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ABSTRACT

Since its emergence in December 2019, coronavirus disease 

2019 (COVID-19) has culminated in a worldwide pandemic. It is 

associated with viral pneumonia, severe symptoms of acute 

respiratory distress, and multiple organ failure; however, 80% of 

confirmed patients only exhibit mild symptoms, such as fever, 

cough, and sore throat. Patient severity depends on various factors, 

including age. In this study, plasma was collected from patients with 

varying degrees of COVID-19 severity to determine the 

immunological response against severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), the causative agent of COVID-19, 

and subsequently analyzed to elucidate the correlation between 

patient profiles and clinical features. Plasma IgG levels against viral 

antigens were found to be positively correlated with disease 

severity, and patients with severe illness developed stronger and 

more rapid IgG responses than those with milder illness. 

Nonetheless, the antibody response against the SARS-CoV-2 

receptor binding domain (RBD) and nucleocapsid (N) proteins in 

older individuals tended to be more pronounced than that in younger 

patients. Furthermore, a correlation with the levels of three 

inflammatory markers, namely, interleukin-6, C-reactive protein, 
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and lactate dehydrogenase, was observed, thus indicating 

SARS-CoV-2 infection. These inflammatory markers exhibited 

higher levels in the severe illness group of SARS-CoV-2-infected 

patients aged > 60 years. Nevertheless, both levels of inflammatory 

markers and antibody responses indicated disease severity, and 

these two factors did not show any correlation.

Keyword : COVID-19, SARS-CoV-2, Coronavirus, Serology, 

Serological assay, Antibody response, 

Student Number : 2019-20086
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INTRODUCTION

In 2019, a novel betacoronavirus-generated pandemic emerged 

from Wuhan, China (1). The World Health Organization named it 

coronavirus disease 2019 (COVID-19) in February 2020 (2). The 

causative agent of COVID-19, severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), has rapidly spread worldwide. The 

disease is associated with pneumonia, acute respiratory distress, 

and multiple organ failure (1). However, approximately 80% of 

confirmed COVID-19 cases are asymptomatic or have mild 

symptoms, including fever, cough, sore throat, and myalgia (3). 

This family of coronavirus is divided into four genera: 

Alphacoronavirus, Betacoronavirus, Gammacoronavirus, and 

Deltacoronavirus. Among these, the first two infect mammalian 

species, including humans, whereas the other two can infect avians 

and pigs. To date, the following seven human coronaviruses (HCoVs) 

have been reported: two alpha-CoVs (HCoV-229E and 

HCoV-NL63) and five beta-CoVs (HCoV-OC43, HCoV-HKU1, 

severe acute respiratory syndrome coronavirus (SARS-CoV), 

Middle East respiratory syndrome coronavirus (MERS-CoV), and 

SARS-CoV-2) (4). The genus Betacoronavirus has a zoonotic 
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origin. Betacoronaviruses use bats as primary hosts and palm civets 

and camels as intermediate hosts (5). During the last two decades, 

three outbreaks have been attributed to betacoronaviruses, namely 

SARS-CoV in 2002, MERS-CoV in 2012, and SARS-CoV-2 in 

2019 (6).

Coronaviruses are enveloped, nonsegmented, positive-sense, 

single-stranded RNA viruses. They consist of spike (S), membrane 

(M), envelope (E), and nucleocapsid (N) proteins. The core 

contains the phosphorylated N protein with genomic RNA and is 

surrounded by the S protein. The S protein of HCoVs is crucial for 

viral attachment and entry, since the RBD is located on the S1 

subunit of the S protein (7). Based on SARS-CoV-2 genome 

sequencing, which facilitates comparative studies with other 

betacoronaviruses, structural similarities were observed between 

the S proteins of SARS-CoV-2 and SARS-CoV, suggesting that 

SARS-CoV-2 also utilizes the angiotensin-converting enzyme 2 

(ACE2) receptor as the host-entry factor (8).

Once a virus accesses the cell through its receptor, it (or its 

surface epitope) can be recognized by the host’s immune system. 

Pathogen recognition receptors on immune cells, specifically 

toll-like receptors (TLRs), enhance interferon (IFN) production 
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(9), which in turn limits virus spread and plays an 

immunomodulatory role by balancing the response via activation of 

signals that induce an antiviral state. Simultaneously, the 

counterbalance of IFNs by inducing a suppressive signal limits their 

toxicity in host cells (10). In addition, coronavirus binding to the 

ACE2 receptor leads to viral-RBD recognition by TLR3, which 

triggers transcriptional responses and activates the NLRP3 

inflammasome. This process allows the secretion of IL-1β and 

IL-18, which induce pyroptosis and inflammation. Lactate 

dehydrogenase (LDH), an indicator of severe COVID-19, is 

subsequently produced (11, 22).

Betacoronavirus-infected monocytes, macrophages, and 

dendritic cells result in the activation and secretion of IL-6 and 

other inflammatory cytokines. IL-6 contributes to the cytokine 

release syndrome (CRS) through the cis-signaling pathway. During 

trans-signaling, IL-6 binds to IL-6R to form a gp130 dimer 

complex on the cell surface, formation of 

IL-6–sIL-6R–JAK-STAT3 signaling is allowed, and cells not 

expressing membrane-bound IL-6, such as endothelial cells, are 

activated. This results in a systemic cytokine storm that also 

triggers the vascular endothelial growth factor, monocyte 
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chemoattractant protein-1, IL-8, and additional IL-6. This 

increase in IL-6 increases C-reactive protein (CRP) levels. CRP 

levels have been reported to be high in coronavirus-infected 

patients; therefore, CRP is considered an inflammatory marker (40).

Fatal lower respiratory tract infections and extrapulmonary 

manifestations are caused by MERS-CoV and SARS-CoV; CD4+T 

and CD8+T cells are considered to play a significant antiviral role. 

Once the virus infects host cells, antigen-specific CD8+ and CD4+ 

T cells are activated by antigen-presenting macrophages. CD4+ T 

cells promote the production of virus-specific neutralizing IgG in 

the bone marrow by activating T-dependent long-lived plasma B 

cells (12, 14). Neutralizing antibodies or anti-coronavirus IgG has 

been reported to develop within 2 weeks after symptom onset (15, 

16). Furthermore, virus-infected cells can be destroyed by CD8+T 

cells (14). 

Although the mechanisms underlying disease severity remain 

elusive, older individuals and people with a medical history of 

chronic lung or kidney disease, cancer, asthma, and diabetes are 

considered high-risk groups for COVID-19 (17). Most young 

individuals exhibit only mild disease or are asymptomatic. 

According to a report from China, 81% of the cases were classified 
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as mild; 14% as severe, requiring ventilation in an intensive care 

unit; and 5% as critical (18). 

In this study, SARS-CoV-2-infected individuals were 

classified into three groups based on disease severity. Blood 

specimens from confirmed patients with varying degrees of clinical 

symptoms were used to measure the serological response against 

the RBD and N proteins of SARS-CoV-2. The relationship between 

antibody titer and inflammatory markers, such as IL-6, CRP, and 

LDH, was examined. In addition, the correlation of disease severity 

and antibody titer with patient age and sex was investigated.
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MATERIAL AND METHODS

Ethics Statement

This research was approved by the institutional review boards 

of Chosun University Hospital (IRB no.: 2020-02-011), Chungnam 

National University Hospital (IRB no.: CNUH2017-12-004), and 

Seoul National University Hospital (IRB no.: C-1509-103-705). In 

accordance with the ethical standards laid down in the 1964 

declaration of Helsinki and all subsequent revisions, this study was 

conducted with informed consent from patients or their legal 

guardians.

Patient samples

Human plasma samples were collected from the COVID-19 

confirmed individuals (n=64) from Chungnam National University 

Hospital (CNUH). These SARS-CoV-2 infected patients were 

grouped with disease severity. Group I includes patients who are 

acute illness without or mild pneumonia. SARS-CoV-2 infected 

individuals who have moderate pneumonia and have nasal cannula 

therapy belong to Group II. Severe illness patients which requires 
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mechanical ventilation belongs to Group III. The patients' 

information of the severity groups is summarized in Table 1.  

Concentration of IL-6, CRP, and LDH in plasma specimens were 

measured via clinical diagnosis service from Seoul Clinical 

Laboratory (Seoul, Republic of Korea).

Purification and charaterization of viral RBD protein

To eliminating the Fc receptor part from the RBD protein, 

RBD-Fc protein is incubated with 1X HRV 3C reaction Buffer 

(Thermo Scientific™), HRV 3C protease (Thermo Scientific™), and 

ultrapure water. The ratio of protease: protein was 1:10. Each tube 

contains protein, protease, and reaction buffer. Ultrapure water was 

used to fit the volume to 25 μL. The mixture was incubated for 16 

hours at 4°C on the end-over-end rotator.

30 μL of Ni-NTA agarose resin (Qiagen) was equilibrated 

with 90 μL of 1X HRV 3C reaction buffer for three times then 50 μ

L of protease mixture applied to the beads. The mixture with resin 

was incubated at 4°C for 90 minutes with the end-over-end 

rotator. 

The protein mixture with the Ni-NTA beads was centrifuged at 

700 xg for 2 minutes to take the RBD protein which is supernatant.
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For confirming the complete protease reaction, an incubated 

protein with HRV 3C protease was loaded to 12% acrylamide gel 

after denaturation with SDS sample buffer. After electrophoresis, 

the gel was stained with Coomassie blue reagent for 10 minutes and 

take 20 minutes to destain. Gel image was detected by LAS-4000 

(Fujifilm, USA)

To check the absence of the Fc receptor on purified protein and 

confirm the purified protein is RBD, the protein was loaded to the 

12% acrylamide gel after denaturation step with SDS sample buffer. 

and transferred to a methanol-activated polyvinylidene difluoride 

(PVDF) membrane. The PVDF membrane was incubated with 5% 

skim milk with 0.05% PBST (0.05% Tween20 in PBS) for 2 hours 

then reacted with his-probe mouse IgG1 have HRP conjugate 

(Santacruz) in 1:500 dillution or plasma from SARS-CoV-2 

positive patient in 1:500 dillution. The anti-human IgG with HRP 

conjugate (Promega) 1:10000 dillution in 0.05% PBST contained 5% 

skim mlik was applied to the membrane which reacted with a plasma 

of the COVID-19 patient. Membrane image was taken by 

LAS-4000 (Fujifilm, USA)
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Enzyme-Linked Immunosorbent Assay (ELISA)

To assess for SARS-CoV-2 N (Bionics, Korea) or 

RBD-specific antibody responses, 96-well immunoassay plates 

(Nunc, Waltham, MA, USA) were coated with 100 μL carbonate 

buffer at an antigen concentration of 1 μg/mL at 4 °C overnight. 

The plate was then blocked for 2 hours at room temperature (RT) 

with 300 μL of 0.05% PRBT (0.05% Tween20 in PBS) containing 5% 

skim milk. 100 μL of Serially diluted samples (started from 1:10, 4 

points, 5-fold dilution) was applied and incubated for 1 hour at RT. 

Horseradish peroxidase (HRP) conjugated anti-human mouse IgG 

or IgA was used. After reacted with secondary antibody, each well 

was incubated with 3,3′,5,5′-tetramethylbenzidine (TMB) 

peroxidase substrate solution (KPL, Gaithersburg, MD, USA) for 

about 5 minutes, and reactions were stopped by the addition of 1M 

phosphoric acid solution. Absorbance was measured at 450 nm 

using a microplate reader (Beckman Coulter, Brea, CA, USA). The 

cut-off titer for the ELISA was determined as the lowest titer 

showing an optical density (OD) over the mean OD plus 3Xstandard 

deviation (s.d.) from three control plasma samples (diluted 1:10). 
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Statistical analysis

Data was analyzed using the Graph Pad Prism 5.01 software 

(GraphPad Software, La Jolla, CA, USA).  Statistical analysis was 

performed using Mann-Whitney test t-test or one-way analysis of 

variance (ANOVA) followed by followed Newman-Keuls t-test for 

comparisons of values among different groups and Spearman 

Correlation analysis for finding correlation with each groups. A 

p-value of < 0.05 was considered statistically significant.  
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RESULTS

Characterization of Viral Antigens and Negative 

Control Plasma

To examine the kinetics of antibody responses against the 

SARS-CoV-2 antigen, especially the N and RBD proteins, the Fc 

receptor of the RBD protein was eliminated (Figure 1) using HRV 

3C protease. Since the Fc receptor is encoded with a His-tag, the 

proteolyzed RBD was purified with Ni-NTA agarose beads by 

eliminating the Fc receptor from the protein. The purified protein 

was confirmed to be RBD, with a size of approximately 40 kDa. The 

Fc receptor was clearly removed in the process, and no His band 

was detected corresponding to the size of RBD-Fc, which was 

approximately 70 kDa (Figure 2).

Prior to conducting the enzyme-linked immunosorbent assay 

(ELISA), negative controls were selected for both the anti-N and 

anti-RBD protein assays. Control plasma was selected after 

assessing the IgG levels. Six plasma samples were prepared for the 

anti-N protein ELISA. All six plasma samples were confirmed to 

have lower optical density (OD) values than plasma samples from 
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patients with COVID-19 (Figure 3A). Six samples were pooled, and 

three separate sets were used as controls. Eleven plasma samples 

were prepared as control candidates to determine plasma antibody 

levels against the RBD protein. The three plasma samples with the 

lowest OD values were selected as controls (Figure 3B). The 

appropriate amount of coating antigen was verified concomitantly. 

One hundred nanograms of antigen protein in one well was sufficient 

to generate IgG and IgA responses (Figure 3B), and 100 ng was 

selected as the amount of coating antigen.
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Correlation of Serological Response Against 

SARS-CoV-2 with COVID-19 Severity

Sixty-four patients with confirmed SARS-CoV-2 infection 

were enrolled in this study. A total of 22 severely ill patients 

(Group III), 12 moderately ill patients (Group II), and 30 mildly ill 

patients (Group I) were enrolled in this study (Table 1). Except for 

the patients in Group I, the ratio of sex in each group was the same. 

To evaluate plasma IgG and IgA responses in infected 

individuals, an indirect ELISA was conducted. Most 

SARS-CoV-2-infected patients developed antibody responses 

against the RBD protein within 2 weeks after symptom onset 

(Figures 4A and 4B). The N protein of CoVs is a viral RNA-binding 

protein necessary for viral RNA transcription and replication (19). 

Since a previous study reported that N13, a fragment of the N 

protein, can react with 100% of sera from CoV-infected patients 

and that antibodies against the N protein developed earlier than 

those against the S protein (20), ELISA was performed to estimate 

the serological response against the SARS-CoV-2 N protein. 

Similar to the anti-RBD responses (Figures 4C and 4D), plasma 

IgG and IgA levels against the N protein developed approximately 2 

weeks after symptom onset. 
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The variation in mean IgG titer against viral RBD protein (mean 

log2 antibody titer in Group I: 6.256, Group II: 4.886, and Group III: 

8.356) and viral N protein (mean log2 antibody titer in Group I: 

3.604, Group II: 4.506, and Group III: 6.822). A significantly higher 

serological response was observed in severe cases than in milder 

symptomatic patients (Figure 5). In addition to the IgG response, 

the mean IgA titer varied depending on disease severity. Patients 

with severe illness displayed a higher burden of IgA response 

against both RBD protein (mean log2 antibody titer in Group I: 

4.166, Group II: 3.343, and Group III: 5.756) and N protein (mean 

log2 antibody titer in Group I: 1.760, Group II: 3.281, and Group III: 

4.444) (Figure 5). Collectively, this demonstrates that severe 

patients potentially develop stronger and more rapid plasma IgG and 

IgA responses than individuals with mild or moderate illness.
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Correlation of Plasma Antibody Responses with 

Patient Age

Several studies have reported various factors associated with 

COVID-19 severity; most have reported that the older population is 

prone to developing severe symptoms (21). In addition, another 

study demonstrated that sex is another factor that influences 

COVID-19 severity (33-37). Since antibody response has been 

confirmed to demonstrate disease severity, the degrees of response 

in women and men were analyzed and compared to define the 

relationship between severity and sex. 

Our study found no significant difference in the median levels of 

both RBD-specific (mean log2 antibody titer: 9.241 and 9.800 in 

men and women, respectively) and N-specific IgG (mean log2 

antibody titer: 7.690 and 8.229 in men and women, respectively) 

(Figure 6A). While the level of serological response can be an 

indicator of disease severity (Figure 5), this suggests that 

COVID-19 severity is not affected by sex.

Thereafter, COVID-19 patients were grouped based on age, 

regardless of disease severity. Patients aged > 60 years were 

considered the elderly group and SARS-CoV-2-infected 

individuals aged < 60 years were considered the younger group. 
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The elderly group displayed significantly higher IgG responses 

against both RBD (mean log2 antibody titer: 6.235 and 8.040 in the 

younger and elderly groups, respectively) and SARS-CoV-2 N 

protein (mean log2 antibody titer: 4.148 and 6.048 in the younger 

and elderly groups, respectively) (Figure 6B). In addition, the 

proportion of older individuals and median age in each group 

increased as the disease became severe (Table 1), indicating that 

age is a critical factor associated with COVID-19 severity.
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Kinetics of Inflammatory markers for COVID-19

To determine the relationship between plasma antibody 

response and other factors associated with COVID-19 severity, the 

levels of IL-6, CRP, and LDH were evaluated. IL-6 is an 

inflammatory cytokine that is a consequence of monocyte, 

macrophage, and dendritic cell infection. Although it can induce 

classic cis- and trans-signaling, IL-6 participates in the CRS 

through cis-signaling and increases CRP as a result of a 

trans-signaling pathway (22). CRP is produced by the liver and 

serves as an early marker of infection and inflammation (23). LDH 

is an enzyme that converts pyruvate to lactate during glucose 

metabolism. Its secretion is triggered by cell membrane necrosis. 

Therefore, LDH levels indicate viral infection or lung damage, such 

as pneumonia (24). IL-6, CRP, and LDH are considered 

inflammatory markers of SARS-CoV-2 infection (24). The 

relationship between inflammatory markers and COVID-19 severity 

was also analyzed. 

The kinetics of each inflammatory marker were evaluated to 

determine the concentration in a time-dependent manner. IL-6, 

CRP, and LDH reached their highest concentrations at 10 days to 2 

weeks, 2 weeks, and approximately one week after symptom onset, 
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respectively (Figure 7). All three patient groups secreted IL-6 and 

did not reach the normal range (Figure 7A), which were below 

0.045 ng/mL (41). CRP and LDH levels decreased to the normal 

range after reaching their highest peaks (Figure 7B and 7C), which 

were under 0.3 mg/dL and 105–333 IU/L, respectively (42-43). 

Furthermore, the severe illness group exhibited elevated IL-6 

(mean IL-6 in Group I: 0.5916, Group II: 1.258, and Group III: 

1.355 log10 ng/mL), LDH (mean LDH in Group I: 363.3, Group II: 

450.1, and Group III: 619.4 IU/L), and CRP (mean CRP in Group I: 

1.213, Group II: 3.603, and Group III: 7.810 mg/dL). This indicates 

that the levels of inflammatory markers potentially indicate 

COVID-19 severity (Figure 8).
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Relationship between Antibody Titer and Sex or Age

Among COVID-19 inflammatory markers, IL-6 and CRP are 

inflammatory cytokines, whose levels may indicate a cytokine storm 

in patients (22-24). Previous analyses have shown a positive 

relationship between the levels of IL-6, LDH, and CRP and antibody 

levels in SARS-CoV-2-infected individuals. A correlation analysis 

of plasma IgG responses and inflammatory markers was performed. 

As a result, despite the fact that both factors are related to patient 

severity, plasma IgG response and inflammatory marker levels were 

not significantly correlated (Figures 9 and 10). The only correlation 

was between N-specific IgG and CRP levels in Group II patients 

(p=0.0234), thus exhibiting a positive relationship with the patients’ 

IgG response and CRP (Figure 10C). 

In previous studies, the serological response was not affected 

by sex. To determine whether men or women have a higher 

concentration of inflammatory markers, IL-6, LDH, and CRP levels 

were compared in this study. The concentrations of IL-6 (mean 

IL-6 concentration: 1.180 and 1.096 log10 ng/mL in men and 

women, respectively), LDH (mean LDH concentration: 456.0 and 

428.9 IU/L in men and women, respectively), and CRP (mean CRP 

concentration: 4.023 and 4.089 mg/dL in men and women, 
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respectively) were not significantly different between men and 

women (Figure 10). Consistent with previous results (Figure 6B), 

the mean concentrations of IL-6 (0.6625 and 1.478 log10 ng/mL in 

the younger and elderly groups, respectively), LDH (397.7 and 

558.4 IU/L in the younger and elderly groups, respectively), and 

CRP (1.501 and 6.249 mg/dL in the younger and elderly groups, 

respectively) were also significantly higher in older individuals 

(Figure 11), thus indicating that age, but not sex, is a critical factor 

for COVID-19 severity.
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DISCUSSION

In the case of SARS-CoV infection, the median IgG response 

level against the N protein rises above the cutoff on day 17 of 

symptom onset (25). Plasma IgG levels against whole virus lysate 

start to develop at approximately 2 weeks after symptom onset, 

reaching 100% in 90 days (15). In the serological analysis of 

MERS-CoV, anti-S protein ELISA demonstrated the highest 

sensitivity; S-, S1-, and RBD-based ELISAs have a broader 

measurement range than the N protein (16). Serological responses 

can be observed in most patients by week 3 of illness, and antibody 

responses, as per the neutralization test, were associated with more 

severe disease (26). Similar to SARS-CoV and MERS-CoV 

antibody responses, COVID-19 is associated with higher and more 

rapid IgG and IgA levels depending on disease severity (Figure 4). 

The responses were more prompt than those in SARS-CoV- and 

MERS-CoV-infected individuals. While patients infected with the 

previous coronaviruses required more than 3 weeks to develop 

antibody responses (15-16, 25-26), almost all patients with 

COVID-19 developed IgG and IgA responses at approximately 10 

days after symptom onset (Figure 4).
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The N protein has been reported to be highly immunogenic and 

lacks glycosylation sites. This facilitates N-specific neutralizing 

antibody production at an early stage of infection (38). Another 

observational case study reported greater antibody specificity 

against the S or RBD protein than against the N protein. While 

serological kinetics against the RBD or S protein can develop in all 

patients, some do not develop antibodies against the N protein (39). 

In this study, antibody responses against both N and RBD proteins 

were developed in all patients, although both IgG and IgA levels 

against the RBD protein were higher than the N-specific antibody 

response (Figure 4). 

Secretion of antigen-specific antibodies is a humoral memory 

that provides host defense against reinfection (12). The link 

between disease severity and the magnitude of the cellular immune 

response is currently ambiguous (44), and these results provide 

evidence for a relationship between the degree of immune response 

and COVID-19 severity. Severe patients potentially develop 

stronger and faster IgG and IgA responses against the 

SARS-CoV-2 viral antigen (Figure 4), thus protecting the host 

cells in the second infection by neutralizing the viral antigen. 

Nonetheless, the neutralizing assay is still required to prove that 
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the IgG response shown in this study is related to the amount of 

neutralizing antibody.

In the SARS-CoV and MERS-CoV outbreaks, older individuals 

exhibited a higher risk of disease severity (27-28). In addition, 

higher levels of neutralizing antibodies were observed in younger 

individuals, and older men displayed a poor neutralizing-antibody 

positivity rate (27). COVID-19 severity and outcome have been 

proven to depend on the patient's age; adults aged > 65 years 

represent 80% of hospitalization cases and have a 23-fold greater 

risk of death (29). Consistent with published studies, our study also 

found that older individuals developed serious symptoms and 

displayed higher antibody levels (Figure 6). These phenomena can 

be connected to the correlation between disease severity and 

immunosenescence, which represents the potential of older 

individuals to develop severe or fatal illnesses (30). 

While controlling the viral load is crucial for suppressing the 

virus, immune recognition, alertness, destruction, and clearance 

mechanisms are known to become dysfunctional in older people 

(31). TLRs play a key role in pathogen recognition and in enhancing 

IFN production (10). Defects in TLR function in innate immune cells 

have been shown to enhance the severity of pneumonia in mice, 
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especially in the context of aging and chronic inflammation (32). 

Aging potentially increases the possibility of epigenetic 

dysregulation, immune defects, advanced biological age, and other 

factors that increase the risk of cytokine storms associated with 

COVID-19 fatality (30).

In this study, no significant relationship between sex and the 

patients’ antibody levels or inflammatory marker concentrations 

were observed. This suggests that sex is not a risk factor for 

COVID-19. Nevertheless, many other studies have revealed that 

women have a lower risk of coronavirus infection or a lower 

potential to develop severe illness (33-37). The expression and 

distribution of the host receptor influence viral infection (33), and 

the current study demonstrated that Asian men have a higher 

expression of ACE2, the receptor for SARS-CoV and 

SARS-CoV-2, than women (34). In addition to ACE2 expression, 

women reportedly have a higher CD4+ T cell count, more robust 

CD8+ T cell cytotoxic activity, and increased B cell-mediated 

production of immunoglobulins compared to men (35-36). 

Furthermore, women reportedly have the advantage of early 

response to COVID-19, since they produce more type 1 IFNs and 

antiviral cytokines than men (37). While several factors have the 
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potential of developing severe illness in male individuals, this study 

provides contradictory results. Herein, sex did not affect 

COVID-19 severity. Other studies used more than 100 reports to 

analyzed the sex-related death in COVID-19 patients (45) or used 

more than 700 COVID-19 samples to analyzing antibody response 

(46). However, only a total of sixty-four patients were enrolled in 

this study, which may need to be analyzed in a larger population.

Disease severity in patients has been confirmed to be strongly 

correlated with plasma antibody levels, age, and inflammatory 

marker levels. This indicates that high plasma serological response 

and inflammatory marker levels in patients with COVID-19 may 

help predict the development of disease severity. While IL-6, LDH, 

and CRP concentrations were higher in the older group, which has 

been proven to be a high COVID-19-risk group, inflammatory 

marker levels were expected to be directly proportional to antibody 

kinetics. Nevertheless, the antibody response revealed no 

significant correlation with the concentrations of the three 

inflammatory markers. However, the measurable highest dilution 

was approximately 1:8192, which was reached 3 weeks after 

symptom onset; thus, ELISA should be additionally conducted for 

accurate comparison. The number of fatal-illness cases was too 
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trivial in our study to observe the titer trend, which would require 

further exploration with a greater n value.

In this study, a serological experiment was conducted to 

examine antibody responses against the RBD and N proteins of 

SARS-CoV-2 in patients with COVID-19 across three different 

degrees of severity. The RBD- and N-specific antibody responses 

were analyzed in terms of the concentrations of three inflammatory 

markers, namely, IL-6, CRP, and LDH. Although these 

concentrations were correlated with disease severity, they were 

not directly proportional. In addition, older patients demonstrated a 

greater antibody response and higher inflammatory marker levels, 

thereby revealing that older and female individuals have a greater 

potential of developing severe COVID-19 symptoms.
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국문 초록

 

2019년 중국에서 처음으로 발생한 코로나 바이러스 감염증 

(COVID-19)은 전 세계적으로 빠르게 전파되었으며 여전히 전 세계적 

유행이 계속되고 있다. 이 질병으로 인하여 폐렴, 급성 호흡 곤란 증후

군의 심각한 증상 및 다발성 장기 부전이 발생하지만 확진 된 환자의 

80 %는 발열, 기침, 인후통과 같은 경미한 증상 만 보인다. 이들 환자의 

중증도에 연령, 성별 등 다양한 요소가 영향을 미치는 것으로 보고되고 

있으나 현재까지 명확히 규명되지 않고 있다. 이 연구는 COVID-19 환

자의 임상 중증도에 영향을 미치는 요인을 조사하고자 환자 혈청내의 

SARS-Cov 2 바이러스 특이적인 항체분석과, 염증성 지표인자의 농도 

분석을 하였고 연령, 성별과의 상관성을 분석하였다. COVID-19 중증환

자 혈장내의 RBD(Receptor binding domain) 특이적인 항체와 N 

(Nucleocapsid) 특이적인 IgG 와 IgA 항체 모두, 경증 환자에 비해 더 

강하고 빠른 반응을 보인다는 것을 확인하였다. SARS-CoV-2 항원에 

대한 IgG 반응은 다른 앞선 연구와 마찬가지로 60세 이상의 환자에게서 

높은 수치를 보였으나 남성이 SARS-CoV-2 감염에 대해 여성보다 더 

심각한 중증도를 보인다는 연구 결과들과 다르게 성별에 따른 항체가의 

차이는 없는 것으로 확인되었다. 또한 SARS-CoV-2 감염을 나타내는 

IL-6 (InterLeukin-6), CRP (C-reactive protein) 및 LDH (lactate 

dehydrogenase)의 세 가지 염증성 지표의 농도와의 상관 관계를 확인
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하였을 때, 이 지표 역시 항체가와 마찬가지로 60세 이상의 환자와 중

증의 환자그룹에서 더 높은 수치를 보이는 것이 확인되었다. 환자의 중

증도가 증가함에 따라 항체가와 IL-6, LDH, 그리고 CRP의 농도가 증

가하기에 이 요소들은 COVID-19 환자의 중증도를 나타내는 지표라 정

의내릴 수 있었다. 
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Table 1. Baseline characteristics of the enrolled patients
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Figure 1. Schematic diagrams of RBD-Fc protein used in this study

Each protein encoding RBD protein with human Fc receptor and six 

histidine gene. This includes additional genes encoding Ori; AmpR, 

Ampicillin resistance gene; lac promoter; M13 Rev, M13 Reverse; 

β-globin poly A; HRV 3C site, Leu-Glu-Val-Leu-Phe-Gln-Gly.



-50-

Figure 2. Characterization of protein before and after Fc elimination 

and purification

(A) Coomasie blue staining results of RBD protein (RBD-Fc-His) 

and the protein mixture after incubation with HRV 3C protease 

(RBD & Fc-His).

(B) Western blot analysis of incubated RBD protein with HRV 3C 

protease (RBD & Fc-His) and purified RBD protein which Fc 

receptor have eliminated. The protein-loaded SDS-PAGE gel was 

transferred to the PVDF membrane. The Anti-Histidine-HRP 

antibody was used to targets�his band (left). The plasma from 

COVID-19 confirmed patient and anti-Human-HRP antibody was 

used to targets the purified RBD protein which does not have an Fc 

receptor (right).
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Figure 3. Antibody responses against SARS-CoV-2 antigen in 

control plasma candidate

(A) 100 ng of SARS-CoV-2 N protein on each well was coated 

with carbonate buffer. The protein-coated plate was washed�with 

0.05% PBST after incubation, Blocking with 5% skim milk, and then 

plasma from six healthy donors was evaluated with plasma from 

SARS-CoV-2 positive individual. Anti-human IgG-HRP bound and 

reaction developed by TMB substrate. The O.D. value was 

measured at 450 nm.

(B) 100 ng or 200 ng of SARS-CoV-2 RBD protein on each well 

was coated. The protein-coated plate was washed�with 0.05% 

PBST after incubation, Blocking with 5% skim milk, and then plasma 

from 11 healthy donors was evaluated with plasma from 

SARS-CoV-2 positive individual. Anti-human IgG-HRP or 

Anti-human IgA-HRP bound and reaction developed by TMB 
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substrate. The O.D. value was measured at 450 nm.
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Figure 4. Kinetics change of antibody response against 

SARS-CoV-2 antigen in COVID-19 patients 

(A&B) 100 ng of SARS-CoV-2 RBD protein on each well was 

coated with carbonate buffer. The protein-coated plate was 

washed�with 0.05% PBST after incubation, Blocking with 5% skim 

milk, and then plasma from six healthy donors was evaluated with 
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plasma from SARS-CoV-2 positive individual. Anti-human 

IgG-HRP (A) or Anti-human IgA-HRP (B) bound and reaction 

developed by TMB substrate. The O.D. value was measured at 450 

nm.

(C&D) 100 ng of SARS-CoV-2 N protein on each well was coated. 

The protein-coated plate was washed�with 0.05% PBST after 

incubation, Blocking with 5% skim milk, and then plasma from 11 

healthy donors was evaluated with plasma from SARS-CoV-2 

positive individual. Anti-human IgG-HRP (C) or Anti-human 

IgA-HRP (D) bound and reaction developed by TMB substrate. The 

O.D. value was measured at 450 nm.

Each group categorized by disease severity (Table 1). 
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A

B

Figure 5. Differential kinetics of antibody titer against SARS-CoV-2 

antigen in COVID-19 patients 

Antibody titer against RBD (A) and N(B) from the figure 4 was 

compared with each groups of severity. Statistical analysis was 
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performed using  one-way analysis of variance (ANOVA) followed 

by followed Newman-Keuls t-test. A p-value of < 0.05 was 

considered statistically significant. *, P < .05; **, P < .01; *** P< 

.001.
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A

B

Figure 6. Differential kinetics of IgG antibody titer against 

SARS-CoV-2 antigen in plasma from male and female sex groups; 

or from young and old age groups

Data from the Figure 4A and 4C were analyzed by Patients sex (A) 
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or age(B). 

Statistical analysis was performed to compare each groups by using  

Mann-Whitney test t-test. *, P < .05; **, P < .01; *** P< .001.
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Figure 7. The kinetics change of inflammatory markers in COVID-19 

patients

The level (A) IL-6, (B) CRP, and (C) LDH are analyzed in a 

time-dependent manner. Blue indicating inflammatory marker level 

in mild patients, Blue indicating inflammatory marker level in group 

I, black is group II and red represents group III (Table1). Grey 

colored space indicating normal range of each inflammatory markers 

which came from healthy individuals. 
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Figure 8. Differential kinetics of inflammatory markers in COVID-19 

pateints 

The levels of IL-6, LDH, and CRP from the figure 7 was compared 

with each groups of severity. Statistical analysis was performed 

using  one-way analysis of variance (ANOVA) followed by 

followed Newman-Keuls t-test. A p-value of < 0.05 was 

considered statistically significant. *, P < .05; **, P < .01; *** P< 

.001.
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Figure 9. Correlation of level of inflammatory markers and IgG 

antibody response against SARS-CoV-2 RBD protein

RBD-specific antibody response are measure in Figure 4A and 

were analyzed with (A)IL-6, (B) LDH, and (C) CRP levels. Blue 

indicating inflammatory marker level in group I, black is group II 

and red represents group III (Table1). Spearman’s correlation 

coefficient analysis were conducted in each group. A p-value of < 

0.05 was considered statistically significant.  
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Figure 10. Correlation of level of inflammatory markers and IgG 

antibody response against SARS-CoV-2 N protein

N-specific antibody response are measure in Figure 4A and were 

analyzed with (A)IL-6, (B) LDH, and (C) CRP levels. Blue 

indicating inflammatory marker level in group I, black is group II 

and red represents group III (Table1). Spearman’s correlation 

coefficient analysis were conducted in each group. A p-value of < 

0.05 was considered statistically significant (*). 
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A.

B.

Figure 11. Differential kinetics of inflammatory markers in plasma 

from male and female sex groups; or from young and old age groups

Levels of IL-6, CRP, and LDH were categorized in disease severity 

and (A) sex or (B) age. Statistical analysis was performed to 

compare each groups by using  Mann-Whitney test t-test. *, P < 
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.05; **, P < .01; *** P< .001.
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