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A B S T R A C T

Background: The long-term pulmonary function and related physiological characteristics of COVID-19 survi-
vors have not been studied in depth, thus many aspects are not understood.
Methods: COVID-19 survivors were recruited for high resolution computed tomography (HRCT) of the thorax,
lung function and serum levels of SARS-CoV-2 IgG antibody tests 3 months after discharge. The relationship
between the clinical characteristics and the pulmonary function or CT scores were investigated.
Findings: Fifty-five recovered patients participated in this study. SARS-CoV-2 infection related symptoms
were detected in 35 of them and different degrees of radiological abnormalities were detected in 39 patients.
Urea nitrogen concentration at admission was associated with the presence of CT abnormalities (P = 0.046,
OR 7.149, 95% CI 1.038 to 49.216). Lung function abnormalities were detected in 14 patients and the mea-
surement of D-dimer levels at admission may be useful for prediction of impaired diffusion defect (P = 0.031,
OR 1.066, 95% CI 1.006 to 1.129). Of all the subjects, 47 of 55 patients tested positive for SARS-CoV-2 IgG in
serum, among which the generation of Immunoglobulin G (IgG) antibody in female patients was stronger
than male patients in infection rehabilitation phase.
Interpretation: Radiological and physiological abnormalities were still found in a considerable proportion of
COVID-19 survivors without critical cases 3 months after discharge. Higher level of D-dimer on admission
could effectively predict impaired DLCO after 3 months discharge. It is necessary to follow up the COVID-19
patients to appropriately manage any persistent or emerging long-term sequelae.
Funding: Key Scientific Research Projects of Henan Higher Education Institutions
© 2020 The Authors. Published by Elsevier Ltd. 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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1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by a novel corona-
virus, known as severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) [1]. From December 2019, it has rapidly spread across
China and many other countries [2�5]. By 8nd June 2020, accumula-
tive 6931,000 confirmed cases including 400,857 deaths were
reported globally [6]. Person-to-person transmission of SARS-CoV-2
has gained global attention and extensive measures to effectively
control the outbreak and treatment of COVID-19. COVID-19 due to
SARS-CoV-2 involves multiple organs and lung injury is one of the
most clinical manifestations. The entry route of SARS-CoV-2 into the
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Research in the context

Evidence before this study

We searched PubMed without language restriction for studies
published form database until June 8, 2020, using the keywords
“2019 novel coronavirus”, “2019-nCoV”, “SARS-CoV-2”,
“Wuhan coronavirus” AND “long term follow-up” OR “pulmo-
nary function” OR “sequelae”. Although it has been reported
that short term radiological outcomes and abnormal lung func-
tion found in patients when discharged from the hospitals, the
long-time follow-up survey of COVID-19 survivors has not been
reported yet.

Added value of this study

We report that the long term effects on changes in both pulmo-
nary function and HRCT imaging. Although critical pneumonia
has been excluded from our study, residual abnormalities of
pulmonary function and chest radiography were still observed
in three quarters of the cohort at 3 months after discharge.
There have been several risk factors at admission were risk fac-
tors of in-hospital death for adult patients with COVID-19, we
found the level of D-dimer at admission was an important fac-
tor for abnormal carbon monoxide diffusion capacity (DLCO). In
our study, eight patients showed negative results in the SARS-
CoV-2 IgG antibody test for at least two times 3 months after
discharge.

Implications of all the available evidence

Thus, for patients who have markable raised D-dimer, pulmo-
nary rehabilitation should are also needed subsequently even
in the absence of other severity respiratory symptoms. It is nec-
essary to follow-up these patients to detect and appropriately
manage any persistent long-term sequelae in lung caused due
to SARS-CoV-2.
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human cells is mainly facilitated by the angiotensin-converting
enzyme 2 (ACE2) receptors, which seem to be expressed by type 2
pneumocytes [7]. The binding of SARS-CoV-2 to the ACE2 receptors
could arise into acute systemic inflammatory responses and cytokine
storm, consequentially leading to lung-resident dentritic cells (rDCs)
activation, and to T lymphocytes production and release antiviral
cytokines into the alveolar septa and interstitial compartments [8].
However, the knowledge about the sequelae of SARS-CoV-2 infection
remains limited.

Although it has been reported that short term radiological out-
comes and abnormal lung function found in patients when dis-
charged from the hospitals [9,10], the long-time follow-up survey
of COVID-19 survivors has not been reported yet. In addition, a
study of the serum levels of the specific IgG antibody against
COVID-19 is needed to be investigated, because it plays a vital
role in better understanding of the immune response to aid in
protection and recovery from repeated infections with SARS-
CoV-2.

From the results of all the studies, patients appeared to have
stabilized in their symptoms and resolution of chest HRCT abnor-
malities at 3 months follow-up after hospital discharge, thus we
investigated the patient population at the uniform time-point after
hospital discharge. Here we studied the pulmonary function, HRCT
scan of the thorax and SARS-CoV-2 IgG in serum in COVID-19
patients 3 months after their hospital discharged. Additionally, the
potential serum biomarkers related to the pulmonary function
were also investigated.
2. Materials and methods

2.1. Case definitions and case identification

In China, all laboratory-confirmed COVID-19 patients were
reported through a national influenza surveillance system. All
COVID-19 patients in this study were identified through the
national influenza surveillance system and confirmed with SARS-
CoV-2 virus infection by RT-PCR. According to the WHO interim
guidance and the guidance from China, all participants were cate-
gorized as mild illness (mild clinical symptoms without pneumo-
nia manifestations in imaging), pneumonia (having symptoms and
pneumonia manifestations in imaging, with no requirement for
supplemental oxygen), and severe pneumonia (having radio-
graphic evidence of pneumonia, meeting any of the following:
respiratory rate � 30 breaths/min; oxygen saturations � 93% at a
rest state; severe respiratory distress; > 50% lesions progression
within 24 to 48 h in lung imaging) [11,12].
2.2. Participants and design of study

This retrospective multi-center cohort study was approved by the
Institutional Review Board of the Relevant Centers. The written informed
consent was obtained from all the patients. All the adult patients who
were diagnosed with COVID-19 according to World Health Organization
(WHO) interim guidance were consecutively enrolled from Jan 20, 2020
to Feb 24, 2020 in 3 tertiary hospitals of Henan Province, including the
First Affiliated Hospital of Zhengzhou University, Guangshan People’s
Hospital and Xixian People’s Hospital. All the patients were hospitalized
in these designated hospitals and taken care by a multidisciplinary team.
Critical cases were excluded from the study.

Fig. 1 shows the flowchart of the study. Over the 3-month
recruitment period, 55 consecutively eligible patients were
enrolled. Of 55 patients, including 4 mild (7.27%), 47 moderate
(85.45%) and 4 severe (7.27%) cases, 39 had residual abnormalities
in chest CT scans and 16 had normal CT images. Supplementary
Table 1 presented the differences exist in mild, moderate and
severe cases. Of 39 cases with abnormal CT manifestations, 12
cases (30.77%) found abnormality in pulmonary function. In nor-
mal CT group, 2 out of 14 cases (12.50%) had abnormal lung func-
tion. The final follow-up evaluation was carried out at the time
ranged from 64 to 93 days after discharge from hospitals.
2.3. Ethical approval statement

This study has been approved by the Institutional Review Board of
the Relevant Centers. The written informed consent was obtained
from all the patients.
2.4. Data collection

The medical records of patients were analyzed by the research
team of the Department of Respiratory and Critical Care Medicine,
the First Affiliated Hospital of Zhengzhou University. All the clinical
data on epidemiological, demographic, medical history, under
comorbidities, clinical, laboratory, chest CT scans, treatment and out-
come were checked by 2 physicians. The date of disease onset was
defined as the day when the first symptom was noticed.

The real-time reverse transcriptase polymerase chain-reaction
(RT-PCR) test was performed using nasal and pharyngeal swab speci-
mens at the Zhengzhou or Xinyang Municipal Center for Disease Pre-
vention and Control (CDC).

For all discharged COVID-19 survivors, chest CT scan, pulmonary
function test and SARS-CoV-2 IgG test were done.



Fig. 1. Enrolment of patients and follow-up at 3 months after hospital discharge. COVID-19: Coronavirus Disease 2019.
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2.5. Chest CT protocols

All examinations represented the initial and follow-up CT scans
for every patient. All CT images were acquired at the end of inhalation
using a 64-row CT scanner (Somatom Definition AS 128, Siemens
Health System, Forcheinm, Germany) with a detector configuration
of 64 £ 0.6 mm or using a 16-row CT scanner (Philips Brilliance 16,
Philips Healthcare, Amsterdam, the Netherlands) with a detector col-
limation of 16 £ 0.75 mm. Other acquisition parameters for these
two scanners were set as follows: tube voltage of 120 kV, automatic
tube current modulation of 100�300 mA, pitch of 0.3 to 1.1 mm,
matrix = 512 £ 512, rotation time ranging 300 to 500 ms, slice
thickness = 1.0�1.5 mm. All images were then reconstructed with a
slice of 1.0�2.0 mmwith the same increment.

2.6. Image analysis and quantification

Two radiologists, who were blinded to the clinical data, reviewed
all the chest CT images and decided the final conclusions via a view
console. When there was a difference of opinion, the third radiologist
with over 10 years of experience in interpreting chest CT was con-
sulted.

The distribution features such as ground-glass opacity (GGO), con-
solidation, interstitial thickening, bronchiectasis, crazy paving, air
bronchogram, irregular interface, coarse reticular pattern, parenchy-
mal band, lymphadenopathy, and pleural effusion, as well as the
involving lung lobes were recorded. The main analysis criteria were
the number of affected lung lobes. The presence of ground-glass
opacity (GGO), consolidation, interstitial thickening, fibrosis and air
trapping and were analyzed quantitatively using a radiologic scoring
system ranging from 0 to 25 points, which has been previously used
to described idiopathic pulmonary fibrosis caused by SARS [13�15].
There were 5 lung lobes and each was evaluated 0�5 points on the
basis of the area involved, with score 0 for normal performance, 1 for
ground glass opacity involving less than 5% of lobe, 2 for involving up
to 25%, 3 for involving 25�49%, 4 for involving 50�75%, 5 for more
than 75%. Individual segmental scores were added together as a total
score in the statistical analysis.
2.7. Pulmonary function testing

Pulmonary function tests were performed by technicians in the
Pulmonary Function laboratory, the First Affiliated Hospital of
Zhengzhou University. Spirometry and pulmonary diffusion capacity
test was conducted using the spirometry (Masterscreen PFT, Jaeger,
Germany) and the procedure was followed by the ATS-ERS guidelines
[16]. The following parameters were measured: forced vital capacity
(FVC), forced expiratory capacity at the first second of exhalation
(FEV1), total lung capacity (TLC), and diffusion capacity of the lung for
carbon monoxide (DLCO) measured by means of the single-breath
test. The hemoglobin value was also taken for correcting the DLCO. If
obstruction was presented, the spirometry measurements were
repeated for analysis after the administration of a bronchodilator (2
puffs of salbutamol). All pulmonary function test measurements
were expressed as percentages of predicted normal values. Diffusion
deficit was considered as DLCO < 80% of predicted value.
2.8. Immunoglobulin G test for SARS-CoV-2

Serum was separated by centrifugation at 2500 g for 5 min within
12 h of collection. The SARS-CoV-2 IgG chemiluminescence immuno-
assay (CLIA) kits (C86095G/C86095G) used in this study were pur-
chased from Shenzhen YHLO Biological Technology Co., Ltd,China
[17,18]. In all patients, IgG antibodies against the SARS-CoV-2 enve-
lope (E) protein and the cut-off value for a positive result was
10 AU/mL, samples with values more than or equal to 10 AU/mL
were considerate as positive results.
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2.9. Statistical analysis

Continuous variables were described using mean with standard
deviation (SD) or median with interquartile range(IQR), followed by
unpaired t-test or Mann-Whitney test. Categorical variables were
described as percentage and compared using the Chi-square test.
Logistic regression analysis was used to study the independent cova-
riates for the presence of HRCT abnormalities or abnormal pulmonary
function. The correlation of different variables was analyzed using the
Spearman’s correlation. The conventional level of statistical signifi-
cance of 0.05 was used for all analyses. Statistical analyses were per-
formed using SPSS Version 21.0.
Fig. 2. Follow-up thin-section CT imaging of 63-year-old man with confirmed COVID-
19 pneumonia with dry cough. (A) First thin-section chest CT in hospital on February
2, 2020 (7 days after symptoms onset). CT imaging shows GGO associated with smooth
2.10. Role of the funding source

The funders of the study had no role in study design, data collec-
tion, data analysis, data interpretation, writing of the Article, or the
decision to submit for publication. All authors had full access to all
the data in the study and had final responsibility for the decision to
submit for publication.
interlobular and intralobular septal thickeing (crazy paving). (B) Crazy paving with
some consolidations were observed over 7 days. (C) On March 4, 2020, scans showed
that the previous lesion was absorbed and parenchymal bands with residual GGO
were observed. (D) On May 2, 2020, intenstitial thickeing and residual GGO were
observed. CXR: chest radiography.
3. Results

Fifty-five of the 77 COVID-19 survivors completed the study. Their
mean (SD) age was 47.74 (15.49), among which 41.82% were female.
9 patients (16.36%) had underlying co-morbidities, while 2 patients
(3.64%) had 2 or more comorbidities. Common comorbidities
included hypertension (6 cases, 10.91%), diabetes mellitus (2 cases,
3.64%) and cardiovascular diseases (2 cases, 3.64%). No underlying
pulmonary diseases were observed on admission. Only 4 patients
were smokers, 2 had quit tobacco among them. Except for the stan-
dard therapy, the traditional Chinese medicine Lianhua qingwen
granules were used in 21 patients (38.18%), and low-dose corticoste-
roids were used in 7 patients (12.73%); 14 patients required addi-
tional oxygen therapy, and no one required mechanical ventilation.
Supplementary Table 2 and 3 summarize the demographics, clinical
characteristics at admission, and the treatment for the 55 patients.

Symptoms were also systematically recorded. On the day of follow
up after 3 months, the presenting symptoms included gastrointesti-
nal (GI) symptoms (30.91%), headache (18.18%), fatigue (16.36%),
exertional dyspnea (14.55%), as well as cough and sputum (1.81%). Of
the 55 patients, 6 patients with COVID-19 experienced olfactory and
gustatory dysfunctions during infection period. Although there was a
significant improvement in self-rating of severity of olfactory and
gustatory loss, 2 female patients still experienced a decrease sense of
taste during follow-up period. All 55 patients had returned to their
original work. Meanwhile, the mean body mass index of the group
was 24.62 § 3.31.

3.1. Comparison of clinical characteristics between normal and
abnormal HRCT scanning of the thorax

Three months after discharge, the degrees of radiological abnor-
malities were detected in 39 patients (70.91%), and their HRCT scan
images were viewed. The median number of segments involved was
1 (IQR of 0.00�2.00) and the median total score was 1 (IQR of
0.00�2.00). In half of patients (54.55%), 1�3 segments were involved.
Thirteen patients (23.64%) showed bilateral involvement on chest
HRCT scans. The lower right lobe was involved in 23 patients
(41.82%), while lower left lobe and upper left lobe were involved in
12 patients (21.82%) and 11 patients (20%), respectively. As shown in
Fig. 2, typical features such as pure GGO, interstitial thickening and
crazy paving were almost resolved, but evidence of fibrosis, such as
interstitial thickening were observed. From the HRCT scans of the lat-
est follow-up patients after discharge, pure GGO (7 of 55, 7.27%),
interstitial thickening (15 of 55, 27.27%), and crazy paving (3 of 55,
5.45%) were the most common CT features found.

Laboratory examinations varied widely between the 2 groups
(Table 1 and Supplementary Table 4). In compared with the 16 survi-
vors with normal CT, patients in the abnormal CT group were signifi-
cantly older (52.05 § 15.05 vs. 37.13 § 11.73, P = 0.001), longer
incubation period (6.00 [4.00�9.00] vs. 4.50 [2.50�6.00], P = 0.046)
and with higher CXR peak score (8.30 § 5.00 vs. 5.00 § 3.40,
P = 0.019). Compared with survivors with normal CT, on admission,
survivors with abnormal CT had lower albumin level
(41.76 § 3.31 vs. 44.64 § 3.83, P = 0.007), lower serum sodium con-
centration (140.60 [137.10�142.00] vs. 141.80 [137.10�142.00],
P = 0.038), higher urea nitrogen level (4.73 [3.96�5.32] vs. 3.86
[3.03�4.23], P = 0.000). Admission values of glucose, hsCRP, and D-
dimer concentration were also significantly higher in the COVID-19
survivors with abnormal CT. Based on these variables, further multi-
variate analysis using the forward method was performed, and it was
found that the increase of urea nitrogen was the independent risk
factor associated with the presence of CT abnormalities (P = 0.046, OR
7.149, 95% CI 1.038 to 49.216; Table 2).
3.2. Characteristics of anomalies on follow-up lung function

Spirometry was completed in all patients. Even though most
patients were free of respiratory symptoms at follow, lung function
abnormalities were detected in 14 patients (25.45%). Anomalies were
noted in TLC of 4 patients (7.27%), FEV1 of 6 patients (10.91%), FVC of
6 patients (10.91%), DLCO of 9 patients (16.36%), and small airway
function in 7 patients (12.73%).

As the pulmonary function in COVID-19 patients on the day of dis-
charge, DLCO anomalies was the most common symptom appeared
[9]. We therefore analyzed the correlation between DLCO and other
characteristics. For all demographic data, clinical presentation, and
laboratory examinations at admission presented in Table 3 and Sup-
plementary Table 5, we initially evaluated each variable in difference
between DLCO-impaired group and DLCO-normal group, using
unpaired t-test or Mann-Whitney test univariate analysis. The
median TBIL concentration in the abnormal DLCO group (13.20
[9.65�16.35]) was obviously higher than the normal DLCO group



Table 1
Univariate analysis of predictors of abnormal CT scores.

Parameters Normal range Normal CT (n = 16) Abnormal CT (n = 39) P value

Age, years � 18 37.13 § 11.73 52.05 § 15.05 0.001
Sex, (% female) 37.50% 43.59% 0.643
Incubation period, d 4.50 (2.50�6.00) 6.00 (4.00�9.00) 0.046
Temperature, °C 37.83 (36.90�38.50) 37.74 (37.20�38.30) 0.926
CXR peak score 5.00 § 3.44 8.32 § 5.00 0.019
Comorbidities

Hypertension 0 6 0.236
Coronary heart disease 0 2 0.897
Diabetes mellitus 0 2 0.897

Signs and symptoms at admission
Fever 12 (75%) 25 (64.10%) 0.641
Cough 7 (43.75%) 23 (58.97%) 0.303
Feeble 4 (25%) 14 (7.27%) 0.641

Laboratory data
Blood routine

Leucocyte count (£ 109/L) 4�10 5.26 § 1.92 5.81 § 1.84 0.331
Neutrophil count(£ 109/L) 2�7 3.51 § 1.52 3.92 § 1.76 0.417
Lymphocyte count (£ 109/L) 0.8�4.0 1.37 (0.98�1.69) 1.41 (1.08�1.77) 0.767
NLR 2.56 (2.10�3.11) 2.84 (1.71�3.97) 0.711

Hemoglobin concentration (g/L) 110�160 145.63 § 19.46 139.62 § 20.43 0.320
Platelet count (£ 109/L) 100�300 184.00 (128.00�217.25) 167.00 (143.00�210.00) 0.926
Blood Biochemistry

ALT, U/L 0�40 22.75 § 7.33 27.35 § 8.85 0.071
AST, U/L 0�40 16.00 (8.68�28.13) 22.60 (14.40�30.40) 0.159

Albumin, g/L 40�53 44.64 § 3.83 41.76 § 3.31 0.007
TP, g/L 64�83 66.38 § 4.41 64.32 § 5.37 0.180
GGT, U/L 7�50 16.45 (13.18�24.30) 24.80 (16.40�44.00) 0.062
Total bilirubin, mmol/L 3.42�20.50 9.10 (7.28�13.98) 9.20 (7.60�12.80) 0.487

Urea nitrogen, mmol/L 1.43�7.14 3.86 (3.03�4.23) 4.73 (3.96�5.32) 0.000
UA,mmol/L 170�390 304.24 § 82.90 265.64 § 99.64 0.178

Glucose, mmol/L 3.89�6.11 4.84 (4.82�5.44) 5.73 (4.93�6.62) 0.006
TG, mmol/L 0.00�1.71 0.98 (0.88�1.30) 1.18 (1.03�1.73) 0.059

Infection associated
hsCRP, mg/L 1.04 (0.36�9.65) 6.43 (0.93�15.00) 0.041
Myocardial injury markers

CK, U/L 25�200 83.45 (51.45�120.20) 66.70 (42.90�103.10) 0.420
LDH, U/L 0.00�3.10 198.21 § 49.61 205.00 § 77.29 0.747

Blood coagulation
Prothrombin time, s 10�13.5 11.10 (10.65�14.98) 12.70 (10.80�14.90) 0.383
Thrombin time, s 10�18 15.90 (13.88�17.48) 16.60 (14.80�18.10) 0.321
Fibrinogen, g/L 2.00�4.00 3.19 (2.97�3.55) 3.56 (3.00�4.67) 0.097

D-dimer, mg/L 0�0.55 0.16 § 0.01 0.30 § 0.04 0.006
Treatment

Low-dose corticosteroids 2 (12.50%) 5 (12.82%) 0.974
Hospital period, d 14.06 § 4.80 15.87 § 6.84 0.340

Data are expressed as mean§ SD, median (IQR) and No. (%). Comparisons were determined by Student’s test, Mann-Whitney
U test or x2 test as appropriate.
Abbreviations: NLR, Neutrophil-lymphocyte ratio. ALT, Alanine aminotransferase. AST, Aspartate aminotransferase. TP, Total
protein. GGT, Gamma-Glutamyl Transferase. UA, Uric acid. TG, Triglyceride. hsCRP, High-sensitivity c-reactive protein. CK,
Creatine kinase. LDH, Lactate dehydrogenase.

Table 2
Multivariate analysis of predictors of abnormal CT score.

b P value OR (95% CI) P value OR (95% CI) a P value a

Age 0.009 0.817 1.009 (0.933 to 1.093) 0.817 1.033 (0.978�1.099) 0.315
Incubation period 0.115 0.488 1.122 (0.811 to 1.553) 0.488 1.254 (0.951�1.654) 0.108
CXR peak score 0.026 0.832 1.027 (0.806 to 1.307) 0.832 1.051 (0.888�1.243) 0.565
Albumin �0.421 0.051 0.657 (0.430 to 1.002) 0.051 0.730 (0.564�0.944) 0.016
Urea nitrogen 1.967 0.046 7.149 (1.038 to 49.216) 0.046 2.364 (1.038�5.385) 0.041
Glucose 0.151 0.711 1.164 (0.523 to 2.590) 0.711 1.392 (0.551�3.516) 0.485
hsCRP 0.025 0.417 1.025 (0.966 to 1.088) 0.417 1.015 (0.972�1.059) 0.482
D-dimer 0.005 0.268 1.005 (0.996 to 1.013) 0.268 1.006 (0.999�1.012) 0.115

Abbreviations: CI, confidence interval. a Logistic regression analysis adjusted for sex, the level of CREA, UA P values.
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(8.90 [7.28�13.38]) (P = 0.048). Levels of urea nitrogen (abnormal
DLCO group: 5.14 [4.68�6.91] vs. normal DLCO group: 4.25
[3.73�4.97]), D-dimer (abnormal DLC group: (0.42 § 0.21) vs. normal
DLCO group (0.23 § 0.17) were higher in the DLCO-impaired group
than in the DLCO-normal group (P < 0.05). In DLCO-impaired group,
blood level of prothrombin time (15.20 [11.40�16.35]) was higher
compared with that in DLCO-normal group (12.25 [10.75�14.55]).
Levels of ALB were significantly decreased in abnormal DLCO group
(40.38 § 3.12) g/L compared with normal DLCO group (43.03 § 3.66)
g/L. No other significant differences were found between patients
with normal and abnormal lung function. By analyzing the complete
data for all variables in the multivariable logistic regression model, it



Table 3
Univariate analysis of predictors of abnormal DLCO% predicted.

Parameters Normal range DLCO normal group (n = 46) DLCO impaired group (n = 9) P value

Age, years � 18 44.99 § 14.70 52.57 § 18.91 0.095
Sex, (% female) 19 (41.30%) 4 (44.44%) 0.861
Incubation period, d 6.00 (4.00�7.25) 6.00 (4.50�7.50) 0.503
Temperature, °C 37.80 (36.70�38.43) 38.00 (37.60�38.35) 0.600
CXR peak score 7.22 § 4.66 8.06 § 5.82 0.638
Comorbidities

Hypertension 5 (10.87%) 1 (11.11%) 0.983
Coronary heart disease 2 (4.35%) 0 (0%) 1.000
Diabetes mellitus 1 (2.17%) 1 (11.11%) 0.737

Signs and symptoms at admission
Fever 28 (60.87%) 9 (100%) 0.057
Cough 22 (47.83%) 8 (88.89%) 0.058
Feeble 18 (39.13%) 0 (0%) 0.057

Laboratory data
Blood Routine

Leucocyte count (£ 109/L) 4�10 5.62 § 1.75 5.81 § 2.50 0.774
Neutrophil count(£ 109/L) 2�7 3.74 § 1.48 4.11 § 2.63 0.556
Lymphocyte count (£ 109/L) 0.8�4.0 1.42 (1.08�1.73) 1.22 (0.98�1.87) 0.601
NLR 2.79 (1.89�3.66) 2.11 (1.73�4.46) 0.716

Hemoglobin concentration (g/L) 110�160 143.59 § 18.73 130.00 § 24.44 0.064
Platelet count (£ 1012/L) 100�300 175.67 § 55.40 179.89 § 75.67 0.845

Blood Biochemistry
ALT, U/L 0�40 24.90 § 7.42 31.63 § 12.30 0.146
AST, U/L 0�40 20.45 (13.98�30.10) 21.30 (11.50�38.90) 0.991

Albumin, g/L 40�53 43.03 § 3.66 40.38 § 3.12 0.047
TP, g/L 64�83 65.12 § 4.92 63.39 § 6.49 0.518
GGT, U/L 7�50 20.60 (15.05�38.13) 25.90 (16.00�52.35) 0.460

Total bilirubin, mmol/L 3.42�20.50 8.90 (7.28�13.38) 13.20 (9.65�16.35) 0.048
Urea nitrogen, mmol/L 1.43�7.14 4.25 (3.73�4.97) 5.14 (4.68�6.91) 0.012

Creatinine, mmol/L 44�97 65.61 § 15.63 77.63 § 23.97 0.060
UA,mmol/L 170�390 276.96 § 84.70 276.37 § 147.67 0.987
Glucose, mmol/L 3.89�6.11 5.40 (4.82�5.95) 5.79 (5.14�8.33) 0.187

Inflammatory markers
ESR, mm/h 0�20 26.50 (7.00�45.50) 52.00 (20.00�86.50) 0.050

Myocardial injury markers
CK, U/L 25�200 76.20 (49.13�104.83) 54.00 (36.50�117.90) 0.290
LDH, U/L 100�240 191.90 (164.25�230.43) 219.00 (139.00�322.60) 0.345

Blood coagulation
Prothrombin time, s 10.0�13.5 12.25 (10.75�14.55) 15.20 (11.40�16.35) 0.043
D-dimer, mg/L 0�0.55 0.23 § 0.17 0.42 § 0.21 0.006
Treatment

low-dose corticosteroids 6 (13.04%) 1 (11.11%) 1.000
Hospital period (d) 15.50 (10.00�18.00) 17.00 (11.50�19.50) 0.600

Data are expressed as mean§ SD, median (IQR) and No. (%). Comparisons were determined by Student’s test, Mann-Whitney U test
or x2 test as appropriate.
Abbreviations: NLR, Neutrophil-lymphocyte ratio. ALT, Alanine aminotransferase. AST, Aspartate aminotransferase. TP, Total protein.
GGT, Gamma-Glutamyl Transferase. UA, Uric acid. TG, Triglyceride. HDL, High-density lipoprotein. ESR, Erythrocyte sedimentation
rate. CK, Creatine kinase. LDH, Lactate dehydrogenase.
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was found that higher level of D-dimer at admission were associated
with DLCO% predicted < 80% (P = 0.031, OR 1.066, 95% CI 1.006 to
1.129; Table 4). These results indicated that some of recovered
COVID-19 patients still had significant impaired lung function symp-
tom 3 months after discharge, and D-dimer might be a potential bio-
marker to predict DLCO of these patients.

Finally, the correlation between predicted FVC%, predicted TLC%,
predicted DLCO%, predicted FEV1% and CXR in recovered subjects
were analyzed. There was a significant negative correlation between
Table 4
Multivariate analysis of predictors of abnormal DLCO.

b P value OR (95% C

Albumin �0.181 0.251 0.834 (0.6
Total bilirubin 0.092 0.246 1.096 (0.9
Urea nitrogen 0.494 0.166 1.640 (0.8
Prothrombin time 0.335 0.097 1.398 (0.9
D-dimer 0.064 0.031 1.066 (1.0

Abbreviations: CI, confidence interval. a Logistic regressio
the level of CREA P values.
the value of predicted DLCO% and CXR (R = �0.271, P = 0.036),
whereas the value of predicted TLC%, predicted FEV1%, and predicted
FVC% showed no correlation with CXR (Fig. 3).

3.3. Comparison of IgG antibodies with nucleic acid test

Nuclei acid test and IgG antibody test were performed at least
twice. IgG antibody levels were summarized in Table 5. Of the
rehabilitating COVID-19 patients, as expected, all samples were
I) P value a OR (95% CI) a

12 to 1.136) 0.054 0.711 (0.503�1.006)
38 to 1.281) 0.515 1.048 (0.910�1.207)
15 to 3.298) 0.332 1.434 (0.692�2.973)
41 to 2.077) 0.163 1.449 (0.861�2.438)
06 to 1.129) 0.047 1.011 (1.001�1.023)

n analysis adjusted for sex, age, history of smoking,



Fig. 3. Spearman’s correlation analysis for CXR score 3 month after discharge with pul-
monary function: DLCO% predicted (A), TLC% predicted (B), FEV1% predicted (C), and
FVC% predicted (D).

Table 5
Comparison of IgG antibodies with nucleic acid test.

Nucleic acid detection IgG

Negative 55 (100%) + �
Normal CT group 13 (81.25%) 3 (18.75%)
Abnormal CT group 34 (87.18%) 5 (12.82%)

The data are presented as n (%). N is the number of patients with available data.
The cut-off value for a positive result was 10 AU/mL.
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tested negative for the viral RNA. In the SARS-COV-2 IgG antibody
test, positive results were obtained in 47 patients (85.45%) and
negative results were seen in 8 patients (14.55%). Of note, 6 nega-
tive SARS-CoV-2 IgG antibody patients were male without comor-
bidities, and the other 2 were female. The results indicated that
there was a possibility to be repeatedly infected among the recov-
ered COVID-19 patients. As shown in Fig. 4, the concentration of
SARS-CoV-2 IgG antibody in female patients was higher compared
with male patients. These data suggest that the concentration of
SARS-CoV-2 IgG antibody in female recovered patients tended to
be higher than male recovered patients 3 months after discharge.
In addition, the correlation between the corresponding SARS-CoV-
2 IgG and CXR peak score in each patient was analyzed. it was
found that there was a strong correlation between IgG levels and
CXR peak score (R = 0.320, P = 0.017. Fig. 4).
Fig. 4. Comparison of SARS-CoV-2 IgG antibody concentration between male and
female patients in recovering status (A). Spearman’s correlation analysis for CXR peak
score with SARS-CoV-2 IgG antibody in recovered COVID-19 patients (B).
4. Discussion

After the SARS outbreak, plenty of patients recovered and there
was an important question for hospitals and doctors: will patients
recovered from SARS have any clinical sequelae? According to a pre-
vious report, 33 patients (30%) had abnormal CT manifestation and
17 patients (15.5%) had impaired DLCO at 6 months after recovered
from SARS [19]. David et al. analyzed 97 patients who recovered from
SARS and found that after 1-year, abnormal CT findings and DLCO
anomalies were still present [20]. A follow-up study of H7N9 demon-
strated that lesions persisted in patients up to 64-month after illness
onset, with restrictive ventilation dysfunction and dyspnea [21]. In
our retrospective multi-center cohort study, we found that a high
percentage of COVID-19 patients had abnormalities on chest CT scans
persisted 3 months after discharge (Supplementary Table 6). In this
situation, doctors should overtake their responsibility for longer fol-
low-up time survey to detect persistent lung damage and long-term
pulmonary dysfunction.

To the best of our knowledge, few reports have described the
sequelae of COVID-19 survivors [9,22,23], and this project was the
first time to investigate the long term effects on changes in both pul-
monary function and HRCT imaging. In our studies, we presented the
results of lung function tests and HRCT of the chest in these patients
with COVID-19 3 months after their hospital discharge.

Patients with COVID-19 are known to have fever, cough, head-
ache, loss of smell and deterioration of GI system in general [24].
Even with such a huge mortality rate, a large number of the COVID-
19 patients still be able to recover from this deadly situation. It is
highly beneficial for offering follow-up checks and investigating rein-
fection possibilities of COVID-19 recovered patients. Since high ACE2
expression found in the GI tract, patients with GI symptoms was
diagnosed as 3.6~11.4% of COVID-19 patients according to the virus
mutation [25,26]. In our study, 30.91% of the cohort still showed GI
symptoms even after 3 months discharge, indicating the severe GI
injury of the SAR-CoV-2 caused by transmissibility, virulence and
multi-organ infection. Previously, many patients recovered from
SARS in the early rehabilitation phase complained of limitation in
general physical function and/or shortness of breath [27]. Taken
together, although patients who have recovered from COVID-19 have
been noted to manifest radiological, functional and psychological
abnormalities to varying degrees, they felt performing household
tasks or general work was moderately or severely impaired, and it is
important to follow up these patients.

The rate of radiological abnormalities (74.55%) is lower than that
reported in an earlier study (83%) over 7 days after admission
[28,29], which suggested that radiological abnormalities caused by
SARS-CoV-2 might get better over time. A similar rate of residual
radiographic changes was also identified in survivors with other viral
pneumonias, including specifically SARS, H1N1, and H7N9 pneumo-
nia [30�32]. SARS-CoV-2 differs from the original SARS-CoV-1 by
380 amino acid substitutions, which results to the differences in five
of the six vital amino acids in the receptor-binding domain between
the viral spike (S) protein with angiotensin converting enzyme 2
(ACE2) [33]. The binding affinity of SARS-CoV-2 with ACE2 seems
stronger than SARS-CoV-1, with a higher spread ability than SARS-
CoV-1, which may explain the considerably larger global influence of
COVID-19 than the initial SARS [34]. Therefore, COVID-19 may not be
analogous with others as its unique characteristic is different from
others. As shown in Supplementary Table 6, patients who survived
severe illness from virus might have persistent lung damage and
long-term pulmonary function. Clinically, patients with abnormal
HRCT scans were generally older than those with normal chest HRCT
score, which implied that higher chest radiological scores was mostly
obtained in elder patients [35]. Patients in the abnormal CT group
had longer incubation period and higher CXR peak score than those
in the normal CT group, indicating that patients with residual lesions
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in chest radiology after discharge had more severe side effects. Addi-
tionally, it was found that the levels of ALT, urea nitrogen, hsCRP and
D-dimer indicated multi-organ damage caused by COVID-19, and
triggered deteriorations to general functions, which was similar to
other reports [36�38]. The baseline characteristics (including sex,
comorbidities) and laboratory indexes of patients in our cohort
showed no statistical difference. Urea nitrogen is a key element
reflecting the intricate interrelation between nutritional status, pro-
tein metabolism, and renal situation. Higher levels of urea nitrogen
in COVID-19 patients suggesting that there is the existence of persis-
tent inflammation-immunosuppression and catabolism syndrome.
Urea nitrogen has been reported to be a risk factor for severe COVID-
19 patients [39]. Furthermore, the level of urea nitrogen was found to
be an independent factor associated with radiographic changes,
which was consistent with the previous studies. Therefore, the level
of urea nitrogen can be a parameter to predict patients with COVID-
19 infection whether they are at a higher risk of developing residual
radiographic changes after discharge, thereby, it enable better to cen-
tralize management and recovery treatment of severe patients.

At 3-months after discharge, residual abnormalities of pulmonary
function were observed in 25.45% of the cohort, mostly demonstrated
diffusion reductions in DLCO. This was lower than the abnormal pul-
monary function in COVID-19 patients when discharge [9]. Abnor-
malities in DLCO indicated pulmonary fibrosis or a late phase in the
course of recovery. In the following-up studies for the patients reha-
bilitating from SARS, impaired lung function could last for months or
even years [19,20,40]. D-dimer elevation has reported as an impor-
tant laboratory finding noted in COVID-19 patients which requires
extra attention. Several studies have reported that D-dimer on
admission was the independent predictor of in-hospital death for
patients with COVID-19 [25,41,42]. We also found the level of D-
dimer was an important prognostic factor for abnormal DLCO. Thus,
for patients who have marked raised D-dimer, pulmonary rehabilita-
tion should need subsequently even in the absence of severity respi-
ratory symptoms.

Despite negative nucleic acid test results, 8 individuals (14.55%)
showed negative results in the SARS-CoV-2 IgG antibody test for at
least 2 tests, suggesting that these patients may be infected again.
This research also identified IgG antibody presented a stronger pro-
duction in female patients 3 months after discharge. Most of the
female patients produced a high level of SARS-CoV-2 IgG antibody in
the severe status over the first 2 to 4 weeks [41,43]. Considering the
protective role of SARS-CoV-2 IgG antibody, we believe that the dif-
ferent concentration of SARS-CoV-2 IgG antibody between male and
female allows to explain the different radiological and physiological
outcomes. Our study proposed that convalescent plasma should be
used in advance to prevent diseases from progressing long-term
sequelae.

However, there were several limitations in this study. Firstly, only
55 patients with confirmed SARS-CoV-2 infection were enrolled in
this study. Larger sample size would be more ideal for the study. Sec-
ondly, since the patients included in this study were non-critical, the
value of pulmonary function test and HRCT scanning in critical
patients need to be assessed. Further study should be conducted to
involve objective measurements of functional status (such as the
exercise lung function test or 6-minute walk test) and the physiologi-
cal and radiological defects.

In conclusions, this research has demonstrated that significant
radiographic and physiological abnormalities still existed in a high
proportion of COVID-19 patients 3 months after discharge. SARS-
CoV-2 IgG antibody has vanished in several patients. It is necessary to
follow up these patients, performing comprehensive assessment and
early rehabilitation exercise for detection and appropriate manage-
ment of any persistent or emerging long-term sequelae in the radio-
logical and physiological domains.
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