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Background: The sequelae of post-coronavirus disease 2019 (COVID-19) have been widely reported.
However, the time point of the follow-up time in the previous studies varied ranging from 3-24 months
and the interval time of the follow-up time was too long (6 or 12 months). Thus, a shorter interval time
during recovery for assessment of the sequelae of post COVID-19 on lung function and exercise capacity
is still required. Therefore, this study aims to explore the long-term impact of COVID-19 pneumonia on
pulmonary function and exercise capacity.

Methods: A prospective observational study was conducted on post COVID-19 pneumonia at the Lung
Health Center, Division of Pulmonary, Critical Care and Allergy, Department of Internal Medicine, Faculty
of Medicine, Chiang Mai University, Chiang Mai, Thailand between May 2021 and April 2022. Spirometry,
impulse oscillometry (I0S), and fractional exhaled nitric oxide (FeNO) were assessed at 1-, 6-, 9-, and
12-month post-hospital discharge when compared to healthy controls. The six-minute walk test (6-MWT)
was also assessed.

Results: Thirty-eight post COVID-19 pneumonia with ages 41.1+14.8 years (52.6% male) and twenty-
five healthy controls were enrolled. The %predicted of forced vital capacity (FVC) and forced expiratory
volume in the first second (FEV,) were significantly lower in post COVID-19 pneumonia compared to
healthy controls at month 1 and month 9. The improvement of %predicted FVC and FEV, was observed
in post COVID-19 pneumonia. The six-minute walk distance (6-MWD) was significantly lower in post
COVID-19 pneumonia compared to healthy controls in all visits, while the 6-MWD improved overtime in
post COVID-19 pneumonia.

Conclusions: The long term sequelae of post COVID-19 pneumonia on lung function and exercise
capacity were observed. Pulmonary function tests and six-minutes walk test are useful tools for detection of

long term sequelae of post COVID-19 pneumonia.
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Introduction

The sequelae of post-coronavirus disease 2019 (COVID-19)
has been widely reported (1-14). They showed that the
abnormal spirometry were commonly found in post
COVID-19 pneumonia patients (7,13-18). Moreover, they
also found that total lung capacity (TLC) and lung diffusion
capacity for carbon monoxide (DLCO) were the most
frequently altered parameters (13,14). However, few studies
mentioned the impulse oscillometry (IOS) for measurement
of small airway dysfunction (SAD) in this condition (19-21).
Visconti et al. found SAD in 30.3% of post COVID-19
pneumonia (19). However, another study published by
Scaramuzzo et 4l. found no significant difference between
the IOS parameters and prevalence of SAD in post
COVID-19 pneumonia with and without dyspnea at one
year after the onset of the disease (20). Therefore, a long-
term study regarding IOS in post COVID-19 pneumonia is
still required.

Fractional exhaled nitric oxide (FeNO) is a noninvasive
method that reflects airway inflammation. Two studies
found that FeNO values remained within normal ranges
and did not differ between severe and non-severe post
COVID-19 pneumonia (12,22). Additionally, other studies
noted that FeNO values did not differ between post-
COVID-19 pneumonia and healthy subjects at 1-3 months

Highlight box

Key findings

* A restrictive spirometry pattern [lower %predicted of forced
vital capacity (FVC)] and lower exercise capacity (lower 6-minute
walking distance) were observed in the long-term follow up of post
coronavirus disease 2019 (COVID-19) pneumonia patients.

e The improvement of FVC and 6-minute walking distance were

also observed from month 1 to month 12 after hospital discharge.

What is known and what is new?

* The long-term sequelae of post COVID-19 pneumonia have been
widely reported.

¢ The sequelae of post COVID-19 pneumonia on lung function and
exercise capacity were observed with short interval time during
recovery.

What is the implication, and what should change now?

¢ Pulmonary function tests and six-minute walk test are useful
tools for detection of long-term sequelae of post COVID-19
pneumonia.

* Pulmonary rehabilitation including aerobic exercise or promotion
of active physical activity should be provided in post COVID-19

pneumonia.
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from recovery (11,12). However, a long-term study
regarding FeNO in post COVID-19 pneumonia is still
limited.

The sequelae of post COVID-19 on exercise capacity
has been reported (4,7,14,16,23,24). They showed that
the prevalence of low exercise capacity defined by a
6-minute walk distance (6-MWD) lower than the predicted
value ranged from 17.33-33.33% for a follow-up time of
2-6 months (4,7,16,23,24). However, a two-year
longitudinal cohort study published by Zhang ez 4l. showed
that 6-MWD increased continuously after COVID-19
infection (9). But some studies found there was no
improvement of 6-MWD between 6-9 and 12-18.5 months
post-recovery (1,8).

As mentioned before that the sequelae of post
COVID-19 has been widely reported. However, the time
point of the follow-up time in the previous studies varied
ranging from 3-24 months and the interval time of the
follow-up time was too long (6 or 12 months). Thus, a
shorter interval time during recovery for assessment of the
sequelae of post COVID-19 on lung function and exercise
capacity is still required. Moreover, the healthy subjects
were not included for comparison between post COVID-19
pneumonia in some studies (2,15-17,23). Therefore, the
objective of this study was to explore the long-term impact
of COVID-19 pneumonia on pulmonary function and
exercise capacity at 1-, 3-, 6-, 9-, and 12-month post-
hospital discharge compared to healthy subjects. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-514/rc).

Methods
Study design

This prospective observational study was conducted on
post-COVID-19 pneumonia with age more than 18 years
old who were admitted at Maharaj Nakorn Chiang Mai
Hospital, Chiang Mai, Thailand during April-May 2021.
All subjects were diagnosed with COVID-19 pneumonia
during admission based on pulmonary infiltration on
chest X-rays (CXR) and confirmed by positive reverse
transcription-polymerase chain reaction (RT-PCR).
Subjects who were unable to understand the Thai language
were excluded. Subjects with chronic respiratory diseases
e.g., asthma, bronchiectasis, and chronic obstructive
pulmonary disease (COPD) were also excluded. This
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study was conducted at the Lung Health Center, Division
of Pulmonary, Critical Care and Allergy, Department
of Internal Medicine, Faculty of Medicine, Chiang Mai
University, Chiang Mai, Thailand between May 2021 and
April 2022. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). This study
was approved by the Research Ethics Committee, Faculty
of Medicine, Chiang Mai University (study code: MED-
2564-08109, date of approval: 3 May 2021) and filed under
Clinical Trials Registry (Study ID: TCTR20210827005,
date of approval: 27 August 2021). Before enrollment, all
participants gave written informed consent.

Baseline demographics including age, sex, body mass
index (BMI), and underlying diseases were recorded.
For post COVID-19 pneumonia subjects, the severity of
COVID-19 pneumonia during admission was also reviewed
from the patient’s medical records. Pulmonary function tests
including spirometry and 10S, and FeNO were assessed
at 1-, 6-, 9- and 12-month post hospital discharge when
compared to healthy subjects. Exercise capacity measured
by six-minute walk test (6-MW'T) was also assessed at 1-, 3-,
6-, 9- and 12-month post hospital discharge when compared
to healthy subjects.

Data collection

Both post COVID-19 pneumonia and healthy subjects
were assessed for pre-bronchodilator (BD) spirometry
and I0S. All measurements of IOS and spirometry were
performed using combined spirometry and IOS equipment
(MostGraph-02; Chest M.I., Co., Ltd., Tokyo, Japan). IOS
value were measured using IOS machine during normal
breathing for 30-40 seconds via a mouthpiece that was
connected to a loudspeaker. Respiratory resistance (Rrs)
reflects information about the forward pressure of the
conducting airways (25). The resistance at 5 Hz (RS), the
resistance at 20 Hz (R20), and the difference of the R20
from R5 (R5-R20) values represent the resistance of the
total airways, large airways and small airways, respectively.
The reactance reflects the capacitive and inertive properties
of the airways (25). The reactance at 5 Hz (X5), resonant
frequency (Fres), and reactance area (AX) represent the
reactance of the airways. X5 indicates the elastic recoil of
the peripheral airways, Fres indicates the frequency as Xrs
crosses zero which the elastic and inertial forces are equal in
magnitude but in the opposite direction, and AX indicates
the area of the negative reactance between 5 Hz and Fres to
the zero lines (25). Three tests were performed following

© Journal of Thoracic Disease. All rights reserved.

4727

the European Respiratory Society (ERS) standard (25).
The average values from three IOS measurements were
recorded. The predicted values of all parameters in IOS
were calculated using the Thai predictive value published
by Deesomchok et 4l. (26).

For spirometry assessment, at least three acceptable
tests were performed following the guideline published
by the American Thoracic Society/European
Respiratory Society (ATS/ERS) (27). Forced vital
capacity (FVC), forced expiratory volume in the
first second (FEV),), the ratio of FEV,/FVC, and
forced expiratory flow at 25-75% of FVC (FEF,s_;54)
were recorded. The Global Lung Function Initiative (GLI)
reference equation (Southeast Asian population) was used as
a prediction (28). The FeNO was also performed according
to the ATS/ERS guidelines (29) using FeNO equipment
(NIOX VERO® Circassia Inc., NC 27560, United States).
The 6-MWT was also assessed according to the guidelines
from the ATS (30).

"Twenty-five healthy control subjects with no history of
chronic respiratory diseases were enrolled in this study.
Demographic data, IOS, spirometry, FeNO, and 6-MWD
were collected for comparison with post COVID-19
pneumonia subjects.

Study size estimation

Sample size calculation was based on the mean and standard
deviation (SD) of 6-MWD at one month after discharge
between the non-severe post COVID-19 pneumonia and
healthy controls in the previous study (12). The means
and SD of 6-MWD in the non-severe post COVID-19
pneumonia and healthy controls were 451.7+78.9 meters
and 525.5£36.4 meters, respectively. We need to study at
least 40 subjects, 20 post COVID-19 pneumonia, and 20
healthy controls to be able to reject the null hypothesis that
the population means of the post COVID-19 pneumonia
and healthy control groups were equal with probability
(power) of 0.95. The type I error probability associated with
this test of this null hypothesis was 0.05.

Statistical analysis

Continuous data were shown as mean and SD, standard
error of the mean (SEM), or median and interquartile range
(IQR). An independent sample #-test was used for analyzing
clinical characteristics between two groups for continuous
data. For comparison of the pulmonary function data,
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FeNO, and exercise capacity between groups at each visit,
the independent #-test was used. Paired sample 7-test was
used for analyzing differences in the pulmonary function
data, FeNO, and 6-MWD within a group when compared
to the month 1 visit. Categorical data were shown as
numbers and percentages. A comparison of categorical data
between groups was analyzed using Fisher’s Exact test. A P
value less than 0.05 are considered statistically significant.

All statistical analyses were performed using STATA version
16 (StataCorp, College Station, TX, USA).

Results

Fifty-six post COVID-19 pneumonia patients were
recruited. However, five, three, eight, and two subjects lost
to follow-up visits at 3 months, 6 months, 9 months, and
12 months, respectively due to various reasons including
emigration, withdrawal, and loss of contact. Therefore,
thirty-eight post COVID-19 pneumonia and 25 healthy
controls were included in the final analysis. The baseline
demographics data between post COVID-19 pneumonia
and healthy controls were shown in 7izble 1. The mean age
of post COVID-19 pneumonia and healthy controls were
41.1+14.8 and 43.0+9.6 years, respectively. There were no
significant differences in age, the proportion of male sex,
or underlying diseases between groups. However, BMI
was significantly higher in the post COVID-19 pneumonia
group. Current smokers were more frequent in the healthy
controls group. Of thirty-eight post COVID-19 pneumonia
group, 16 (42.1%) and 22 (57.9%) were defined as non-
severe (on oxygen cannula during hospitalization) and
severe [on high-flow nasal cannula (HFNC) or mechanical
ventilator (MV) during hospitalization]. COVID-19
pneumonia data during admission was also shown in 7able 1.

The comparison of spirometry results including FVC,
FEV,, FEV//FVC, and FEF,;_;5,, between post COVID-19
pneumonia and healthy controls throughout the study
period are shown in Figure 1. The %predicted of FVC
were lower in the post COVID-19 pneumonia group
than healthy controls especially at month 1 and month
9. The %predicted of FEV, was also lower in the post
COVID-19 pneumonia group throughout the study period
except for month 12. The improvement of %predicted
of FVC and FEV, was observed in the post COVID-19
pneumonia group when compared to month 1 except for
the %predicted of FEV, at month 12. The %predicted of
FEF,; ;54 were lower in the post COVID-19 pneumonia
group compared to healthy controls but not significant.
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However, there were no significant differences between
groups and within groups for the FEV /FVC.

The comparison of IOS parameters including RS,
R20, R5-R20, X5, Fres, and AX between post COVID-19
pneumonia and healthy controls throughout the study
period are shown in Figure 2. There were no significant
differences between groups for all IOS parameters.
However, at month 6 the R5-R20 and AX were significantly
higher and X5 was more negative when compared to month
1 in the post COVID-19 pneumonia group. At month 9,
the R20, R5-R20, and AX were significantly higher when
compared to month 1 in the post COVID-19 pneumonia
group and at month 12 the RS, R20, and AX were also
significantly higher when compared to month 1.

The comparison of FeNO between post COVID-19
pneumonia and healthy controls throughout the study
period are shown in Figure 3. There were no significant
differences between groups for FeNO, except lower FeNO
in the post COVID-19 pneumonia group at month 6.
Moreover, the FeNO was lower at month 6 when compared
to month 1 in the post COVID-19 pneumonia group, while
the FeNO was significantly higher at months 6, 9, and 12
when compared to month 1 in the healthy controls group.

The comparison of exercise capacity measured using
6-MW'T between post COVID-19 pneumonia and
healthy controls throughout the study period are shown in
Figure 4. The 6-MWD was significantly lower in post
COVID-19 pneumonia group compared to healthy controls
in all visits throughout the study period. The improvement
of 6-MWD was observed in all visits in the post COVID-19

pneumonia group when compared to month 1.

Discussion

We studied the long-term impact of COVID-19 pneumonia
on pulmonary function and exercise capacity from one
month through one year of post-hospital discharge when
compared to healthy subjects. We found the improvement
of %predicted of FVC and FEV| in the post COVID-19
pneumonia group. Moreover, we found that spirometry data
including %predicted of FVC and FEV, were significantly
lower in the post COVID-19 pneumonia group compared
to healthy controls at some visits. The exercise capacity was
also significantly lower in the post COVID-19 pneumonia
group compared to the healthy control till one year.
However, the FeNO and IOS values were no significant
differences between the groups.

Our study showed that lung function measured by
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Table 1 Demographic data of study population (n=63)
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Variables Post COVID-19 pneumonia (n=38)  Healthy control (n=25) P value
Age (years) 41.1+14.8 43.0+9.6 0.555
Male gender 20 (52.6) 12 (48.0) 0.961
Body mass index (kg/m?) 29.0+5.1 26.1+5.6 0.036
Underlying diseases 0.588
Cardiovascular 9(23.7) 5(20.0)

Metabolic 1(2.6) 0 (0.0)

Cardiovascular + metabolic 4 (10.5) 14.0)

None 24 (63.2) 19 (76.0)
Smoking status 0.039

Current 1(2.6) 4 (16.0)

Ex-smoke 8 (21.1) 14.0)

Non-smoker 29 (76.3) 20 (80.0)
Severity of COVID-pneumonia during hospitalization

Non-severe (on required O, cannula) 16 (42.1) -

Severe (on HFNC or MV) 22 (57.9)
Laboratory results on admission

Hemoglobin (g/dL) 13.7+1.9 -

Hematocrit (%) 40.1+4.6

Platelet count (x10%/mm®) 219.9+83.7

White blood count (x10° cells/mm®), median (IQR) 5.7 (4.7, 7.4)

Lymphocyte count (x10° cells/mm?®), median (IQR) 1.2 (0.9, 1.8)

CRP (mg/L), median (IQR)
ESR (mm/hour), median (IQR)
Chest x-ray pattern on admission
Ground glass opacities
Consolidation
Mixed
Chest x-ray distribution on admission
Multi-lobar

Bilateral

74.9 (38.9, 134.6)
40.0 (23.0, 58.0)

5(13.2)
33 (86.9)

Data are presented as mean + standard deviation, n (%), or otherwise stated. COVID-19, coronavirus disease 2019; O,, oxygen; SpO,,
oxygen saturation via pulse oximeter; HFNC, high-flow nasal cannula; MV, mechanical ventilator; IQR, interquartile range; CRP, C-reactive

protein; ESR, erythrocyte sedimentation rate.
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Figure 1 Comparison of spirometry results between the post COVID-19 pneumonia and healthy controls 1, 6, 9, and 12 months after
hospital discharge, FVC (A), FEV, (B), FEV,/FVC (C), and FEF,;_;5,, (D). Data are present as mean and SEM. *, P<0.05 compared to healthy
controls; *, P<0.05 compared to visit month 1 in post COVID-19 pneumonia group; ", P<0.05 compared to visit month 1 in healthy controls

group. COVID-19, coronavirus disease 2019; FVC, forced vital capacity; FEV), forced expiratory volume in the first second; FEF,;_;5, forced

expiratory flow at 25-75% of FVC.

spirometry were lower in post COVID-19 pneumonia
group compared to healthy controls. Our results were
supported by the previous studies indicating that the
spirometric values including %predicted of FVC and FEV,
showed a marked reduction in post COVID-19 pneumonia
compared to the controls after three to six months from
recovery (6,11). Previous studies also showed that the
prevalence of spirometric restriction defined by FVC lower
than 80%predicted or lower than the limit of normal (LLN)
ranged from 7.8-45.8% and 12.8-45.0% for a follow-
up time of 3-6 months and 6-12 months, respectively
(7,15-18). Moreover, the prevalence of FEV, lower than
80%predicted or lower than LLN ranged from 11.8-30.5%
and 13.8-34.1% for a follow-up time of 3—6 months and

© Journal of Thoracic Disease. All rights reserved.

6-12 months, respectively (7,15-18). For the long-term
study, we serial measured the spirometry and found
the improvement of lung function in post COVID-19
pneumonia. Our results were comparable to previous
studies which showed that the lung function measured by
spirometry was improved over time in post COVID-19
pneumonia (5,9,10,31,32). However, there was a fluctuation
of the lung function data in heathy control group especially
at month 9 and 12. The fluctuation of lung function results
may be related to air pollution especially for particulate
matter with a diameter of smaller than 2.5 microns (PM2.5)
which was higher level than the World Health Organization
(WHO) standard in Chiang Mai, Thailand at 9 months
(January-February 2022) and 12 months (April-May 2022)
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Figure 2 Comparison of impulse oscillometry results between the post COVID-19 pneumonia and healthy controls 1, 6, 9, and 12 months
after hospital discharge, R5 (A), R20 (B), R5-R20 (C), X5 (D), Fres (E), and AX (F). Data are present as mean and SEM. *, P<0.05 compared
to visit month 1 in post COVID-19 pneumonia group; °, P<0.05 compared to visit month 1 in the healthy controls group. COVID-19,

coronavirus disease 2019; Fres, resonant frequency; AX, reactance area; SEM, standard error of the mean.
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compared to healthy control; *, P<0.05 compared to visit month 1 in post
COVID-19 pneumonia group; ", P<0.05 compared to visit month 1 in
healthy controls group. COVID-19, coronavirus disease 2019; FeNO,

fractional exhaled nitric oxide; SEM, standard error of the mean.
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Figure 4 Comparison of exercise capacity measured using 6-minute
walk test between the post COVID-19 pneumonia and healthy
controls 1, 3, 6, 9, and 12 months after hospital discharge. Data are
present as mean and SEM. *, P<0.05 compared to healthy control; *,
P<0.05 compared to visit month 1 in post COVID-19 pneumonia
group; °, P<0.05 compared to visit month 1 in healthy controls
group. COVID-19, coronavirus disease 2019; 6-MWD, 6-minute

walk distance; SEM, standard error of the mean.

after enrollment (33).
IOS, a sensitive tool for detecting small airway
involvement, was also serial measured in our study and we
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found that there were no significant differences between
post COVID-19 pneumonia and healthy controls. However,
we found some degree of SAD (increase in R5-R20 and AX
together with more negative of X5) at the month 6 in post
COVID-19 pneumonia. These results were supported by
the previous study indicating that SAD was more frequent
(30.3%) in post COVID-19 pneumonia at two months
after infection, and among symptomatic patients at the
12-month assessment (19). R5 and R20 in post COVID-19
pneumonia increased overtime from month 1 but not
statistically significant and remained within the normal
range (<120 %predicted). While X5 at 12 month seems
to be comparable to at 1 month in the post COVID-19
pneumonia group which was supported by Veneroni et al.
study. They found the more negative of X5 in a case study
of severe COVID-19 pneumonia at the first two month
post disease onset and was resolved at 6 month to one year
later (21). However, this result was studied in only one
case (21). The increases in airway resistance and reactance
in post COVID-19 pneumonia may cause by interstitial
abnormalities. A previous study showed the association
between SAD and persistent tomographic abnormalities
in post COVID-19 pneumonia caused by interstitial
thickening (1). However, further studies on SAD in
post COVID-19 when confirmed with computerized
tomography (CT) are needed to better characterize
the pathophysiological mechanisms and therapeutic
implications. Considering the decrease in lung function
measured by spirometry and increase in airway resistance
and reactance measured by 10S, a restrictive type of lung
disease may be developed due to COVID-19 pneumonia.
Previous study suggested that pneumonia is almost
completely cleared from the lung tissue within 5-6 months,
and fibrous tissue is formed in this process (34).

Our study confirms that there were no significant
differences in FeNO between post COVID-19 pneumonia
and healthy control throughout the study period which were
supported by the previous findings showing that FeNO
values did not differ between post COVID-19 pneumonia
and healthy subjects at one to three month from hospital
discharge (11,12). Lindahl et 4/. suggested that eosinophilic
airway inflammation might not also be the cause of airway
inflammation in post COVID-19 infection (35). Although,
the FeNO was lower at month 6 when compared to month
1 in the post COVID-19 pneumonia group and the FeNO
values were significantly higher at months 6, 9, and 12 when
compared to month 1 in the healthy controls group, all
of the FeNO values in our study remained within normal
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ranges (<25 ppb) (36).

Improvement of exercise capacity was observed in the
post COVID-19 pneumonia group but seem to be no
improvement after six months. Our results were comparable
to the previous studies showing that the 6-MWD increased
continuously during the follow-up time (5,8,9,10,37,38).
However, some studies showed no improvement between 6-9
and 12-18.5 months post-recovery (1,8). For example, Zhang
et al. found that 6-MWD increased continuously (500 meters,
505 meters, and 525 meters, for 6 months, 1 year, and
2 years after COVID-19 infection, respectively) (9).
We also found that the 6-MWD was significantly lower in
post COVID-19 pneumonia group compared to healthy
controls throughout the study period. These results are in
line with the previous studies indicating that the 6-MWD
in post COVID-19 pneumonia was lower when compared
to healthy subjects at month 6 of follow-up time (6,38).
Additionally, other previous studies also showed that the
prevalence of low exercise capacity defined by 6-MWD
lower than the predicted value ranged from 17.33-33.33%
for a follow-up time of 2-6 months (4,7,16,23,24). The
low exercise capacity could be attributed by muscle wasting
and myopathy. Previous finding showed that the systemic
corticosteroid therapy and hospitalization could lead to
muscle wasting and physical deconditioning (39). Thus,
pulmonary rehabilitation including aerobic exercise or
promotion of active physical activity should be provided in
these populations.

The strength of our study is a shorter interval time of
follow-up time for the assessment of the sequelae of post
COVID-19 pneumonia on lung function and exercise
capacity. Secondly, healthy controls were enrolled for
comparison with post COVID-19 pneumonia. However,
this study has some limitations. Firstly, our study is a
single-center study. The results may not be generalized
to the other settings. Secondly, the post COVID-19
pneumonia was not separated into non-severe and severe
groups for comparison with healthy controls. However,
the previous studies confirmed that there was more impact
on lung function and exercise capacity in severe groups
when compared to the non-severe COVID-19 pneumonia
or healthy subjects (6,11,12,14,38). Thirdly, the chest
CT and the DLCO were not measured for confirming
the association between IOS measurement and exercise
capacity. Fourthly, the sample size calculation was calculated
from the findings of 6-MWD in our previous publication.
Therfore, the results of lung function especially for IOS
may be under power due to small sample size. More sample

© Journal of Thoracic Disease. All rights reserved.

4733

size for IOS study in post COVID-19 pneumonia are
needed. Fifthly, IOS is less utilized in clinical practice and
less available in lung function testing labs. The it may not
be generalized to the other settings.

Conclusions

The long term sequelae of post COVID-19 pneumonia
on lung function including spirometry and impulse
oscillometry and exercise capacity were observed in our
study. The pulmonary function tests and six-minute walk
test are useful tools for detection of long term sequelae of
post COVID-19 pneumonia.
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