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Objective: Coronavirus Disease 2019 (COVID-19) caused by a novel severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), is still spreading worldwide, which may progress to pulmonary fibrosis (PF), leading to the
worsen outcome. As the markers of lung injury, the correlation of Krebs von den Lungen-6 (KL-6) and fibronectin
(Fn) with pulmonary fibrosis in COVID-19 was still unclear.

Methods: 113 patients diagnosed as COVID-19 were enrolled in this retrospective study, and divided into three
categories as mild, moderate and severe cases. The concentrations of serum KL-6 and Fn at hospital admission
were tested using the method of latex agglutination assay and immunoturbidimetic assay, respectively.
Results: Compared with that in the non-severe COVID-19 cases and normal control subjects, serum KL-6 con-
centration on admission was significantly higher in the severe group, which was positively correlated with C-
reactive protein, and negatively correlated with lymphocytes count. Whereas, no obvious elevation in serum Fn
concentration was investigated in COVID-19 patients with the different phenotypes. The severe cases displayed
the higher incident rate of pulmonary fibrosis at hospital discharge. Compared with non-PF patients, the COVID-
19 cases with PF had the higher serum KL-6 values.

Conclusion: Serum KL-6 concentration was significantly elevated in severe COVID-19 patients, which may be
useful for evaluating the disease severity. For early prevention of the development of pulmonary fibrosis, high

concentrations of serum KL-6 in the early stage of COVID-19 should be paid close attention.

1. Background

Coronavirus Disease 2019 (COVID-19) is a serious pandemic disease
affecting more than 2.8 million people worldwide, which is caused by a
novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
[1-3]. The targeting organs of SARS-CoV-2 are believed to be the lungs
and bronchus at all levels. One of the most important pathological
changes was mechanization of alveolar exudate and interstitial lung
fibrosis [4,5]. Pulmonary fibrosis (PF) was closely related to tissue
inflammation and damage repair, which has been characterized as a risk
factor for a more severe evolution and higher mortality of COVID-19
[6-9]. Also, patients recovering from severe and critical COVID-19
disease are at serious risk of developing postinflammatory PF through
the follow-up computed tomography (CT) scan [4,10]. Thus, it is urgent
to identify the laboratory indicators for predicting the development of

PF in the early stage of COVID-19 patients, which is useful for taking
timely intervention measures to prevent patients turning into further PF.

It has been currently accepted that Krebs von den Lungen-6 (KL-6), a
glycoprotein secreted by type II alveolar pneumocytes and bronchiolar
epithelial cells, is a biomarker of several interstitial lung diseases (ILD),
including idiopathic pulmonary fibrosis [11-13]. A recent study re-
ported that there is a complexity of interactions between coexisting
idiopathic pulmonary fibrosis/ILD and COVID-19 disease [6]. Serum KL-
6 has been suggested to be a useful biomarker for evaluating the severity
of COVID-19, however, the results from another research did not
demonstrate that KL-6 can discriminate different ventilatory phenotypes
in COVID-19 patients [14-16]. Moreover, pulmonary fibrosis is identi-
fied by excessive deposition of extracellular matrix (ECM) proteins, such
as fibronectin (Fn) [17]. Previous studies showed that increased Fn
deposition was present in lung tissues from lung fibrosis patients
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[18,19]. Recently, it has been reported that SARS-CoV-2 infection may
induce Fn gene expression in alveolar epithelial cells, indicating the
fibrotic processes could be induced in COVID-19 disease [20]. Herein,
we tested fibrosis markers KL-6 and Fn in sera samples from COVID-19
patients with the different phenotypes to investigate whether serum KL-
6 and Fn may be used as the sensitive marker for assessing the devel-
opment of SARS-CoV-2-induced pulmonary fibrosis.

2. Patients and methods
2.1. Study population

Our study retrospectively analyzed 113 cases of confirmed COVID-19
(diagnosed according to positive viral nucleic acid test results in throat
swab samples), and 36 suspected cases (no positive viral nucleic acid
results but diagnosis was made based on presence of exposure, symp-
toms or lung imaging features consistent with virus pneumonia). These
patients were admitted to Zhongnan Hospital of Wuhan University from
February 12 to March 15, 2020. Normal healthy subjects (n = 65) who
had routine laboratory tests between April 10 to April 30, 2020 were
included as the control group, with exclusion of SARS-CoV-2 infection.
This study was approved by the Ethics Committee of Zhongnan Hospital
of Wuhan University (No. 2020058 K).

2.2. Data collection

Electronic data regarding age, sex, medical history, symptoms and
signs, diagnosis and severity assessment, standard laboratory tests and
chest computed tomography (CT) findings. According to the 7th Version
of the Diagnosis and Treatment Guidelines of COVID-19 by the National
Health Commission of China (NHCC) and a previous literature [21], all
confirmed COVID-19 patients (n 113) were classified into the
following subtypes: mild cases (n = 49; having mild clinical symptoms
without CT imaging features of pneumonia), moderate cases (n = 28;
having clinical symptoms, such as fever and cough, as well as CT im-
aging features of pneumonia) and severe cases (n = 36; having dyspnea,
respiratory frequency > 30/min, blood oxygen saturation < 93%, partial
pressure of arterial oxygen to fraction of inspired oxygen ratio < 300,
and/or lung infiltrates > 50% within 24 to 48 h). Chest CT imaging
results for at least 2 times including on admission and discharge were
collected to evaluate the features of coronavirus pneumonia or lung
fibrosis development.

2.3. Laboratory tests

All laboratory tests were carried out at the department of Laboratory
Medicine of Zhongnan Hospital of Wuhan University. All enrolled cases
were detected for SARS-CoV-2 nucleic acid on samples from the respi-
ratory tract using a Coronavirus PCR Fluorescence Diagnostic Kit (Daan
Gene Co., Ltd. Of Sun Yat-Sen University, Guangzhou, China). The
primers and probes for quantitative real-time polymerase chain reaction
(qRT-PCR) were reported previously [22].

Blood samples were collected from each of the 113 fasting confirmed
COVID-19 patients and 36 clinically diagnosed cases on admission, as
well as from the 65 fasting control subjects. The blood samples were
centrifuged for 10 min at 2700g after standing for 30 min, then the
serum samples were separated and preserved at —80 °C for further
analysis. Serum concentrations of KL-6 and Fn were measured on an
Olympus 5800 analyzer (Beckman Coulter, CA, USA) using the latex
agglutination assay (Nanopia KL-6, Sekisui Medical Co., Ltd., Tokyo,
Japan) and immunoturbidimetic assay (Fibronectin, Beijia Biochemical
Co., Ltd., Shanghai, China), respectively.

2.4. Statistical analysis

GraphPad Prism 7.0 (GraphPad Software) were used for statistical
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analysis. Descriptive data were presented as mean =+ standard error of
mean (SEM), median (interquartile range, IQR) or proportions.
Between-group and across-group differences were compared by Stu-
dent’s t-test, Mann-Whitney U test, one-way analysis of variance
(ANOVA), Kruskal-Wallis test or y? test, where appropriate. The receiver
operating characteristic (ROC) curve was done for measuring the
sensitivity and specificity of fibrosis markers at different cut-off values.
p < 0.05 was considered statistically significant.

3. Results
3.1. Clinical characteristics of enrolled COVID-19 patients

The basic clinical characteristics of 113 COVID-19 patients (divided
into 49 mild, 28 moderate, and 36 severe cases), 36 suspected cases and
65 healthy control subjects are shown in Table 1. The gender and age
distribution did not differ significantly among the control group, the
COVID-19 subgroups with different severity, and the suspected group.
Compared to the control subjects and suspected cases, hypertension was
the more prevalent morbidity in severe COVID-19 patients. Consistent
with the previous reports, the decreased white blood cells (WBCs) and
lymphocytes (LC) count, and the elevated C-reactive protein (CRP)
could also be detected in COVID-19 patients in our study [23-25].

3.2. Serum concentrations of KL-6 and Fn in different COVID-19
phenotypes

First we tested the serum concentrations of KL-6 and Fn in COVID-19
patients with different phenotypes. Our results showed that the median
values of serum KL-6 and Fn in control subjects were 240.5 U/mL (IQR,
217.5-285.5) and 351.0 mg/L (IQR, 320.6-379.4), respectively.
Compared to the control subjects, the median value of serum KL-6 was
significantly higher in the severe COVID-19 cases (373.7 U/mL, IQR
269.9-428.1; p < 0.001), but not in the suspected cases, mild and
moderate COVID-19 subjects (Fig. 1A). For the serum Fn level, no
obvious difference was detected among the control group, the suspected
cases and the COVID-19 patients with different phenotypes (Fig. 1B).

3.3. Serum KL-6 positively correlated with CRP concentration and
negatively correlated with LC count in severe COVID-19 patients

Correlation coefficients were calculated with the purpose to access
the association between the disease severity and the serum KL-6 con-
centrations in severe COVID-19 cases. Previous studies have reported
that the increased serum CRP and the depleted LC count could reflect
disease severity [24-26]. We found that there was a significant positive
correlation between the serum KL-6 and CRP concentration in severe
COVID-19 patients (Fig. 2A), whereas the elevated serum KL-6 was
correlated negatively with LC count in the severe cases (Fig. 2B). ROC
curve showed that the area under curve (AUC) of KL-6 in severe cases
was 0.8266, and the optimal cut-off value of 278.3 U/mL yield sensi-
tivity at 80.00% and specificity at 68.13% (Fig. 3). Therefore, higher
concentrations of serum KL-6 may indicate the more severe status of
COVID-19 disease, and these patients should be paid close attention.

3.4. Serum KL-6 concentration was significantly higher in COVID-19
patients with signs of pulmonary fibrosis

Among the enrolled 113 patients with SARS-CoV-2 infection, a total
of 19 cases (16.81%) displayed the signs of pulmonary fibrosis on lung
CT images when hospital discharge, including 2 in 49 (4.08%) mild
cases, 4 in 28 (14.29%) moderate cases, and 13 in 36 (36.11%) severe
cases. The incident rate of pulmonary fibrosis in severe COVID-19 pa-
tients was obviously higher than that in mild or moderate cases
(Table 2). We further analyzed the serum concentrations of KL-6 and Fn
on admission in COVID-19 with and without lung fibrosis, and the result
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Table 1
Clinical characteristics of enrolled COVID-19, suspected cases and control subjects.
Characteristic Normal range Control COVID-19 (n = 113) Suspected Cases P
Mild Moderate Severe
Number of patients 65 49 28 36 36
Male, n (%) 28 (43.1) 25 (51.0) 12(42.9) 24 (66.7) 20 (55.6) NS
Age, y, median (IQR) 50 (22-69) 45 (16-72) 51 (27-75) 56 (28-86) 55 (20-70) NS
Morbidities, n (%)
Hypertension 7 (10.8) 8 (16.3) 8 (28.6) 17 (47.2) 6 (16.7) &, a
Diabetes 5(7.7) 8 (16.3) 6(21.4) 7 (19.4) 7 (19.4) NS
Heart diseases 3 (4.6) 3(6.1) 2(7.1) 3(8.3) 1(2.8) NS
COPD 4(6.2) 3(6.1) 3(10.7) 3(8.3) 4 (11.1) NS
WBCs count, x10°/L 3.5-9.5 7.52 6.61 4.25 2.91 6.77 #,&, a
median (IQR) (3.37-10.22) (3.30-9.34) (2.50-9.77) (1.09-5.23) (3.55-10.30)
LC count, x10%/L 1.15-6.00 4.18 (1.20-6.01) 2.05 1.15 0.65 2.19 * #,& a,b
median (IQR) (0.65-3.09) (0.44-2.07) (0.24-2.16) (1.01-5.76)
CRP, mg/L 0.0-10.0 5.0 9.5 47.9 (2.0-350.0) 105.8 11.9 #,&, a,b
median (IQR) (1.0-8.5) (1.0-155.8) (21.2-369.0) (0.6-88.1)

Note: Data reported as number (%) or median (IQR). Abbreviations: COVID-19, coronavirus disease 2019; IQR: interquartile range; COPD:
chronic obstructive pulmonary disease; WBCs: white blood cells; LC: lymphocytes; CRP: C-reactive protein; NS: not significant (p > 0.05).
*control vs mild COVID-19 and suspected cases, p < 0.05; *control vs moderate COVID-19 cases, p < 0.05; control vs severe COVID-19
cases, p < 0.05; ? severe vs mild COVID-19 and suspected cases, p < 0.05; b severe vs moderate COVID-19 cases, p < 0.05.
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Fig. 1. Serum Krebs von den Lungen-6 (KL-6) and fibronectin (Fn) concentrations in COVID-19 patients. Serum concentrations of KL-6 (A) and Fn (B) in the
control subjects (n = 65), suspected cases (n = 36), mild COVID-19 cases (n = 49), moderate COVID-19 cases (n = 28), and severe COVID-19 cases (n = 36). Data are
shown as median (interquartile range), *p < 0.05, compared with the other groups.
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Fig. 2. Serum KL-6 positively correlated with CRP concentration and negatively correlated with LC count in severe COVID-19 patients. (A) Correlation
between serum Krebs von den Lungen-6 (KL-6) and C-reactive protein (CRP) (n = 36). (B) Correlation between between serum KL-6 and lymphocytes (LC) count in
severe COVID-19 cases (n = 36).
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Fig. 3. Receiver operating characteristic (ROC) curve analysis of serum KL-6 in
severe COVID-19 patients.

Table 2
Incident rate of pulmonary fibrosis in the different phenotypes of COVID-19.
COVID-19
Mild Moderate Severe
Total cases (n) 49 28 36 113
Pulmonary fibrosis cases (n) 2 4 13 19
Ratio (%) 4.08 14.29 36.11* 16.81

*p < 0.05, compared with mild or moderate cases.

showed that serum KL-6 value in COVID-19 patients developing pul-
monary fibrosis was higher than that in COVID-19 cases without pul-
monary fibrosis (Fig. 4A), whereas no significant difference was
detected in serum Fn concentration (Fig. 4B). High concentration of
serum KL-6 may be used as a predictive marker for assessing the
development of SARS-CoV-2-induced pulmonary fibrosis.
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4. Discussion

Severe COVID-19 pneumonia may progress to pulmonary fibrosis,
leading to impair outcome significantly, and antifibrotic therapies may
have a role in preventing fibrosis after SARS-CoV-2 infection [7,10].
How to classify the severity of COVID-19 has been reported in several
reports, nevertheless, no criteria for pulmonary fibrosis evaluation has
yet been adopted into the severity classification in COVID-19 [27,28]. In
the present study, we investigated the usefulness of serum KL-6 and Fn,
which are known as the biomarkers of lung fibrosis [11-13,17-19].
Compared with the non-severe groups including mild and moderate
cases, the serum KL-6 value on admission was significantly higher in
severe COVID-19 patients. Whereas, no difference in the concentration
of serum KL-6 was found in non-severe groups and normal control
subjects. SARS-CoV-2 is known to have specific tropism for alveolar
epithelial cells, which may cause interstitial lung injury and epithelial
lung alterations in the acute phase [15]. As a secreted glycoprotein, KL-6
is mainly produced by damaged or regenerating type II alveolar pneu-
mocytes and bronchiolar epithelial cells [29]. Thus, the elevated serum
KL-6 in severe COVID-19 patients may due to the induction of SARS-
CoV-2 infection, and could be activated to secret into circulation. On
the other hand, the elevated serum KL-6 may be also related to the more
severe lung injury occurring in the severe COVID-19 patients. The pre-
vious studies have reported that serum KL-6 may be used to evaluate the
severity of COVID-19 [14,30]. A very recent study also reported that
serum KL-6 may be a novel biomarker for accessing COVID-19 severity
and predicting the prognosis of lung injury [31]. We also found that
serum KL-6 concentration in severe COVID-19 patients correlated
positively with serum CRP concentration, and negatively with periph-
eral blood lymphocytes count. The cut-off value of 278.3 U/mL with a
sensitivity at 80.00% and specificity at 68.13%, may be an indicator to
evaluate the severity of lung injury and inflammation. On the contrary,
the increased serum Fn was not significant in the different phenotypes of
COVID-19 patients. As a component of the ECM, whether the circulated
Fn concentration could be parallel to its change in ECM in the lung
tissues need to be further elucidated.

Furthermore, whether high serum KL-6 could reflect the high risk of
pulmonary fibrosis development in COVID-19 patients is still unknown.
Our results showed that the incident rate of pulmonary fibrosis in severe
COVID-19 group was obviously higher than that in non-severe groups,
suggesting that high serum KL-6 in severe COVID-19 patients may be
useful for predicting the fibrotic lung involvement. The further analysis
indicated that the serum KL-6 concentration was higher in the COVID-19
patients displaying the signs of pulmonary fibrosis at discharge,
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Fig. 4. Comparison of serum KL-6 and Fn concentrations between COVID-19 patients with and without pulmonary fibrosis (PF). Serum concentrations of
KL-6 (A) and Fn (B) in the PF-developed (n = 19) and non-PF COVID-19 (n = 94) patients. Data are shown as median (interquartile range), *p < 0.05, compared with

the non-PF COVID-19 group.
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consistent with the finding reported in another study [32]. In the pa-
tients with idiopathic pulmonary fibrosis (IPF), serum KL-6 changes tend
to increase with IPF progression, and serial serum KL-6 test may reflect
the clinical status of fibrotic lung abnormalities [29,33,34]. Thus, in the
early stage of patients diagnosed with SARS-CoV-2 infection, high serum
KL-6 may indicate the higher risk for the development of pulmonary
fibrosis.

There are still some limitations in our study. First, it was a retro-
spective, single-center study with a small number of COVID-19 patients
admitted to hospital. Second, the serum KL-6 concentrations before
SARS-CoV-2 infection in several COVID-19 cases with the morbidity of
chronic obstructive pulmonary disease (COPD) were unknown, as the
high KL-6 concentrations in serum and sputum samples have been re-
ported in Japanese COPD patients [35,36]. Moreover, collecting enough
cases of critical COVID-19 patients seems to be difficult. Additional
larger sizes of COVID-19 patients from multiple centers undergoing
follow-up evaluations are needed to validate our findings.

5. Conclusion

In conclusion, this study demonstrated that serum KL-6 concentra-
tions but not Fn were high in severe COVID-19 patients, which were
associated with the severity of lung damage, positively correlated with
CRP and negatively correlated with lymphocytes count. Serum KL-6 may
be a candidate marker for pulmonary fibrosis evaluation, which may be
adopted into the severity classification in COVID-19. Patients with high
serum KL-6 on admission may have the high risk for the fibrotic lung
involvement, deserving the careful concern. Given a potential role of
antifibrotic therapy in preventing fibrosis after SARS-CoV-2 infection,
maybe antifibrotic therapies could be performed to further evaluate the
treatment effectiveness according to the value of serum KL-6 in the early
stage of COVID-19 disease.
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