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Objectives: COVID-19 is an immune-related disease caused by novel Coronavirus SARS-COV-2. Lung lesions 
persist in some recovered patients, making long-term follow-up monitoring of their health necessary. The 
mechanism of these abnormalities is still unclear. In this study, the immune status was observed to explore the 
immune mechanism of persistent lung CT abnormalities in one-year COVID-19 recovered subjects. 
Methods: One-year follow-up of 73 recovered patients from COVID-19 confirmed in Taizhou City, Zhejiang 
Province, was conducted to collect laboratory indicators such as blood immune cells, cytokines, complement 
series, immunoglobulin, and lung imaging; According to the results of lung CT, 60 patients were divided into 
normal CT group (n = 40) and abnormal CT group (n = 20). We compared the dynamic changes of immune 
indexes at three timepoints namely onset (T1), discharge (T2), and 1-year follow-up (T3), and studied the 
relationship between immune indexes and pulmonary sequelae. 
Results: Compared with the healthy control, there was no significant difference in immune-related indexes, and 
immune levels had recovered. Patients with elder age, high BMI, severe patients, and those with underlying 
diseases (hypertension or diabetes) had a higher CT abnormal rate after recovery. Longitudinal observation 
showed that immunoglobulin increased first and then decreased, immune cell TBNK decreased in the onset 
period and increased in the recovery period, cytokine level increased significantly in the onset period and 
decreased to the normal level in the recovery period, and complement series C1q, C3 and C4 increased at the 
onset and decreased during the one-year follow-up. Complement C3 remained at a high level in the CT abnormal 
group (CT normal group vs CT abnormal group; P = 0.036). Correlation analysis showed that C3 negatively 
correlated restrictive ventilation index (TLC-He (ratio) (r = − 0.302, P = 0.017). The above results suggest that 
complement C3 is a negative factor correlating abnormal pulmonary function 1 year after the recovery. 
Conclusion: After one year recovering from COVID-19, the subjects were with stable immune indicators. High 
levels of complement C3 were associated with persistent lung abnormalities in COVID-19 recovered subjects.   

1. Introduction 

So far, WHO has confirmed more than 480 million COVID-19 cases 
worldwide, with 6.1 million deaths and 370 million cured cases [https 
://covid19.who.int/]. Although most of them have been discharged 
and returned to society, the follow-up problems caused by the disease, 
such as long-term lung damage and post-traumatic stress disorder, still 
exist[1]. 

Studies have reported that most of the COVID-19 recovered subjects 
after being discharged for 3 months suffered from symptoms such as 
fever, sputum production, fatigue, diarrhea, dyspnea, cough, tightness 
in the chest, palpitations, and so on, and 42% had mild pulmonary 
dysfunction [2]. Huang et al. found that the main symptoms of COVID- 
19 recovered subjects 6 months after acute infection were fatigue or 
muscle weakness, sleep difficulty, anxiety, or depression. In the latest 1- 
year follow-up, about 20–30% of severe COVID-19 recovered subjects 
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were observed with impaired lung diffuse function, while in critically ill 
patients, the proportion was as high as 54%[3]. The recovered subjects 
with severe illness and impaired pulmonary dispersion ability during 
hospitalization has a high proportion of abnormal chest imaging mani-
festations [4]. However, related factors and specific mechanisms of 
persistent pulmonary dysfunction are not fully understood. 

There is evidence that complement activation is the pathophysio-
logical basis of many lung diseases, such as asthma and acute respiratory 
distress syndrome [5], and also leads to immune-mediated lung injury 
[6]. Normal immune status was found among COVID-19 recovered 
subjects 2 weeks after the discharge [7]. However, the long-term im-
mune status of COIVD-19 patients has not been reported in the litera-
ture. This study retrospectively analyzed related immune indicators of 
COVID-19 recovered subjects from infection to one-year follow-up to 
evaluate the immune status, and explored possible factors relating their 
persistent abnormal lung CT. 

2. Materials and methods 

2.1. Study cohort 

From February 9, 2021, to February 10, 2021, we followed up 144 
subjects for one year after they were discharged from Taizhou Hospital 

where they were formerly confirmed with COVID-19. The following 
subjects were first excluded: (1) refusal to participate (n = 42); (2) 
Unable to contact (n = 6); (3) 23 subjects who lived outside Taizhou. 
Among the remaining 73 subjects, those who had an infection (n = 6), 
autoimmune diseases (n = 6), or malignant tumor (n = 1) during the 
follow-up period were also excluded for the sake of evaluating immune 
status. Eventually, 60 subjects were included, 33 males and 27 females, 
with a median age of 48 years, and 26.7% of them were severe patients. 
At the one-year follow-up, lung CT and lung function were performed. 
The presence of patchy/GGO, consolidation, and fibrosis lesions in each 
image was recorded. Patients with more than one of the above- 
mentioned features were determined as lung CT abnormality. Subjects 
were divided into normal CT group (n = 40) and abnormal CT group (n 
= 20) (Fig. 1). At the same time, 39 healthy controls from the physical 
examination center were included by matching age, sex, and health 
status (no underlying diseases or immune diseases, relevant clinical in-
dicators within the normal range) with subjects. 

For the dynamic analysis of clinical indicators, we analyzed three 
time points. The first point was T1: admission, defined as within 7 days 
after the admission; the second was T2: within 7 days before the 
discharge and 2 weeks after the discharge; the third was T3: one-year 
follow-up. 

The study was approved by the ethics committee of Taizhou Hospital 

Cases included in this study (n=73)

Comparative analysis of immune indicators for recovered patients from COVID-19 (n=60)

excluding:
infected patients during the follow-up (n=6)
with autoimmune disease (n=6)
patients with a history of malignancy (n=1)

Patients with normal CT (n=40), patients with abnormal CT (n=20)

Assessing the immune status of persistently abnormal lung CT in patients recovered from 
COVID-19 one year after the recovery

One-year follow-up of COVID-19 recovered subjects in Taizhou (n=144)

excluding:
refused to participate or were lost to 
follow-up(n=42); 
failed to be contacted(n=6);
lived outside Taizhou(n=23)

According to features of the lung CT

Fig. 1. Study design and workflow.  
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of Zhejiang Province. It was registered in the Chinese Clinical Trial 
Registry (registration number: ChiCTR2100048440). Informed consent 
was obtained from each subject. The minors’ participation in the study 
was approved by their parents and/or legal guardians. 

2.2. Clinical indicator analyses 

We analyzed the 23 immune indicators including immunoglobulin 
(Globulin, A/G, IgG, IgA, IgM), lymphocyte subsets (CD3 T cells, CD4 T 
cells, CD8 T cells, NK cells, and CD19 B cells), complement series (C1q, 
C3, and C4), whole blood cell count (WBC, neutrophil, lymphocyte, and 
Monocyte) and cytokines. The immunoglobulin index and complement 
series were measured by a Beckman Automatic Biochemical analyzer 
(AU5821, Beckman Coulter, Brea, CA, USA). Cytokine and lymphocyte 
subsets were detected by flow cytometry (FACS Canto TM II, BD, USA). 
The whole blood count was analyzed by a Sysmex hematology analyzer 
(XN, Kobe, Japan). 

2.3. CT imaging examination 

Chest CT scans were performed using a combined 40-row UCT530 
scanner (United Imaging, Shanghai, China). The patients were scanned 
in supine position with head raised and breath held. Lungs were scanned 
from top to bottom. CT images obtained were sent to the GE-PACS 
workstation for double-blind reading by two senior radiologists. The 
points of CT score are defined by the following rules. 1) Based on the 
lesion involvement, each infected lobe adds one point [8]. 2) Semi- 
quantitative assessment of the pulmonary features of all these abnor-
malities according to CT stages I (patchy/GGO), II (consolidation), and 
III (fibrosis) [9]. Presence of ground-glass opacity adds one point, two 
points were added in the presence of consolidation lesions, while three 
points were added in case of fibrosis lesions. Consistent with previously 
published studies scoring methodology. A CT score was calculated as 
follows: numbers of lobes involved × 1 + patchy/GGO × 1 + consoli-
dation × 2 + fibrosis × 3 [10]. 

2.4. Lung function examination 

Lung function was measured using a power cube-Body ultrasound 
lung function instrument (PowerCube-body, GANSHORN, Niederlauer, 
Germany). Pulmonary function tests were used to assess ventilatory 
function, diffusion function, and residual air. Ventilatory function tests 
included the following measures: FVC (forced lung capacity); FEV1 
(forced expiratory volume in one second); Peak expiratory flow; Forced 
expiratory flow (FEF), etc. Parameters of diffusion capacity of Carbon 
MONOXIDE (DLCO), Alveolar volume (VA), and KCO (DLCO/VA) were 
related to diffusion function. The standard helium dilution method was 
used to check for residual gas whose volume was assessed using residual 
gas volume (RV), total lung capacity (TLC), and RV/TLC. 

2.5. Statistical analysis 

Continuous and categorical variables were expressed by median 
(quartile interval) and count (percentage), respectively. Mann-Whitney 
U test was used for comparing continuous variables between two groups, 
Kruskal-Wallis’s test was used for multiple comparisons, and χ2 and 
Fisher’s test were used for categorical variables. IBM SPSS 22.0 statis-
tical software was used for all statistical analyses. Origin 2019b was used 
to draw the graphs while variables with P-value < 0.05 were considered 
statistically significant. 

3. Results 

3.1. Patients’ clinical characteristics 

60 subjects were eventually included in the study with 33 males and 

27 females. Compared with normal CT, we observed that median age 
(51 years vs. 45 years; P = 0.037), BMI (26.1 vs 23.1; P = 0.038), the 
proportion of severe patients (60%, P < 0.001), and the symptom of 
chest tightness (P = 0.038) were higher in the abnormal CT group. The 
normal CT group had a higher proportion of underlying diseases in 
hypertension (P = 0.031) or diabetes (P = 0.013) ( Table 1). 

3.2. Returning to immune homeostasis one year after recovery 

To assess the immune status, congenital immune indices (WBC 
count, lymphocyte count, and monocyte count), adaptive immune 
indices (CD3 T cell count, CD4 T cell count, and CD8T cell count), and 
other immune-related indices (Globulin, IgG, IgM) were analyzed 
among these 60 subjects. Compared with healthy controls, we found no 
difference in any of these measures (Fig. 2). These results preliminarily 
suggest that the patient’s immune status had returned to normal during 
the one-year follow-up. 

3.3. Dynamic changes of immunity indicator within one year 

The immune status of the subjects was normal one year after the 
discharge, however, there were 20 subjects with CT abnormalities ac-
cording to lung imaging. To study related factors of lung CT abnor-
malities, we observed the changes in immune indexes at T1, T2, and T3 
in the normal and abnormal CT groups respectively ( Fig. 3). 

Based on longitudinal immunoglobulin changes, A/G decreased at 
admission and then gradually increased, while an opposite trend was 
found in globulin; In the abnormal CT group, IgG increased at the onset 

Table 1 
Baseline clinical characteristics of one-year follow-up of 60 COVID-19 survivors.  

Characteristic All（60） Follow-up(n = 60) P value 

CT-Normal 
(n = 40) 

CT-Abnormal 
(n = 20) 

Gender(Male/ 
Female) 

33/27 22/18 11/9  1.000 

Median age (IQRa), 
year 

47.5 
（40.0–54.5） 

45(37–50) 51(41–56)  0.037 

BMI (IQRa), kg/m2 24.3 
（22.7–26.5） 

23.1 
(21.8–25.0) 

26.1 
(23.4–27.3)  

0.038 

Length of stay, 
days 

22（13-28） 20(13–27) 25(19–32)  0.239 

Severe nb(%) 16（26.7） 4(10) 12(60)  <0.001 
Symptoms and 

signs-nb (%)     
Fever 46（76.7） 30(75) 16(80)  0.756 
Pharyngalgia 7（11.7） 5(12.5) 2(10)  1.000 
Cough 30（50） 18(45) 12(60)  0.273 
Expectoration 13（21.7） 8(20) 5(25)  0.658 
Muscle soreness 3（5） 2(5) 1(5)  1.000 
Headache 10（16.7） 7(17.5) 3(15)  1.000 
Diarrhea 3（5） 2(5) 1(5)  1.000 
Chest tightness 5（8.3） 1(2.5) 4(20)  0.038 
Comorbidities-nb 

(%)     
Hypertension 11（18.3） 4(10) 7(35)  0.031 
Diabetes 6（10） 1(2.5) 5(25)  0.013 
Cardiovascular 

disease 
2（3.3） 1(2.5) 1(5)  1.000 

Cerebrovascular 
disease 

1（1.7） 1(2.5) 0  1.000 

Chronic bronchitis 1（1.7） 0 1(5)  0.333 
Tuberculosis 1（1.7） 1(2.5) 0  1.000 
Thyroid disease 2（3.3） 1(2.5) 1(5)  1.000 
Hepatitis 5（8.3） 4(10) 1(5)  0.656 
Chronic kidney 

disease 
2（3.3） 1(2.5) 1(5)  1.000 

Digestive system 
disease 

1（1.7） 1(2.5) 0  1.000 

IQRa: Median (P25-P75). 
nb (%): number. 
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and returned to the normal level, but there was no difference between 
IgA and IgM. 

Dynamic changes of C1q, C3, and C4 showed that they were all 
elevated at the onset, and remained elevated at discharge. At one-year 
follow-up, C3 levels in the abnormal CT group were still higher than 
those in the healthy control group, and all the others were reduced to 
normal levels. 

Lymphocyte and lymphocyte subgroup TBNK decreased at T1 and 
increased at T2 and T3, but cytokines showed an opposite trend while 
CD19+ cells had no difference in T1, T2, and T3. It should be noted that 
with the recovery from the disease, NK cell counts increased and CD19+
B cell counts decreased in the normal group at one-year follow-up 
compared with healthy controls, while IL-2 and IFN-γ levels remained 
high. 

3.4. The relation between complement C3 and restrictive ventilation 
disorders of lung function in COVID-19 recovered subjects 

To explore the factors associated with persistent pulmonary imaging 
abnormalities in the 60 subjects, we compared the immune indices at 1- 
year follow-up in normal and abnormal groups and found that com-
plement C3 levels were higher in the abnormal group (Table 2). At the 
same time, the longitudinal analysis showed that the onset of comple-
ment C3 increased in the normal and abnormal groups, and complement 
C3 levels in the abnormal group were still higher than those in the 
healthy control group at the one-year follow-up ( Fig. 3). These results 
suggested that high levels of complement C3 at the one-year follow-up 
were associated with abnormal pulmonary effects. To further study the 
relationship between C3 level and lung function, the 60 subjects were 

divided into two groups according to the median C3 level and were 
analyzed on the relationship between C3 level and lung function. The 
results showed that a high C3 level was associated with lower restrictive 
ventilation indicators TLC-HE (ratio) and diffuse ventilation indicators 
(KCO) (Fig. 4A, B). Correlation analysis showed that complement C3 
negatively correlated TLC-He (ratio) (R = -0.302, P = 0.017) (Fig. 4C). 

4. Discussion 

The outbreak of COVID-19 has brought serious consequences to 
health all over the world. Management and follow-up of recovered pa-
tients are also important to work. Relevant studies suggested that 
continuing medical observation after discharge is necessary[11]. In this 
study, 73 cases of one-year COVID-19 recovered subjects in Zhejiang 
province were followed up, we found that 24/73 (32.8%) still had 
abnormal lung CT at the one-year follow-up, indicating that it is still 
necessary to carry out medical management for recovered patients. At 
the same time, we dynamically conducted a comprehensive evaluation 
of immune indicators during the follow-up period from admission to 
one-year recovery and explored the relationship between persistent lung 
CT abnormalities in COVID-19 recovers and immune indicators. 

Aging can lead to decreased lung function, while advanced age has 
been identified as a major risk factor for the development of severe 
COVID-19 [11,12], and age is also a risk factor for lung recovery[13,14]. 
Overweight and obese tend to lead to be severe and have a poor prog-
nosis [15]. This study found that subjects with abnormal CT in the 1- 
year follow-up were older and with higher BMI. The most common 
comorbidities among 73 COVID-19 recovered subjects were hyperten-
sion (11/73, 15%) and diabetes (6/73, 8.2%), both of which were higher 

Fig. 2. Recovered immune homeostasis one year after the discharge. Comparison of the number of leukocytes, lymphocytes, monocytes, and lymphocyte subsets 
(CD3+, CD4+, CD8+) and immune series (globulin, IgG, IgM) between COVID-19 recovered subjects in first-year follow-up and healthy controls. 
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Fig. 3. Dynamic changes of immune indexes of COVID-19 subjects within one year after the discharge. P1: the immune indexes comparison at T1, T2, and T3 
in the normal CT group for; P2: the immune indexes comparison at T1, T2, and T3 in the abnormal CT group; P3: the immune indexes comparison at T3 in the healthy 
control group, normal CT group, and abnormal CT group; P4: the immune indexes comparison at T3 in the normal CT group and abnormal CT group. The Y-axis 
represents the value of immune indicators, The X-axis represents groups, The color gray represents healthy control, red represents T1, blue represents T2, and the 
green represents T3. The blue line represents the CT normal group and the yellow line represents the CT abnormal group. 
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in the pulmonary dysfunction group, and diabetic patients were more 
likely to receive invasive mechanical ventilation and intensive care unit 
(ICU) care [16]. It was also confirmed that the proportion of severe 

COVID-19 patients in the abnormal CT group reached 60% [4]. 
Compared with healthy controls, we observed that the total number 

of leukocytes, lymphocyte counts, monocyte counts, lymphocyte sub-
sets, and immunoglobulins were not significantly different indicating 
that the immune status was recovered. Longitudinal observation of 
immune indicators in recovered patients showed that compared with the 
2-week follow-up after discharge, lymphocytes and lymphocyte subsets 
increased, cytokines decreased, and complement series decreased to 
normal levels at one-year follow-up, except for the abnormal CT group. 
This is an addition to previous studies reporting that the immune system 
gradually recovered to a steady state after two weeks of discharge 
[7,17,18], and also reflects the need for long-term follow-up. Interest-
ingly, compared with healthy controls, the normal group had higher NK 
cell count levels at one-year follow-up, which also suggested that NK 
cells were a prognostic factor for good recovery of lung function [13]. 

In addition, the longitudinal analysis in this study found that a high 
level of complement C3 might be a related factor for pulmonary ab-
normality at one-year follow-up, and correlation analysis confirmed that 
a high level of complement C3 was negatively correlated with pulmo-
nary ventilation function, suggesting that complement C3 might be a 
risk factor for pulmonary recovery. Complement C3 activation is up-
stream of pro-inflammatory innate immune circuits that contribute to 
thrombotic inflammation and organ damage in COVID-19[19,20]. It has 
been reported that blocking C3 activation or the generation of down-
stream effects can significantly attenuate the directed pro-inflammatory 
sequelae of coronavirus (CoV) infection in the lung, including MERS- 
CoV or SARS-CoV [6,21]. However, the prognostic function of comple-
ment C3 on pulmonary recovery during 1-year follow-up of COVID-19 
survivors has not been reported. A recent report suggests that comple-
ment activation has been found in lung biopsies of COVID-19 patients. 
Italian researchers also reported the first case of COVID-19 treated with 
amy101, a complement C3 inhibitor [22]. In conclusion, a sustained 
high level of complement C3 in COVID-19 survivors is a risk factor for 

Table 2 
Immune indexs of one year follow-up 60 COVID-19 surviors.  

Variables CT Normal (n = 40) CT Abnormal (n = 20) P 

Albumin /globulin 
ration 

1.8（1.7–2.2） 1.9（1.6–2.0）  0.642 

Globulin 24.6（22.5–26.5） 25.2（22.9–27.2）  0.627 
IgA 2.2（1.8–2.6） 2.0（1.5–2.3）  0.246 
IgG 11.9（9.7–13.0） 11.1（10.3–12.3）  0.490 
IgM 1.0（0.8–1.4） 0.9（0.6–1.3）  0.442 
Complement C1q 167.7 

（142.9–184.2） 
166.3 
（132.6–182.3）  

0.632 

Complement C3 1.1（0.9–1.2） 1.2（1.1–1.3）  0.036 
Complement C4 0.25（0.22–0.31） 0.29（0.24–0.36)  0.072 
CD3(+) lymphocyte 

counts 
1076.6 
（852.7–1344.9） 

1129.8 
（786.5–1745.7）  

0.363 

CD4(+) lymphocyte 
counts 

534.2 
（485.6–734.3） 

716.4 
（460.1–1088.1）  

0.227 

CD8(+) lymphocyte 
counts 

444.3 
（331.5–624.7） 

463.9 
（346.0–587.7）  

0.707 

NK cell counts 438.9 
（289.0–578.8） 

375.1 
（289.1–522.0）  

0.742 

CD19(+) lymphocyte 
counts 

156.4 
（119.5–218.0） 

215.3 
（131.5–255.6）  

0.279 

Interleukin-2 0.82（0.50–1.06） 0.91（0.72–1.09）  0.525 
Interleukin-4 0.65（0.32–1.00） 0.62（0.28–1.08）  0.838 
Interleukin-6 1.39（0.94–1.85） 1.56（1.17–2.02）  0.397 
Interleukin-10 0.50（0.25–1.16） 0.49（0.24–0.67）  0.525 
Tumor necrosis 

factor-α 
0.49（0.32–0.79） 0.58（0.41–0.97）  0.212 

Interferon-γ 0.42（0.25–0.64） 0.37（0.27–0.89）  0.778 
WBC 5.44（4.47–6.36） 6.0（4.6–7.4）  0.230 
Neutrophil 3.0（2.5–3.8） 3.4（2.3–4.6）  0.790 
Lymphocyte 1.8（1.4–2.1） 1.89（1.5–2.5）  0.542 
Monocyte 0.4（0.3–0.5） 0.4（0.3–0.5）  0.273  

Fig. 4. Complement C3 is a correlative factor of pulmonary function-restrictive ventilatory disorders in COVID-19 patients. A. Heat maps of lung function 
indicators between groups with complement C3 < median (1.1 g/L) and complement C3 ≥ median (1.1 g/L). B. Difference analysis of restrictive ventilation in-
dicators TLC-HE (Ratio) and diffuse ventilation indicators (KCO) between the two groups. C. The correlation coefficient heat map showed that complement C3 and 
TLC-He (ratio) were negatively correlated. 
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persistent lung abnormalities. 

Limitations 

Several limitations should be considered when interpreting the re-
sults of this study. First, the research object of this study is limited to one 
city, and there may be differences between cities or regions. Second, the 
sample size is not large enough, which may weaken the statistical power. 
Therefore, it is necessary to further study inductive validity and external 
validity to further clarify its internal mechanism. In future studies, it is 
important to consider a larger sample size and longitudinal studies with 
wider regions and populations. 

5. Conclusion 

In conclusion, our findings suggested that the higher the complement 
C3 level at one-year follow-up, the greater the likelihood of pulmonary 
imaging abnormalities. In addition, complement C3 negatively corre-
lated with the lung restrictive ventilation index. These findings could be 
useful for medical institutions and governments to provide further 
therapy to the COVID-19 recovered subjects. 
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