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Objective: To explore the long-term effects of SARS-Cov-2 infection on the pulmonary function in the severe convalescent COVID-19 
patients for 6 to 9 months follow-up in Beijing, China.
Methods: A total of 64 cases of COVID-19 patients were recruited for the study and discharged from the Beijing Ditan Hospital, 
Capital Medical University, for 6 to 9 months. COVID-19 patients were divided into non-severe (mild and moderate) and severe 
groups. The follow-up investigated the lung function tests, the novel coronavirus antibody (IgM and IgG), chest CT and blood tests.
Results: About 25.00% (16/64) patients had pulmonary ventilation dysfunction and 35.9% (23/64) had diffusion dysfunction. In the 
severe group, 56.50% (13/23) individuals showed decreased diffusion function. The diffusion dysfunction of the severe group was 
significantly decreased than the non-severe group (P = 0.01). Among 56 cases, the positive rate of IgG titers was 73.2% (41/56). The 
result of chest CT showed 55.36% (31/56) cases in nodules, 44.64% (25/56) in strip-like changes, 37.5% (21/56) in-ground glass 
shadow, and 5.36% (3/56) in grid shadow, which was significantly different between the severe group and the non-severe group. 
Patients tended to have ground glass changes in the severe group while nodules in the non-severe group.
Conclusion: For the 6 to 9 months in convalescent COVID-19 patients, 56.50% (13/23) of severe patients had pulmonary diffusion 
dysfunction. Convalescent COVID-19 patients should have their pulmonary function regularly tested, especially those with severe 
illness.
Keywords: COVID-19, pulmonary function, SARS-CoV-2 antibody, severe patients, chest CT, follow-up

Introduction
Similar to severe acute respiratory syndrome coronavirus (SARS-CoV) infection, SARS-CoV-2 infection triggers dysregu-
lated immune-mediated processes that can lead to anatomical damage and fibrosis,1,2 influencing lung morphology and 
function beyond acute disease.3–7 Currently, some studies have reported the pulmonary function alteration of COVID-19 
patients 3 to 12 months after they being discharged from the hospital. COVID-19 infection can cause pulmonary function 
impairment, manifested as restricted ventilation dysfunction, small airway dysfunction, and diffusion dysfunction.8 A meta- 
analysis showed the overall prevalence of abnormalities in pulmonary function was 20% (95% CI 13–17%) and included low 
diffusion capacity, reduced lung volume, or airflow obstruction.9 Diffusion dysfunction (DLCO <80%) was the most common 

Journal of Inflammation Research 2022:15 4751–4761                                                     4751
© 2022 Tang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 19 April 2022
Accepted: 1 August 2022
Published: 19 August 2022

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


abnormality, followed by reduced lung volume measurements, including TLC <80%, FVC <80%, and FEV1 <80%. Airflow 
obstruction (FEV1/FVC <70%) was relatively uncommon.10 There has been increasing focus on the diffusing capacity of the 
lungs for carbon monoxide (DLCO), a key measurement of pulmonary gas exchange. In addition to infection-related events, 
the increased mechanical stress caused by both prolonged positive pressure and mechanical ventilation may cause a direct 
mechanical insult, contributing to lung injury. Similarly, the intense inspiratory efforts of spontaneously breathing patients 
may also cause self-inflicted lung injury.11,12 Also, severe patients were more likely to suffer from persistent abnormal 
pulmonary functions.10 Follow-up of COVID-19 patients at 3 months, 6 months, or even 1 year after discharge has been 
reported.8,13–16 Pulmonary diffusion capacity was the most common impaired lung function in recovered patients with 
COVID-19. Several risk factors, such as female, altered chest CT, older age, higher D-dimer levels, and urea nitrogen, are 
associated with impairment of DLCO.17

However, the number of follow-up cases was limited and the patients had obvious geographical limitations, and most 
studies did not include the alteration of the pulmonary function. At present, pulmonary function detection is not a routine 
examination in the follow-up content because pulmonary function test requires the patient to repeatedly take out a forced 
breath action, which causes patients to cough and sputum; technicians should not only wear a complete set of personal 
protective equipment but also have strict requirements for air circulation time and room cleaning, which limits 
pulmonary function test, especially in COVID-19 epidemic phase. Persistent impairment of pulmonary function and 
exercise capacity have been known to last for months or even years in the recovered survivors with other coronavirus 
pneumonia (SARS (severe acute respiratory syndrome) and MERS (Middle East respiratory syndrome)). There are few 
reports on the recovery of pulmonary function in convalescent COVID-19 patients. So will the infection of COVID-19 
patients lead to impaired pulmonary function or even pulmonary fibrosis? Therefore, the study aims to investigate the 
pulmonary function of convalescent COVID-19, especially in severe patients at 6 to 9 months of follow-up in Beijing, 
China.

Materials and Methods
Patients
This study collected 64 patients with COVID-19 who met the clinical cure criteria after hospitalization at Beijing Ditan 
Hospital, Capital Medical University from February 11, 2020, to June 14, 2020. Of the 64 patients with confirmed 
COVID-19 who were followed up for 6 to 9 months from November 13, 2020, to December 15, 2020, all patients had 
lung function tests, and 56 of them had their blood routine, liver function, blood coagulation, myocardial enzymes, new 
coronavirus nucleic acid, SARS-CoV-2 specific IgG, and IgM antibody, chest CT examination, and collected the clinical 
manifestations and comorbidities of patients at the time of onset (Figure 1). This study was approved by the Committee 
of Ethics at Beijing Ditan Hospital, Capital Medical University [No. JDLKZ (2020) D (042)-02] with informed consent. 
All patients signed informed consent. The patients were divided into mild (mild symptoms without the radiographic 
appearance of pneumonia, n = 10), moderate (having symptoms and the radiographic evidence of pneumonia, with no 
requirement for supplemental oxygen, n = 31, or n = 28), and severe group (having pneumonia, including one of the 
following: respiratory rate >30 breaths/minute; severe respiratory distress; or SpO2 ≤93% on room air at rest, and critical 
cases (eg, respiratory failure requiring mechanical ventilation, septic shock, other organ failure occurrence or admission 
into the ICU), n = 23 or n = 18) according to the WHO interim guidance18 and the guidance from China.19 For statistical 
purposes, we classified the mild and moderate groups as the non-severe group (n = 41 or n = 38).

Detection of the SARS-CoV-2 Specific IgG and IgM Antibody
Novel coronavirus antibody detection was achieved by using the Novel Coronavirus antibody kit (Lizhu Pharmaceutical 
Group Co., Ltd. China). Novel coronavirus (2019-nCoV) antibody IgM (2019-nCoV IgM) and 2019-nCoV IgG were 
detected by the colloidal-gold method (Reovirus). 2019-nCoV IgM and IgG were shown in unit of S/CO, a value less 
than 0.79 was considered negative, a value of 0.80–1.20 was considered suspicious, and a value more than 1.21 was 
considered positive.
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Determination of Pulmonary Function
According to the basic guidelines for routine pulmonary function examination (2018)20 and ATS-ERS guidelines,21 we use the 
MSDIFFUSION APS pulmonary function tester produced by Yegge Company, Germany, which measures the forced vital 
capacity (FVC), takes one-second forced expiratory volume (FEV1), one-second rate (FEV1/FVC) and measuring carbon 
monoxide dispersion with one breath (DLCO). The maximum expiratory flow at 50% of vital capacity is denoted by FEF50, 
and the maximum expiratory flow at 75% of vital capacity is denoted by FEF75. Pulmonary function criteria include the 
following: (1) pulmonary ventilation function—FEV1/pred <80% and FEV1/FVC <70% were pulmonary obstructive 
ventilation dysfunction; FEV1/pred <80% and FEV1/FVC >70% indicating restrictive ventilation dysfunction. (2) pulmonary 
diffusion dysfunction— DLCO/pred <80% was abnormal, and (3) small airway dysfunction—2 out of 3 items (FEF50%, 
FEF75%, FEF25–75% (MMEF)) are lower than 65% of the predicted value.

Chest CT Scan
CT scans were performed on a 64-slice spiral CTs (Philips, iCT, the Netherlands). The scan parameters are 120 kV (tube 
voltage), 210 mA (tube current), FOV 500 mmx500 mm, matrix 512x512, pitch 0.975, rotation time 0.35–0.5 s/circle, 
scanning layer thickness 5 mm, reconstruction layer thickness 1 mm.

Statistical Analysis
Statistical analysis was performed using SPSS 19.0. Continuous variables first pass through the Kolmogorov–Smirnov Test 
to assess the normality of the data distribution. Variables meeting the normal distribution were tested by the Student’s t-test 
(two sets of samples) or ANOVA analysis (multiple samples) combined with Tukey HSD post hoc test; non-normal 
distributed data Mann–Whitney U (two sets of samples) or Kruskal–Wallis H (multiple group samples) analysis. 
Categorical variables Chi-square tests or Fisher’s exact test was used and combined with Bonferroni correction. Binary 
logistic regression analysis was conducted to explore related factors associated with impaired pulmonary function in severe 
convalescent patients. All tests were two-sided, and a p-value less than 0.05 was statistically significant.

Results
General Information
Of the 56 follow-up patients, 37 were males and 19 were females aged (46.98 ± 14.09). The time from symptom onset to 
discharge was 33.11 ± 9.89 days. Age, time from hospital to discharge, fever, chills, sputum expectoration, and myalgia 
were statistically significant differences between the two groups (Table 1).

334 discharged patients(Feb 11, 2020-Jun 14, 2020) were invited 
to attend the follow-up visits

64 patients were enrolled in the follow-up 
visits

(Nov 13, 2020-Dec 15, 2020)

64 patients had the lung function tests

270 patients excluded
68 could not be contacted
118 preferred follow-up in their region
84 were not interested because they were 

already satisfied with their recovery

38 patients attended 6-month 
follow-up visits
26 patients attended 9-month 
follow-up visits

56 patients had the novel coronavirus antibody (IgM and IgG), chest CT and blood tests, 
and the clinical manifestations and comorbidities at the time of onset

mild (N=10)
moderate (N=28) 
severe (N=18)

mild (N=10)
moderate (N=31) 
severe (N=23)

8 patients refused to have blood 
tests and chest CT

Figure 1 Enrollment of COVID-19 patients and follow-up after hospital discharge. 334 discharged patients were invited to attend the follow-up visits. 64 patients were 
enrolled in the follow-up visits.
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SARS-Cov-2 IgG Positive Rates Were Comparable Among the Non-Severe and the 
Severe COVID-19 Patients
The novel coronavirus nucleic acid test of 56 cases of patients was negative. The SARS-Cov-2 IgM titer and the SARS- 
Cov-2 IgG titer were 0.39 (0.19–0.65) and 7.21 (0.78–18.42). The positive rates of SARS-Cov-2 IgM and IgG titer 
within 6 to 9 months after discharge were 17.86% and 73.21%, comparable among the non-severe and the severe patients 
(Table 2).

Laboratory Results for COVID-19 Recovery with Different Groups
To explore the effect of SARS-Cov-2 infection on systemic organs, we showed the laboratory result of 56 patients during 
follow-up in Table 2. The counts of lymphocytes were significantly different in the two groups (P = 0.045, Table 2). 
Other laboratory results were similar among different groups, including liver, kidney, coagulation, and blood system.

Differential Pulmonary Functional Recovery from Severe COVID-19 and Impaired 
Diffusion Function in Recovered Severe COVID-19 Patients
Among the 64 patients with the pulmonary functional test, 39 (60.93%) were males and 20 cases (31.25%) of smokers. There 
were 16 cases (25.00%) with pulmonary ventilation dysfunction, including 15 cases (23.43%) with restrictive ventilation 
dysfunction and 1 cases (1.56%) with obstructive ventilation dysfunction, and 23 cases (35.94%) with diffusion dysfunction 
(Table 3). Table 3 shows a significant difference in restrictive ventilation dysfunctions between the severe and the non-severe 
group (p = 0.005); Similarly, diffusion dysfunction was observed among different groups, which accounted for 24.39% in the 

Table 1 Symptoms and Comorbidities of COVID-19 Patients in Different Groups

Total (N=56) Non-Severe Group (N=38) Severe Group (N=18) P-value

Age (years) 46.98 ± 14.09 43.95 ± 12.87 53.22 ± 14.77 0.023
Sex (male), n (%) 37 (66.07) 24 (63.16) 13 (72.20) 0.503

The time from onset to discharge (days) 33.11 ± 9.89 31 ± 8.87 37.44 ± 10.71 0.022

Smoking, n (%) 7 (12.70) 5 (13.16) 2 (11.11) 0.802
Fever, n (%) 37 (66.07) 19 (50.00) 18 (100) <0.001

Chill, n (%) 11 (19.64) 4 (10.53) 7 (38.89) 0.015

Sore throat, n (%) 11 (19.64) 8 (21.05) 3 (16.67) 0.666
Cough, n (%) 13 (23.21) 7 (18.42) 6 (33.33) 0.238

Sputum expectoration, n (%) 13 (23.21) 5 (13.16) 8 (44.44) 0.011
Nasal congestion, n (%) 2 (3.58) 2 (5.26) 0 (0) 0.315

Runny nose, n (%) 1 (1.79) 1 (2.63) 0 (0) 0.481

Conjunctivitis, n (%) 0 (0) 0 (0) 0 (0) ——
Diarrhea, n (%) 5 (8.93) 2 (5.26) 3 (16.67) 0.173

Tightness, n (%) 4 (7.14) 1 (2.63) 3 (16.67) 0.061

Shortness of breath, n (%) 5 (8.93) 1 (2.63) 4 (22.22) 0.018
Fatigue, n (%) 21 (37.50) 12 (31.58) 9 (50.00) 0.208

Myalgia, n (%) 11 (19.64) 4 (10.53) 7 (38.89) 0.015

Decreased sense of taste and smell, n (%) 2 (3.57) 2 (5.26) 0 (0) 0.315
Comorbidities

Pulmonary disease, n (%) 0 (0) 0 (0) 0 (0) ——

Coronary heart disease, n (%) 3 (5.36) 2 (5.27) 1 (5.56) 0.982
Hypertension, n (%) 10 (17.86) 6 (15.79) 4 (22.22) 0.557

Cerebrovascular disease, n (%) 1 (1.79) 1 (2.63) 0 (0) 0.481

Diabetes, n (%) 6 (10.71) 4 (10.53) 2 (11.11) 0.973
Liver disease, n (%) 1 (1.79) 1 (2.63) 0 (0) 0.481

Kidney disease, n (%) 1 (1.79) 1 (2.63) 0 (0) 0.481

Solid-organ tumor, n (%) 0 (0) 0 (0) 0 (0) ——
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non-severe illness, including the mild and the moderate patients, and 56.5% in the severe group (p = 0.01). This trend of the 
gradual decrease in the level of DLCO among patients was identical to the degree of severity. In the severe group, DLCO% 
pred was lower than the average of the groups, indicating that the diffusion dysfunction in the severe group is significantly 
different from the non-severe group (P = 0.009). The value of TLC % pred in the severe group was much less than that of the 
non-severe group, suggesting a higher impairment of lung volume in severe COVID-19 patients. Thus, the difference in 
diffusion dysfunction is statistically significant between the two groups, and the diffusion dysfunction was especially 
decreased in the severe group.

Female and Smoking Positively Correlated with Diffusion Dysfunction, and Age Was 
Correlated with Diffusion Dysfunction in Severe Patients
To explore the factors correlated with the decrease in the diffusion dysfunction in the convalescent COVID-19 patients, 
we divided the 56 cases into two groups (with and without diffusion dysfunction) according to the diffusion function. We 
observed no significant association between age, comorbidities, oxygen therapy, and treatment of hormone, antiviral, 
convalescent plasma, and immunoglobulin with diffusion impairment. Both females and smoking were risk factors for 
diffusion impairment (P = 0.013 and P = 0.022, Table 4).

Further, the pulmonary function of 18 severe cases was divided into two groups with the diffusion dysfunction. There 
was no significant association between sex, smoking, fever, comorbidities, oxygen therapy, hormone, convalescent 
plasma, and immunoglobulin with diffusion impairment. Age correlated with impaired diffusion in severe patients 
(P = 0.024, Table 5).

Table 2 Laboratory Test Results for COVID-19 Recovery with Different Groups

Total (N=56) Non-Severe Group (N=38) Severe Group (N=18) P-value

Time from onset (months) 9.60 ± 3.29 31 (23.50–34.50) 10.33 ± 2.77 0.197
IgM titer (S/CO) 0.39 (0.19–0.65) 0.39 (0.24–0.57) 0.41 (0.11–1.12) 0.854

IgM positive rate, n (%) 10 (17.86) 6 (15.79) 4 (22.22) 0.557

IgG titer (S/CO) 7.21 (0.78–18.42) 6.47 (0.84–16.12) 11.14 (0.74–23.72) 0.568
IgG positive rate, n (%) 41 (73.21) 28 (73.68) 13 (72.22) 0.908

White blood cell count (×109) 5.78 ± 1.46 5.88 ± 1.25 5.67 ± 1.78 0.690

Neutrophils (×109) 3.23 (2.71–4.10) 3.39 (2.67–4.38) 3.20 (2.91–3.77) 0.467
Lymphocyte (×109) 1.75 (1.52–2.12) 1.86 ± 0.37 1.63 (1.30–1.87) 0.045

Lactic dehydrogenase (U/L) 215.62 ± 46.59 217.66 ± 46.71 211.49 ± 47.43 0.705
α-Hydroxybutyrate dehydrogenase (U/L) 178.51 ± 42.53 179 (148–217.50) 167.06 ± 42.34 0.313

C-reactive protein (mg/L) 0.90 (0.50–1.65) 1.10 (0.55–1.85) 0.85 (0.50–1.40) 0.516

Blood urea nitrogen (mmol/L) 5.24 ± 1.15 5.17 ± 1.23 5.14 ± 1.08 0.792
Creatinine (umol/L) 71.62 ± 13.48 70.31 ± 14.01 74.32 ± 12.04 0.263

Glucose (mmol/L) 5.51 (4.94–5.81) 5.50 (4.93–5.76) 5.60 (4.92–6.72) 0.545

Alanine transaminase (U/L) 18.80 (13.60–26.60) 17.60 (12.35–22.40) 21.70 (15.30–35.30) 0.051
Aspartate aminotransferase (U/L) 19.90 (16.95–24.30) 19.10 (16.30–24.15) 20.15 (19–25.80) 0.284

Total protein (g/L) 75 (72.55–78.05) 75 (72.58–78.30) 75.21 ± 4.88 0.916

Albumin (g/L) 48.04 ± 2.96 48.50 ± 3.27 47.23 ± 1.78 0.125
Cholinesterase (U/L) 8913.05 ± 1824.56 8830.57 ± 1998.68 9082.61 ± 1438.73 0.556

Prothrombin time (seconds) 11.02 ± 0.65 11.01 ± 0.65 11.06 ± 0.58 0.746

Prothrombin activity (%) 97 (92.50–102) 97.89 ± 9.34 96 (92–99) 0.300
International standard ratio 1.02 (0.99–1.05) 1.02 ± 0.06 1.03 ± 0.05 0.705

Fibrinogen degradation product (ug/mL) 1.20 (0.71–1.455) 1.25 ± 0.75 1.21 (0.70–1.43) 0.930

D-dimer (mg/L) 0.20 (0.15–0.30) 0.19 (0.12–0.29) 0.23 (0.16–0.38) 0.200
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Table 3 Pulmonary Function in COVID-19 Recovery with Different Groups

Total (N=64) Non-Severe Group (N=41) Severe Group (N=23) P-value

Age (years) 49.31 ± 14.98 45.71 ± 14.16 55.74 ± 14.52 0.009
Sex (male), n (%) 39 (60.93) 24 (58.53) 15 (65.21) 0.068

Smoking, n (%) 20 (31.25) 12 (29.26) 8 (34.78) 0.648

BMI (kg/m2) 25.11 ± 3.37 24.55 ± 3.21 26.47 ± 3.63 0.054
FVC (actual/pred) 102.83 ± 12.14 103.38 ± 10.89 94.2 (89.93–106.08) 0.370

FVC%pred<80%, n (%) 0 0 0 ——

FEV1 (actual/pred) 99.80 ± 13.63 99.25 ± 14.37 99.04 ± 15.02 0.617
FEV1%pred <80%, n (%) 4 (6.25) 4 (9.76) 0 (0) 0.122

FEV1/FVC (actual) 80.22 ± 6.01 79.77 ± 6.86 80.90 ± 3.93 0.389
FEV1/FVC 5 (7.81) 5 (12.20) 0 (0) 0.081

<70%, n (%)

FEF50 (actual/pred) 82.86 ± 25.54 82.10 ± 29.61 83.95 ± 20.58 0.452
FEF50%pred 12 (18.75) 9 (21.95) 3 (13.04) 0.381

<65%, n (%)

FEF75 (actual/pred) 61.77 ± 23.34 60.95 ± 23.11 60.28 ± 22.77 0.963
FEF75%pred 37 (57.81) 24 (58.53) 13 (56.52) 0.876

<65%, n (%)

MMEF (FEF25–75) (actual/pred) 74.38 ± 22.87 73.39 ± 23.63 74.92 ± 21.20 0.359
MMEF%pred 22 (34.38) 16 (39.02) 6 (26.09) 0.296

<65%, n (%)

TLC (actual/pred) 92.30 (82.85–100.25) 93.34 ± 11.93 77.66 ± 28.41 0.005
TLC%pred 16 (25.00) 5 (12.20) 11 (47.83) 0.002

<80%, n (%)

RV (actual/pred) 85.99 ± 18.18 89.83 ± 17.28 77.75 ± 16.09 0.004
RV%pred 8 (12.50) 2 (4.88) 6 (26.09) 0.014

<65%, n (%)

RV/TLC (actual/pred) 92.06 ± 13.67 93.40 ± 12.39 91.81 ± 15.04 0.144
DLCO (actual/pred) 86.29 ± 16.88 90.32 ± 16.55 78.30 ± 22.82 0.009

DLCO%pred 23 (35.93) 10 (24.39) 13 (56.52) 0.010

<80%, n (%)
Restrictive ventilation dysfunction, n (%) 15 (23.43) 5 (12.20) 10 (43.48%) 0.005

Obstructive ventilation dysfunction, n (%) 1 (1.56) 1 (2.44) 0 (0) 0.450

Diffusion dysfunction, n (%) 23 (35.94) 10 (24.39) 13 (56.52) 0.010
Small airway function, n (%) 24 (37.50) 17 (41.46) 7 (30.43) 0.382

Abbreviations: BMI, Body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; FEF, forced expiratory flow; FEF50: forced expired 
flow at 50% of FVC; FEF75: forced expired flow at 75% of FVC; MMEF, maximal mid-expiratory flow; TLC, total lung capacity; RV, residual volume; DLCO, carbon monoxide 
diffusing capacity.

Table 4 Correlation of Diffusion Dysfunction Risk Factors

OR (95% CI) P-value

Sex

Male 1

Female 17.78 (1.85–171.23) 0.013
Smoking

No 1

Yes 18.89 (1.52–234.12) 0.022
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Chest CT Findings Were Incomparable Among Different Convalescent COVID-19 
Patients
According to the chest CT imaging findings, the lung lesions of 56 patients were divided into glass shadow, stripe, grid 
shadow, nodular shadow, and new lesions. The study results found that more than half of the patients had lung lesions, 
and most of the lesions were located in the lower lungs. The main manifestations are nodular shadows, streaks, and 
ground glass shadows. Most of the severe group has strip-like changes (72.22%), ground glass (61.11%), and grid 
shadow (16.67%). Comparing the two groups, the differences in ground glass-like changes (P = 0.012), strip-like changes 
(P = 0.004), grid shadows (P = 0.010), and nodular shadows (P = 0.023) were statistically significant (Table 6).

Discussion
The present study recruited 64 convalescent COVID-19 patients within 6 to 9 months of discharge. The positive rate of 
SARS-CoV-2 IgG was 73.21% (41/56). Twenty-three patients (35.94%) had diffusion dysfunction within 6 to 9 months 
of discharge. More than half of severe patients (56.50%, 13/23) have impaired diffusion function. Chest CT often occurs 
in lower lungs, among which the patients are mainly manifested as ground glass and strip in the severe convalescent 
patients.

Long-term follow-up studies for patients recovering from atypical infectious pneumonia (SARS and MERS) indicate 
that impaired pulmonary function may last for months or even years.22 SARS survivors’ exercise capacity and health 
status at 6 months are significantly lower than the standard.23 The changes in pulmonary fibrosis caused by SARS mainly 
occur in severe patients. When evaluating SARS pulmonary fibrosis, the dynamic DLCO score is more sensitive than 
HRCT.24 SARS survivors’ two-year follow-up results show significant defects in DLCO, athletic ability, and health status 

Table 5 Analysis of Correlated Factors of Diffusion Dysfunction in Severe Patients

P-value OR (95% CI)

Age 0.024 1.12 (1.02–1.24)
Sex 0.369

The time from onset to discharge 0.147

Fever 0.602
Oxygen therapy 0.228

Comorbidities 0.806

Hormone 0.930
Convalescent plasma 0.993

Immunoglobulin 0.491

Table 6 Different Performances of Chest CT with Different Groups

Total (N=56) Non-Severe Group (N=38) Severe Group (N=18) P-value

Right upper lobe, n (%) 14 (25.00) 8 (21.05) 6 (33.33) 0.322

Right middle lobe, n (%) 16 (28.57) 8 (21.05) 8 (44.44) 0.232

Right lower lobe, n (%) 34 (60.71) 21 (55.26) 13 (72.22) 0.225
Left upper lobe, n (%) 12 (21.43) 8 (21.05) 4 (22.22) 0.921

Left tongue, n (%) 12 (21.43) 6 (15.79) 6 (33.33) 0.135

Left lower lobe, n (%) 36 (64.29) 24 (63.15) 12 (66.67) 0.798
Ground glass, n (%) 21 (37.50) 10 (26.32) 11 (61.11) 0.012

Strip, n (%) 25 (44.64) 12 (31.58) 13 (72.22) 0.004

Grid shadow, n (%) 3 (5.36) 0 (0) 3 (16.67) 0.010
Nodular shadow, n (%) 31 (55.36) 25 (65.79) 6 (33.33) 0.023

New lesions, n (%) 4 (7.14) 3 (7.89) 1 (5.56) 0.751
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(6 minute walking test and 36 simple health adjustments).22 During the 1-year follow-up with MERS coronavirus 
infection, patients with severe pneumonia suffered more lung function damage than those without pneumonia or mild 
pneumonia. Severe pneumonia severely damaged pulmonary function and caused long-term radiation sequelae in 
MERS.25 There are varying degrees of decline in pulmonary function and reduced activity endurance with SARS and 
MERS who are followed up. It is related to the degree of pneumonia infected. Similarly, in our study, the pulmonary 
function is decreased in severe convalescent COVID-19 patients.

Most survivors of COVID-19 have abnormal diffusion function six weeks after discharge.26 There are 71.7% of 
patients who had significantly impaired DLCO (<80%), and 25% of patients who had severely impaired DLCO (<60% 
predictive value). Abnormal DLCO indicates pulmonary fibrosis or recovery late in the process. There is a significant 
correlation between the decline of DLCO and pneumonia severity. Two studies of the 3-month follow-up observed that 
25% had a mainly abnormal DLCO pulmonary function.13,27 The severity of diffusion dysfunction also indicates that 
COVID-19 is more likely to be related to diffuse lung epithelial injury and small airway congestion.27 The pulmonary 
function of most patients was improved 3 months after clinical cure and discharge, and some patients remained with 
mild-to-moderate diffusion and small airway dysfunction.8 SARS-CoV-2 patients have gas-blood exchange barriers. 
There are 4–6 months follow-up studies pointed out that 22% to 56% had abnormal pulmonary diffusion function.14,28 

DLCO% pred is the most critical factor related to the severity of COVID-19. DLCO has a more significant decline than 
DLCO/VA (carbon monoxide diffusing capacity corrected for alveolar volume), which indicates that the reduced lung 
volume and diffusion function may be more likely to cause pulmonary dysfunction. About one-third of patients have an 
abnormal residual pulmonary function and low DLCO in 12-month follow-up. The low DLCO may be caused by 
abnormal pulmonary interstitial or pulmonary vascular abnormalities.15

A 1-year cohort study showed that age, gender, and requiring HFNC (High Flow Nasal Cannula), NIV (Non- 
Invasive Ventilation), or IMV (Invasive Mechanical Ventilation) were positively associated with diffusion impairment, 
especially in females. However, there was no significant association between corticosteroid therapy and intravenous 
immunoglobulin therapy with diffusion impairment.16 The impaired diffusion capacity was more severe and recovered 
slower in females than in males.29 In the present study, females and smoking had more risk factors for diffusion 
impairment. Age correlated with impaired diffusion in severe patients. However, there was a small sample size. DLCO 
remains a complex lung function measurement, with emphysema, pulmonary vascular disease, and interstitial lung 
disease that contribute to DLCO impairment.9 The incidence of diffusion dysfunction was 47.2% to 54%, while the 
severe patients was 54% to 84.2%.27 The incidence of diffusion dysfunction in this study was lower than that in 
previous studies but consistent with the severe group. Most of the studies were conducted for 3 to 6 months of follow-up 
time. The pulmonary function of COVID-19 has not been recovered, while the lung function of severe patients has been 
damaged for a long time.

The most common chest CT findings of COVID-19 are bilateral ground-glass shadows with subpleural distribution 
and no pleural effusion. The CT range of symptoms progressed abnormally rapidly after the onset of symptoms, reaching 
a peak around 6 to 11 days, and then the abnormalities continued to be high. The temporal changes of various CT 
manifestations follow a specific pattern, which may indicate the progression and recovery of the disease.30 More than 
80% of patients infected with SARS-CoV-2 have found varying degrees of lung damage on chest CT.30,31 SARS-CoV-2 
affects extensive damage to alveolar epithelial and endothelial cells. The formation of serous fluid, fibrin exudation, and 
hyaline membrane formation in the alveolar cavity. The edema of the pulmonary interstitial, and the infiltration of 
inflammatory cells in the pulmonary interstitium with lymphocytes, lead to pulmonary interstitial fibrosis finally.32 About 
24% of patients did not completely disappear after 6 to 9 months of discharge, with interstitial thickening and grid-like 
changes. Lung lesions in recovery patients are inconsistent with the degree of damage to the pulmonary diffusion 
function. Although HRCT scans did not clearly show the development of pulmonary fibrosis or progressive pulmonary 
interstitial changes, it required long-term dynamic monitoring of chest imaging.15 This study also found that more 
leftover lesions do not mean abnormal lung diffusion is more likely to occur. Therefore, SARS-CoV-2 infection leads to 
long-term lung disease. The mechanism of diffusion dysfunction remains to be further studied. It also suggests that no 
matter the chest CT, follow-up is intimately required for pulmonary diffusion function.
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Multi-organ functional damage caused by SARS-CoV-2.33–35 D-dimer is an independent predictor of inpatient death in 
COVID-19 patients admitted to the hospital. Also, the D-dimer level is an important prognostic factor of the DLCO 
abnormality.25 The activity of the α-HBDH (α-Hydroxybutyrate dehydrogenase) in the heart is more than half of the total 
enzyme activity, so it is used to assess heart damage in clinical practice. COVID-19 could cause damage to the heart, α-HBDH 
may reflect the changes of disease more sensitively than LDH (Lactic dehydrogenase) in COVID-19 patients.36 In this study, 
we find that SARS-Cov-2 infection possibly did not affect the liver, kidney, and coagulation function in the convalescent 
patients. Though, the counts of lymphocytes were statistically different in the two groups. T cells from convalescent patients 
displayed continued alterations with the persistence of a cytotoxic program.37 However, there is no statistical baseline level for 
patients. It is impossible to evaluate the effect of counts of lymphocyte counts in COVID-19 recovery.

The positive rate of SARS-CoV IgG after 2 years of follow-up is 90%.38 In most COVID-19 patients, the SARS-Cov-2 
IgG antibody in the serum and saliva is maintained at least 3 months after the onset. The positive rate of SARS-Cov-2 IgG 
titer is 70% in one year in Wuhan.39,40 A 12-month longitudinal study showed that the positive rate of SARS-Cov-2 IgG 
spike protein receptor-binding domain (RBD-IgG) exceeds 70% in the donors’ serum during the recovery period of 
COVID-19. The titer of RBD-IgG decreased with time and stabilized at 35.7% in the ninth month.39 At the same time, 
the SARS-CoV-2 IgG antibody disappeared in some patients.27 SARS-CoV-2 IgM disappears 4 to 6 weeks after the onset, 
and the degree of antibody level reduction is about 46%, mild or severe in patients. The SARS-CoV-2 antibodies may 
disappear within 18 months, which indicates the necessity of vaccination.41 Ten cases (17.8%) of SARS-CoV-2 IgM are 
positive, while the new coronavirus nucleic acid is negative. The reason is that coronaviruses causes other common 
respiratory infections and induces antibodies that cross-react with COVID-19.42 Therefore, the positive rate of SARS-CoV 
-2 IgM in the recovery period cannot represent a positive recurrence of nucleic acid.

This study has several limitations: most of the baseline data for lung function tests was unavailable because the test 
functions are limited or prohibited during the initial outbreak. Only a small number of patients suffer from chronic 
respiratory diseases; presumably, it is acceptable that the essential pulmonary function in most patients is expected. This 
cross-sectional analysis only provides short-term follow-up, and we should explore the long-term dynamic changes in 
pulmonary function in convalescent COVID-19 patients in the future study. Since the small sample size limits our 
research, we need to continue to expand the sample size in the future research.

Conclusion
About 72.22% of severe convalescent COVID-19 patients were still positive for SARS-CoV-2 IgG. About 56.52% of 
patients had abnormal diffusion function, and 61.11% had ground glass chest CT in the 6–9-month follow-up. Age 
correlated with impaired diffusion in severe patients. Pulmonary function tests should be considered in recovered 
COVID-19 patients during the follow-up, particularly in severe patients.
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