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ABSTRACT

Lung damage caused by SARS-CoV-2 infection has been described in the literature as resulting from direct cytopathic effects
on type II pneumocytes, playing a critical role in the extent and progression of pulmo-nary injury. This study aimed to
evaluate the prognostic value of the mucin glycoprotein KL-6 in predicting clinical outcomes in COVID-19 patients. KL-6,
a mucin glycoprotein secreted by damaged type 1l pneumo-cytes, is emerging as a valuable biomarker for assessing pulmo-
nary injury and disease progression in COVID-19 patients. We prospectively enrolled 260 COVID-19 patients admitted
to specialized hospitals in Naples under the ASL Napoli 1 Centro between March 20, 2020, and March 31, 2022, when
the state of emergency ended. The study cohort had a median age (IQR) of 63 years (54-72), comprising 199 males and
61 females. All patients underwent clinical, radiological, and functional assessments in the emergency department. Serum
KL-6 levels were measured at admission, after detecting interstitial lung damage, and during hospitalization. Elevated KL-6
concentrations were observed in patients with pulmonary abnormali-ties, and baseline levels demonstrated good accuracy in
identifying those with radiologically documented fibrotic sequelae. In hospitalized COVID-19 patients, serum KL-6 levels
also correlated with severe cases requiring mechanical ventilation and predicted the development of fibrotic lung sequelae
during follow-up. Finally, KL-6 proved to be an effective predictive marker of disease severity, emphasizing its potential role
in guiding clinical management and prognosis. These findings highlight the potential of KL-6 as a valuable biomarker for
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guiding clinical decisions and monitoring long-term pulmonary outcomes in COVID-19 pa-tients.

INTRODUCTION

Mucin 1, or Krebs von den Lungen-6 (KL-6), is a
high molecular weight circulating glycopro-tein
whose levels are elevated in various interstitial lung
diseases (ILDs), including idiopathic pulmonary fi-
brosis and hypersensitivity pneumonitis [1-3]. It
is primarily produced by type-II al-veolar pneu-
mocytes that are damaged or regenerating, and its
serum concentrations are thus considered a biomar-
ker of pulmonary and epithelial injury. Specifically,
MUCI!1 (mucin 1), more commonly known as KL-6,
is a transmembrane glycoprotein expressed on the
surface of alveolar and bronchiolar cells.

The extracellular domains of mucin are released,
and serum levels increase in response to mechanical
stress, microbial interactions, pH changes, variations

in ion concentration or hydra-tion, and particular-
ly to inflammatory stimuli, such as TNFa and neu-
trophil elastase [4] (Fig. 1).

The prognostic value of peripheral KL-6 in ILDs has
been validated, as it has its potential to predict re-
sponses to antifibrotic therapies [5,6]. Additionally,
KL-6 has been proposed as a bi-omarker for acute
respiratory distress syndrome (ARDS) and infectious
pneumonia. Since the outbreak of severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2),
KL-6 has also been suggested by several authors as a
prognostic marker for this disease [7-10].

The pathogenesis of COVID-19 (the pulmonary di-
sease caused by SARS-CoV-2) remains in-comple-
tely understood [11], although it is hypothesized that
elevated serum concentrations of pro-inflammatory

Figure 1. MUC1 expression in lung tissue
from healty and IPF subjects. Immunohi-
stochemistry of MUC1 in lung tissue from
healthy and IPF patients. In IPF patients,
MUCT expression is observed at hyperpla-
stic al-veolar type I cells and fiobrotic are-
as. However, MUC1 is expression is almost
undetectable in healthy subjects. (Da Bal-
lester et al. Journal of Clinical Medicine.
J Clin Med. 2019 Sep; 8(9): 1447.Pu-
blished online 2019 Sep 1.d0i:10.3390/
jem8091447
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cytokines, oxidative mediators, and stress signals
contribute to lung damage, promoting the onset of
acute respiratory syndrome (similar to ARDS) [12].
Host susceptibility and direct cytopathic effects in-
duced by the virus on type I and II pneumocytes
are believed to play a critical role in mediating and
perpetuating lung injury [13-15].

Our research group was among the first to report
elevated serum concentrations of KL-6 in critically
ill COVID-19 patients, and our findings were sub-
sequently confirmed. However, no me-ta-analyses
are currently available on the role of KL-6 in the
follow-up of COVID-19 patients or its predictive
value for developing pulmonary fibrotic changes.
This study aimed to evaluate serum KL-6 behavior
in a population of hospitalized COVID-19 patients
within our ASL (Napoli 1 Centro), given our labora-
tory’s role as the metropolitan reference center and
a Coronet Lab network component for SARS-CoV-2
molecular diagnostics via rt-PCR in the Campania
region.

Between March 20, 2020, and March 31, 2022,
when the state of emergency declared by the Italian
government ended, we conducted 203,368 rt-PCR
molecular tests for COVID-19 on hospitalized pa-
tients in ASL Napoli 1 Centro hospitals (“Ospeda-
le del Mare”, “San Giovanni Bosco”, “Loreto Mare”,
“San Paolo”, “Pellegrini”). Among these, 17,650 tests
were positive (8.67%), and from this cohort, we se-
lected 260 patients for our study.

MATERIALS AND METHODS

Study population

The pandemic required the reorganization of hospi-
tal care to admit COVID-19 patients even outside
specialized infectious disease units [16-17]. Our ASL
network involved five hospitals in Naples (“Ospeda-

» o«

le del Mare”, “San Giovanni Bosco”, “Loreto Mare”,
“San Paolo”, “Pellegrini”). A total of 260 patients
(median age: 63 years, IQR: 55-71), including 199
males and 61 females, all hospitalized for COVID-19
in the dedicated units of ASL Napoli 1 Centro, were
enrolled in this study. All these patients required
admission to intensive care unit (ICU) and mecha-
nical ventila-tion. Blood samples were collected for
serum KL-6 evaluation at hospital admission (T0)
after emergency room admission and on day 7 of
hospitalization (T1). Patients without informed con-
sent or with a previous diagnosis of interstitial lung
disease or chronic obstructive pulmonary disease
were excluded.

All patients underwent comprehensive evaluations,
including physical examination, arterial blood gas
analysis, lung ultrasound, and chest CT scans. CT
features (fibrotic interstitial abnormali-ties, ground-
glass opacities, and air trapping) were assessed by
radiologists at the respective hos-pitals. Written in-
formed consent was obtained from all patients for
clinical data collection.
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KL-6 Assay

Serum samples were obtained at admission (TO),
prior to any biological treatment, high-dose intra-
venous steroid infusion, or invasive ventilation, and
during hospitalization (T1). Serum KL-6 concen-
trations were measured using the KL-6 Immuno-
assay reagent test (ST AIA PACK KL-6) pro-vided
by Tosoh Bioscience, following established protocols
[2,3,8,14,18]. The assay is based on antigen-antibo-
dy agglutination of sialylated carbohydrate antigen
with KL-6 mAb. Absorbance changes were measu-
red to determine KL-6 concentrations, expressed in
U/ml, with a cut-off value of 465 U/ml [19]. The au-
tomated analyzer (Tosoh Bioscience AIA 360) reads
fluorescence and converts it to KL-6 concentrations.

Serum handling

Serum (not heparinized, EDTA, or citrate plasma)
was used. Improper centrifugation, fibrin, or parti-
culate matter could yield inaccurate results. Samples
were inspected for air bubbles or foam, which were
removed prior to analysis. Samples could be stored
for up to 7 days at 2-8°C or frozen at 20°C for up
to 60 days.

Statistical Analysis

Non-normal data distribution was noted. Results are
reported as median (IQR). Univariate and multiva-
riate logistic regression models assessed associations
between unfavorable outcomes and high baseline
KL-6 levels (>1,000 U/ml) or age. Spearman’s corre-
lation tested associations between baseline KL-6 and
age, while Mann-Whitney U test compared KL-6
levels between fa-vorable and unfavorable outco-
mes. The Wilcoxon signed-rank test was used for
intra-patient comparisons between T0 and T1. We
observed 60 patients with baseline KL-6 > 1,000 U/
ml, all of whom died.

Statistical analyses and graphical representa-
tions were performed using GraphPad Prism 8.0
(GraphPad Software Inc., La Jolla, CA, USA).

REsuLTS

Table 1 summarizes the main characteristics of our
COVID-19 population at TO (hospital ad-mission
from the emergency room). Serum KL-6 concen-
trations, pulmonary function test (PFT) parameters,
and arterial blood gas analysis data were collected.
The table includes key charac-teristics of these pa-
rameters. The incidence of tobacco smoking was
also evaluated to assess its potential additive effect
on lung damage. It is noteworthy that at different
sampling points, the study population did not show
significant differences in terms of sex, age, or co-
morbidities.

Our findings align with those reported by d’Ales-
sandro M. et al. in 2021 [26]. Based on pul-mo-
nary CT characteristics, patients were classified
according to evidence of fibrotic lung altera-tions,
including ground-glass opacities, linear thickening,
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Table 1. Main Characteristics of the COVID-19 population. The table includes demographic and clinical da-ta such as age, sex,
smoking habits, Bl, arterial blood gas values, and serum KL-6 concentrations. Continu-ous variables are presented as median
(IQR), while categorical variables are expressed as count (percent-age).

Parameter

COVID-19 patients (n: 260)

Age (years)
Gender: Male/Female
Smoker: No/Yes
BMI (Kg/m?2)
SvO»> (%)
PaCO; (mmHg)
PaO; (mmHg)

HR (bpm)

TO KL-6 (U/mL)

63 (54; 72)

199 (76.5%) / 61 (23.5%)
168 (65%) / 92 (35%)

26 (25; 28)
97 (96; 98)
37 (33; 39)
86 (79; 92)
76 (70; 82)
739 (301; 1,321)

SvO3: Venous oxygen saturation; PaCO3: Partial Pressure of Carbon
Dioxide; PaO,: Partial Pressure of Oxygen; HR: Heart Rate.

or organized lung areas. The analysis conducted by
the authors demonstrated that baseline KL-6 values
showed good accuracy in dis-criminating patients
with CT evidence of interstitial lung abnormalities
(AUC = 85%, standard er-ror 0.108, 95% CI 64—
100, p = 0.04).

We investigated potential association between bio-
metric and clinical parameters with base-line KL-6
levels. We found that KL-6 levels displayed a signifi-
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Figure 2. Linear regression depicting the correlation between
basal KL-6 levels and patients’ age. Linear regression is repre-
sented by the continuous line and its 95% Confidence interval
(dotted lines). As it can be seen, higher values of KL-6 are signi-
ficantly associated with age progression. Figure also reports the
re-gression formula and correlation outputs, such as Spearman
rho value and its p-value.

cant correlation with age (r: 0.301, 95% CI 0.169-
0.423, p-value < 0.001) (Figure 2).

Next, we stratified the cohort in two subgroups,
according to the favorable/unfavorable outcome.
We noted that patients with unfavorable outcomes
exhibited significantly higher KL-6 levels compared
to those with favorable outcomes (p-value: <0.001,
Table 2, Figure 3).

Figure 3. KL-6 distribution stratified for clinical outcome.
Boxplots depicting KL-6 distribution between pa-tients with
favorable and unfavorable outcome. The unfavorable cohort
displays a strong and significant increase in KL-6 circulating
levels compared to the favorable group. P-value for comparison
among the two distributions is also showed.

Table 2. Measurement of KL-6 levels based on the clinical outcome in the enrolled population. Data are reported as median (IQR);

p-values <0.05 are considered statistically significant.
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Furthermore, stratification based on a KL-6 thre-
shold value of 1,000 U/ml showed a signifi-cant as-
sociation with negative clinical outcomes (OR: 17,
95% CI: 2.76 — 104.54, p-value: <0.01). This asso-
ciation remained significant even when age was in-
cluded as covariate (OR: 11.29, 95% CI: 1.04 — 122,
p-value < 0.05) (Table 3).

JAHC (ISSN 2704-7970)

Table 3. Univariate and Multivariate regression analysis among clinical outcomes and characteristics for the COVID-19 popula-
tion. For each parameter, Univariate and Multivariate Odds Ratios, adjusting for age, are reported as estimate and 95% Confi-
dence Interval. p-values <0.05 are considered statistically signifi-cant.

DiscussioN

This study described peripheral KL-6 concentra-
tions in a population of COVID-19 patients at the
time of hospital admission from the emergency de-
partment and during hospitalization, along-side the
evaluation of radiological and functional parameters.
It was reported that serum KL-6 concentrations in-
creased significantly and progressively in severe pa-
tients requiring intensive care unit admission and
prone intubation with mechanical ventilation, but
not in mild-to-moderate patients with less severe
respiratory failure [8]. This mucin protein has been
extensively studied in idiopathic pulmonary fibrosis
and patients with ARDS, but there is limited data
on its potential prognostic value in viral pneumo-
nia [11-13]. Our interest arose from the observation
that KL-6 was associated with prognosis in ILD and
ARDS, reflecting damage to type I and II alveolar
pneumocytes. The SARS-CoV-2 virus is known to
have a specific tropism for alveo-lar epithelial cel-
Is, causing interstitial lung damage, epithelial chan-
ges, and regenerative process-es, primarily during
the acute phase [8]. A significant increase in serum
KL-6 concentrations has been demonstrated in criti-
cal COVID-19 patients [8, 10], and this was further
confirmed in our study.

CONCLUSIONS

Based on our experience, it can be affirmed that KL-6
is an important prognostic factor in COVID-19 in-
fection. The concentration of this mucin reflects the
extent of lung damage and also correlates with CT
findings, as demonstrated by us and several other
authors [1, 2, 5-7, 9-12, 15, 20-24]. In our expe-
rience, we have confirmed that serum KL-6 concen-
trations in hospitalized COVID-19 patients can help
identify severe cases requiring mechanical ventila-
tion and predict those who will develop pulmonary
fibrotic sequelae in the follow-up. Additionally, it is
particular-ly noteworthy that KL-6 has proven to be
an effective predictive index of infection severity. In
our experience, 60 patients with KL-6 levels abo-
ve 1,000 U/mL all passed away. Therefore, we can
conclude that KL-6 can serve as a useful indicator of
the severity of lung damage and also as an important
prognostic factor for mortality if its concentration
exceeds 1,000 U/ml. These find-ings highlight the
potential of KL-6 as a valuable biomarker for gui-
ding clinical decisions and mon-itoring long-term
pulmonary outcomes in COVID-19 patients.
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