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SARS-CoV-2 pneumonia.

Methods: COVID-FIBROTIC (clinicaltrials.gov NCT04409275) is a multicenter prospective observational
cohort study aimed to evaluate discharged patients. Pulmonary function tests, circulating serum biomark-
ers, chest radiography and chest CT were performed at outpatient visits.

Results: In total, 313, aged 61.12 +12.26 years, out of 481 included patients were available. The pro-
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Serum biomarkers portion of patients with DLCO <80% was 54.6% and 47% at 60 and 180 days. Associated factors with
Interstitial lung disease diffusion impairment at 6 months were female sex (OR: 2.97, 95%CI 1.74-5.06, p=0.001), age (OR: 1.03,
Chest CT 95% CI: 1.01-1.05, p=0.005), and peak RALE score (OR: 1.22, 95% CI 1.06-1.40, p=0.005). Patients with

altered lung diffusion showed higher levels of MMP-7 (11.54 4 8.96 vs 6.71 £4.25,p=0.001), and periostin
(1.114+0.07 vs 0.84+0.40, p=0.001). 226 patients underwent CT scan, of whom 149 (66%) had radi-
ological sequelae of COVID-19. In severe patients, 68.35% had ground glass opacities and 38.46% had
parenchymal bands. Early fibrotic changes were associated with higher levels of MMP7 (13.204+9.20
vs 7.92+6.32, p=0.001), MMP1 (10.40+8.21 vs 6.97 +8.89, p=0.023), and periostin (1.36+0.93 vs
0.87+0.39, p=0.001).

Abbreviations: 6-MWT, 6 minute-walk test; ARDS, acute respiratory distress syndrome; BMI, body mass index; COPD, chronic obstructive pulmonary disease; COVID-19,
coronavirus disease 2019; CT, computed tomography; DLCO, diffusing capacity for carbon monoxide; GGO, ground-glass opacity; HFNC, high flow nasal cannula oxygen; ILD,
interstitial lung disease; IMV, mechanical ventilation; MMP, matrix metalloproteinases; mMRC, modified British Medical Research Council; NIV, non-invasive ventilation;
RALE, radiographic assessment of lung edema; RT-PCR, reverse transcriptase-polymerase chain reaction; SARS, severe acute respiratory syndrome; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; sEGFR, soluble epidermal growth factor receptor; VEGF, vascular endothelial growth factor.
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Conclusion: Almost half of patients with moderate or severe COVID-19 pneumonia had impaired pul-
monary diffusion six months after discharge. Severe patients showed fibrotic lesions in CT scan and
elevated serum biomarkers involved in pulmonary fibrosis.

© 2021 SEPAR. Published by Elsevier Espafia, S.L.U. All rights reserved.

Funcion pulmonar, hallazgos radiolégicos y biomarcadores de la fibrogénesis
en una cohorte de pacientes de COVID-19 seis meses después del alta

RESUMEN

Introduccion: El deterioro de la funcién pulmonar en las pruebas correspondientes y las alteraciones
radiolégicas son las preocupaciones principales en los supervivientes de la COVID-19. Nuestro objetivo
fue evaluar los parametros de la funcién respiratoria, los cambios en la TC de térax y la correlacién con
los biomarcadores en sangre periférica involucrados en la fibrosis pulmonar a los 2 y a los 6 meses tras la
neumonia por SARS-CoV-2.

Métodos: El ensayo COVID-FIBROTIC (clinicaltrials.gov NCT04409275) es un estudio de cohortes multi-
céntrico, prospectivo y observacional cuyo objetivo fue evaluar los pacientes dados de alta. Se realizaron
pruebas de funcién pulmonar, deteccién de biomarcadores en plasma circulante y radiografia y TC de
térax durante las visitas ambulatorias.

Resultados: En total 313 pacientes, de 61,12 + 12,26 afios, de los 481 incluidos estuvieron disponibles.
La proporcién de pacientes con DLCO < 80% fue del 54,6 y del 47% a los 60 y 180 dias.

Los factores que se asociaron a la alteracién de la difusién a los 6 meses fueron el sexo femenino (OR:
2,97; 1C del 95%: 1,74-5,06; p=0,001), la edad (OR: 1,03; IC del 95%: 1,01-1,05; p=0,005) y la puntuacién
RALE mas alta (OR: 1,22; IC del 95%: 1,06-1,40; p=0,005). Los pacientes con alteracién de la difusién pul-
monar mostraron niveles mas altos de MMP-7 (11,54 + 8,96 frente a 6,71 4+4,25; p=0,001) y periostina
(1,11 £0.07 frente a 0,84 +£0,40; p=0,001). Se le realizé una TC a 226 pacientes de los cuales 149 (66%)
presentaban secuelas radiolégicas de la COVID-19. En los pacientes graves, el 68,35% mostraban opaci-
dades en vidrio esmerilado y el 38,46%, bandas parenquimatosas. Los cambios fibréticos tempranos se
asociaron a niveles mas altos de MMP7 (13,20 £ 9,20 frente a 7,92 +6,32; p=0,001), MMP1 (10,40 + 8,21
frente a 6,97 £ 8,89; p=0,023), y periostina (1,36 + 0,93 frente a 0,87 +0,39; p=0,001).

Conclusion: Casi la mitad de los pacientes con neumonia moderada o grave por COVID-19 presentaba
alteracién de la difusién pulmonar 6 meses después del alta. Los pacientes graves mostraban lesiones

fibréticas en laTC y un aumento de los biomarcadores séricos relacionados con la fibrosis pulmonar.
© 2021 SEPAR. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

Introduction

The global pandemic caused by SARS-CoV-2 has affected more
than 200 million people, according to the Coronavirus Resource
Center at Johns Hopkins University.! There have been more
than four million deaths and 180 million people have recov-
ered. However, there are concerns about long-term effects? of
COVID-19 survivors, irrespective of their initial severity, and these
may have a significant impact on quality of life and disabil-
ity.

Lessons learned from the previous epidemic of severe acute
respiratory syndrome (SARS) in 2003 indicate that a subset of
patients who survived the disease eventually developed residual
pulmonary fibrosis. So, studies that analyzed patients who had
recovered from SARS-CoV infection at 3, 6 and 12 months, showed
that about 30% had features of fibrosis such as reticular changes in
the lung parenchyma.>* These findings occurred mostly in elderly
and severe patients.

One report concluded that up to one third of admitted hospital
patients with COVID-19 might develop acute respiratory distress
syndrome (ARDS).” Further, many patients who survived ARDS had
a restrictive pattern on lung function that persisted one year after
discharge from the intensive care unit.°

Now in SARS-CoV-2 infection, severe COVID-19 has already
been associated with impairment in pulmonary function and radi-
ological abnormalities.” Several studies had data three months
after hospital admission, showing a reduced lung diffusing capacity
between 21%8 and 57%° of patients and one-fourth of discharged
COVID-19 patients had chest computed tomography (CT) scan
abnormalitites.!?

A dysregulation in the wound healing process of acute lung
injury caused by SARS has been described and some pathways con-
trolled by receptor tyrosine kinases have been implicated.!! The
role of matrix metalloproteinases (MMPs) in the lung repair process
has been studied in ARDS'? and as potential biomarkers in idio-
pathic pulmonary fibrosis.!> However, to date the links between
SARS-CoV-2 and lung fibrosis remains unclear. We hypothesized
that SARS-CoV-2 may cause overexpression of biomarkers, which
can induce a fibrotic environment in lung tissues. Within an obser-
vational, prospective study design, we aimed to evaluate functional
respiratory impairment of patients at two and six-months after
SARS-CoV-2 pneumonia, residual changes in their chest CT, and
any correlation with potential peripheral blood biomarkers of lung
fibrosis.

Material and methods
Study design and participants

COVID-FIBROTIC (clinicaltrials.gov NCT04409275) is a multi-
center prospective observational cohort study aimed to evaluate
changes in lung function in patients admitted to hospital with
SARS-CoV-2 pneumonia from 12 centres in Spain. Detailed infor-
mation about participating hospitals, protocol and definitions
are reported in the appendix (appendix, S-1). All adult patients
being discharged from hospital after pneumonia due to COVID-
19 were suitable for the study. Case definition was confirmed
COVID-19 cases were those with a positive nasal and pharyn-
geal swab sample obtained at admission using real time reverse
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transcriptase-polymerase chain reaction (RT-PCR) and clinical
and imaging diagnosis compatible with pneumonia. Patients were
followed-up in the post-COVID-19 outpatient clinic and they were
asked to participate if they had no exclusion criteria (aged<18
years, life expectancy less than a year, prior diagnosis of interstitial
lung disease [ILD] or COPD).

Ethics

All patients provided written informed consent before inclu-
sion. The study (version 3.0; May 12, 2020) was approved by the
Ethics Research Committee from Hospital Clinico, INCLIVA (Valen-
cia, Spain) (2020/149) and by local committees wherever needed.
Baseline information (demographic, symptoms at presentation,
clinical course, etc.) was retrieved from electronic medical records
in all participating centres and de-identified data were entered into
an electronic database (Veridata™ EDC).

Procedures

After discharge, patients were re-appointed at two months
for V1 and at six months for V2. All data was obtained at the
time of outpatient assessment. Data included comorbidities, emer-
gency room assessment variables and clinical assessments during
hospitalization (radiology, laboratory findings, clinical signs and
symptoms, severity as use of ventilatory support and/or admission
to intensive care unit [ICU]). During visits the following procedures
were performed: clinical examination, the modified British Medical
Research Council (mMRC) dyspnoea score,'# pulmonary function
tests including spirometry, body plethysmography, measurement
of carbon monoxide diffusing capacity (DLCO) (Masterscreen,
Jaeger, Germany) and 6 minute-walk test (6-MWT). All procedures
were executed according to the American Thoracic Society (ATS)
and European Respiratory Society (ERS) guidelines.'>!® Arterial
blood gases were obtained when haemoglobin oxygen saturation
was below 90% or at physician discretion. All patients under-
went a chest X-ray and pulmonary damage was quantified by
adapting Radiographic Assessment of Lung Edema (RALE) score to
COVID-19."7 When there were persistent alterations in the radio-
graphy and/or impairment in pulmonary function test (FVC<80%
without FEV1/FVC <70 and/or DLCO < 80%), a high-resolution com-
puted tomography (HRCT) was performed. HRCT scans (SOMATOM,
Siemens, Germany; AQUILION, Toshiba, Japan; OPTIMA, Gen-
eral Electric, USA) were obtained in the supine position during
breath holding at end-inspiration. Axial reconstructions were per-
formed with a slice thickness of 1 mm, with 1 mm increment,
512 mm x 512 mm. The same protocol adjusted to the different CT
machines in each centre was used.

Two experienced radiologists in interstitial lung diseases
prospectively evaluated HRCTs blindly in each centre. If a patient
had clinical suspicion for pulmonary embolism (PE), additional con-
trast CTs were performed. The images were classified according
to guidance by the Fleischner Society!® based on the presence of
ground-glass opacity (GGO), parenchymal bands, bronchiectasis
and reticulations. In the case GGO, it was subclassified as a func-
tion of affectation > 10% in at least one lung zone. All images were
reconstructed with lung and soft tissue kernels and stored in a local
picture archiving and communication system (PACS).

For further analysis patients were divided according to WHO
Clinical Progression Scale'? in two groups:

1. Moderate disease: hospitalized patients who require supple-
mental oxygen by mask or nasal prongs.

2. Severe disease: hospitalized patients who require respiratory
support by non-invasive ventilation (NIV), high flow nasal
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cannula oxygen (HFNC) or intubation and mechanical ventilation
(IMV). Care of these patients took place in ICU in most cases.

Serum biomarkers

In five participating hospitals circulating serum biomarkers
were determined at hospital discharge. Serum was obtained from
peripheral blood samples by centrifugation at 4000 rpm at 4 °C for
20 min. The serum was collected and stored at —80 °C in a biobank.
Four human multi-analyte kits from Milliplex® (Merck Millipore,
Millipore Corporation, Billerica, MA, USA) were used to assess
the levels of six serum biomarkers. First kit (cat: HMMP2MAG-
55K) for analysing matrix metalloproteinases MMP-1 (ng/mL) and
MMP-7 (ng/mL) simultaneously; Second kit (cat: HANG2MAG-12K)
for analysing soluble Epidermal growth factor receptor (SEGFR)
(ng/mL) and Osteopontin (ng/mL); Third kit (cat: HCMBMAG-22K)
for analysing Periostin (ng/mL) and Fourth kit (cat: HCYTA-60K)
for analysing Vascular endothelial growth factor (VEGF) (pg/mL).
Samples were diluted 20-fold, 5-fold, 10-fold respectively for the
first three kits using the dilution buffer included in the kit. All stan-
dards, controls and samples were assayed in duplicate according to
the manufacturer’s instructions.

Analyte specific antibodies are pre-coated onto magnetic
microparticles embedded with fluorophores at set ratios for each
unique microparticle region. A magnet in the analyser captures
and holds the magnetic beads in a monolayer while two spectrally
distinct light emitting diodes (LEDs) illuminate the microparti-
cles using a CCD camera. One LED excites the dyes inside each
microparticle, to identify the analyte that is being detected and the
second LED excites the Streptavidin-Phycoerythrin (PE) to measure
the amount of analyte bound to the microparticles. A minimum
of 50 beads per analyte/region was counted. The median fluores-
cence intensities (MFIs) were determined on a MAGPIX™ analyzer
(Luminex Corporation, Austin, Texas, USA). Biomarkers concentra-
tions were calculated using a 5-parameter logistic curve-fitting
method from standard’s MFIs through XPONENT software, included
in the analyser.

Outcomes

The primary outcome was to describe changes in lung function
over time in patients who were admitted for COVID-19 pneumo-
nia. Secondary outcomes were to analyze the presence of interstitial
findings on CT scan of the lung, prognostic factors for DLCO < 80% at
six months, the persistence of dyspnoea after discharge from hospi-
tal and the role of biomarkers ininitiating post-infection pulmonary
fibrosis. Primary and secondary outcomes were studied according
COVID-19 clinical course, moderate disease vs. severe disease.

Statistical analysis

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE)?° guidelines for reporting obser-
vational studies. Continuous data is presented as mean (standard
deviation) and categorical data as absolute frequency and per-
centage. Normality was checked with the Shapiro-Wilks test. For
quantitative variables, mean comparison was carried out using t-
test. For qualitative variables, comparison of frequencies between
moderate and severe disease was carried out with Fisher’s exact test
for dichotomous variables or chi-square test for contingency tables
with more than two categories. Pulmonary function of COVID-19
patients at follow-up was compared using paired t-test for contin-
uous data and McNemar's test otherwise.

Functional parameters variations between two (V1) and six
months (V2) according to critical condition were evaluated using
linear mixed model with time, critical status and the interaction
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between them as independent variables. Within-subject correla-
tion was modelled using compound symmetry. Post hoc analysis of
interaction was carried out with Bonferroni correction to preserve
family-wise error rate.

Stepwise backward-forward logistic regression model was car-
ried out to study prognostic factors for DLCO < 80% versus >80% at
6 months. Full model included higher values of D-dimer, ferritin,
LDH, and C-reactive protein; age; sex; admission and peak RALE
score; dyspnoea at follow-up; and respiratory support with high
flow oxygen or mechanical ventilation as independent variables.
Same model was carried out to study serum biomarkers (MMP-7,
MMP-1, and periostin) with the presence of a fibrotic pattern in the
CT scan. Included variables were age, sex, and tobacco. Best model
was selected according to Akaike’s Information Criterion.?!

All analyses were carried out using R version 4.02. The statistical
cut-off for significance was set at o < 0.05.

Results

Between May 1, and July 31, 2020, this prospective, multicen-
ter, cohort study evaluated 932 eligible patients who were admitted
with pneumonia for SARS-CoV-2 from Respiratory Departments in
participating hospitals, of whom 481 were initially considered for
follow-up. Reasons for exclusion were logistic reasons as living out
of area, previous diagnosis of COPD or ILD, investigator’s decision
or lack of inform consent. Mainly due to the overload of the health
system, as we were in the first peak of the pandemic, some cen-
tres were unable to collect all data, therefore the final number of
patients available for the second follow-up was 313 (65.1%) (Both
groups of patients were similar, appendix S-2) (Fig. 1).

The mean time for outpatient visits after discharge was 63 + 12
days for V1 and 181 + 10 days for V2. The group consisted of 184
males (59%),aged 61.12 &+ 12.26 years with a body mass index (BMI)
of 28.23 +£4.78. Other demographic and clinical characteristics of
the cohort are given by COVID-19 severity (moderate vs. severe)
in Table 1. With the exception of sex distribution, there were no
differences between both severity groups in terms of age, ethnic-
ity, comorbidities, smoking history and BMI. Severe patients had
higher RALE scores and a longer hospital stay (p<0.001). Severe
patients also showed more prominent laboratory abnormalities as
lymphocytopenia, elevated D-dimer and higher levels of lactate
dehydrogenase, C-reactive protein, ferritin and fibrinogen, than
moderate patients (all p<0.05).

At 60 days, the proportion of patients with lung diffusion
impairment (DLCO <80%, of predicted) was 54.6%. At 180 days,
after hospital discharge, there was a slight improvement but there
were still 147 patients (47%) with impaired pulmonary diffusion
(p=0.011). Half of patients complained of dyspnoea at V1 with
improvement at V2 when 111 patients (35.46%) had one or more
points at mMRC scale (Table 2).

Severe patients (group 2) showed statistically worse levels of
FVC and DLCO at V1. However, these levels improved at V2 and no
significant differences were found between severe and non-critical
or moderate patients (Fig. 2).

Factors associated with diffusion impairment are presented
in Table 3. According to Akaike’s information criterion, factors
included in the final model were sex (reference category: female)
(OR: 2.97, 95%CI 1.74-5.06, p=0.001), age (OR: 1.03, 95% CI:
1.01-1.05, p=0.005), peak RALE score (OR: 1.22, 95% CI 1.06-1.40,
p=0.005), and D-dimer (OR: 1.00, 95% CI: 0.99-1.00, p=0.056) all
significantly associated with DLCO < 80% (of predicted) at 6 months.
Interestingly, a critical clinical course (patients with respiratory
support by high flow oxygen or mechanical ventilation) was not
a predictor of altered diffusion at follow-up.
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932 patients assessed for eligibility

451 excluded

- 47 pre-existing respiratory disease
(COPD or ILD)

- 76 did not provide consent

- 210 logistic reasons (out of area)
- 118 due to investigator's decision

481 patients included in the study

168 patients did not complete follow-up
- 23 withdrew consent

25 re-admitted to hospital

-3 died

-117 hospital's inability to collect data

313 patients completed follow-up at 6
months

Fig. 1. Flow chart of patients discharged from participating hospitals included in
the cohort COVID-FIBROTIC.

According to study protocol, 226 patients underwent CT scan, of
whom 149 (66%) had radiological sequelae of COVID-19. Two thirds
of those who required respiratory support by high flow oxygen or
mechanical ventilation (invasive or non-invasive) had GGO on CT
scan; and reticulations, bronchiectasis and parenchymal bands that
may indicate early progression to fibrosis were seen in more than
one third of patients (Table 4).

Circulating serum biomarkers were determined in a subset
of sites and characteristics of this sub-sample were similar to
main cohort, except that they were younger (59.51+13.40 vs
62.29 +11.84 years, p=0.047) (appendix, S-3). Several biomark-
ers as MMP-7 (14.11+10.09 vs 7.36+5.17, p=0.001), MMP-1
(10.04+7.33 vs 6.93+9.19, p=0.001), and periostin (1.28 +0.89
vs 0.87 £0.4, p=0.001) were elevated in patients with severe dis-
ease compared to those with a moderate clinical course (Table 5).
Moreover, patients with altered lung diffusion showed higher
levels of MMP-7 (11.54+8.96 vs 6.71+4-25, p=0.001), periostin
(1.11£0.07 vs 0.84+0.40, p=0.001), and VEGF (230.07 +223.33
vs 166.74 +198.15, p=0.035) than patients with normal DLCO%
(Table 6a). Finally, early fibrotic changes in CT scan were associ-
ated with even higher levels of MMP7 (13.20+£9.20 vs 7.92 +6.32,
p=0.001), MMP1 (10.40+8.21 vs 6.97+8.89, p=0.023), and
periostin (1.36 £0.93 vs 0.87 £0.39, p=0.001) (Table 6b).

Alogistic regression analysis showed that MMP7 (OR: 1.07, 95%
CI1.02-1.12, p=0.002), and periostin (OR: 3.49, 95% CI: 1.83-6.68,
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Table 1
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Characteristics of enrolled patients. Moderate disease: hospitalized patients who require supplemental oxygen by mask or nasal prongs. Severe disease: hospitalized patients

who require respiratory support by high flow oxygen or mechanical ventilation (non-invasive or invasive).

Total Moderate COVID-19 Severe COVID-19 p value
n=313 n=226 n=87
Age, years 61.12 (12.26) 60.46 (13.06) 62.83(9.73) 0.083
Sex
Male 184 (58.78%) 120 (53.10%) 64 (73.56%) 0.001
Female 129 (41.21%) 106 (46.90%) 23 (26.44%)
Ethnicity
Caucasian 295 (94.25%) 211(93.36%) 84 (96.55%) 0.776
Latin 16 (5.11%) 13 (5.75%) 3 (3.45%)
Oriental 1(0.32%) 1(0.44%) NA
African 1(0.32%) 1(0.44%) NA
Body mass index, kg/m? 28.23(4.78) 28.37 (4.91) 27.87 (4.44) 0.413
Cigarette smoking
Never-smoker 174 (55.59%) 130 (57.52%) 44 (50.57%) 0.280
Current smoker 8(2.56%) 7 (3.09%) 1(1.14%)
Former smoker 130 (41.53%) 88 (38.93%) 42 (48.27%)
Comorbidities
Pulmonary disease?® 55 (17.57%) 43 (19.03%) 12 (13.79%) 0.276
Hypertension 126 (40.26%) 90 (39.82%) 36 (41.38%) 0.801
Diabetes mellitus 51 (16.29%) 35 (15.49%) 16 (18.39%) 0.533
Cardiovascular disease 32(10.22%) 26 (11.5%) 6(6.90%) 0.228
Admission RALE Score 3.52(1.67) 3.23(1.58) 427 (1.66) 0.001
Peak RALE Score 4.88(1.97) 426 (1.80) 6.49 (1.42) 0.001
Duration of hospitalization, days 17.15(18.36) 9.49 (5.50) 36.80 (24.31) 0.001
Laboratory findings®
Lymphocytes, x109/L 0.89 (0.56) 1.01 (0.57) 0.60 (0.42) 0.001
Lactated dehydrogenase, U/L 585.33 (292.47) 516.85 (228.93) 764.29 (359.32) 0.001
C-reactive protein, mg/L 116.81(112.94) 82.35(81.53) 205.53 (133.04) 0.001
Ferritin, ng/mL 1149.58 (1060.68) 858.5(752.83) 1823.24 (1335.94) 0.001
Fibrinogen, g/L 19.51 (90.00) 6.39(1.58) 50.66 (162.01) 0.040
D-dimer, ng/mL 3481.77 (6212.02) 1662.14 (3084.08) 8303.8 (9182.01) 0.001
RALE = Radiographic Assessment of Lung Edema.
2 Pulmonary disease: asthma, obstructive sleep apnoea, other.
b All laboratory findings are peak values except for lymphocytes which is the lowest value. Data are n (%) or mean (SD).
Table 2
Pulmonary function of patients at follow-up.
2 months post discharge 6 months post discharge OR or difference (95% CI) p-Value
FVC, L 3.48 (1.02) 3.55 (1.00) 0.06 (0.01-0.12) 0.007
FVC, % of predicted 99. 02 (18.03) 100.59 (16.38) 1.57 (0.26-2.88) 0.018
FVC<80%, % of predicted 45 (14.38%) 29 (9.27%) 0.42 (0.19-0.87) 0.016
FEV1, L 2.77(0.81) 2.811(0.81) 0.03 (—0.01-0.07) 0.090
FEV1, % of predicted 98.66 (17.12) 100.04 (16.15) 1.37 (0.03-2.72) 0.044
FEV1/FVC 79.55 (6.98) 78.96 (6.29) 0.59 (0.03-1.16) 0.038
DLCO, % of predicted 77.75(19.21) 81.50 (16.45) 3.74(2.20-5.29) 0.001
DLCO <80%, % of predicted 171 (54.63%) 147 (46.96%) 0.55 (0.34-0.88) 0.011
KCO, % of predicted 91. 92 (17.40) 95.02 (17.24) 3.09 (1.62-4.56) 0.001
KCO < 80%, % of predicted 74 (23.64%) 57 (18.21%) 0.5 (0.26-0.92) 0.024
TLC, % of predicted 96.37 (14.52%) 97.6 (14.45) 1.23 (~0.41-2.88) 0.140
RV, % of predicted 99.70 (23.62%) 100.24 (23.85) 0.53 (—3.00-4.08) 0.763
6 min walking distance, m 529.18 (96.60) 542.78 (97.18) 13.6 (4.33-22.86) 0.004
mMRC
0 153 (48.88%) 202 (64.54%) 0.289 (0.16-0.48) 0.001
>1 160 (51.12%) 111 (35.46%) NA

FVC =forced vital capacity. FEV1 = forced expiratory volume in one second. DLCO = diffusion capacity for carbon monoxide. KCO = diffusion constant. TLC = total lung capacity.

RV =residual volume. mMRC = modified British Medical Research Council. Data are n (%) or mean (SD). OR = odds ratio.

p=0.001) remained as independent factors related with the pres-
ence of early fibrotic changes in the CT scan (appendix, S-4, S-5,
S-6).

Discussion
This multicenter, prospective study of hospitalized patients

with moderate and severe COVID-19 pneumonia showed chest CT
abnormalities, elevated blood biomarkers related to fibrogenesis,

and alterations in lung function up to 6 months after hospital dis-
charge.

The results of lung function assessment showed that 47% of
patients had decreased pulmonary diffusion after 6 months and
one third of the cohort suffered dyspnoea. CT findings as a reticular
pattern, traction bronchiectasis or parenchymal bands, that may
indicate early progression to fibrosis were seen in 20% of patients.

Several studies have presented data on lung function and CT
findings in survivors of COVID-19. First reports from discharged
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Fig. 2. Interaction plot of functional parameters variation between V1 (two months) and V2 (six months) according to severity (group 1: non critical; group 2: critical). A:

FVC%, of predicted. B: DLCO%, of predicted.

Table 3
Stepwise logistic regression analyses (backward-forward stepwise selection: AIC)
in patients with diffusion impairment at 6 months.

Odds Ratio 95% C.I. p-Value
Age 1.03 (1.01-1.05) 0.005
D-dimer peak value 1.00 (0.99-1.00) 0.056
Sex 297 (1.74-5.06) 0.001
Peak RALE Score 1.22 (1.06-1.40) 0.005

RALE = Radiographic Assessment of Lung Edema.

patients with SARS-CoV-2 pneumonia showed that 47% of them
had impairment of diffusion capacity at one month.22 A cohort of
133 patients evaluated at 60 and 100 days showed a recovery in
diffusion capacity, from being impaired in 31% of patients to 21%
patients.® Data from 103 patients at three months showed that 24%
of them had reduced DLCO, and opacities on CT scan were seen in
25% of patients. They found no differences between patients admit-
ted to ICU compared to those who were not admitted.!? In contrast,
in a study with a longer follow-up assessment of lung diffusion, 6
months after symptom onset, alteration of DLCO was found in 56%
of patients who required HFNC or IMV, compared to 29% of those
who required only supplemental oxygen.2>

We have seen, in our patients, a clear improvement in pul-
monary function tests between two and six months after hospital
discharge, and no differences are found among severe and moder-
ate patients regarding FVC and DLCO at six months.

Our results showed that only 9% of patients with severe dis-
ease had normal CT findings, and GGO was present in almost 70%.
A cohort of patients followed 153 days after hospital discharge
showed that GGO was seen in 44%,%2 however they included in their
study mild patients (not requiring supplemental oxygen). One-fifth
of our patients had bronchiectasis at 6 months, this finding requires
further comments as they may be related to pulmonary fibrotic
changes (traction bronchiectasis) but the potential of viral infec-
tions to produce bronchiectasis should not be underestimated.>*

Our multivariate analysis revealed that peak RALE score, and
age, as expected, were associated to diffusion impairment; yet sur-
prisingly, female sex is a prognostic factor for DLCO <80% in our
cohort. We do not have an explanation for that, but such finding
was also reported in another study where women had two-fold risk
for diffusion impairment compared to men.23 Also, a prospective
study in COVID-19 patients at 12 months following hospitalization
showed an odds ratio of 8.61 of impaired DLCO associated with
female sex.?>
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Table 4

Archivos de Bronconeumologia 58 (2022) 142-149

Chest CT at follow-up according to severity of disease. Moderate disease: hospitalized patients who require supplemental oxygen by mask or nasal prongs. Severe disease:
hospitalized patients who require respiratory support by high flow oxygen or mechanical ventilation (non-invasive or invasive).

Total Moderate COVID-19 Severe COVID-19 p-Value
n=226 n=147 n=79
Normal CT pattern 77 (34.07%) 70 (47.62%) 7 (8.86%) 0.001
GGO 108 (47.78%) 54 (36.73%) 54 (68.35%) 0.001
Reticular pattern 43 (19.02%) 6(10.88%) 27 (34.17%) 0.001
Bronchiectasis 47 (20.79%) 12 (8.16%) 35 (44.30%) 0.001
Parenchymal bands 50 (22.12%) 20 (13.60%) 30 (38.46%) 0.001
Data are n (%). GGO = ground glass opacity.
Table 5 A ) ) Serum biomarkers involved in pulmonary fibrosis were eval-
Circulating serum biomarkers in moderate and severe disease. uated in selected sites in our cohort and MMP-7, MMP-1 and
Moderate COVID-19  Severe COVID-19  p-Value periostin were elevated in patients with severe disease. Further-
MMP7, ng/mL 7.36 (5.17) 1411 (10.09) 0.001 more, mcrgased levels of MMP-7, and periostin were obtained in
MMP1, ng/mL 6.93 (9.19) 10.04 (7.33) 0.001 patients with lower DLCO, and remarkably the highest values of
Periostin, ng/mL 0.87 (0.40) 1.28 (0.89) 0.004 MMP-7, MMP-1 and periostin were seen in patients with early
Osteopontin, ng/mL 13.99(23.18) 8.54(8.67) 0.345 fibrotic changes in CT scan. MMP-7 and MMP-1 are described as
EGFR, ng/mL 148 (0.98) 135(1.12) 0.303 otential peripheral blood biomarkers in idiopathic pulmona
SVEGF, pg/mL 268.20 (252.12) 33130(298.94)  0.308 p perip p p y

Data are mean (SD). MMP =matrix metalloproteinases. EGFR =epidermal growth
factor receptor. VEGF = vascular endothelial growth factor.

Table 6a
Distribution of circulating serum fibrosis biomarkers according to abnormal vs nor-
mal lung diffusion capacity.

DLCO < 80% DLCO > 80% p-Value
MMP7, ng/mL 11.54 (8.96) 6.71 (4.25) 0.001
MMP1, ng/mL 8.94(8.52) 6.55(9.03) 0.056
Periostin, ng/mL 1.11 (0.07) 0.84(0.40) 0.001
Osteopontin, ng/mL 12.75 (24.96) 12.42 (15.33) 0.909
EGFR, ng/mL 1.33(0.91) 1.55(1.10) 0.127
SVEGF, pg/mL 230.07 (223.33) 166.74 (198.15) 0.035

Data are mean (SD). MMP = matrix metalloproteinases. EGFR =epidermal growth
factor receptor. VEGF = vascular endothelial growth factor. DLCO = diffusion capacity
for carbon monoxide.

Table 6b
Chest CT and biomarkers. Fibrotic pattern refers to the presence of reticulations,
traction bronchiectasis or parenchymal bands.

Fibrotic CT pattern  Non-fibrotic CT pattern p-Value
MMP7, ng/mL 13.20(9.20) 7.92 (6.32) 0.001
MMP1, ng/mL 10.40 (8.21) 6.97 (8.89) 0.023
Periostin, ng/mL 1.36 (0.93) 0.870 (0.39) 0.001
Osteopontin, ng/mL 12.66 (23.78) 12.56 (19.64) 0.976
EGFR, ng/mL 1.50(1.00) 1.43(1.02) 0.673
SVEGF, pg/mL 246.76 (225.76) 184.07 (207.61) 0.084

Data are mean (SD). MMP = matrix metalloproteinases. EGFR =epidermal growth
factor receptor. VEGF = vascular endothelial growth factor. CT = computed tomogra-
phy.

Clinically, the most striking effect in COVID-19 survivors is dif-
fusion abnormality. Previous reports from SARS outbreak survivors
showed that after one year 20% of them had altered diffusion.* Fur-
ther, in a small cohort of health workers, followed for 15 years, 38%
had a mild impairment in lung diffusion.?® All coronaviruses share
the same pathogenic mechanism that binds to a cell surface recep-
tor to enter the host (angiotensin-converting enzyme 2 [ACE-2]).
Pneumocytes overexpress ACE-2 that results in viral expansion and
diffuse alveolar damage. It has been hypothesized that endothelial
cell dysfunction may play arole in complicated COVID-19, as initiat-
ing post-infection pulmonary fibrosis and vascular remodelling.2’
As described in ARDS, after lung injury, a subset of patients seem
to be unable to clear the provisional extracellular matrix (ECM)
and exuberant fibroproliferation can lead to residual fibrosis with
pulmonary dysfunction.??

fibrosis.!> MMP-7 serum levels have been related to early fibrotic
changes on CT scan in asymptomatic patients with familial intersti-
tial pneumonia.?? Serum levels of periostin were higher in patients
with IPF and inversely correlated with pulmonary function in these
patients.>? Our results have not shown different levels according to
severity of disease in some biomarkers related to SARS-induced
pulmonary fibrosis as soluble epidermal growth factor receptor
(sEGFR)'! or osteopontin which is related to activation of several
precursors responsible of worse outcomes in COVID-19 patients.?!

Our study has several limitations. First, we do not have base-
line data of pulmonary function. Second, chronic interstitial lung
abnormalities may be underestimated, as we do not have previ-
ous CT scan. Although patients with COPD or ILD were excluded,
asymptomatic underlying lung disease, whatever unlikely, cannot
be excluded. Third, not all patients underwent CT scan, as per pro-
tocol, only those with alterations in chest X-ray and/or diffusion
impairment at first follow-up had a CT scan. This approach, in line
with the guidance of the British Thoracic Society,>? was adopted to
mitigate the overload of the health system. Fourth, we could not
study serum biomarkers in the whole group, mainly due to logistic
reasons. Patients included in the study were similar to the rest of
the group with the exception that they were younger, which may
underestimate the results as senescence cells increase the expres-
sion of MMPs.?3

Patients in our study were those admitted and then discharged
from pulmonary departments, and this may carry some bias. During
the first pandemic wave, patients with more severe COVID-19 were
controlled mainly by pulmonologists in the majority of hospitals.
This scenario gives us an insight into the cases that will have the
highest risk of developing complications.

To conclude, patients with moderate or severe COVID-19 pneu-
monia showed an improvement in lung function tests at 6 months.
However 47% of them still had impaired pulmonary diffusion. Alter-
ations in CT scan as parenchymal bands that may indicate early
fibrotic lesions were seen in 38% of severe COVID-19 patients.
Moreover, higher values of serum biomarkers related to the pro-
gression of pulmonary fibrosis were identified at hospital discharge
in severe COVID-19 patients. Following recommendations for clin-
ical observational studies on post COVID-19 condition,>* we think
that severe COVID-19 patients should be offered protocolized
longer follow-up, and specialist ILD services should be considered
to manage these patients.
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