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A B S T R A C T

Introduction: The long-term consequences of COVID-19, especially pulmonary impairment,

are frequent but not well understood. The knowledge about sequels or long COVID-19 are

necessary, considering the high prevalence and need for specific public strategies.

Method: The study was conducted to evaluate symptoms (standardized questionnaire), pul-

monary function (spirometry), and exercise capacity (6-minute-walk-test) at 30 (D30),

90 (D90), and 180 (D180) days after hospital discharge of patients surviving to severe COVID-

19. We excluded in this follow up patients with comorbidities before COVID infection.

Results: 44 patients were included and 31 (26 men) completed the 6-month follow-up (age

mean 53.6 § 9.6 years). At D180, 28% presented still at least one symptom. The most com-

mon was dyspnea (17.2%), followed by cough (13.8%), and myalgia (10.3%). All spirometric

parameters showed progressive improvement from D30 to D180. However, 16%maintained

a restrictive pattern on spirometry test, 44% presented desaturation on the 6-minute walk-

test, and 25% walked < 75% of the predicted value.

Conclusion: 6-months after hospital discharge, reduced pulmonary function and reduced

exercise capacity was founded frequently and more than a quarter remained symptomatic.

The persistent symptoms and functional impairment suggest that sequels and develop-

ment of Long COVID-19 are very common. The identification of these patients to provide

the necessary health care is a challenging task, considering the large number of patients

infected and surviving to COVID-19 disease.

� 2023 Sociedade Brasileira de Infectologia. Published by Elsevier España, S.L.U. 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

Since November 2019, the emerging infectious disease caused
by Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-
CoV-2), named Coronavirus Disease 2019 (COVID-19), has
spread worldwide, resulting in more than 486 million con-
firmed cases and more than 6.1 million deaths by April 2022.1

The clinical manifestations of COVID-19 broadly range from
mild to severe presentations. Most of the patients show
symptoms remission soon after cure of the acute infection.
Others, however, relate symptom’s for more than one year,
suggesting what has been denominated as ’long COVID syn-
drome’. defined as health impairments experienced after >
4 weeks of SARS-CoV-2 infection remission.2 These patients
usually relate not only respiratory symptoms such as dyspnea
and cough, but also systemic claims as fatigue, neurological
and psychiatric disturbances. The mechanisms of these
extra-pulmonary and chronic manifestations remain unclear.

The pulmonary lesions refer to direct consequences of
virus and inflammation in the lung, resulting in diffuse
alveolar and capillary damage, hyaline membrane formation,
alveolar septal fibrous proliferation, and pulmonary consoli-
dation. Reduced diffusion capacity for carbon monoxide
(DLCO), impairment of exercise capacity, and altered spirom-
etry parameters, have been described, especially in severe
cases of COVID-19. The time-course and the extent of this
recovery, however, are poorly studied.3

Survivors to severe acute respiratory syndrome and to the
Middle East respiratory syndrome have reduced lung function
for up to 6-months following hospital discharge.4,5 However,
there are few long-time follow-up studies of patients after
severe COVID-19.6-8 Most of the studies included patients
with previous comorbidities9-12 what difficult to identify
lesions and disabilities related exclusively to COVID-19 or
those related to previous conditions. The long-term conse-
quences are not completely understood but is necessary to
evaluate objective parameters to establish the late repercus-
sions of COVID-19 on pulmonary function and its impact on
functional capacity and quality of life.

In this study our aim was to follow-up survivors of severe
COVID-19 without previous comorbidities in order to identify
subjects with persistent pulmonary impairment after hospital
discharge due to COVID-19 infection.
Materials and methods

The study was conducted at the University Hospital of Federal
University of Espírito Santo, Brazil according to a protocol
previously approved by the Institutional Ethics Committee
(n° 3,503,292,000,005,071). All participants signed a consent
form before enrollment. Inclusion criteria were age 18‒
70 years, confirmed diagnosis of COVID-19 by positive RT-PCR
or serologic test for SARS-CoV-2, and presentation of the
severe form of the disease. The severe cases were defined as:
1) Severe pneumonia-fever or suspected respiratory infection,
plus one of the following criteria: respiratory rate > 30 min,
severe respiratory distress, or SpO2 ≤ 93% at rest and on room
air, 2) Acute Respiratory Distress Syndrome (ARDS).13
Patients who developed extrapulmonary manifestations of
COVID-19 during hospitalization or with lack of data were
excluded. For the present analysis we excluded patients with
previous diseases such as heart failure, pneumopathies (i.e.,
asthma and chronic obstructive pulmonary disease),
nephropathy, psychiatric, or neurologic disorders and those
with severe obesity (Body Mass Index ‒ BMI ≥ 4 kg/m2).

After hospital discharge, patients were invited to attend a
medical evaluation program at 30 (D30), 90 (D90), and
180 (D180) days after hospital discharge. On D30, a standard-
ized questionnaire was used to define the demographic pro-
file of participants. Duration of each symptom was monitored
using a standardized questionnaire containing yes/no ques-
tions. Spirometry and 6-Minute-Walk Test (6-MWT) were per-
formed at each assessment (D30, D90, and D180). For
pulmonary evaluation, patients underwent spirometry (Koko
Sx, Philips, USA) to measure the Forced Expiratory Volume in
the 1st second (FEV1) and Forced Vital Capacity (FVC). The
standardization and categorization of functional changes
were based on Brazilian guidelines for pulmonary function
tests.14 FVC < 80% of the Predicted Value (PV) was considered
as pulmonary dysfunction, which was classified as mild
(FVC 60%‒80% PV), moderate (FVC 50%‒59% of PV), or severe
(FVC < 50% of PV).

Exercise capacity was evaluated using the 6-MWT. This
was performed using a JG MORIYA model 1001 pulse oxime-
ter. The following parameters were measured: (1) Basal Oxy-
gen Saturation (SpO2) at rest, (2) Oxygen desaturation during
exercise (defined as a decrease > 3% in relation to the basal
SpO2), 3) The lowest SpO2 measured during the exercise (nadir
SpO2), and (4) The 6-min Walk-Distance (WD) which was
considered reduced when < 75% of the PV.15 The PV of
the WD in the 6-MWT was calculated by the formula: WD ðmÞ
¼ ð7:57 � height cmÞ � ð5:02 � ageÞ � ð1:76 � weight kgÞ �
309 m for men; and WD ðmÞ ¼ ð2:11 � height cmÞ � ð2; 29 �
weight kgÞ � ð5:78 � ageÞ þ 667 m for women16

Statistical analysis

Categorical data were presented as numbers of individuals
and percentages. Quantitative analyses were presented as
observed frequency, percentage, central tendency, and vari-
ability. The normal distribution of the sample was verified
using the Shapiro−Wilk test. Analysis of variance for repeated
measures (ANOVA) followed by the Bonferroni post hoc test
was used to evaluate the evolution of FVC and FEV1 in spi-
rometry and the WD in the 6-MWT. The Greenhouse-Geisser
sphericity correction was applied to the WD analysis. ANOVA
and the post-hoc Dwass-Steel-Critchlow-Fligner pairwise
comparisons test were used to compare the nadir SpO2 in the
6-MWT. Categorical data were analyzed using the chi-squared
test and Fisher’s exact test. An alpha level of 5% significance
was used for all analyses. Data were analyzed using Jamovi
statistical software (version 1.8).
Results

A total of 162 patients were approached in the initial evalua-
tion at hospital discharge and 94 attended to the outpatient



Fig. 1 –Patient selection flowchart. Flow diagram since the recruitment to inclusion.

Table 1 – General characteristics of the 31 patients fol-
lowed up for 180 days after hospital discharge after
COVID-19.

Age (years) 53.6 § 9.6

Sex ‒ n (%)
Men 22 (71)
Women 9 (29)
Previous comorbidities ‒ n (%)
Arterial hypertension 15 (48.4)
Diabetes mellitus (type 2) 11 (35.5)
Overweight (BMI 25‒29.9 kg/m2) 14 (45.2)
Obesity (BMI 30‒40 kg/m2) 10 (32.3)
Smoking ‒ n (%)
Current 0 (0)
Past 5 (16.1)
Never 26 (83.9)
Sedentary lifestyle ‒ n (%) 21 (67.7)
Hospital stay ‒ n (%)
Pre-hospitalization symptomatic period (days)a 10.7 § 3.4
Hospitalization period (days) 8.8 § 5.9
Need for ICU 17 (54.8)
ICU days 17 § 5.4
Need for intubation 3 (9.7)
Pulmonary thromboembolic event 6 (19.4)

Data are reported as mean § standard deviation or as number and
(percentage).
BMI, Body Mass Index; ICU, Intensive Care Unit.
a Days between the onset of symptoms and hospital admission.
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clinic to the first evaluation (D30). However, only 44 attended
to all criteria of inclusion and exclusion and completed the
initial exams. Other 13 patients were lost during the follow up
period and only 31 completed all the follow up period (Fig. 1)
and were included in the present analysis.

The age mean was 53.6 § 9.6 years old, and 22 (71%) partic-
ipants weremale. During hospitalization, 17 (54.8%) used iver-
mectin, and 5 (16.1%) used hydroxychloroquine. During
hospitalization, all patients received antibiotic therapy and
approximately one-third were treated with corticosteroids.
Intensive care unit admission was required for 54.8% of the
patients. The demographic profile and hospitalization data of
the cohort is shown in Table 1.

The most common initial symptoms in acute phase were
fever (80%), cough (86.7%) and dyspnea (76.7%). The first
assessment (D30) was performed 31 to 36 days after hospital
discharge and almost all patients were fever-free. The most
persistent symptoms at D30 were dyspnea (80%) and
cough (50%). In D90, almost half of the cohort presented 5 or
more symptoms and referred difficulties to return to their
habitual work. At D180, 28% still persisted with at least one
symptom being the most frequents dyspnea (17.2%),
cough (13.8%), and myalgia (10.3%). The initial presentation
of the disease and evolution of symptoms in the post-dis-
charge assessments are presented in Table 2. The radiologi-
cal evaluation with chest High Resolution Tomography
(HRCT) showed pulmonary involvement from 26%‒75%
in 95% of the patients.



Table 2 – Clinical manifestations before hospitalization and at different times after hospital discharge of patients after
COVID-19 (n = 31).

Symptoms Before hospitalization Day 30 Day 90 Day 180

Fever 24 (80%) 1 (3.3%) 0 (0%) 0 (0%)
Cough 26 (86.7%) 15 (50%) 6 (20%) 4 (13.8%)
Dyspnea 23 (76.7%) 24 (80%) 16 (53.3%) 5 (17.2%)
Headache 20 (66.7%) 8 (26.7%) 1 (3.3%) 2 (6.9%)
Myalgia 17 (56.7%) 4 (13.3%) 3 (10%) 3 (10.3%)
Anosmia 11 (36.7%) 1 (3.3%) 1 (3.3%) 0 (0%)
Ageusia 11 (36.7%) 1 (3.3%) 0 (0%) 0 (0%)
Asthenia 13 (43.3%) 10 (33.3%) 4 (13.3%) 2 (6.9%)
Chest pain 14 (46.7%) 9 (30%) 2 (6.7%) 2 (6.9%)
Diarrhea 9 (30%) 1 (3.3%) 0 (0%) 2 (6.9%)
Nasal obstruction 7 (23.3%) 0 (0%) 3 (10%) 2 (6.9%)
Adynamia 6 (20%) 5 (16.7%) 0 (0%) 1 (3.4%)
Odynophagia 5 (16.7%) 0 (0%) 2 (6.7%) 0 (0%)
Runny nose 6 (20%) 0 (0%) 1 (3.3%) 0 (0%)
Expectoration 5 (16.7%) 2 (6.7%) 2 (6.7%) 0 (0%)
Dysphagia 3 (10%) 0 (0%) 3 (10%) 0 (0%)
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All parameters assessed by spirometry and 6-MWT
showed progressive improvement and are shown in Fig. 2
and Table 3. The FVC, FEV1 and the WD in the 6-MWD values
increased progressively during the observational period,
mostly in the first 90 days after hospital discharge (p = 0.001
and p = 0.003, respectively). At D30, 14 (45%) patients showed
a restrictive pattern on spirometry and at D180, 5 (16%)
patients persisted with a FVC below the predicted value sug-
gesting a restrictive pattern, The WD improved in all patients,
Fig. 2 –Boxplot of pulmonary function parameters at 30 (D30), 90 (
with severe COVID-19. Upper left: FVC, Forced Vital capacity; Upp
left: Nadir SpO2; Lower right: 6-MWD, 6-MinuteWalked Distance
box), Q1 (first quartile = lower hinge), Q3 (third quartile = upper hi
hinge to the largest value no further than 1.5 * IQR from the hinge
the hinge to the smallest value at most 1.5 * IQR of the hinge. Data
defined as outliers, indicated as °. Statistically significant compar
but at D180, 2 (6%) patients still presented a WD < 330 m and
in 8 (25%) patients it was < 75% of the PV. The results of exer-
cise capacity are shown in Table 3. A total of 13 (44%) patients
showed desaturation at D180. On D180, the correlation
between FVC, SpO2 Nadir, and WD showed no statistical sig-
nificance in any of the associations.

Moreover, among the patients who maintained FVC below
the PV, three suffered pulmonary thromboembolism associ-
ated with parenchymal pulmonary disease during acute
D90) and 18 (D180) after hospital discharge of patients (n = 31)
er right: FEV1, Forced Expiratory Volume in 1 second; Lower
. Each box indicates the median (horizontal line inside the
nge), andmean (x). The upper whisker extends from the
(IQR = inter-quartile range). The lower whisker extends from
beyond the end of the whiskers are plotted individually and
isons (p < 0.05) were represented by * over a link bar.



Table 3 – Spirometric and 6-MWT parameters along the post-COVID-19 follow up period.

Parameters D30 D90 D180

FVC (%) 79.5 § 13.9 80 (74‒86) 87.5 § 15.3 89 (80.3‒98) 91.4 § 12 91 (84‒100)
FEV1 (%) 80.9 § 13.4 82 (73‒90) 88.8 § 15.4 87.5 (80.5‒99) 93.7 § 12.6 93 (87‒101.3)
VEF1/FVC 101.7 § 6.8 104 (98‒107) 99.4 § 9.6 102.5 (97.5‒105) 102.6 § 6.1 102 (98.3‒106.8)
Walking Distance (m) 367.2 § 90.5 373.5 (324‒421) 418.6 § 78.1 414 (360‒493) 435.7 § 65.1 446 (403‒501)
Walking Distance PV (%) 65.7 § 16.2 68.2 (60.6‒71.7) 77.8 § 13.3 75.6 (69.8‒86.2) 80 § 12.4 78 (70.4‒87.5)
SpO2 Basal (%) 96 § 1.7 96 (95‒97) 96.9 § 1 97 (97‒97) 96.6 § 1 97 (96‒97)
Nadir SpO2 (%) 91.1 § 5.4 93 (88.5‒95) 92.5 § 4.7 94 (92‒95.8) 92.5 § 4.9 93 (92.8‒95)
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COVID-19, and all presented desaturation. All these patients
presented > 50% pulmonary parenchymal involvement in CT,
and none required orotracheal intubation.
Discussion

Our data showed that 6-months after the acute phase, symp-
toms, decreased pulmonary function, and low performance
in the 6-MWT still persisted in approximately 28%, 16%, and
25% patients after severe COVID-19 disease, respectively.
Since we excluded patients with suggestive previous pulmo-
nary or cardiac disease, our data represent strong evidence of
possible sequelae of COVID-19

Previous reports indicated persistent symptoms after
COVID-19 ranging from 40%‒76%.6,17−19 However, part of
these findings may be due to previous impairment of func-
tional capacity. Other studies also have shown progressive
improvement in functional parameters at 30, 90, 100, and
180 days after COVID-197,19−24 but, approximately one-third
of the patients still had at least one symptom, and one-third
presented with reduced FVC or low exercise capacity 6-
months after hospital discharge, showing the possibility of a
persistent condition in survivors severe COVID-19.

In the subset of five patients with persistent low pulmonary
function at D180 and presenting at least one symptom, four of
them also showed desaturation on the 6-MWT, and in three the
WD was < 400 m, suggesting that the persistence of reduced
pulmonary function and low exercise capacity may be associ-
ated with chronic disease. It is important to emphasize
that 3 individuals in this subgroup also presented pulmonary
thromboembolic event during acute phase, suggesting that vas-
cular inflammationmay be an important factor for the develop-
ment of the chronic impairment of pulmonary function.

In our study dyspnea was the most frequent complaint
and remained the most prevalent symptom 180 days after
COVID-19, which agrees with other studies.6,8,22,25 The causes
of dyspnea may be subjective, such as psychiatric disorders
or muscular weakness, neuropathy, and general fatigue.6,24

Regarding respiratory tests, the isolated evaluation of FVC
showed a progressive increase in pulmonary volume at D30,
D90, and D180 (mean 496 § 15 mL), mainly in the range of D30
to D90, in accordance with the literature data.22,23,26 This
increase, although significant, was not enough to achieve an
FVC ≥ 80% of PV in 5 (17%) patients in the D180 assessment.
Therefore, despite the improvement, these data suggest that
pulmonary changes tend to regress slowly and are present for
at least 6-months after the acute phase. The restriction pat-
tern may be explained by severe obesity, but this was not
applicable in our study, as patients with severe obesity were
excluded.

Moreover, the impairment of exercise capacity also
improved in the first 3-months after discharge. A WD of <
75% PV was observed in a significant number of patients and
was not related to low FVC, suggesting the existence of other
mechanisms in pulmonary lesions, including impairment of
pulmonary microvasculature. The reduced WD and desatura-
tion in the 6-MWT may be related to low DLCO;22,27−29 the
6-MWT is a good and simple follow-up test for these patients
because it indicates possible limitations to performing daily
activities with social and economic impacts, as well as the
necessity for improved health services to accommodate new
patients with specific needs.

Pulmonary sequelae persist as a challenge due to the high
and still increasing number of severe COVID-19 survivors,
besides doubts about how to proceed with these patients and
how to avoid complications.

Few follow-up studies with a considerable number of sur-
vivors of severe form of COVID-19 have evaluated the recov-
ery of pulmonary function and functional capacity after
hospital discharge. Most investigators had difficulty defining
pulmonary sequelae due to the high prevalence of previous
comorbidities associated with severe COVID-19.30 These
comorbidities may be confounders that interfere with the
interpretation of respiratory symptoms, pulmonary function
variables or reduced exercise capacity. To avoid this problem,
we excluded from our study all patients reporting previous
comorbidities, such as heart and pulmonary diseases, and
those with extrapulmonary complications from COVID-19.
Thus, it is likely that symptoms that remained long after
COVID-19 recovery were due to sequelae of the disease and
not to previous comorbidities.

Our study also has limitations and data should be viewed
cautiously. The first, was the small number of patients who
completed the follow up. Another limitation was that the dif-
fusing capacity of the lungs for carbon monoxide (DLCO) and
Total Lung Capacity (TLC) were not measured. Considering
that reductions in DLCO and TLC are frequent abnormalities in
COVID-19, followed by reduced FVC,23 respiratory limitations
may be more common than that reported in our study. Low
DLCO is related to anatomical damage, resulting in interstitial
or pulmonary vascular abnormalities.31 This possibility is cor-
roborated by persistent dyspnea and poor exercise capacity in
some patients. Another limitation was that 13 patients
dropped out of the study. A possible explanation for this is the
progressive improvement over time, considering that the
majority dropped out after the third month of follow-up and
only two individuals dropped out in the first 3-months.
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Conclusions

Most patients with severe COVID-19 showed progressive
improvement in both respiratory function and symptoms
along the six months after acute recovery of severe COVID-19
especially in the first 3-months after hospitalization. How-
ever, the persistence of symptoms in addition to changes in
both pulmonary function and decreased exercise capacity
suggest the development of long COVID-19 in some patients
undergoing or not undergoing intubation and mechanical
ventilation. Further studies and follow-ups enrolling a larger
number of patients and for a longer period of time are needed
to establish the persistent sequelae and associated risk fac-
tors after COVID-19.
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