P<0.01) and IL-6 (r=−0.60; P<0.01) in CAP patients (Figure 2).

Associations Between Serum CC16 and Severity Scores System
In the model 1, age and smoker were adjusted. Multivariate linear regression model found that serum CC16 content was 
negatively linked with CRB-65 (β=−0.637; 95% CI: −0.939~-0.335), CURB-65 (β=−0.769; 95% CI: −1.129~-0.409), 
SMART-COP (β=−1.489; 95% CI: −2.179~-0.800), CURXO (β=−0.289; 95% CI: −0.433~-0.145), PSI (β=−37.885; 95% 
CI: −50.008~-25.762), and APACHE II (β=−4.180; 95% CI: −6.196~-2.165) (Table 2). Additionally, multivariate logistic 
regression analyses found that CURB-65 (OR=0.353; 95% CI: 0.172~0.727), CURXO (Severe) (OR=0.351; 95% CI: 
0.166~0.740), APACHE II (OR=0.494; 95% CI: 0.227~0.976), and APACHE II (OR=0.262; 95% CI: 0.126~0.543) 
scores were all gradually elevated across with reduced CC16 levels (All P trend <0.05) (Table 2). In the model 2, age, 
smoker, hypertension, diabetes mellitus, cerebral infarction, coronary heart disease, and bronchitis were further adjusted. 

Figure 2 The associations between serum CC16 and clinical parameters in CAP patients. The associations between serum CC16 and many clinical parameters were 
estimated by Spearman correlation coefficient or Pearson rank correlation analyses. The correlations between serum CC16 with white blood cell (WBC), neutrophil, 
lymphocyte, monocyte, eosinophil, basophil, uric acid, urea nitrogen, creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST), creatine kinase (CK), and 
creatine kinase MB (CKMB) were analyzed by Spearman correlation analysis. In addition, the relationships between serum CC16 with lactate dehydrogenase (LDH), 
procalcitonin (PCT), tumor necrosis factor alpha (TNF-α), D-Dimer, interleukin 6 (IL-6), and C-reactive protein (CRP) were assessed through Spearman correlation analysis. 
Red color indicated the positive associations and blue color meant the inverse relationship between serum CC16 and clinical characteristics. The sizes of the circles hinted 
the strength of the correlations. The larger sizes were, the higher correlations strengths were.
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As shown in Supplementary Figure 1, multivariate logistic regression analyses also found that serum CC16 was 
negatively associated with severity scores system.

Associations Between Serum CC16 and Prognostic Outcomes
According to the contents of serum CC16, the prognostic outcomes were compared in different groups. As presented in 
Table 3, the counts of cases with mechanical ventilation (P trend=0.015), vasoactive agent usage (P trend=0.007), ICU 
admission (P trend=0.006), and death (P trend=0.002) were gradually elevated in line with serum CC16 decline during 

Table 2 Associations Between Serum CC16 and CAP Severity Scores

Variables Estimated Changes by 
Continuous Serum CC16

Estimated Changes (95% CI) by Tertiles of Serum CC16 P Trend

Tertile 1  
(<63.8 pg/mL)

Tertile 2  
(63.8~153.1 pg/mL)

Tertile 3  
(>153.1 pg/mL)

N 541 180 181 180
CRB-65 −0.637 (−0.939, −0.335) 1.0 (Ref) 1.240 (0.533, 2.887) 0.362 (0.173, 0.758) 0.065

CURB-65 −0.769 (−1.129, −0.409) 1.0 (Ref) 1.384 (0.627, 3.055) 0.353 (0.172, 0.727) 0.003
SMART-COP −1.489 (−2.179, −0.800) 1.0 (Ref) 0.868 (0.433, 1.740) 0.466 (0.238, 0.913) 0.047
CURXO (Severe) −0.289 (−0.433, −0.145) 1.0 (Ref) 1.236 (0.519, 2.943) 0.351 (0.166, 0.741) 0.012
PSI −37.885 (−50.008, −25.762) 1.0 (Ref) 2.557 (1.191, 5.491) 0.494 (0.227, 0.976) 0.013
APACHE II −4.180 (−6.196, −2.165) 1.0 (Ref) 0.734 (0.364, 1.479) 0.262 (0.126, 0.543) 0.021

Notes: Age and smoker were adjusted. Data in bold denoted statistically significant results.

Table 3 Associations Between Serum CC16 and Prognostic Outcomes

Variables Tertiles of Serum CC16 P Trend

Tertile 1  
(<63.8 pg/mL)

Tertile 2  
(63.8~153.1 pg/mL)

Tertile 3  
(>153.1 pg/mL)

N 180 181 180

Mechanical ventilation
N, (%) 41 (22.8) 20 (11.0) 24 (13.3) 0.015
RR (95% CI) 1.0 (Ref) 1.938 (0.688, 5.460) 0.466 (0.207, 1.051) 0.069

Vasoactive agent

N, (%) 30 (16.7) 7 (3.9) 11 (6.1) 0.007
RR (95% CI) 1.0 (Ref) 2.111 (0.470, 9.483) 0.275 (0.097, 0.783) 0.012

ICU admission
N, (%) 48 (26.7) 16 (8.8) 17 (9.4) 0.006
RR (95% CI) 1.0 (Ref) 1.789 (0.623, 5.141) 0.350 (0.154, 0.796) 0.018

Death

N, (%) 28 (15.6) 8 (4.4) 4 (2.2) 0.002
RR (95% CI) 1.0 (Ref) 1.895 (0.337, 10.661) 0.214 (0.068, 0.673) 0.004

Longer hospital stays

N, (%) 48 (26.7) 30 (16.6) 33 (18.3) 0.259
RR (95% CI) 1.0 (Ref) 0.928 (0.416, 2.068) 0.562 (0.267, 1.182) 0.111

Notes: The length of hospital stay was divided into two groups: longer hospital stays, ≥14 days; lower hospital stays,<14 days. 
Age, smoker, hypertension, diabetes mellitus, cerebral infarction, coronary heart disease, and bronchitis were adjusted. Data in 
bold denoted statistically significant results. 
Abbreviation: RR, Relative risk.
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hospitalization. Age, smoker, hypertension, diabetes mellitus, cerebral infarction, coronary heart disease, and bronchitis 
were adjusted. Logistic regression analyses demonstrated that lower serum CC16 on admission upregulated the relative 
risk (RR) of vasoactive agent usage, ICU admission, and death (all P trend<0.05) among CAP patients during 
hospitalization (Table 3).

The Predictive Capacities for Severity and Death in Different Clinical Characteristics
The predictive capacities for severity were estimated through ROC in different parameters. As presented in Figure 3A, 
the area under the curve (AUC) was as follows: SMART-COP, 0.959; CRB-65, 0.944; CURB-65, 0.941; APACHE II, 
0.875; CURXO, 0.876; serum CC16, 0.886; PSI, 0.789; D-dimer, 0.780; PCT, 0.759; TNF-α, 0.722; IL-6, 0.612; CRP, 
0.518. Serum CC16 had a cutoff value of 85.6 pg/mL to distinguish severe cases. Serum CC16 had a sensitivity of 
86.3% and a specificity of 84.2%. Additionally, the predictive power for death was estimated. As presented in 
Figure 3B, the area AUC was as follows: SMART-COP, 0.944; CURB-65, 0.865; CRB-65, 0.858; PSI, 0.828; 
APACHE II, 0.750; CURXO, 0.726; serum CC16, 0.886; PCT, 0.754; IL-6, 0.579; TNF-α, 0.612; D-dimer, 0.772; 
CRP, 0.589. The cutoff concentration of serum CC16 to identify death was 50.9 pg/mL, with a sensitivity of 80.6% and 
a specificity of 82.3%. Additionally, CAP patients were separated into two subgroups: Lower group, the level of CC16 
was lower than median value (73.9 pg/mL); Higher group, the level of CC16 was higher than 73.9 pg/mL. Kaplan– 
Meier analysis indicated that 30-day mortality was obviously elevated in cases with lower serum CC16 level 
(Figure 3C).

Discussion
The current research assessed the associations between serum CC16 level with severity scores system and poorly 
prognostic outcomes of CAP cases. The main results included Serum CC16 content was gradually declined across 
with elevated severity scores system; Serum CC16 content was strongly linked with many clinical parameters; Serum 
CC16 level was significantly and negatively associated with severity scores system; Reduced serum CC16 on admission 
elevated the risks of poorly prognostic outcomes during hospitalization; There was similar predictive capacities for 
severity and death between serum CC16 and severity scores system.

Mounting investigations have demonstrated that CC16 is a secreted protein and can exert lots of physiological 
functions, mainly including anti-inflammatory, antioxidant, antifibrosis, immune regulation, and anti-tumoral 
properties.18–21 Previous researches have confirmed that CC16 is tightly related to many pulmonary diseases. A report 
from a case-control study indicated that serum CC16 concentration is decreased in stable COPD patients.21 The level of 
pulmonary CC16 is reduced in lipopolysaccharide (LPS)-induced acute lung inflammation.45 Serum CC16 is down-
regulated in patients with silicosis compared to those in healthy population and is negatively associated with grades of 

Figure 3 The predictive abilities for severity and death among CAP patients. The predictive abilities for severity and death were analyzed with ROC curve. (A) The 
predictive ability for severity was assessed. (B) The predictive ability for death was evaluated. (C) 30-day mortality was estimated by Kaplan–Meier analysis in patients with 
CAP.
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lung damage.46 Nevertheless, the association of serum CC16 level and CAP has been obscure in the past. Our results 
suggest that serum CC16 concentration was reduced with elevated severity scores system. Extensive previous research 
has hinted that pulmonary inflammation is involved in the pathophysiology of coronavirus disease 2019 (COVID-19) and 
other pneumonias.47–49 Our results indicated that serum CC16 content was inversely associated with several inflamma-
tory cytokines. Statistical analyses found that the decline of serum CC16 content was related to elevated severity scores 
system. Not only that, serum CC16 level was upregulated in CAP patients that received therapy. Therefore, these data 
first provided evidence that serum CC16 content is negatively associated with the severity of CAP cases.

A growing body of evidence suggests that serum CC16 concentration is associated with prognosis in many diseases. 
A previous study has revealed that serum CC16 level is higher in survivors with ventilator-associated pneumonia 
compared with dead elderly cases.50 Serum CC16 decrease is correlated with the elevated mortality risk of cancer 
patients.51 Moreover, serum CC16 reduction is positively associated with the disease progression among COPD 
patients.21 In addition, lower serum CC16 elevates the risks of neurotoxicity in human beings with occupational 
aluminium exposure.52 We speculated that there was a certain association between serum CC16 content and prognostic 
outcomes of CAP cases. The lower level of serum CC16 on admission increased the risks of bad prognostic outcomes 
during hospitalization. Additionally, exposure to cigarette smoke extract can evoke bronchial epithelial damage and 
CC16 decline in bronchial epithelial cells.20 In our investigation, there were 20% CAP patients with smoking habit. But 
no smoking was conducted in smoking patients during hospitalization. So, we thought that previously smoking habit did 
not affect the level of serum CC16 among CAP patients on admission. In order to further eliminate the effect of smoking 
status on the content of serum CC, smoking status was adjusted in the regression models. Our results suggest that serum 
CC16 content was inversely associated with CAP severity scores and poor prognostic outcomes whether adjusted to 
smoking status or not. These data hinted that CAP was the most important factor for CC16 decline, not smoking status. In 
order to evaluate the diagnostic accuracy for severity and death among serum CC16 content, severity scores system, and 
routine markers of inflammation and infection, ROC curve was analyzed. These results found that the predictive 
capacities of SMART-COP for severity and death were highest and that there was similar diagnostic efficiency for 
severity and death between serum CC16 level and other severity scores in CAP patients. The predictive powers of these 
severity scores were all higher than routine inflammatory and infectious indicators. Consequently, these findings suggest 
that serum CC16 level on admission is inversely correlated with adverse prognoses during hospitalization among CAP 
patients. Serum CC16 level on admission may help in predicting the severity and death risk in CAP patients early.

This study indicated that CC16 was implicated in the pathophysiology of CAP, but the exact mechanism was not elucidated. 
As we all known, CC16 is involved in immune function regulation and inflammation repression.25,53 In addition, CC16 has been 
explored as a biomarker for indicating pulmonary epithelial injury of lung diseases.54,55 CC16 not only is produced by Clara cells 
but also leaks across the disrupted epithelial barrier into the blood circulation. Clara cells can attenuate airway mucus production 
and hypersecretion. The typical characteristics of epithelial and endothelial injury are Clara cells loss and CC16 expression 
reduction.56,57 Clara cells are obviously reduced in COVID-19 patients.58,59 Moreover, SARS-CoV-2 infection evokes airway 
epithelial cell homeostasis dysfunction and mucus overproduction, finally leading to bronchiole obstruction. Injured Clara cells 
further reduce the production of CC16. In addition, the levels of CC16 are downregulated in lung tissues and serum specimens of 
COVID-19 patients.58,59 CAP is primarily evoked by bacterial infection or viral infection, which harms pulmonary epithelial and 
endothelial cells in CAP patients. An in vitro study indicated that Klebsiella pneumoniae (G-bacterial infection) decreases the 
expression of CC16 in bronchial epithelial cells. Overexpression of CC16 attenuates Klebsiella pneumoniae infection-induced 
inflammation and apoptosis in bronchial epithelial cells.60 Besides, it was reported that Streptococcus pneumoniae infection 
causes mucus overproduction and bronchiole obstruction in mice.61 Therefore, we think that bacterial infection or viral infection 
may damage pulmonary epithelial or endothelial homeostasis, then injure Clara cells and ultimately restrict the secretion of CC16 
in CAP patients.

The current study has elevated our knowledge about CC16 in CAP patients, but there are still some shortages. Firstly, 
this project was only a single-institution study. More samples from different centers are required in the following work. 
Secondly, the level of CC16 was only measured in blood specimen. Nevertheless, CC16 expressions were not detected in 
lung tissues and BALF in CAP patients. Thirdly, this was an epidemiological study, the exact molecular mechanism of 
CC16 decrease was unclear. Only animal and cellular experiments may help to resolve this doubt. Fourthly, the validated 
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and replicated cohorts cannot be conducted in a short time. Further validation and replication in independent studies 
would strengthen the robustness and generalizability of the results in the future.

Conclusion
To summarize, this project mostly analyzed the associations between serum CC16 on admission with severity and 
prognosis in CAP patients through a hospital-based, prospective cohort study. These data revealed that the level of serum 
CC16 on admission is gradually decreased in parallel with increased CAP severity scores. There are obvious and inverse 
dose–response associations between serum CC16 content on admission with severity and poor prognosis. Consequently, 
these results firstly provide evidences that CC16 is involved in the pathophysiology process of CAP. Therefore, serum 
CC16 content may help to predict the severity and poor prognosis in CAP patients. Our study has helped to establish the 
potential application of this biomarker in risk evaluation and targeted treatment of CAP patients.
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