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Abstract

Objective. The purpose of this research was to investigate the correlation between serum levels of surfactant protein-D (SP-
D) with acute respiratory distress syndrome (ARDS) severity and mortality in COVID-19. Materials and Method. This was a
prospective cohort research study that included 76 patients in the period from July to October 2020. SP-D serum levels were
taken upon admission to the hospital, the diagnosis of ARDS and its grade were confirmed according to the WHO criteria,
and then patients were observed for 28-day mortality. Results. The mean SP-D serum levels from 76 patients were 39.33 ng/ml
(SD+31.884 ng/ml). The statistical analysis showed that there was a significant correlation between SP-D serum levels and the
severity of ARDS upon admission to the hospital (P=0.04, Spearman’s rank correlation coefficient (rs)=0.26), but the correlation
between serum levels of SP-D and mortality was not statistically significant (P=0.89; rs=-0.016). Conclusion. SP-D serum levels
had a significant but weak correlation with ARDS severity, but were not significant for mortality.

Key Words: Surfactant Protein-D = ARDS = Severity ® Mortality * COVID-19.

Introduction

In late 2019, Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), caused an epidemic
of an acute respiratory disease in Wuhan, China.
WHO later referred to this disease as Coronavirus
Disease 2019 (COVID-19) (1), and as of September
2021 the number of people diagnosed with
COVID-19 worldwide surpassed 221 million.
Acute Respiratory Distress Syndrome (ARDS) is
the most common complication of COVID-19 (60-
70% of patients admitted to the ICU), followed by
shock (30%), myocardial dysfunction (20-30%)
and acute kidney injury (10-30%) (2). An initial
study in China reported that ARDS in COVID-19
had a 28-day mortality rate of 74% (3).

The severity of the lung injury often requires
mechanical ventilation, and recently some mor-
phological pathways of COVID-19-related ARDS
have been elucidated in a series of autopsies.

Histological analysis of pulmonary vessels showed
widespread thrombosis with microangiopathy, dif-
fuse alveolar damage, capillary congestion, necro-
sis of pneumocytes, interstitial and intra-alveolar
edema, and platelet—fibrin thrombi. These results
suggest that the profound hypoxemia that these
patients might experience can be due to both epi-
thelial and endothelial injury (4). A study by Sega
et al. showed that endothelial markers (especially
Endoglin and VCAM-1) are associated with mor-
tality in COVID-19 cases (5).

Surfactant Protein-D (SP-D) is a biomarker
of lung epithelial injury, which is produced by
type-II alveolar cells and plays an important role
in maintaining the integrity of the alveolar-capil-
lary interface. The mechanism of SP-D in the al-
veolar entering the circulation system is not fully
understood, but Hart et al. suggested that in in-
flammatory conditions, such as ARDS, increased
alveolar-capillary permeability may lead to leakage
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of alveolar SP-D into the systemic circulation (6).
SP-D is also thought to be a more specific marker
for lung damage, so it can be used as a marker of
early lung injury.

Several studies on SP-D have been conducted.
One of them is a 2009 study by Delgado et al. that
aimed to determine the correlation between SP-D
and mortality in HIN1 virus infection. The re-
sults showed that higher SP-D serum levels were
associated with the risk of death in patients with
HIN1 pneumonia (7). Moreover, a recent study
by Kerget et al. and Saito et al. examined SP-D in
COVID-19 patients. These studies compared SP-D
serum levels in a group of COVID-19 patients who
had ARDS, and those who did not. SP-D, as a pul-
monary epithelial maker, has been shown to be
a prognostic biomarker that can predict the out-
come of HIN1 virus infection and in non-COV-
ID-19 cases, but there are not many studies about
the role of SP-D in COVID-19.

The purpose of this study was to analyze the
correlation between SP-D serum levels with ARDS
severity and mortality in COVID-19 cases.

Method

This was a prospective cohort research study that
included 76 patients. The study was performed
in the COVID-19 isolation ward and ICU at Dr
Soetomo Surabaya Hospital, in the period from
July to October 2020, and was approved by the
Ethics Comittee of Dr Soetomo Surabaya Hospital.

The study population consisted of patients
treated in isolation wards and ICU at Dr Soetomo
Surabaya Hospital in the period from July 2020 -
October 2020. All patients who met the inclusion,
and exclusion, criteria were included in the study
sample until the minimum number of samples was
met. The inclusion criteria were: confirmed diag-
nosis of COVID-19 and aged 18 years old or above.
The exclusion criteria were: patients with COPD,
asthma and tuberculosis infection; patients with
an autoimmune disease, immunocompromised or
those taking immunosuppressant drugs; and pa-
tients with malignancy or receiving chemotherapy
treatment. The correlation sample size formula

was used to calculate the minimum number of pa-
tients (a: 0.05; B: 0.2 and r: 0.5), and the minimum
sample size was 30 patients.

The patients underwent a COVID-19 test,
blood gas analysis and SP-D serum levels upon
hospital admission. Diagnosis of COVID-19 was
confirmed by an RT-PCR test from the patients’
nasopharyngeal swab samples; the PaO,/FiO, ra-
tio was used to determine ARDS severity; and
the ELISA method (Human SP-D ELISA Kit by
Elabscience’) was used to determine SP-D serum
levels. The definition of ARDS and its severity
were categorized using the WHO criteria: a PaO2/
FiO2 ratio of <100 as severe ARDS, 100-200 as
moderate ARDS, 200-300 as mild ARDS and >300
was categorized as not ARDS (6). The diagnosis
of ARDS was made upon hospital admission by
history taking, physical examination and labora-
tory tests. All the patients received Dr Soetomo
Surabaya Hospital standard protocol therapy for
COVID-19 that follows the WHO’s guidelines for
Clinical Management of COVID-19.

Statistical Analysis

The IBM SPSS Statistics 23.0° program was used
for statistical analysis. Continuous data were re-
ported as means. Categorical data were presented
as a percentage. The correlation between SP-D se-
rum levels and ARDS severity and mortality were
analyzed using the Spearman correlation test. A P
value <0.05 was defined as statistically significant.

Results
Characteristics of Research Subjects

From 76 patients studied, 68 patients (89.5%) had
comorbidities and 8 patients (10.5%) had no co-
morbidities. The most common comorbidities
were obesity (64.7%), diabetes mellitus (48.5%)
and hypertension (30.9%).The 51-60 years age
group had the most patients who died (35.9%).
However, when viewed on the basis of the propor-
tion of the number of patients who survived and
died in each age group, the >71 years age group
was the worst, with a 100% mortality rate.




Table 1. Characteristics of Subjects
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Variables Survivor (N=39) Non Survivor (N=37) P value
Age (years) Mean+SD 55.56+12.96 49.43+10.29" 0.026
Gender

Male N (%) 25 (64.1) 21 (56.8)

Female N (%) 14 (35.9) 16 (43.2) 0513
BMI (kg/m?) 26.67 (22.89-29,38)" 26.04 (22.72-28.01)* 0.323
SP-D (ng/mL) 24.48 (15.0-75.18) 1 24.07 (13.40-63.58)* 0.775
PaO2/FiO2 ratio 117.8 (85.0-151.40)" 206.7 (121.75-300.35)" <0.001
LOS (days) 7 (4-13) 22 (15-26.5) <0.001

Data are reported as number (percentage); ‘Meanzstandard deviation; Median [interquartile range] as appropriate. SD=Standard Deviation; BMI=Body Mass
Index; SP-D=Surfactant Protein-D; PaO2=Partial Oxygen Pressure in artery; FiO2=Fraction of Inspired Oxygen; LOS=Length of Stays.

SP-D Serum Levels, ARDS Severity and
Mortality

In this study, an analysis was also carried out to see
the differences in the value of serum SP-D levels
in patients who died and those who survived for
up to 28 days of observation. The results obtained
were the ARDS severity upon hospital admission
(Table 2) and mortality after 28 days of observa-
tion (Table 3).

Table 2. Severity of ARDS

Non ARDS 11 (14.5) 369.14+41.57 37.46+32.95
Mild ARDS 14 (18.4) 230.81+23.46 29.87+26.63
Moderate ARDS 29 (38.2) 145.03+£30.10 32.67+30.35
Severe ARDS 22(28.9) 81.30+12.29 55.04+£32.62

PaO2=Partial Oxygen Pressure in artery; FiO2 Fraction of Inspired Oxygen;
SD=Standard Deviation; SP-D=Surfactant Protein-D; ARDS=Acute Respira-
tory Distress Syndrome.

Table 3. Mortality of Research Subjects

Outcome N (%) :ApeaDn(lgS/g L

Survived 37 (48.7) 38.92+32.00

Died 39 (51.3) 39.70+£32.18
Died <14 days 30 (39.5) 37.74£31.69
Died >14 days 9(11.8) 46.22+34.87

SD=Standard Deviation; SP-D=Surfactant Protein-D.

Correlation between SP-D Serum Levels and
ARDS Severity in COVID-19 Patients

Statistical analysis was performed to determine
the significance of the correlation between SP-D
serum levels and the severity of ARDS in this
study. The results of the Spearman correlation
analysis showed a correlation coefficient (rs) of
0.236 with a P value=0.04. This means that there
was a significant correlation between SP-D serum
levels and the severity of ARDS upon hospital ad-
mission (P<0.05), with a weak correlation strength
(rs: 0.20 - 0.39).

Correlation between SP-D Serum Levels with
Mortality in COVID-19 Patients

Statistical analysis was calculated to see the sig-
nificance of SP-D serum levels with mortality in
this study. The results of the Spearman correla-
tion analysis showed a correlation coefficient (rs)
of -0.016 with P value = 0.89. This means that the
correlation between SP-D serum levels upon hos-
pital admission and mortality was not significant
(P>0.05), with a very weak negative correlation
strength (rs: 0.00 to -0.19).

Discussion

This study highlights that SP-D had a connection
with ARDS severity in COVID-19, thus support-
ing the opinion that treatment using surfactants
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can provide benefits in COVID-19 cases. The
purpose of our study was to give us a better un-
derstanding of the role of SP-D serum levels in
COVID-19. We use 3 variables in this study: SP-D
serum levels upon hospital admission; ARDS se-
verity upon hospital admission; and mortality af-
ter 28 days of observation. The results of this study
concluded that the correlation between SP-D se-
rum levels upon hospital admission with ARDS
severity upon hospital admission was statistically
significant, with a weak correlation strength, but
the correlation between SP-D serum levels with
mortality was not statistically significant, with a
very weak negative correlation strength.

Characteristics of the Research Subjects

The gender characteristics of this study was that
it was dominated by male patients. The charac-
teristics of these patients are similar to the study
conducted by Zhi et al. where 63.8% of the 1023
confirmed COVID-19 patients studied were male.
Male patients also dominated in the non-survivor
group,which is similar to the systematic review
conducted by Yustinawati et al. It was found that
of a total of 1,314 COVID-19 patients who died,
845 patients (64%) were male (8). Gender is a risk
factor for severe COVID-19. Sexual hormone-me-
diated immune responses and differences in ACE2
expression in the different sexes are thought to
play a role in determining disease severity. It was
explained that the females had a more effective
adaptive immune response than the males. This
may be due to the production of sex hormones
and the difference in the number of genes related
to immunity that are found more on the X chro-
mosome (9, 10).

Age is a significant risk factor for COVID-19
because it is also associated with comorbidities
and a decrease in the effectiveness of the immune
system due to the physiological process of aging.
A meta-analysis conducted by Booth et al. found
that patients >75 years of age had a higher risk
of contracting COVID-19 (11). A retrospective
multicenter cohort study by Luo H et al., found
that of 625 COVID-19 patients, there were 41.8%

young adults (19 - 44 years old), 39.7% middle-
aged adults (45 - 64 years old) and 12.6% elderly
(= 65 years). In our study, the age of the patients
was dominated by the 51 - 60 year age group and
41 - 50 years, which has similarities with the study
by Luo et al (10). Elderly patients (> 65 years) with
COVID-19 have the highest risk for severe or crit-
ical illness, intensive care, respiratory failure and
length of hospital stay; which may be due to the
higher incidence of comorbidities and decreased
immunity to COVID-19 (12). Aging has been as-
sociated with modifications in signaling mecha-
nisms responsible for IFN production, leading to
reduced IFN production. Coronavirus, and specif-
ically SARS-COV-2 infections, have been shown
to induce IFN production poorly, a mechanism of
possible viral immune escape. These immunologi-
cal deficiencies can synergistically cooperate in a
single patient leading to impaired IFN production,
insufficient immune responses, and more severe
manifestation of COVID-19 (13).

Obesity, diabetes mellitus and hypertension
were the most common comorbidities suffered by
the patients in this study. There is a clear correla-
tion between obesity and basal inflammatory sta-
tus, which is characterized by higher levels of IL-6
and CRP. Adipose tissue in obesity is “pro-inflam-
matory” and thus leads to increased expression of
cytokines, especially adipokines. In the study by
Roncon et al., it was reported that patients with
diabetes mellitus had a nearly three times higher
risk of admission to the ICU and death (14). A
study by Chang et al. found from a multivariate
logistic analysis that diabetes mellitus was sig-
nificantly associated with disease progression of
COVID-19. Diabetes is related to the progression
of COVID-19 because hyperglycemia causes im-
mune dysfunction, impaired neutrophil function,
antioxidant system and humoral immunity, and
causes a tendency to nosocomial infections that
aggravate COVID-19 symptoms (15).Therapy for
hypertension, diabetes mellitus and cardiovascu-
lar disease is needed to increase the expression of
the ACE2 protein. In COVID-19 patients, SARS-
CoV-2 binds to the ACE2 receptor, spreads and
causes tissue damage, especially in organs with




high ACE2 receptor expression(16). This causes
an increase in viral load which eventually aggra-
vates the disease and then triggers ARDS, cytokine
storm and even death (7).

SP-D Serum Levels in COVID-19 Patients

On the basis of the central role of SP-D in lung
defense, regulation of the inflammatory response
and its dysregulation in lung disease, it was hy-
pothesized that increased levels of SP-D in blood
serum are caused by lung tissue damage (7). The
mechanism by which SP-D in the alveolar can en-
ter the circulation system is not fully understood,
but Hart et al. suggested that in inflammatory con-
ditions, such as ARDS, increased alveolar-capillary
permeability may lead to leakage of alveolar SP-D
into the systemic circulation. The integrity of the
secretory epithelial cells can be damaged in lung
inflammation, resulting in leakage of SP-D from
the epithelial cells into the alveoli and then into the
blood vessels.

In this study, the overall mean SP-D serum lev-
el was lower than the mean value of SP-D in the
HINI cases (39.33 ng/mL vs 434.5 ng/mL) that
were studied by Delgado et al. This may be caused
by the pathophysiological process of COVID-19
itself, whereas it is known that SARS CoV-2 enters
the respiratory tract and binds to the ACE-2 recep-
tor to enter type II alveolar cells. Type II alveolar
cells’ function is to produce surfactant, so the dam-
age to these cells early in the course of the disease
can decrease the amount of pulmonary surfactant.
This may be the reason why the concentration of
SP-D that leaks into the systemic circulation is not
as high as with HIN1 infection.

Correlation between SP-D Serum Levels and
ARDS Severity in COVID-19 Patients

A study conducted by Kerget et al. showed that
in COVID-19 patients, day 0 SP-D levels were
higher in patients with ARDS than without ARDS
(P=0.001). However, the study by Kerget et al.
only divided the patient groups into ARDS and
non-ARDS, while the severity of ARDS was not
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elaborated. The study by Saito et al. showed that
the SP-D serum levels showed a significant differ-
ence between the mild disease group (non-ARDS)
and the severe disease group (ARDS) (P<0.001).
SP-D serum level examinations were performed
serially on days 3, 5 and 8. The increase in SP-D
serum levels on day 8, when compared to day 3,
was 8.5 times higher, and was also accompanied by
the worsening of the clinical condition.

The results of our study showing that there was
a significant correlation between SP-D serum lev-
els and the severity of ARDS, but with weak corre-
lation strength, are slightly different to the research
by Kerget et al. and Saito et al. This may be due to
differences in the characteristics of the study sub-
jects (especially the type of race and comorbidi-
ties), and the day of SP-D serum collection. The
study by Park et al. concluded that high SP-D se-
rum levels within 48 hours of ICU admission serve
as a diagnostic marker for ARDS and this is sup-
ported by the study by Saito et al., who found that
the SP-D serum levels on day 8 had increased by
about 8.5 times when compared to day 3 (17, 18).
In our study, SP-D serum levels were measured on
day 0, so that this could be the cause of the weak
correlation strength.

In our study, 4 samples were found to be outli-
ers. Of these 4 samples, a high SP-D value was ob-
tained but the type of ARDS suffered was mild or
moderate. This result contradicts the research by
Kerget et al. and Saito et al. This may be due to the
comorbidities suffered by these 4 patients who had
allergies. The presence of an inflammatory process
and injury to lung tissue affects the process of syn-
thesis and secretion of SP-D from lung epithelial
cells to the systemic circulation (19).

Koopmans et al. found an increase in SP-D
levels in allergic patients compared to control sub-
jects. SP-D levels increased 24 hours after allergen
exposure in asthmatic patients, and were posi-
tively correlated with the number of eosinophils in
the sputum. Thus, SP-D serum levels can serve as
markers of the level of bronchial inflammation in
allergic patients(20). Inhaled allergens are initially
dissolved in the fluid lining the airways before they
come into contact with immune cells. The airway
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lining fluid contains surfactant, and therefore the
initial contact between the allergen and the surfac-
tant component will occur earlier. SP-A and SP-D
interact with mite allergens via CRD, and inhibit
the binding of allergen-specific IgE to mite aller-
gens. This finding may indicate that SP-D inhibits
the induction of allergic reactions by direct aller-
gen binding, and thus is beneficial in reducing the
binding of dendritic cells and allergen-specific IgE,
thereby preventing acute asthma attacks(21).

Correlation between SP-D Serum Levels with
Mortality in COVID-19 Patients

The analysis results of this study showed that there
was no significant correlation between SP-D se-
rum levels on day 0 with mortality. This result is
different from the study by Kerget et al., where
the SP-D serum levels in the group that died (7
patients) compared to those who survived (81 pa-
tients) were 96.7+37.2 ng/ml and 56.9+43.5 ng/ml
(P=0.03) respectively (22).

The report by Ruan et al. on 68 COVID-19
patients who died in Wuhan showed that 53%
died due to respiratory failure, 7% due to shock

(possibly due to fulminant myocarditis), 33% due
to both, and 7% from unclear mechanisms (23).
Elezkurtaj et al. conducted an autopsy study on
26 COVID-19 patients who died in a Berlin hos-
pital, with the aim of finding the exact causes of
the deaths of these patients. The autopsy results
found that the most common immediate causes of
death were septic shock and/or multi-organ failure
(30.8%), viral pneumonia with or without signs
of bacterial superinfection (19.2%), respiratory
failure due to diffuse alveolar damage or ARDS
(19.2%), right ventricular heart failure (15.4%),
and massive pulmonary thromboembolism, severe
bronchial aspiration, gastrointestinal bleeding, or
left ventricular heart failure (3.8% each). These
two studies show that the most common causes of
death in COVID-19 patients are ARDS and septic
shock accompanied by multi-organ failure (24).
SP-D serum levels, as a pulmonary epithelial
marker, have been shown to correlate with ARDS
mortality in COVID-19 patients (25). Early iden-
tification of pulmonary epithelial injury is one way
of detecting the early stages of Acute Lung Injury
before it deteriorates to ARDS (19). SP-D serum
levels are thought to be a more specific marker for

Treated / Normal lung

lung surfactant produced by
type Il alveolar cells

*

destruction of
type |l alveolar
cells

*

activation of
tissue
macrophages

*
Cytokine l
secretion

lung surfactant

COVID-19 associated ARDS

massive macropage
_ infiltration
Alveolar macrophage
—activation

destruction of type Il
alveolar cells

4

_severe loss of anti-
inflammatory lung
protective surfactant

26

Figure 1. Hypothesis of Surfactant Therapy Effect Mechanism.




the damage that occurs in the lungs, but they are
not specific for the damage that occurs in other
organs.

In addition to the role of SP-D as a biomark-
er capable of describing the severity of ARDS in
COVID-19, some opinions support the possibil-
ity that surfactant therapy may provide benefits in
COVID-19 cases. Although pulmonary surfactant
therapy is a standard, safe and effective therapy for
neonates with ARDS, treatment with recombinant
SP-C-based surfactant has not shown an increase
in survival in a randomized controlled trial in
adults (26). The use of natural surfactants seems
to be more advantageous than synthetic surfac-
tants in increasing blood oxygenation signifi-
cantly and shortening ventilatory time in infant
patients. Meconium aspiration syndrome resem-
bles COVID-19 pneumonia in which there is de-
creased surfactant production due to the destruc-
tion of type II alveolar cells. Early administration
of natural surfactants reduces the need for ECMO
therapy and ventilatory time in infant patients.
This suggests that initial administration of natural
surfactants should also improve lung function in
adult patients with severe ARDS. Thus, surfactant
therapy in ARDS patients due to COVID-19 may
be of benefit, especially when applied early in the
disease course (Figure 1).

There are not many studies about the correla-
tion between SP-D serum levels with ARDS sever-
ity and mortality in COVID-19 cases, so further
research still needs to be done. The limitations of
this study were the relatively low number of pa-
tients and the lack of adjustment for confounders.
Using a control group and SP-D serum levels on
collected serial days may be able to provide a better
picture of the correlation between SP-D serum lev-
els and the ARDS severity in COVID-19 patients.

Conclusion

From this study, it can be concluded that SP-D se-
rum levels had a significant and weak correlation
strength with ARDS severity, but not a significant
correlation with mortality.
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What Is Already Known on This Topic:

In our study, it was found that the mean serum level of SP-D in the
survivors was 38.93 ng/mL, whereas in the deceased group it was 39.7
ng/mL. This indicates that there is no significant relationship between
serum SP-D levels on day 0 with mortality (P= 0.89). This result is dif-
ferent from a previous study which stated that the serum SP-D levels
in the dead group (7 patients) compared to the survivor group (81 pa-
tients) were 96.7 + 37.2 ng/ml and 56.9 + 43.5 ng. / ml (P=0.03). Then,
serum SP-D levels were considered as a more specific marker for lung
damage, but not specific for other organ damage.

What This Study Adds:

The study used an analytic observational perspective with a prospec-
tive cohort study design, in which the study population were COVID-19
infection patients suffering from COPD, Asthma and TB infection;
patients with autoimmune disease, immunocompromised or taking
immunosuppressant drugs; and patients with malignancy or receiving
chemotherapy treatment.
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