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Objectives: The aim of this study was to evaluate the clinical characteristics, pulmonary diffusion func- 

tion, chest computed tomography (CT), and serum lung cell damage indicators of coronavirus disease 

2019 (COVID-19) survivors 6 months after discharge. 

Methods: Data of COVID-19 survivors discharged from hospital between January 21, 2020 and January 11, 

2021 and healthy controls were collected. Serum levels of surfactant protein D (SP-D), the receptor for 

advanced glycation end products (RAGE), laminin, and von Willebrand factor (vWF) were measured in 

the healthy controls and COVID-19 survivors 6 months after discharge. The relationships between serum 

lung cell damage indicator levels and various parameters were explored. 

Results: Fifty-two COVID-19 survivors (31 with non-severe disease and 21 with severe disease) and 30 

controls were included. Serum levels of laminin in COVID-19 survivors 6 months after discharge were 

significantly higher than those in the controls. The increase was more significant in elderly and female 

patients. Serum levels of RAGE and vWF were not statistically different from those of the controls. How- 

ever, 6 months after discharge, COVID-19 survivors with abnormal chest CT and those in the severe group 

had higher vWF levels. 

Conclusions: COVID-19 patients had abnormal lung injury indicators 6 months after discharge. The recov- 

ery time after infection is currently unknown, and long-term observation is required. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Coronavirus disease 2019 (COVID-19), caused by severe acute 

espiratory syndrome coronavirus 2 (SARS-CoV-2), is a major global 

ublic health emergency. As of August 1, 2021, the COVID-19 pan- 

emic has resulted in the infection of approximately 200 million 

eople and has caused over 4 million deaths. 

SARS-CoV-2 binds to the host’s angiotensin-converting enzyme 

 (ACE2) receptor and enters target cells ( Hoffmann et al., 2020; 

an et al., 2020 ). Damage caused by the virus entering the cell usu- 

lly results in the release of cell-specific proteins into the circula- 

ion, which can assess cell damage ( Bhargava and Wendt, 2012 ) 

Surfactant protein D (SP-D) is the main functional substance 

roduced by alveolar type 2 (AT2) cells. The receptor for advanced 

lycation end products (RAGE) is mainly expressed on the basal 

urface of alveolar type 1 (AT1) cells. Laminin is a large basement 

embrane glycoprotein that plays an important role in intercellu- 

ar adhesion, growth, differentiation, and epithelial cell repair. von 

illebrand factor (vWF) is a multimeric glycoprotein that can be 

sed as an endothelial cell marker. 

In lung tissue, endothelial cells and AT2 cells have abundant 

CE2 receptors ( Hamming et al., 2004 ; Mason, 2020 ) A previous 

tudy evaluated the cellular injury associated with SARS-CoV-2 

nfection and confirmed that the damage to AT2 cells and lung 

tructures remained 2 weeks after SARS-CoV-2 infection had been 

reated ( Shao et al., 2020 ) To date, there have been few reports on

he long-term changes in lung cell damage and repair 6 months 

fter the treatment of SARS-CoV-2 infection. 

In this study, the serum levels of SP-D, RAGE, laminin, and vWF 

ere measured in COVID-19 survivors 6 months after discharge. 

y comparing clinical characteristics, pulmonary diffusion function, 

nd chest computed tomography (CT) with the levels of these indi- 

ators in COVID-19 survivors 6 months after discharge, an assess- 

ent can be made of the lung injury, lung regeneration, and repair 

bility of patients who have recovered from SARS-CoV-2 infection. 

. Materials and methods 

.1. Participants 

Patients with COVID-19 who were admitted to Tianjin Haihe 

ospital between January 21, 2020 and January 11, 2021 were in- 

luded. All patients met the diagnostic criteria, clinical classifica- 

ion, and discharge criteria of the Chinese Clinical Guidance for 

OVID-19 Pneumonia Diagnosis and Treatment published by the 

hina National Health Commission. The patients were divided into 

on-severe and severe groups according to the severity of the dis- 

ase during hospitalization. Patients who met any of the follow- 

ng criteria were assigned to the severe group: dyspnea (respira- 

ory rate ≥33 breaths/min), finger oxygen saturation ≤93% in the 

esting state, arterial blood partial pressure of oxygen or fraction 

f inspired oxygen ≤300 mmHg (1 mmHg = 0.133 kPa), and lung 

maging showing that the lesion had progressed significantly by 

 50% within 24–48 hours. Patients who did not meet the above 

riteria were assigned to the non-severe group. Patients who died 

efore follow-up, refused to participate in the follow-up, and those 

ho left the local area and could not complete the follow-up were 

xcluded. 

Thirty age- and sex-matched health and medical staff who com- 

leted physical examinations at Tianjin Haihe Hospital between 

une 17, 2020 and June 24, 2020 were recruited as healthy con- 

rols. All had negative SARS-CoV-2 nucleic acid test results, were 

egative for SARS-CoV-2 antibodies, and were without underlying 

iseases. 
135 
This study was approved by the Institutional Review Board of 

ianjin Haihe Hospital (2020HHKT-014). Written informed consent 

as obtained from all participants. 

.2. Basic data collection 

General participant information was collected for all COVID-19 

urvivors who underwent a follow-up examination 6 months after 

ischarge, using a standard form. Information collected included 

ge, sex, comorbidity, and clinical treatment. These patients also 

ompleted a questionnaire regarding their clinical symptoms. 

.3. Pulmonary diffusion function tests 

Pulmonary diffusion function tests were performed using a 

asterScreen Body plethysmograph (Jaeger MS-PFT Analysis Unit; 

aeger, Würzburg, Germany). In accordance with the American 

horacic Society standards ( 1986 ), the diffusing capacity for car- 

on monoxide corrected for hemoglobin (DLCOc-SB) was measured 

s a percentage of the predicted value. Measured diffusing capacity 

or carbon monoxide (DLCO) < 80% of the predicted value indicated 

ulmonary diffusion impairment. 

.4. Chest CT examination 

Chest CT scans were performed using a Canon 64-slice helical 

T scanner (Aquilion Prime 128; Canon Medical Systems, Otawara, 

apan). A semi-quantitative visual scoring method ( Hansell et al., 

008 ) was used to score the CT images of each single lung lobe 

ccording to the area percentage of the lesions in a single lung 

obe. A lung lobe without lesions was scored 0, while a lung lobe 

ith a lesion area percentage of < 25% was scored 1, ≥25% to < 50%

as scored 2, ≥50% to < 75% was scored 3, and ≥75% was scored 

. The total score of the five lobe categories ranged from 0 to 20. 

ach CT image was independently reviewed and scored by three 

adiologists, and the scores were averaged to obtain the final score 

f the CT image. A score ≥1 indicated an abnormal chest CT and a 

core of 0 indicated a normal chest CT. 

.5. ELISA for serum SP-D, RAGE, laminin, and vWF 

Serum levels of SP-D, RAGE, laminin, and vWF were measured 

y ELISA in enrolled healthy controls and COVID-19 survivors. All 

its were purchased from Abcam: SP-D (Human Surfactant pro- 

ein D/SP-D SimpleStep ELISA Kit, ab239431), RAGE (Human Sim- 

leStep ELISA Kit, ab190807), laminin (Human Laminin ELISA Kit, 

b119599), and vWF (Human Von Willebrand Factor ELISA Kit, 

b108918). 

.6. Statistical analysis 

The statistical analyses were performed using IBM SPSS Statis- 

ics for Windows version 26.0 (IBM Corp., Armonk, NY, USA). Nu- 

erical data were recorded as the number of cases and percentage 

 n , %). Normally distributed data were expressed as the mean ±
tandard deviation; between-group comparisons were performed 

sing an independent samples t -test. Non-normally distributed 

ata were expressed as the median (interquartile range, IQR); 

etween-group comparisons were performed using the Mann–

hitney U -test. P -values were determined by unpaired bilateral 

ann–Whitney U -test. Statistical significance was set at P < 0.05. 
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Figure 1. Study flow chart showing the inclusion of COVID-19 survivors 6 months after discharge . COVID-19, coronavirus disease 2019; CT, computed tomography; ILD, 

interstitial lung disease; RAGE, receptor for advanced glycation end products ; SP-D, surfactant protein D ; vWF, von Willebrand factor. 

Table 1 

Demographic and clinical characteristics of COVID-19 survivors 6 months after discharge 

Characteristics Total( n = 52) Non-severe( n = 31) Severe( n = 21) 

Age (years), median (IQR) 47 ± 16 43 ± 15 54 ± 14 

Sex (%) 

Male 30 (58%) 18 (58%) 12 (57%) 

Female 22 (42%) 13 (42%) 9 (43%) 

Comorbidity (%) 16 (31%) 6 (19%) 10 (48%) 

Hypertension 9 (17%) 5 (16%) 4 (19%) 

Type 2 diabetes 5 (10%) 1 (3%) 4 (19%) 

Coronary heart disease 4 (8%) 0 (0%) 4 (19%) 

Symptoms (%) 21 (40%) 12 (39%) 9 (43%) 

Myalgia or fatigue 13 (25%) 8 (26%) 5 (24%) 

Exertional dyspnea 11 (21%) 7 (23%) 4 (19%) 

Cough 5 (10%) 4 (13%) 1 (5%) 

Smell and taste dysfunction 5 (10%) 3 (10%) 2 (10%) 

Abdominal pain and diarrhea 3 (6%) 1 (3%) 2 (10%) 

Clinical treatments (%) 

Corticosteroid 11 (21%) 2 (6%) 9 (43%) 

Antiviral drugs a 52 (100%) 31 (100%) 21 (100%) 

IQR, interquartile range. 
a Antiviral drugs: arbidol, lopinavir, or ritonavir, and interferon alpha inhalation. 
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. Results 

.1. Patient demographic and clinical characteristics 

A total of 132 local COVID-19 patients were discharged from 

ianjin Haihe Hospital, China, between January 21, 2020 and Jan- 

ary 11, 2021. After excluding two children, 76 patients who re- 

used to undergo re-examination 6 months after discharge, and 

wo patients with chronic lung disease (one with interstitial lung 

isease and one after undergoing lung cancer resection), the re- 

aining 52 survivors were finally enrolled ( Figure 1 ): 31 were as- 

igned to the non-severe group and 21 to the severe group. The 

ean age of severe group COVID-19 survivors (54 ±14 years) was 

igher than that of non-severe group COVID-19 survivors (43 ±
5 years). Of the 52 COVID-19 patients enrolled, 16 had comor- 

idities (31%), and the proportion of patients with comorbidities 

as higher in the severe group (48%) than in the non-severe group 

19%). The main comorbidity was hypertension (17%), followed by 

ype 2 diabetes (10%) and coronary heart disease (8%). Twenty-one 

atients still had clinical symptoms (40%), nine of them being in 

he severe group (43%) and 12 in the non-severe group (39%). The 

ain symptoms were myalgia or fatigue (25%) and exertional dys- 

nea (21%). All patients were treated with antiviral drugs during 

he acute infection stage. The rate of corticosteroid use in patients 

evere COVID-19 (43%) was higher than that in the patients with 

on-severe COVID-19 (6%) ( Table 1 ). 

Pulmonary diffusion function tests 6 months after discharge 

ere conducted in 51 patients (one patient was non-cooperative 

(

136 
ue to the presence of a tracheal cannula). Seventeen of the 

OVID-19 survivors had abnormal pulmonary diffusion function, 

ncluding six in the severe COVID-19 group (30%) and 11 in the 

on-severe COVID-19 group (35.5%), although this was not signifi- 

ant ( P = 0.685) ( Supplementary Material Table S1). 

Forty-seven patients underwent chest CT (five patients refused). 

leven patients presented with abnormal chest CT findings, includ- 

ng 10 in the severe COVID-19 group (55.6%) and one in the non- 

evere COVID-19 group (3.4%) ( P < 0.001) ( Table 2 ). Among them, 

ix patients in the severe group showed fibrotic bands on chest CT, 

nd the difference was significant compared with the non-severe 

OVID-19 patients ( P = 0.001) ( Table 2 ). 

.2. Serum SP-D, RAGE, laminin, and vWF Levels in COVID-19 

urvivors 6 months after discharge 

In COVID-19 survivors 6 months after discharge, the mean 

erum laminin level was 4019.71 ± 1413.41 pg/ml, which was 

ignificantly higher than the mean level in the healthy controls 

948.61 ± 344.19) ( P < 0.001). The mean serum level of SP-D was 

896.01 ± 3404.37 pg/ml, which was lower than the mean level 

n the healthy control group (10 127.47 ± 1764.49) ( P < 0.001). 

he mean serum RAGE level was 797.97 ± 235.85 pg/ml, which 

id not differ statistically from the mean level in the healthy con- 

rol group (879.16 ± 323.10) ( P = 0.195). The mean serum level of 

WF was 1.43 ± 0.38 IU/ml, which was also not statistically differ- 

nt from the mean level in the healthy control group (1.43 ± 0.31) 

 P = 0.914) ( Table 3 ). 
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Table 2 

Comparison of chest CT findings between non-severe and severe COVID-19 survivors 6 months after discharge 

Chest CT findings Total( n = 47) Non-severe( n = 29) Severe( n = 18) P -value 

Abnormal (%) 11 (23.4%) 1 (3.4%) 10 (55.6%) < 0.001 

Fibrotic bands (%) 6 (12.8%) 0 (0%) 6 (33.3%) 0.001 

CT, computed tomography. P -values of < 0.05 indicate statistical significance. 

Table 3 

Serum SP-D, RAGE, laminin, and vWF levels of COVID-19 survivors 6 months after discharge 

Group Healthy controls ( n = 30) COVID-19 survivors 6 months after discharge ( n = 52) P -value 

SP-D (pg/ml) 10 127.47 ± 1764.49 6896.01 ± 3404.37 < 0.001 

RAGE (pg/ml) 879.16 ± 323.10 797.97 ± 235.85 0.195 

Laminin (pg/ml) 948.61 ± 344.19 4019.71 ± 1413.41 < 0.001 

vWF (IU/ml) 1.43 ± 0.31 1.43 ± 0.38 0.914 

SP-D, surfactant protein D; RAGE, receptor for advanced glycation products; vWF, von Willebrand factor. P -values < 0.05 indicate statistical 

significance. 
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Figure 2. Serum levels of laminin according to different variables in COVID-19 sur- 

vivors 6 months after discharge. (a) Comparison of serum levels of laminin be- 

tween male and female COVID-19 survivors 6 months after discharge. (b) Compari- 

son of serum levels of laminin between different age groups of COVID-19 survivors 

6 months after discharge. A P -value < 0.05 indicates statistical significance. 
.3. Serum laminin levels according to different variables in 

OVID-19 survivors 6 months after discharge 

The serum level of laminin was high in COVID-19 sur- 

ivors 6 months after discharge. The increase was most sig- 

ificant in the older patients ( P = 0.048) and female patients 

 P = 0.041) ( Figure 2 ; Supplementary Material Tables S2 and 

3). The variables disease severity type, presence of symptoms, 

ulmonary diffusion function, and chest CT findings had no ef- 

ect on serum laminin levels ( Supplementary Material Tables 

4–S7). 

.4. Serum vWF levels according to different variables in COVID-19 

urvivors 6 months after discharge 

The serum vWF level had decreased to normal in COVID- 

9 survivors 6 months after discharge. However, the serum 

WF level was significantly higher in the severe group than 

n the non-severe group ( P = 0.015) and in patients with ab- 

ormal chest CT findings than in those with normal findings 

 P = 0.002) ( Figure 3 ). The variables age, sex, presence of symp-

oms, and pulmonary diffusion function had no effect on serum 

WF levels ( Supplementary Material Tables S2, S3, S5, and 

6). 

.5. Serum SP-D and RAGE levels according to different variables in 

OVID-19 survivors 6 months after discharge 

There were no differences in serum SP-D or RAGE levels 

mong the groups with different ages, sexes, disease severities, 

ymptoms, pulmonary diffusion function, or chest CT findings ( 

upplementary Material Tables S2–S7). 

. Discussion 

COVID-19 is an infectious disease caused by SARS-CoV-2, which 

an lead to severe acute respiratory distress syndrome (ARDS), a 

haracteristic inflammatory response, vascular damage, microvas- 

ular lesions, angiogenesis, and extensive thrombosis. The dis- 

ase process of COVID-19 can be divided into four stages: the 

rst stage is characterized by upper respiratory tract infections, 

he second presents with dyspnea and pneumonia, the third 

tage is the deterioration of clinical conditions caused by cytokine 

torms and subsequent high inflammatory states, and the fourth 
137 
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Figure 3. Serum levels of von Willebrand factor (vWF) according to different vari- 

ables in COVID-19 survivors 6 months after discharge. (a) Comparison of serum 

levels of vWF between non-severe and severe COVID-19 survivors 6 months after 

discharge . (b) Comparison of serum levels of vWF between COVID-19 survivors 

6 months after discharge with normal and abnormal chest CT findings. A P -value 

< 0.05 indicates statistical significance. 
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138 
tage is death or rehabilitation ( Stasi et al., 2020 ) Previous stud- 

es have found that the pathological characteristics of COVID-19- 

nduced lung injury are the exudative phase in the first week of 

he disease, the proliferation or tissue phase in the second and 

hird weeks, and the end-stage fibrosis phase in the last third 

eek. 

The evolution of COVID-19 lung histopathological lesions over 

ime is similar to that of ARDS ( Merdji et al., 2021 ). The histolog-

cal characteristics include typical diffuse alveolar damage (DAD) 

 Beasley, 2021 ). The pathogenesis of the disease can be summa- 

ized as the damage of capillary and alveolar epithelial cells. Part 

f the basement membrane of the alveolar wall fuses, causing fluid 

nd cell breakdown products to leak out of the alveolar cavity, fol- 

owed by the proliferation and growth of type II lung cells and 

 repair period characterized by fibroblast proliferation (Beasley, 

010; Hughes et al., 2017 ; Tomashefski, 1990 ; Tomashefski, 20 0 0 ). 

Lung epithelial tissue includes a variety of cellular components, 

uch as ciliated, basal, goblet, and Clara cells, and type I and type 

I adipocytes, which are widely distributed in lung tissue. In the 

xudative stage, the basal surface of alveolar type I epithelial cells 

ainly expresses receptor for RAGE. RAGE plays a central role in 

nflammation ( Bierhaus et al., 2005 ; Birts et al., 2021). An impor- 

ant function of alveolar type II epithelial cells is to produce pul- 

onary surface-active substances (surfactant proteins, SP). These 

re categorized according to their structure and function as SP- 

, SP-B, SP-C, and SP-D. These SPs can reduce the surface ten- 

ion of the alveoli, open the alveoli, and increase lung compli- 

nce. Previous studies have found that endothelial cell damage is a 

anifestation of acute lung injury (ALI) or ARDS. Endothelial cell- 

pecific proteins include soluble intercellular adhesion molecule- 

, angiopoietin-1, angiopoietin-2, and vWF. Among these, the en- 

othelial cell injury biomarker, vWF, has been shown to be sig- 

ificantly elevated at 68 days of recovery from COVID-19 (Fogarty, 

021). The main function of lung extracellular matrix is to main- 

ain the integrity of epithelial tissue and blood vessel structure, 

hich includes collagen, glycoprotein, and proteoglycan. Laminin 

s an extracellular protein deposited on the basement membrane 

nd plays an important role in cell adhesion, growth, differenti- 

tion, and the repair of epithelial cells. A previous study observed 

hat the expression level of laminin Y2 fragment in the plasma and 

ulmonary edema fluid of patients with ALI or ARDS increased sig- 

ificantly ( Katayama et al., 2010 ). 

Therefore, the above four markers can differentiate the stages of 

ung injury. Due to the current limited data on the levels of lung 

amage markers in the serum of patients with COVID-19 during 

he recovery period, it is hypothesized that this pathological state 

xists and contributes to the onset of disease during the recov- 

ry period. The mechanism may be related to the persistent symp- 

oms that patients experience during the recovery period based on 

he histological characteristics of ALI or ARDS caused by the typ- 

cal DAD ( Fremont, 2010 ). In the present study, an investigation 

f these four markers was conducted to evaluate the lung dam- 

ge and recovery of COVID-19 survivors 6 months after discharge 

rom hospital. 

This research showed that serum RAGE levels in COVID-19 pa- 

ients did not increase at 6 months of recovery. The previous lit- 

rature has reported that during the exudative stage of ARDS, 

he basal surface of alveolar type I epithelial cells mainly ex- 

resses receptor for RAGE. RAGE plays a central role in the in- 

ammatory response. Combining ligands will stimulate many as- 

ects of inflammation, including the production of key inflamma- 

ory mediators such as nuclear factor kappa B (NF- κB), and the 

ubsequent production of inflammatory cytokines (Bierhaus, 2005; 
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irts, 2021 ). Previous studies have shown that RAGE rises in the 

cute phase of COVID-19 and falls by the 14 th day of the recov- 

ry period ( Shao et al., 2020 ). In the present study it was found

hat serum RAGE levels had returned to normal after 6 months of 

ecovery from COVID-19. 

In the pathogenesis of COVID-19, SARS-CoV-2 binds to ACE2 

nd is highly expressed in alveolar and endothelial cells of the 

ngiovascular structures ( Rovas et al., 2021 ). Angiopoietin-2 in- 

uces damage to the endothelium ( Roose and Joly, 2020 ). vWF 

s a biomarker of COVID-19 endothelial lesions ( Joly et al., 2021 ), 

hich release the polysaccharide protein into the blood, mediating 

latelet adhesion and aggregation ( Roose and Joly, 2020 ). Mean- 

hile, vWF is also a biomarker of the intensity of the inflammatory 

esponse ( Joly et al., 2021 ). 

In a previous study ( Shao et al., 2020 ), serum vWF levels were

ound to increase significantly in the acute infection stage of the 

isease, and this increase may be strongly related to the inflam- 

atory response during the acute infection stage of COVID-19. The 

revious study also suggested that the serum vWF level starts 

o decrease in the early recovery period ( Shao et al., 2020 ). In

he present study, serum vWF levels had decreased to normal 

 months after discharge. A study by von Meijenfelt et al. ( von 

eijenfelt, 2021 ) found that 4 months after patients with COVID- 

9 had been discharged from the hospital, the plasma vWF level 

as still slightly elevated, but there was no statistical difference 

rom the control group, consistent with the results of the present 

tudy. 

However, in a study by Fogarty (Fogarty, 2021) including 50 

atients 68 days after SARS-CoV-2 infection to evaluate endothe- 

ial cell marker changes, it was found that compared with the 

ontrol group, the endothelial cell injury biomarker vWF:Ag was 

ignificantly increased during the recovery period (median 1.1 vs 

.84 IU/ml; P = 0.004), causing persistent endothelial disease 

Fogarty, 2021). In contrast, the present study revealed no differ- 

nce in serum vWF levels of SARS-CoV-2-infected patients dur- 

ng the 6-month recovery period compared with healthy controls 

1.43 vs 1.43 IU/ml). Notably, the serum vWF level of patients 

 months after recovery in our study was higher than the level 

ound in the patients 68 days after discharge in the study by 

ogarty. 

The plasma vWF value was higher in patients with severe 

isease and in patients with abnormal chest CT findings in this 

tudy. A previous study found that chest CT abnormalities in pa- 

ients with COVID-19 at 6 months after discharge were related 

o the disease severity and were more obvious in the severe 

roup ( Wu et al., 2021 ). Given that we found increased vWF levels

oth in those with severe disease and those with abnormal CT at 

ollow-up, it is likely that this may represent the same group of 

atients. 

Previous studies have shown that the alveoli of those with se- 

ere COVID-19 are damaged by the virus, resulting in lung injury 

eading to respiratory failure and ARDS ( Wu and McGoogan, 2020 ; 

ang et al., 2020 ). Forty percent of COVID-19 patients develop 

RDS ( Wu et al., 2020 ), and vWF is a biomarker of COVID-19

ndothelial injury. Combined with the results of this study, the 

erum vWF level increased more significantly in those with se- 

ere COVID-19 and in those with an abnormal chest CT. This 

uggests that the influence of the disease on the severity of 

ndothelial injury remained 6 months after discharge, and that 

ndothelial injury in patients with severe COVID-19 was more 

erious. A larger, multi-center study is needed to further ex- 

lore the change in vWF levels during the rehabilitation pe- 

iod. In addition, there are reports in the literature that plasma 

WF levels in patients with COVID-19 are significantly increased 
139 
n quantity and quality, and that the multifactorial function of 

DAMTS13 is down-regulated ( Ward et al. 2021 ). It would be 

seful to conduct further research to determine whether ther- 

peutic interventions to correct ADAMTS13-VWF polymer dys- 

unction affect COVID-19 microvascular thrombosis and vascular 

isease. 

Pulmonary fibrosis is a recognized sequela of ARDS ( Wu and 

cGoogan, 2020 ). Although the virus is cleared in COVID-19 

atients during the recovery period, eliminating the cause of 

ung injury cannot prevent progressive fibrosis and the devel- 

pment of irreversible interstitial lung disease ( Spagnolo et al., 

020 ). Pulmonary fibrosis may occur after SARS-CoV-2 infection 

 Spagnolo et al., 2020 ). Laminin is a high molecular weight extra- 

ellular matrix protein deposited on the basement membrane and 

articipates in cell adhesion, growth, and differentiation ( Colognato 

nd Yurchenco, 20 0 0 ). Lama1 is a protein subunit of laminin that 

lays an important role in several lung injury and pulmonary fi- 

rosis processes, including participation in macrophage activation, 

broblast proliferation, myofibroblast transformation, and extracel- 

ular matrix production, and affects the development of pulmonary 

brosis ( Lee et al., 2018 ). 

Our study found that the serum laminin level of convalescent 

atients was significantly higher than the level in the normal pop- 

lation and patients with acute COVID-19. This study found that 

he serum laminin level increased most significantly in COVID- 

9 patients after hospital discharge during the 6-month recovery 

eriod, particularly among older patients. This may be related to 

he increased susceptibility of the older population to ARDS dur- 

ng the COVID-19 pandemic ( Schuliga et al., 2021 ) and the inci- 

ence of ARDS caused by pneumonia ( Spagnolo et al., 2020 ). In 

ddition, aging is also a risk factor for the development of pul- 

onary fibrosis ( Spagnolo et al., 2020 ). In view of these find- 

ngs, it is suggested that older patients with COVID-19 are more 

ikely to develop pulmonary fibrosis after recovery than the general 

opulation. 

This study also found that the serum laminin level increased 

uring the rehabilitation period, particularly in female patients. 

 study of 83 discharged patients who had COVID-19 found that 

ome still had persistent physiological and imaging abnormalities 

2 months after discharge, and their DLCO was significantly re- 

uced ( Wu et al., 2021 ). Regression analysis also showed that the 

robability of DLCO damage was lower in female patients (odds 

atio 8.61, 95% confidence interval 2.83–26.2; P = 0.0 0 02). It is 

orth noting that there is no significant association between pa- 

ient sex and persistent CT abnormalities ( Wu et al., 2021 ). It has

een suggested that the diffusive lung dysfunction during rehabil- 

tation is more significant in female patients, but female patients 

ay not have persistent CT abnormalities. This result is consistent 

ith our finding that laminin levels were significantly higher in fe- 

ale patients, and that the serum laminin levels in patients with 

bnormal CT findings did not differ from those in patients with 

ormal CT findings. This indicates that persistent imaging abnor- 

alities and abnormal blood exchange may have different mech- 

nisms, and their underlying mechanisms are worthy of further 

tudy. 

In addition to the serological markers mentioned above, many 

atients still had persistent symptoms after a COVID-19 recovery 

eriod of 6 months. The study results revealed that their main 

ymptoms were fatigue and shortness of breath after exercise. 

here was no statistically significant difference in the prevalence 

f symptoms according to disease severity, and there was no sig- 

ificant difference in lung diffusion function or chest CT between 

atients with severe and non-severe disease after 6 months of re- 

overy. Fogarty et al. followed up 153 patients with a 75-day recov- 
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ry period from COVID-19 and found that all indicators of persis- 

ent respiratory disease were unrelated to the severity of the initial 

isease ( Fogarty et al., 2021 ), which is consistent with the present 

esearch results. 

A significant positive correlation between serum SP-D and the 

nflammatory response has been reported ( Alay et al., 2021 ). A pre- 

ious study ( Shao et al., 2020 ) reported that the serum SP-D level

ncreased in the acute phase of the disease course, and that serum 

P-D decreased significantly 6 months after discharge, which may 

e related to the gradual reduction of the body’s inflammatory re- 

ponse. 

This study has some limitations. First, this was a single-center 

ontrolled study with a small sample size, which is due to the 

mall total number of confirmed COVID-19 cases in this region. 

herefore the study requires multi-center, larger-scale research 

upport. Second, the results showed that elevated vWF is more 

ommon in patients with severe COVID-19 and those with an ab- 

ormal chest CT during recovery. Previous studies of convalescent 

OVID-19 patients have shown that abnormal chest CT is more 

ikely to be observed in those with a severe acute initial infection 

 Wu et al., 2021 ). 

In conclusion, the results of this study suggest that older indi- 

iduals and individuals with more severe COVID-19 have greater 

ncreases in lung injury indicators, and that older individuals are 

ore likely to develop pulmonary fibrosis. However, the recovery 

ime after SARS-CoV-2 infection is currently unknown, and longer- 

erm observation is needed. 
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