
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00431-022-04493-w

ORIGINAL ARTICLE

Pulmonary function tests in the follow‑up of children with COVID‑19

Gökçen Kartal Öztürk1   · Burçin Beken2 · Sümeyra Doğan3 · Himmet Haluk Akar2

Received: 7 March 2022 / Revised: 27 April 2022 / Accepted: 29 April 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
The SARS-CoV-2 virus has infected more than 235 million people since it was accepted as a pandemic in March 2020. 
Although a milder disease is seen in the pediatric age group, the extent of lung damage and its long-term effects are still 
unknown. In this study, persistent respiratory symptoms and pulmonary function tests were investigated in children with 
COVID-19. Fifty children with a confirmed diagnosis of COVID-19 were included in the study. Patients were evaluated for 
ongoing respiratory symptoms and pulmonary function tests 3 months after infection. Patients with and without persistent 
symptoms were compared in terms of demographic, clinical, laboratory, and radiological characteristics and also disease 
severity. Three months after infection, persistent respiratory symptoms were found to be present in 28% of patients; cough, 
chest pain and tightness, dyspnea, and exertional dyspnea were the most common symptoms. Three patients had an obstruc-
tive deficit, and one had a restrictive deficit. Four patients had impaired diffusing capacity of the lungs for carbon monoxide 
(DLCO). A significant decrease in FEV1/FVC and an increase in lung clearance index were found in the patients with per-
sistent respiratory symptoms. Persistent respiratory symptoms were present in 50% of patients who had severe disease and 
12.5% with non-severe disease. DLCO was also significantly lower in the severe disease group.
   Conclusions: Our study suggests that the persistence of respiratory symptoms is not related to the severity of acute COVID-
19 in children. The inflammatory process due to COVID-19 may continue regardless of its severity, and consequently, 
peripheral airways may be affected.

What is Known:
• As compared with adults, children with COVID-19 exhibit a milder disease course and lower mortality rates. However, due to the lack of 

follow-up studies on children, the long-term effects of their contracting the disease are unknown.
What is New:
• Although COVID-19 has been thought to have a milder course in children, respiratory system symptoms persist in approximately 30% of 

patients 3 months after infection.  The persistent respiratory symptoms suggest that the inflammatory process due to COVID-19 may continue 
in some children, even if the clinical findings at admission are not severe, and that the peripheral airways may be affected accordingly.
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PFT	� Pulmonary function test
SARS	� The severe acute respiratory syndrome
SARS-CoV-2	� The severe acute respiratory syndrome 

coronavirus 2
TLC	� Total lung capacity
WHO	� World Health Organization

Introduction

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection arose in Wuhan, China, in Decem-
ber 2019; spread rapidly across the world; and was declared 
a global pandemic in March 2020 [1]. Over 235 million con-
firmed cases and 4.7 million COVID-19-related deaths have 
been reported by the World Health Organization (WHO). 
The course of the disease, its effects on chronic diseases and 
mortality, and its long-term complications have become a 
global concern.

As compared with adults, children exhibit a milder disease  
course and lower mortality rates [2, 3]. However, due to the 
lack of follow-up studies on children, the long-term effects 
of them contracting the disease are unknown. Over time, 
coronavirus pneumonia (severe acute respiratory syndrome  
[SARS] and the Middle East respiratory syndrome coronavirus  
[MERS-CoV]) can cause lung damage and a decrease in 
pulmonary function tests (PFTs). Adult follow-up studies 
investigating the respiratory system and pulmonary function  
effects of SARS-CoV-2 have found restrictive ventilation 
defects; diffusion capacity impairment; decrease in total lung  
capacity; and various other symptoms, such as ongoing cough  
and shortness of breath [4–6]. Whether and how COVID-19 
affects the developing lungs of children remains unknown.

In our clinic, respiratory symptoms were observed in the 
outpatient follow-up of some COVID-19 infection patients 
who had non-severe disease. This study aimed to evaluate 
persistent respiratory symptoms and PFTs of children diag-
nosed with COVID-19 and to investigate the factors associ-
ated with persistent respiratory symptoms.

Materials and methods

This is a retrospective study evaluating COVID-19 patients 
who followed up in our outpatient clinic and underwent PFT 
3 months after discharge. The study was approved by the 
local ethics committee, and informed consent was obtained 
from all subjects and their parents (No: 2020.12.213).

Study group

Patients aged 5–18 years who were hospitalized with a con-
firmed SARS-CoV-2 infection between May 15 and August 
1, 2020, and followed up at our clinic were included in the 

study. Patients were evaluated for ongoing respiratory symp-
toms and PFTs 3 months after discharge.

There were no patients with acute respiratory distress 
syndrome, sepsis, septic shock, or other conditions that 
would normally require the provision of life-sustaining 
therapies such as mechanical ventilation (invasive or non-
invasive) or vasopressor therapy in the study group. So, the 
patients were classified into two severity groups based on 
WHO classification [7]:

1.	 Non-severe disease: fever, myalgia, and upper respira-
tory tract infection symptoms such as cough, sneezing, 
sore throat, and rhinorrhea and pneumonia findings on 
the chest x-ray/CT with normal oxygen saturation on 
room air and normal respiratory rate.

2.	 Severe disease: oxygen saturation < 90% on room air or 
respiratory rate ≥ 60 breaths/min in children < 2 months 
old; ≥ 50 in children 2–11 months old; ≥ 40 in children 
1–5 years old; and > 30 breaths/min in children > 5 years 
old or signs of severe respiratory distress (accessory 
muscle use, grunting, central cyanosis, feeding difficul-
ties).

Further comparisons in terms of demographic, clinical, 
and laboratory characteristics were performed between 
non-severe and severe groups. Patients with acute upper 
respiratory tract infection in the 2 weeks before the study 
and known comorbid diseases (chronic respiratory diseases, 
neurodevelopmental diseases, etc.) were excluded.

PFTs

Pulmonary function tests were performed using the Quark 
PFT (COSMED, Rome, Italy) at the 3-month follow-up. 
Forced vital capacity (FVC), forced expiratory volume in 
1 s (FEV1), and forced expiratory flow during the middle 
half of FVC (FEF25–75) were measured by spirometry and 
the FEV1/FVC ratio calculated. Results were expressed 
as a percentage of predicted values [8, 9]. Lung clearance 
index (LCI) was measured using the multiple breath 
nitrogen washout (N2MBW) technique. Three tests were 
performed with the mean result of at least two acceptable 
tests recorded. The standard procedure in our laboratory is 
to perform LCI before spirometry [10]. Diffusion capacity 
of the lung for carbon monoxide (DLCO) and total lung 
capacity (TLC) were measured using the single-breath test. 
The hemoglobin value was also taken to correct the DLCO. 
DLCO and TLC were expressed as percentages of predicted 
normal values [11]. All measurements were performed 
according to the American Thoracic Society and European 
Respiratory Society (ERS/ATS) consensus criteria [9–11]. 
An obstructive ventilatory defect is defined by a reduced 
FEV1/FVC ratio below the 5th percentile of the predicted 
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value. A restrictive ventilatory defect is characterized by a 
reduction in TLC below the 5th percentile of the predicted 
value and a normal FEV1/FVC [12].

Chest CT

The chest CTs were performed on admission and evaluated by 
an experienced (15 years of experience in chest imaging and 
5 years of experience in pediatric chest imaging) pediatric 
radiologist blinded to the clinical data. The distribution of 
lung opacities was reported as central (predominantly the 
inner 2/3 of the lungs) and peripheral (predominantly 1/3 
outer region of the lung), or peribronchial. The CT findings 
were evaluated in terms of the presence of ground-glass 
opacities (GGOs), accompanying consolidation, pure 
consolidation, nodule, bronchial wall thickening, curvilinear 
opacities, lymphadenopathy, and pleural effusions. A semi-
quantitative lung severity score was used to assess lung 
involvement, with each of the five lung lobes scored visually 
on a scale from 0 to 5, as follows: (0) no involvement, 
(1) minimal (1–25%), (2) mild (26–50%), (3) moderate 
(51–75%), and (4) severe (76–100%). The total CT score 
was the sum of the lobar scores and was rated between 0 
and 20 [13].

Statistical analysis

The IBM SPSS Statistics 21.0 program was used for statisti-
cal analysis. The Kolmogorov–Smirnov/Shapiro–Wilk test 
was applied to test the normal distribution of the numerical 
variables, which were presented as mean (± standard devia-
tion) and median (minimum–maximum). Pearson χ2 and 
Fisher’s exact χ2 tests were used for categorical data. The 
two independent samples t-test and Mann–Whitney U test 
were used for group comparisons. Univariate and multivari-
ate logistic regression were used to determine predictors of 
persistent respiratory symptoms. The significance level was 
accepted as 0.05 for all hypotheses.

Results

Patient characteristics

A total of 70 COVID-19 pediatric patients were evaluated in 
the third month after infection; 20 were excluded (14 with 
comorbid diseases and six due to inability to perform all 
PFTs). A flowchart showing how the patients were selected 
and grouped for the study is presented in Fig. 1. The median 
age of 50 patients included in the study was 15 (8–18) years, 

and 56% were male. The demographic and clinical charac-
teristics of COVID-19 patients at 3 months after infection 
are presented in Table 1.

The respiratory symptoms were present in 14 (28%) 
patients; common symptoms were dyspnea (35.7%), exer-
tional dyspnea (35.7%), dry cough (21.4%), and chest pain 
and tightness (21.4%), The physical examinations and chest 
x-rays of all patients were normal. Four patients who did 
not have respiratory symptoms at active infection stated 
respiratory symptoms at follow-up. One of these patients 
was asymptomatic; two had a fever; and one had myalgia, 
headache, and weakness on admission.

Spirometry and LCI measurement were performed in 
50; DLCO was performed in 40 patients. Three patients 
had obstructive deficit (FEV1/FVC < 80%) and one patient 
had restrictive deficit (FVC < 80% and TLC < 80%). Four 
patients had impaired DLCO.

Comparison of clinical 
characteristics and PFTs in patients 
with and without persistent respiratory 
symptoms

When the age, gender, and BMI for the groups with and 
without persistent respiratory symptoms at 3 months were 
compared, no statistically significant difference was found 
(p > 0.05). Also, in both these groups, no significant differ-
ence was observed between the rates of respiratory symp-
toms (p = 0.24) and severe disease (p = 0.09) on admission. 
From the laboratory data, the only significant difference 
concerned the lymphocyte count in the group with res-
piratory symptoms, which was lower than among those 
patients without these symptoms (p < 0.05). There was no 
significant difference between the two groups in terms of the 
frequency of lobe involvement score (p > 0.05), total lung 
severity score (p = 0.28), or the rate of bilateral lung dis-
ease (p = 0.60) by CT. When the PFTs were compared, there 
was a significantly lower FEV1/FVC and higher LCI among 
the patients with respiratory symptoms (p < 0.05). DLCO 
measurements were performed in a total of 40 patients, 12 
with respiratory symptoms and 24 without, with similar 
results (p = 0.88) (Table 2). The association of factors (age, 
gender, BMI, severe disease, laboratory data, bilateral lung 
disease) with persistent respiratory symptoms was exam-
ined by univariable and multivariable logistic regression. 
In univariable analysis, the lymphocyte count and elevation 
of d-dimer were associated with respiratory symptoms. In 
multiple univariable analysis, no risk factors associated with 
persistent respiratory symptoms were detected.

2841European Journal of Pediatrics (2022) 181:2839–2847



1 3

Comparison of clinical characteristics 
and PFTs in patients with severe 
and non‑severe disease

There was a history of severe disease in 10 (20%) of the 50 
patients. Seven (14%) patients required supplemental oxy-
gen. The demographic, laboratory (except platelet count), 
and radiological data of the severe disease and non-severe 
disease patients were similar (p > 0.05). The platelet counts 
were significantly lower in the patients with severe disease.

Persistent respiratory symptoms were reported in 50% of 
patients with severe disease and 12.5% of patients with non-
severe disease, and there was not a statistically significant 
difference between these two groups (p = 0.09). The LCI 
was similar in both the severe and non-severe disease groups 
(p = 0.89), while DLCO was significantly lower in the severe 
disease group (p < 0.05). DLCO was impaired in 30% of the 
patients in patients with severe disease (Table 3.)

Discussion

According to the results of this study, approximately 30% of 
children with COVID-19 infection have respiratory symp-
toms at 3-month follow-up; moreover, these patients have 
a higher LCI than asymptomatic patients. Abnormal PFTs 

were found in 14% and impaired diffusing capacity in 30% 
of patients. In addition, diffusion capacity was significantly 
lower in children who had severe disease.

Most of the studies in children with COVID-19 
have focused on epidemiological features, clinical 
characteristics, treatment strategies, and the role of children 
in disease transmission [14–18]. These studies showed 
that, notwithstanding comorbid conditions and underlying 
diseases, children had a milder disease compared to adults. 
However, a potentially life-threatening hyperinflammatory 
condition associated with the SARS-CoV-2, named 
“multisystem inflammatory syndrome in children” (MIS-
C), has been increasingly reported [19, 20]. Since the 
pathogenesis and facilitating factors of MIS-C have not been 
understood yet, the follow-up of children with COVID-19 is 
of great importance.

In a study evaluating 34 children with COVID-19 
1 month after acute infection, clinic follow-up in 14 patients, 
and phone call follow-up in 20 patients, no symptoms were 
reported in phone call follow-up. However, pulmonary 
sequelae were detected in seven (50%) of the 14 patients 
(N = 3, spots or patches of opacities; N = 4, fibrosis). The 
fibrous stripes were detected in areas other than the original 
lesion by CT in some patients, which suggested the likeli-
hood of continued effects of the disease on the lungs [21]. In 
our study, we found that 28% of the patients had respiratory 

Fig. 1   Patient selection and 
grouping for the study
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symptoms 3 months after infection. Moreover, four patients 
who did not have respiratory symptoms at infection stated 
respiratory symptoms at follow-up. No significant difference 
was found between patients with and without respiratory 
symptoms at 3 months in terms of frequency of lobe involve-
ment or total lung severity or the rates of bilateral lung dis-
ease on admission. We also identified higher FEV1/FVC 
and lower LCI in patients with respiratory symptoms. Our 
results support the hypothesis that the effects of COVID-19 
on the lung may continue.

After viral pneumonia, long-term complications may 
be observed, such as prolonged cough, chronic bronchitis, 
asthma, and bronchiectasis, and result in respiratory dys-
function by causing obstructive and restrictive lung diseases 
[22]. The SARS-CoV-2 binds to the angiotensin-converting 
enzyme 2 receptor on the alveolar cell surface, damaging the 
integrity of the epithelium and disturbs microcirculation. In 
severe forms of the disease, alveolar gas diffusion is impaired 
due to diffuse alveolar damage. Moreover, increased airway 
inflammation and mucus plugs in the peripheral airways can 

cause impaired ventilation [23–25]. Evaluated with MBW, 
the LCI is a measurement that can be used to determine 
ventilation inhomogeneity in the peripheral airways. The 
increased LCI in patients with respiratory symptoms in our 
study suggests that the inflammatory process due to COVID-
19 may continue in some children and that the peripheral 
airways may be affected accordingly, even in cases where 
the clinical findings on admission are not severe.

Lung function abnormalities, especially impaired diffus-
ing capacity, can occur after severe infections. In a long-
term follow-up study after the SARS infection, children were 
evaluated at 6 months with high-resolution CT and PFTs. 
Although none of the patients had respiratory symptoms, 
34% had mild abnormalities on CT and 10.5% had PFT 
abnormalities. No difference was found in the PFTs of the 
patients with and without pulmonary sequelae on CT [26]. 
In a multicenter study of 103 adults with COVID-19, dysp-
nea with exertion was reported in approximately half of the 
subjects in the third month after discharge. Persistent GGO 
was detected in 25% of the subjects and parenchymal band in 
approximately 20% on CT. Despite the majority of subjects 
having values within the normal limits of PFTs, approxi-
mately 10% had FVC or FEV1 below lower limits of normal, 
while 24% had significantly decreased DLCO. Similar dysp-
nea scores and PFT measurements were found between the 
group with and without intensive care unit admission [27].

There are few studies evaluating pulmonary functions in 
children after COVID-19 infection. Bottino et al. followed 
16 asymptomatic and mildly symptomatic pediatric patients 
prospectively for at least 30 days after COVID-19 infec-
tion, and none of the patients was found any abnormality 
in lung ultrasonography, airway resistance test, spirometry, 
and DLCO [28]. Vezir et al. reported 75 pediatric patients 
with COVID-19 who were classified according to clinical 
severity and evaluated with PFTs 1 to 3 months after the 
infection. Fifty-seven patients were evaluated with spirom-
etry, and three patients with comorbid disease had impaired 
PFT (obstructive type deficit in 2 patients and restrictive 
type deficit in one patient). When the patients were grouped 
as asymptomatic/mild and moderate/severe/critical, spirom-
etry measurements were found to be similar in both groups 
[29]. In our study, three patients had an obstructive deficit, 
three had impaired diffusion capacity, and one had restric-
tive type deficit and impaired diffusion capacity 3 months 
after infection whose no underlying disease. In addition, a 
significant decrease in diffusion capacity was found among 
patients with severe disease compared to non-severe disease. 
It is necessary to investigate the underlying pathophysiology 
of these results, which are different from other studies, and 
to plan studies for their long-term effects.

There were several limitations in this study. The first 
was its retrospective design and therefore limited number 
of patients. Second, no radiological evaluation with CT was 

Table 1   Demographic and clinical characteristics of COVID-19 
patients at 3 months after infection

BMI body mass index, DLCO diffusion capacity of the lung for car-
bon monoxide, FEV1 forced expiratory volume in 1  s, FVC forced 
vital capacity, FEF25–75 forced expiratory flow during the middle half 
of FVC, FRC functional residual capacity, LCI lung clearance index, 
MBW multiple breath washout, TLC total lung capacity
* Median (minimum–maximum)

N = 50 (mean ± SD)

Age (months)*
Gender (F/M)
BMI (kg/m2)

183.5 (97–216)
22/28
21.88 ± 4.11

Respiratory symptoms, n (%)
  Cough
  Chest pain and tightness
  Dyspnea
  Exertional dyspnea

14 (28)
3 (21.4)
3 (21.4)
5 (35.7)
5 (35.7)

Spirometry
  FEV1, % 105.18 ± 15.92
  FEV1 < 80% 3 (6)
  FVC, % 110.38 ± 12.33
  FVC < 80% 1 (2)
  FEV1/FVC, % 94.18 ± 8.76
  FEV1/FVC < 80% 3 (6)
  FEF25–75, % 95.82 ± 26.31
  FEF25–75 < 70% 8 (16)

MBW, N = 50
  LCI
  FRC

8.53 ± 1.78
2.94 ± 0.85

Diffusing capacity, N = 40
  DLCO
  DLCO < 80%
  TLC
  TLC < 80%

89.65 ± 8.76
4 (10)
92.22 ± 9.09
1 (2.5)
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performed 3 months after infection due to the risk from 
radiation exposure. Therefore, the radiological sequelae of  
the patients are not known, and no comparison has been made  
with PFTs. In addition, since the radiological examinations 
on admission may reflect the early stages of the disease, 
there may not be a significant difference among these data.  

Although we did not detect any difference in terms of d-dimer  
levels in patients with and without persistent respiratory 
symptoms, small pulmonary microthrombi could be present.  
Despite being a tertiary referral hospital, due to the inability  
to contact the patients who had been followed in our intensive  
care unit, these critically ill patients were not included in 

Table 2   Comparison of patients 
with and without persistent 
respiratory symptoms

BMI body mass index, DLCO diffusion capacity of the lung for carbon monoxide, FEV1 forced expiratory 
volume in 1 s, FVC forced vital capacity, FEF25–75 forced expiratory flow during the middle half of FVC, 
FRC functional residual capacity, LCI lung clearance index, MBW multiple breath washout, TLC total lung 
capacity, SDS standard deviation score
* Median (minimum–maximum)

Respiratory symptoms 
( +), N = 14

Respiratory symptoms 
( −), N = 36

p

Age (months)
Gender (F/M)
BMI (kg/m2)
BMI SDS

192 (107–216)
4/6
23.36 ± 4.19
0.64 ± 1.32

179.5 (97–216)
16/20
21.31 ± 3.99
0.08 ± 1.19

0.37
0.58
0.11
0.28

At admission
 Symptoms
   Respiratory symptoms, n (%) 10 (71.4) 20 (55.5) 0.24
   Severe disease, n (%) 5 (35.7) 5 (13.8) 0.09
 Laboratory data, N N = 13 N = 34
   Leucocyte count (× 109/L)
   Neutrophil count (× 109/L)
   Lymphocyte count (× 109/L)
   Platelet count (× 109/L)
   C-reactive protein (mg/L)*
   Fibrinogen (mg/dL)
   d-dimer (μg/mL)

5.76 ± 2.99
3.69 ± 2.49
1.51 ± 0.82
224.07 ± 88.04
2.06 (0.18–70.10)
323.50 ± 103.99
0.54 ± 0.32

6.95 ± 2.38
4.03 ± 1.68
2.13 ± 0.74
271.02 ± 73.44
2.35 (0.24–53.75)
287.48 ± 69.10
0.44 ± 0.51

0.16
0.50
0.01
0.07
0.89
0.21
0.57

 Computed chest tomography, N = 24 (%) N = 7 N = 17
  Frequency of lobe involvement, score
   Right upper lobe
   Right middle lobe
   Right lower lobe
   Left upper lobe
   Left lower lobe
   Total lung severity score
   Bilateral lung disease, n (%)

0 (0–1)
-
2 (0–3)
0 (0–2)
1 (0–3)
3 (0–5)
3 (42.8)

0 (0–1)
0 (0–1)
0 (0–3)
0 (0–2)
0 (0–2)
1 (0–5)
8 (47)

0.90
-
0.34
0.95
0.14
0.28
0.60

At 3 months after infection
 Spirometry
   FEV1, % 100.64 ± 17.30 106.94 ± 15.25 0.21
   FEV1 < 80% 1 (7.1) 2 (5.5) 0.63
   FVC, % 111.92 ± 12.80 109.77 ± 12.27 0.58
   FVC < 80% – 1 (2.7) –
   FEV1/FVC, % 88.92 ± 9.06 96.22 ± 7.84 0.00
   FEV1/FVC < 80% 2 (16.6) 1 (2.7) 0.18
   FEF25–75, % 87.28 ± 25.78 99.13 ± 26.11 0.15
   FEF25–75 < 70% 3 (21.4) 5 (13.8) 0.39
 MBW
   LCI
   FRC

9.46 ± 1.96
2.99 ± 1.01

8.17 ± 1.59
2.92 ± 0.80

0.01
0.82

 Diffusing capacity, % N = 12 N = 28
   DLCO
   DLCO < 80%
   TLC
   TLC < 80%

89.33 ± 9.38
2 (16.6)
94.83 ± 7.46
–

89.78 ± 8.65
2 (5.5)
91.10 ± 9.61
2 (5.5)

0.88
0.34
0.24
–
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the study. This was another limitation of our study. If these 
patients were included, we might see the impact of disease 
severity on pulmonary function. In addition, the absence of a 
control group did not allow the comparison of lung functions 
with healthy children.

In conclusion, our study is of great importance in terms 
of showing persistent respiratory symptoms and impairment 
in lung functions in children with COVID-19. Although 

COVID-19 has been thought to have a milder course in 
children, the persistence of respiratory symptoms 3 months 
after acute infection suggests an ongoing inflammatory pro-
cess. Additionally, the peripheral airways may be affected 
even if the clinical findings of disease on admission are not 
severe. The information gained here can guide future studies 
examining the effects of COVID-19 on a child’s lung and 
planning diagnostic investigations and preventive strategies.

Table 3   Comparison of patients 
with severe and non-severe 
disease

BMI body mass index, DLCO diffusion capacity of the lung for carbon monoxide, FEV1 forced expiratory 
volume in 1 s, FVC forced vital capacity, FEF25–75 forced expiratory flow during the middle half of FVC, 
FRC functional residual capacity, LCI lung clearance index, MBW multiple breath washout, TLC total lung 
capacity, PFT pulmonary function tests, SDS standard deviation score
* Median (minimum–maximum)

Severe disease, N = 10 Non-severe disease, N = 40 p

Age (months)
Gender (F/M)
BMI (kg/m2)
BMI SDS

187.10 ± 25.07
6/8
23.95 ± 4.85
0.58 ± 1.18

172.30 ± 35.32
18/22
21.37 ± 3.80
0.15 ± 1.25

0.21
0.53
0.07
0.40

At admission
 Respiratory symptoms, n (%) 10 (100) 22 (55) 0.13
 Laboratory data, N N = 10 N = 37
   Leucocyte count (× 109/L)
   Neutrophil count (× 109/L)
   Lymphocyte count (× 109/L)
   Platelet count (× 109/L)
   C-reactive protein (mg/L)*
   Fibrinogen (mg/dL)
   d-dimer (μg/mL)*

6.43 ± 3.96
4.04 ± 2.87
1.73 ± 0.89
207.33 ± 83.00
2.39 (0.34–44.21)
328.22 ± 131.43
0.58 (0.19–0.81)

6.67 ± 2.22
3.88 ± 1.66
2.02 ± 0.78
270.05 ± 74.97
2.35 (0.18–19.98)
289.82 ± 59.58
0.28 (0.10–2.42)

0.86
0.87
0.34
0.03
0.26
0.41
0.28

 Computed chest tomography, N = 24 (%) N = 10 N = 14
  Frequency of lobe involvement, score
   Right upper lobe
   Right middle lobe
   Right lower lobe
   Left upper lobe
   Left lower lobe
   Total lung severity score
   Bilateral lung disease, n (%)

0 (0–1)
0 (0–1)
1 (0–3)
0 (0–1)
0 (0–3)
2.5 (0–5)
3 (42.8)

0 (0–1)
-
0 (0–3)
0 (0–2)
0 (0–2)
0.5 (0–5)
4 (28.5)

0.37
-
0.28
0.91
0.47
0.13
0.05

At 3 months after infection
 Respiratory symptoms, n (%) 5 (50) 5 (12.5) 0.09
 Spirometry
   FEV1, % 102.7 ± 14.10 105.8 ± 16.45 0.58
   FEV1 < 80%, n (%) 1 (10) 2 (5) 0.49
   FVC, % 113.4 ± 11.80 109.62 ± 12.64 0.39
   FVC < 80%, n (%) 1 (10) - -
   FEV1/FVC, % 90.50 ± 10.52 95.10 ± 8.03 0.13
   FEV1/FVC < 80%, n (%) 1 (10) 2 (5) 0.49
   FEF25–75, % 82.60 ± 17.87 99.12 ± 27.00 0.07
   FEF25–75 < 70%, n (%) 2 (20) 6 (15) 0.50
 MBW
   LCI
   FRC

8.60 ± 1.55
3.30 ± 1.06

8.51 ± 1.85
2.85 ± 0.78

0.89
0.14

 Diffusing capacity, % N = 9 N = 21
   DLCO
   DLCO < 80%, n (%)
   TLC
   TLC < 80%, n (%)

84.33 ± 8.61
3 (30)
89.88 ± 9.43
1 (10)

91.19 ± 8.30
1 (2.5)
92.90 ± 9.04
1 (2.5)

0.03
0.03
0.38
0.40
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