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Background: Given the high prevalence of coronavirus disease 2019 (COVID-19) globally, and the
increased number of patients being discharged, it is necessary to understand the health consequences of
COVID-19 to formulate and manage public policy concerning convalescent patients.

Methods: A longitudinal follow-up investigation of 25 patients from a tertiary hospital in Henan provincial was
conducted 8 weeks after discharge. Of these patients, 15 attended a second follow-up appointment 8 weeks after
that. A throat swab reverse transcription-polymerase chain reaction (RT-PCR) analysis for SARS-CoV-2 and chest
computerized tomography (CT) scans were implemented at the first follow-up appointment, and a total of 40
blood samples (25 from the first and 15 from the second follow-up appointment) were collected. Patients’ levels of
Immunoglobulin G (IgG) antibody against S-Receptor binding domain (S-RBD) and Nucleocapsid Protein (NP)
of SARS-CoV-2 and the subpopulation of lymphocytes were evaluated using an enzyme-linked immunoassay
(ELISA) test and flow cytometry, respectively.

Results: At the first follow-up appointment, 10 of the 25 patients (40.0%) showed complete radiological
resolution. Of these patients, 80.0% were classified as moderate, and 80.0% were younger (those whose age
was < the median age of all the patients). The predominant patterns of abnormalities included an irregular
line (12725, 48.0%), ground-glass opacity (GGO) (44.0%), and multiple GGOs (28.0%). At the first follow-
up appointment, 40.0% (10/25) of patients still had lymphopenia. Of the 15 patients who were followed-up
with twice, the ratio of lymphopenia was 80% (12/15), 60.0% (9/15), and 46.7% (7/15) at 0, 8, and 16 weeks
after discharge, respectively. This was mainly due to a decrease in the cluster of differentiation (CD) 4+ T
lymphocyte, which was observed in 60% (9/15), 60% (9/15), and 46.7% (7/15) of total patients at 0, 8, and
16 weeks after discharge, respectively. All of the patients were S-RBD and NP IgG antibody positive at the
first follow-up appointment. 40.0% (6/15) and 66.7% (10/15) of patients showed a decrease over 50.0% in
the level of NP and S-RBD IgG antibodies, respectively, at the second follow-up appointment. The NP and
S-RBD IgG antibodies’ levels declined to 44.6% (P=0.044) and 28.1% (P=0.18), respectively. 0 and 26.7%
(4/15) of patients turned from NP and S-RBD IgG antibody positive to negative, respectively.
Conclusions: About half of the patients still showed at least 1 abnormality in chest CT scans 8 weeks
after discharge and lymphopenia 16 weeks after discharge. The level of the IgG antibody had declined by
the follow-up appointment. Notably, the S-RBD IgG antibody declined more dramatically than that of NP.
These results may have implications in the making of policies related to disease prevention, the long-term

management of discharged patients, and vaccines’ development.
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Introduction

Coronavirus disease 2019 (COVID-19), a disease caused
by Severe Atypical Respiratory Syndrome-Coronavirus-2
(SARS-CoV-2), has now become a pandemic and continues
to rage globally (1). As of February 8th, 2021, over 100
million confirmed cases of COVID-19 and over 2 million
deaths globally have occurred (2).

Extensive research has been undertaken to characterize
patients’ epidemiological and clinical characteristics
with COVID-19 (3-6). It has been widely reported that
COVID-19 is underlined by complex crosstalk between
SARS-CoV-2 and the host immune system (7). Most
patients with COVID-19 present with a decrease (either in
count or ratio) of lymphocytes, which is one of the criteria
for a diagnosis of COVID-19 (8) and which is thought to
be correlated with the severity of the disease (3). Immune
dysregulation has a destructive effect. However, in most
cases, hosts generate cellular and humoral immunity to
clear the virus, which finally leads to the convalescent
phase. There is a different level of protection against the
same pathogen that is at least partly reflected by the level of
Immunoglobulin G (IgG) antibody.

With more and more patients discharged, several studies
have sought to evaluate the status of COVID-19 patients
in the convalescent phase from clinical, virological, and
radiological perspectives (9-11). However, to date, very
little is known about how the immune system recovers from
the disease. Notably, lung injury caused by the virus is one
of the main clinical manifestations. It significantly affects
prognosis (12), and radiologically it manifests as multiple
abnormalities, such as multifocal ground-glass opacity
(GGO) and consolidation. The dynamic process [as shown
in chest computerized tomography (CT) scans] from the
hospitalization phase to the convalescence phase is of great
value to understand the recovery process of lung injury
caused by SARS-CoV-2, which remains under-reported (11).
We performed a longitudinal follow-up investigation of
25 convalescent patients from a tertiary hospital in Henan
province, China, 8 weeks after discharge. Of these 25
patients, 15 were followed-up with again 8 weeks after
that. We mainly focused on the radiological characteristics,
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the dynamics of the lymphocytes subpopulation, and the
IgG level against SARS-CoV-2 to understand the status of
convalescent patients and the long-term effects of SARS-
CoV-2 infection.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3011).

Methods
Study design and participants

Patients who had recovered from COVID-19 were
enrolled at Henan Provincial People’s Hospital. They
were diagnosed and treated according to the Diagnosis
and Treatment Plan for Novel Coronavirus Pneumonia
Cases (Provisional) (5th Edition) published by the National
Health Commission of the People’s Republic of China (8)
between the January 15th, 2020 to February 10th, 2020, and
discharged between February 1st, 2020 and February 25th,
2020. The first follow-up appointments were conducted
between April 1st—27th, 2020, and the second follow-up
appointments were conducted between June 1st—26th, 2020.

The follow-up appointments were conducted by trained
medical staff via telephone, and scheduled according to the
order of discharge date as recorded on the medical records.
An appointment 3 days in advance or a delay of 3 days was
deemed acceptable. At the first follow-up appointment, a
reverse transcription-polymerase chain reaction (RT-PCR)
analysis for SARS-CoV-2 was conducted, chest CT images
were taken, and lymphocytes’ subpopulation and the level
of the IgG antibody were assessed. At the second follow-
up appointment, the subpopulation of lymphocytes and the
IgG antibody level were assessed. Any patients that could
not attend the second follow-up appointment were excluded
from the paired variables test. Figure 1 shows the study
design.

Criteria for severity grading

Using the Diagnosis and Treatment Plan for Novel Coronavirus
Pneumonia Cases (Provisional) (5th Edition), severity was
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Figure 1 Flow diagram of the study design.

graded as follows:

() Mild: the clinical symptoms were mild, and the
imaging findings showed no pneumonia;

(II) Moderate: the clinical symptoms included fever,
respiratory tract infection and other symptoms, and
imaging manifestations of pneumonia;

(IIT) Severe: the clinical symptoms included any of the
following: (i) respiratory distress, as demonstrated
by a respiratory rate (RR) >30 beats/min; (ii) at
rest, oxygen saturation was less than or equal to
93%; and/or (iii) partial pressure of oxygen (PaO,)/
Fraction of Inspired Oxygen (FiO,) <300 mmHg
(I mmHg =0.133 kPa); or

(IV) Critical: one of the following conditions was met:
(i) respiratory failure and mechanical ventilation
required; (ii) shock; or (iii) other organ failure
requiring intensive care unit monitoring and
treatment.

Data collection and sample measurement

Patients’ epidemiological, demographic information, and
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chest CT images were retrieved from electronic medical
records. A positive RT-PCR result confirmed SARS-CoV-2
infection for SARS-CoV-2. Samples were obtained by
swabbing the oropharyngeal mucosa of all individuals. The
subpopulation of lymphocytes was evaluated using an ACEA
QuadriTEST® (cat. no. 892009) kit [CD3+ fluorescein
isothiocyanate (FITC)/CD16 + CD56 PE/CD45 PerCP/
CD19 APC] following the manufacturer’s standard
procedure. First, 2 mL of peripheral venous blood was
drawn from each patient into an ethylenediaminetetraacetic
acid (EDTA) tube. Second, 20 pL antibody reagent from
an ACEA QuadriTEST® kit was added to a 5 mL round-
bottom tube. Third, 50 pL blood was then added, and
incubated at room temperature (18-25 °C) for 15 min
after 5 sec vortex. Fourth, 450 pL 1x dilution hemolysin
(Agilent) was added to the tube, which was incubated at
room temperature (18-25 °C) for 15 min after 5 sec vortex.
Finally, an Agilent NovoCyte flow-cytometry machine and
NovoExpressed software were used to analyze the prepared
sample’s lymphocytes population.

An ELISA test was used to determine the level of the
IgG antibody. Plates were coated by recombinant S-receptor
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binding domain (S-RBD; Sino Biologic, cat. No. 40592-
V08B) and N protein (Sino Biologic, cat.no 40588-V08B)
at a dilution of 2 pg/mL, and then incubated at 4 centigrade
overnight, and blocked by skimmed milk. The sera of
patients and 10 healthy controls were diluted (1:1,000)
and added to the prepared plates. Anti-human IgG HRP-
labeled antibody was used as the secondary antibody, and 3,
3', 5, 5’ Tetramethylbenzidine was used for color rendering.
The absorbance at 450 nm was determined. To avoid any
batch effect between different plates, 12 wells of each plate
were used as blank controls. The procedure was the same,
except the serum was replaced with 100 pL. PBS. The
blank controls’ values were compared to different plates
to determine if there was a batch effect. Three duplicates
for each sample were set, and the mean OD450 nm
value was used. The positive cut-off value was 0.60 for the
S-RBD antibody and 0.48 for the Nucleocapsid Protein
(NP) antibody, which was defined as twice the mean value
of healthy controls. The OD450 nm value of each patient
minus the cut-off value was defined as OD450 nm (adjusted),
and an OD450 nm (adjusted) larger than 0 was considered
positive.

CT interpretation

Two experienced radiologists (with 5 and 15 years of
experience, respectively) reviewed patients’ chest CT scans
blindly and independently. All of the images were viewed
with both lung (width, 1,600 HU; level, -600 HU) and
mediastinal (width, 350 HU; level, 40 HU) settings. The
2 radiologists discussed any inconsistent results, and a
consensus was reached. The COVID-19 Reporting and
Data System (CO-RADS) scoring system (13) was used to
evaluate the extent of pulmonary involvement. Notably,
CO-RADS 6 was excluded, as according to the original
definition of CO-RADS, which was not suitable for the
current study, all patients who are RT-PCR positive for
SARS-CoV-2 should be classified as CO-RADS 6.

Statistical analysis

Patients those whose age was < the median age of all the
patients [48 years old (y/o) for the first follow-up and 45 y/o
for the second one] were defined as younger patients, and
those whose age was > the median age of all the patients
were defined as older. The continuous variables were
expressed as the median [range, mean = standard deviation
(SD)]. The categorical variables were expressed as n (%).
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The student’s #-test was used to compare the continuous
variables. Fisher’s exact test was used to compare categorical
variables. Wilcox’s test was used to compare the paired
variables. A 2-tailed P value was used, and a value <0.05
was considered statistically significant. All of the statistics
analyses and figure drawings were performed with R
software v. 3.6.0 and Prism (GraphPad software) version
8.3.1.

Patient and public involvement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The Ethics
Committee of Henan Provincial People’s Hospital approved
this research study (2020 Ethical Approval No. 68), and the
informed consent of all patients was obtained.

Results
Demographic characteristics

Twenty-five patients with a median age of 43 (18-58,
41.4x13.15) were followed-up 8 weeks after discharge.
Forty-eight percent of the patients were female. Concerning
severity level, 14 (53.8%), 10 (38.5%), and 1 (3.8%)
were classified as having moderate, severe, and critical
COVID-19, respectively. The median duration of viral
shedding (defined as the interval of the first and last time of
positive RT-PCR for SARS-CoV-2) was 11.0 days (6-27,
12.85.21). Six (24.0%), 3 (12.0%), and 2 (8.0%) patients
had underlying hypertension, diabetes and cardiovascular
diseases, respectively (see Zable I). Symptoms on admission
included fever (96.0%), a cough (60.0%), sputum (32.0%),
sore throat (16.0%), and fatigue (4.0%) (see Table 2). Of the
25 patients, 15 had a median age of 43 (19-58, 43.9£12.99)
and attended a second follow-up appointment 16 weeks
after discharge for an antibody evaluation and examined the
subpopulation lymphocytes (see Tiable 1). The remaining 10
patients refused to attend a second follow-up appointment
due to the long distance that they would be required to
travel.

Virological results, self-reported symptoms, and
radiological results

8 weeks after discharge, a throat swab sample for the RT-
PCR analysis was taken from all patients for open reading
frame 1 (ORF1) a, ORF1b, E, and the N gene of SARS-
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Table 1 Clinical and epidemiological characteristics of patients followed-up

Characteristic

First follow-up, [n, (%)] Second follow-up, [n, (%)]

Total number of patients

25 (100.0%) 15 (100.0%)

Age (year)
Median 43 (18-58, 41.4+13.15) 45 (19-58, 43.9+12.99)
<20 2 (8.0%) 1
21-40 9 (36.0%) 3
>41 14 (56.0%) 11
Female 12 (48.0%) 7 (46.7%)
Classification
Moderate 14 (53.8%) 9 (60.0%)
Severe 10 (38.5%) 6 (40.0%)
Critical 1(3.8%) 0 (0)

Duration of viral shedding (day)
Median
<10
11-20
21-30
Comorbidities
Hypertension
Diabetes

Cardiovascular diseases

11.0 (6-27, 12.8+5.21) 11.0 (6-21, 11.33.21)

8 (32.0%) 6 (40.0%)
15 (60.0%) 8 (53.3%)
2 (8.0%) 1 (6.67%)
6 (24.0%) 4 (26.7%)
3 (12.0%) 1(6.7%)
2 (8.0%) 1(6.7%)

Table 2 Self-reported symptoms at different time points

Symptoms on admission [n Symptoms at d

ischarge [n  Symptoms at first follow-up [n  Symptoms at second

Symptom (%)] n=25 (%)] n=25 (%)] n=25 follow-up [n (%)], n=15
Fever 24 (96.0%) 0(0) 0(0) 0(0)

Cough 15 (60.0%) 5 (20.0%) 4(16.0%) 4 (26.7%)
Sputum 8 (32.0%) 0(0) 0(0) 0 (0)
Shortness of breath 4 (16.0%) 0 (0) 0(0) 0(0)

Sore throat 1(4.0%) 0 (0) 0 (0) 0 (0)

Fatigue 4 (16.0%) 0 (0) 0(0) 0(0)

Ache in major joint 0(0) 0(0) 1(4.0%) 1(6.7%)

CoV-2, and no positive results were found. Four (16.0%)
patients reported the symptom of a cough, and 1 patient
(4.0%) reported an ache in a major joint (the right knee)
at their first follow-up appointments. These patients

© Journal of Thoracic Disease. All rights reserved.

complained of the same symptoms at their second follow-up
appointments (see Table 2).

All of the patients received chest CT scans 8 weeks after
discharge. Forty percent (10/25) of patients, mainly patients
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classified as moderate (80.0%) and younger patients (80.0%),
showed complete radiological resolution. The CO-RADS
score variation showed that the percentage of CO-RADS 1

Percentage of Patients with
Different CO-RADS scores

40
1 CO-RADS
s -©- 0
()
g 2> 1
é 20=-1 o 2
s -2 3
- 4
0= - 5

Sequence of Chest CT Scan

Figure 2 The kinetic of CO-RADS scoring at different time
points. CO-RADS, COVID-19 Reporting and Data System.
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and 2 patients increased, but the percentage of CO-RADS 4
and 5 patients decreased (see Figure 2). The results showed
the radiological dynamics from symptom onset to early
convalescence. The predominant patterns of abnormalities
observed at the first follow-up appointment included
an irregular line (12/25, 48.0%) (see Figure 3), GGO
(44.0%), and multiple GGOs (28.0%) (see Figure 4). Other
abnormalities included air bronchogram (24.0%), local
pleural thickening (20.0%), interlobular septal thickening
(12.0%), and a subpleural line (12.0%) (see Table 3). Except
for a crazy-paving pattern, which disappeared during
hospitalization, the positive count of all abnormalities
decreased by the time of the first follow-up appointment
(see Figure 5).

Eight weeks after discharge, taking age and severity
into consideration, the results showed that younger
(P=0.015) patients had a higher chance of being completely
radiologically recovered than older patients. The same was
observed in patients with various grades, but the results

Figure 3 Serial chest CT scans of a 48-year-old female were graded as severe. (A) The scan obtained at the onset of symptoms showed GGO (thin

arrow) with a “crazy-paving” pattern and air bronchogram (black arrow). (B) The scan obtained 7 days after the onset of symptoms showed

evolution to consolidation (white arrow), and a mixture of GGO and consolidation (thin arrow) with increased density and decreased extension.

(C) The scan obtained at discharge showed a mild decrease in extension than previous scans and minimal absorption; an air bronchogram was

also observed (black arrow). (D) The scan at 8 weeks after discharge showed the evident absorption of previous abnormalities and multiple

GGOs (white arrows) of decreased density and increased extension. CT, computerized tomography; GGO, ground-glass opacity.

© Journal of Thoracic Disease. All rights reserved.
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Figure 4 Serial chest CT scans of a 56-year-old male were graded as severe. (A) The scan obtained at the onset of symptoms showed GGO

(white arrow) with a mild “crazy-paving” pattern in the right lower lobe (black arrow). (B) The scan obtained 6 days after the onset showed

symptoms of increased extension and decreased density of GGO (white arrow) with irregular lines (black arrow). (C) The scan obtained at

discharge showed the absorption of previous opacifications and the consolidation of GGO in the left upper lobe (thin arrow). (D) The scan

8 weeks after discharge showed the continuous absorption of previous abnormalities, multiple GGOs (thin arrows) of decreased density,

irregular lines (white arrows), and local pleural thickening (black arrows). CT, computerized tomography; GGO, ground-glass opacity.

were not significant (P=0.099). The CO-RADS score was
significantly lower both in younger patients (P=0.001) and
patients classified as moderate (P=0.005). With specific
patterns of radiological abnormalities at the first follow-up
appointment, GGO (P=0.001), air bronchogram (P=0.015),
local pleural thickening (P=0.039), and an irregular line
(P=0.005) were significantly more common in elder patients
than other patients. However, no significant differences
were observed between patients classified as moderate and
severe/critical (see Table 4).

The dynamics of the lympbocyte subpopulation in
convalescent patients

At the first follow-up appointment, the lymphocyte
subpopulation of the 25 patients were evaluated. A total
of 10 patients (10/25, 40.0%) showed a decrease in
total lymphocytes compared to the normal lower value,
and 6 (24.0%) in CD3+ T lymphocytes, 10 in CD4+
T lymphocytes (10/25, 40.0%), 4 (16.0%) in CD8+ T

© Journal of Thoracic Disease. All rights reserved.

lymphocytes, 3 (12.0%) in CD19+ B lymphocytes, 5 (20.0%)
in CD56+ natural killer (NK) lymphocytes. One patient
(35 y/o, male, moderate) showed a CD8+T lymphocyte
count higher than the normal upper value (see Figure 6).
Fifteen patients attended a second follow-up appointment
16 weeks after discharge. Of these, 7 (46.7%), 6 (40.0%), 7
(46.7%), 1 (6.7%), 0 (0), and 1 (6.7%) continued to show a
decreased lymphocyte count compared to the normal lower
value for total lymphocyte, CD3+ T lymphocyte, CD4+ T
lymphocyte, CD8+ T lymphocyte, CD19+ B lymphocyte,
and CD56+ NK lymphocyte, respectively (see Figure 7).
The percentage of patients with an abnormal lymphocyte
count showed the lymphocyte subpopulation dynamics,
and CD4+ showed the minimum degree of lymphopenia
recovery (see Figure §). Also, 3 patients (i.e., Patient No.
1: female, 57 y/0, moderate, Patient No. 5, female, 45 y/o,
moderate, and Patient No. 15, male, 22 y/o, moderate)
were observed to have progressive lymphopenia at the first
follow-up appointment. In 2 of these patients, this was due
to a decrease of CD4+, CD8+ T lymphocyte, and CD19+ B

7 Thorac Dis 2021;13(5):2986-3000 | http://dx.doi.org/10.21037/jtd-20-3011
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Table 3 Radiological abnormalities of chest CT scans at different time points

CO-RADS score and First chest CT scan after Second chest CT scan after Last chest CT scan before Follow-up chest CT scan 8

abnormalities symptom onset [n (%)]

symptom onset [n (%)] discharge [n (%)] weeks after discharge [n (%)]

CO-RADS score
0
1

2
3
4
5

GGO
Multiple GGOs

Interlobular septal
thickening

Air bronchogram
Consolidation

Local pleural thickening
Irregular lines
Subpleural lines
Solidary nodule

Reticular pattern

1(4.0)
2 (8.0)
10 (40.0)
12 (48.0)
24 (96.0)
24 (96.0)
9 (36.0)

13 (52.0)
10 (40.0)
9 (36.0)
10 (40.0)
6 (24.0)
0(0)
2 (8.0)

0(0

1 (4.0)

1(4.0)
6 (24.0)
8 (32.0)
9 (36.0)
25 (100.0)
25 (100.0)
16 (24.0)

19 (76.0)
20 (80.0)
15 (60.0)
20 (80.0)
9 (36.0)
2 (8.0)
3 (12.0)

0(0) 10 (40.0)
5 (20.0) 8 (32.0)
3(12.0) 4 (16.0)
9 (36.0) 2(8.0)
7 (28.0) 1(4.0)

1(4.0) 0(0)
24 (96.0) 11 (44.0)
19 (76.0) 7 (28.0)
10 (40.0) 3(12.0)
15 (60.0) 6 (24.0)
17 (68.0) 0(0)
13 (52.0) 5(20.0)
17 (68.0) 12 (48.0)
6 (24.0) 3(12.0)

2(8.0) 0(0)

2(8.0) 0(0)

CT, computerized tomography.

Percentage of Patients with
Radiological Abnormalities
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Figure 5 The kinetic of abnormal findings in a chest CT scan at different time points. CT, computerized tomography; GGO, ground-glass

opacity.

lymphocyte, while in 1 patient, this was due to a decrease of

CD56+ NK lymphocyte (see Figure S1).

Next, we investigated the potential effects of age
and disease severity on the recovery of the lymphocyte

© Journal of Thoracic Disease. All rights reserved.

subpopulation. When patients who were younger and
classified as moderate were compared to patients who
were older and classified as severe/critical, no significant
differences were observed in the percentages of patients
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Table 4 Radiological characteristics between patients with different ages and disease severity

CO-RADS score and

_ _ 4 _ " _ 4
abnormalities <43 y/o (n=12) > 43 y/o (n=13) P value Moderate (n=14) Severe/critical (n=11) P value
Total resolution 8 (66.7%) 2,15.4% 0.015 8 (57.1%) 2,18.2% 0.099
CO-RADS scoring 0(0-1,0.3£1.18) 2 (0-4, 1.7+£0.49) 0.001 0 (0-2, 0.5+0.67) 2 (0-4,1.7£1.27) 0.005
GGO 1(8.3%) 10 (76.9%) 0.001 5 (35.7%) 6 (54.5%) 0.435
Multiple GGOs 1(8.3%) 6 (46.2%) 0.073 2 (4.4%) 5 (45.5%) 0.177
Interlobular septal 1(8.3%) 2 (15.4%) 0.531 0(0) 3 (27.3%) 0.072
thickening
Air bronchogram 0 (0) 6 (46.2%) 0.015 1(7.1%) 5 (45.5%) 0.056
Consolidation 0(0) 0(0) - 0(0) 0(0) -
Local pleural thickening 0(0) 5 (38.5%) 0.039 1(7.1%) 4 (36.4%) 0.133
Irregular lines 2 (16.7%) 10 (76.9%) 0.005 5 (35.7%) 7 (63.6%) 0.238
Subpleural line 1(8.3%) 2 (15.4%) 0.584 1(7.1%) 2 (18.2%) 0.399
Solidary nodule 0(0) 0(0) - 0(0) 0 (0) -
Reticular pattern 0(0) 0(0) - 0(0) 0(0) -
*2-tailed P value by Fisher’s exact test. CO-RADS, COVID-19 Reporting and Data System; GGO, ground-glass opacity.
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Figure 6 Lymphocyte subpopulations of 25 patients at the first follow-up appointment. The 2 dotted lines indicate the upper and lower

values of a normal reference interval.

with abnormalities, regardless of the period following
discharge (see Table S1) or the mean value of each
subpopulation count (see Figures 9,10).

Dynamics of S-RBD and NP IgG antibody by ELISA

An ELISA test was conducted to evaluate levels of the IgG

© Journal of Thoracic Disease. All rights reserved.

antibody. Based on a comparison of the OD450 nm value
of different plates, no obvious batch effect was observed
between the different ELISA plates (see Figure S2). At
the first follow-up appointment, all of the patients were
positive for both IgG antibodies. The NP IgG antibody
had a median value of 1.46 (0.08 to 4.22, 1.80+1.43), and
the S-RBD IgG antibody had a median value of 1.50 (0.18
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Lymphocytes subpopulation at second follow-up (n=15)
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Figure 7 Lymphocyte subpopulations of 15 patients at the second follow-up appointment. The 2 dotted lines indicate the upper and lower

values of a normal reference interval.

to 5.06, 1.78+1.14) (see Figure 11A). At the second follow-
up appointment, a decreased value of 1.30 (0.01 to 3.39,
1.38+1.13) was observed for the NP IgG antibody, and 0.52
(-0.28 to 2.54, 0.82£0.95) for the S-RBD antibody (see
Figure 11B,C).

Of the 15 patients who attended the 2 follow-up
appointments, 40% (6/15) and 66.7% (10/15) of patients
showed a decrease of over 50.0% in the NP's levels S-RBD
IgG antibodies, respectively. Notably, 0 and 26.7% (4/15)
of patients turned from NP IgG and S-RBD IgG positive
to negative, respectively. One patient (male, 19 y/o,
moderate) showed an increased NP antibody level at
16 weeks (see Figure 11B,C). A sample paired analysis with
a Wilcoxon test indicated that the S-RBD IgG antibody
level declined significantly at 16 weeks compared to that at
8 weeks (44.6%, P=0.044). Conversely, the NP IgG
antibody showed no significant decline between the 2
appointments (28.1%, P=0.18) (see Figure 11B,C).

Discussion

Following-up with survivors is essential to the overall
management of COVID-19. Due to the relatively long
follow-up period and the longitudinal design, the current
study results provide insights into the radiological and
immunological characteristics of COVID-19 patients in
the convalescent phase. Specifically, complete radiological
recovery was observed in 40.0% of patients 8 weeks after

© Journal of Thoracic Disease. All rights reserved.

discharge. Notably, this figure is lower than that of other
reports. This may be because other studies had a lower
ratio of severe/critical patients (11,12) or a longer follow-
up period than the present study (9,13). In the kinetic
analysis of the radiological findings, we observed that
GGO or multiple GGOs represented the most common
abnormalities at symptom onset and that the percentage of
consolidation and air bronchogram increased with disease
progression, but that most abnormalities gradually resolved
before or after discharge. This was also reflected in the
trend of CO-RADS scoring and may represent a common
disease course for COVID-19 (12). The predominant
patterns of abnormalities 8 weeks after discharge included
an irregular line and GGO. Based on pathological
observations of remarkable fibrotic lung parenchymal
remodeling in patients who died from COVID-19 at
autopsy (14), it is speculated that lung fibrosis may be
long-term sequelae of COVID-19 patients, however, the
irregular lines observed in the current study were mostly
sporadic, derived from the absorption of consolidation,
and thus differ from real fibrotic lung disease, so further
research is still need to determine whether lung fibrosis
will be a long-term sequelae of COVID-19 patients, and
a combined analysis of pulmonary function and chest CT
observations would also be helpful.

GGO remains one of the predominant abnormalities in
patients’ follow-up chest CT scans; however, the density
decreases compared to that observed during hospitalization,
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2996 Wang et al. Follow-up study of convalescent COVID-19 patients

Total Lymphocytes Total T cells CD4+ T cells CD8+ T cells B cells NK cells

0 8 16 0 8 16 0 8 16 0 8 16 0 8 16 0 8 16
Time since discharged (weeks)

15
14

- a a4 4
© O = N W

Number of Patients

o == N W A~ 00O N o
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which may be due to the absorption of inflammatory exudate.
Other researchers have made similar observations (13).
Additionally, older patients showed a significantly lower
rate of a complete resolution and a higher rate of several
radiological abnormalities after discharge than younger
patients; however, this discrepancy was not significant
between patients classified as moderate and severe/critical,
which suggests that more attention should be paid to older
convalescent patients regardless of the disease severity.

Lymphopenia is another key feature of COVID-19.
It plays an important role in the disease progression of
COVID-19 (15), and to a certain extent, distinguishes
COVID-19 from other types of pneumonia (16). In
terms of SARS-CoV-1, CD8+ T lymphocytes returned to
normal within 2-3 months after the onset of symptoms,
and CD4+ T lymphocytes were still lower than those
of healthy controls 1 year after that (17). In the present
study, the total lymphocyte count was still decreased in
46.7% of COVID-19 patients 16 weeks after discharge,
and the CD4+ T lymphocyte was the most involved
lymphocyte subpopulation, which is also the most involved
subpopulation in SARS-CoV-1 infection. It has been
reported that while the degree of lymphopenia is associated
with disease severity during hospitalization, the count
of each lymphocyte in patients classified as severe could
increase to a comparable level to that of patients classified
as mild at day 16 of symptom onset (before discharge) (18).
A comparable level of lymphocyte subpopulations
was observed regardless of age or severity at different
time points after discharge. In addition to the absolute
number, other researchers have also found on-going
turbulence of lymphocyte function in the phase of early
convalescence through the single-cell transcriptome of
peripheral blood mononuclear cells (19). The CD4+ T
lymphocyte subpopulation is considered one of the major
subpopulations responsible for innate immunity and is a
major mediator of adaptive immunity (20). The decline
of CD4+ T lymphocyte indicates that the immune system
has a repressed status and has a higher susceptibility to
opportunistic infections (21,22). Although research showed
that patients who have recovered from SARS-CoV-1
infection may suffer from a higher infection incidence
after discharge in the long-term follow-up (23), there is
still no such data regarding to COVID-19, thus, the long-
term immunological status of COVID-19 survivors and
their susceptibility to other infections need to be examined
further.

We also observed that the lymphocyte count of 3 patients
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at 8 weeks was decreased compared to their discharge
results. This may be because their lymphatic systems were
impaired and had not yet recovered when discharged (24).

The levels of antibodies against S-RBD and NP were
also analyzed. S-RBD and NP IgG antibodies are usually
generated 1 week after symptom onset and reach a plateau
about 4 weeks after symptom onset (25). One study of
30,082 patients (26) showed that the titer of the neutralizing
antibody against the spike protein was stable 3 months
after symptom onset but then declined moderately after
5 months. In the current study, similar to the results of
another study (27), the level of the S-RBD IgG antibody
decreased by 44.6% from 2 to 4 months after discharge.
This raises concerns about whether humoral immunity
provides long-lasting protection against SARS-CoV-2.
Conversely, the NP IgG antibody only decreased to 28.0%
in the same population, and 93.3% of patients remained
positive for the NP IgG antibody 4 months after discharge.

Due to the S-RBD antibody’s capacity to interfere with
the entrance of the virus into host cells and thus prevent
replication, S-RBD is a widely used target in vaccine
development (28,29). Conversely, as NP only exists inside
the virus and is wrapped around the ribonucleic acid,
the NP antibody is barely capable of blocking the virus’s
entrance, but could protect the host via the activation
of T-cell immunity (30). Further, as the NP's mutation
rate is relatively low, NP is another potential target for
vaccine development (31). Most vaccines in clinical use
provide long-lasting protection, at least in part, through
the generation of a pathogen-specific antibody (32). We
showed that the NP IgG antibody level was more stable
than that of S-RBD 4 months after discharge. This provides
more evidence that NP could be used as a potential vaccine
target.

This study had several limitations, including a small
sample size, a dropout of patients at the second follow-up
appointment, and no data on IgG antibody levels during
hospitalization. A larger cohort and more comprehensive
examinations (e.g., pulmonary functions) would be of great
value.

In summary, we performed a longitudinal, observational
study of COVID-19 patients in the convalescent phase
and assessed their radiological and immunological
characteristics. Sixty percent of the patients still showed
at least one abnormality on chest CT scans 8 weeks after
discharge. The CD4+ T lymphocyte count remained low in
about half of the patients 16 weeks after discharge. The level
of the S-RBD IgG antibody declined more dramatically
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than that of NP. These results could help us understand the
health consequences of COVID-19 and assist in developing
vaccines.
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Absolute number of total lymphooytes

Figure S1 Dynamics of lymphocyte subpopulations in 3 patients who experienced progressive lymphopenia after discharge. The gray dotted
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Table S1 Number and fraction of patients with a decreased level of lymphocyte subpopulation

Decreased Compared to Normal Lower Value (n/total, %)

Lymphocyte Weeks after <45y/o > 45 y/o P-value® Moderate Severe/Critical P-value”
subpopulation discharge (n=28) n=7) n=9) (n=6)
Total Lymphocytes 0 6, 75.0% 6, 85.7% 1.000 7,77.6% 5, 83.3% 1.000
8 5,625%  4,57.1% 1.000 5, 55.6% 4,66.7% 1.000
16 4,50.0%  3,42.9% 1.000 4,44.4% 3, 50.0% 1.000
Total T cell 0 5,62.5% 5,57.1% 1.000 5, 55.6% 5, 83.3% 0.580
8 5,62.5% 5,57.1% 1.000 5,33.3% 5,50.0% 0.580
16 3,37.5%  3,42.9% 1.000 3,33.3% 3,50.0% 0.622
CD4+ T cell 0 6,75.0%  4,57.1% 0.608 6, 66.7% 4,66.7% 1.000
8 6,75.0%  3,42.9% 0.315 5, 55.6% 4,66.7% 1.000
16 4,50.0%  3,42.9% 1.000 4,44.4% 3, 50.0% 1.000
CD8+ T cell 0 2,25.0%  3,42.9% 1.000 1,11.1% 4,66.7% 0.089
8 2,25.0%  2,28.6% 1.000 1,11.1% 3, 50.0% 0.235
16 0,0 1,14.3% 0.467 0,0 1,16.7% 0.400
B cell 0 2,25.0% 1,14.3% 1.000 2,22.2% 1,16.7% 1.000
8 0,0 1,14.3% 0.467 0,0 1,16.7% 0.400
16 0,0 0,0 - 0,0 0,0 -
NK cell 0 4,50.0%  4,57.1% 1.000 4,44.4% 4,66.7% 0.608
8 2,25.0% 2,28.6% 1.000 3,33.3% 1,16.7% 0.604
16 1,12.5% 0,0 1.000 1,11.1% 0,0 1.000

# 2-tailed P-value by Fisher's exact test.

0OD450nm of Blank Control Across
Different ELISA Plates

0.15
0.14
0.13
0.12

0.11

010——7——71 T T T 7
N9 5 K O O

N T Y
Q\'b' Q\'b' Q\'b' Q\’b Q\’b Q\’b

Figure S2 Mean OD450 nm value of blank controls between
different ELISA plates.
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