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Clinical Characteristics of Immune Response in Asymptomatic Carriers and Symptomatic Patients With COVID-19
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The pandemic of coronavirus disease 2019 (COVID-19) has emerged as a major public health challenge worldwide. A comprehensive understanding of clinical characteristics and immune responses in asymptomatic carriers and symptomatic patients with COVID-19 is of great significance to the countermeasures of patients with COVID-19. Herein, we described the clinical information and laboratory findings of 43 individuals from Hunan Province, China, including 13 asymptomatic carriers and 10 symptomatic patients with COVID-19, as well as 20 healthy controls in the period from 25 January to 18 May 2020. The serum samples of these individuals were analyzed to measure the cytokine responses, receptor-binding domain (RBD), and nucleocapsid (N) protein-specific antibody titers, as well as SARS-CoV-2 neutralizing antibodies (nAbs). For cytokines, significantly higher Th1 cytokines including IL-2, IL-8, IL-12p70, IFN-γ, and TNF-α, as well as Th2 cytokines including IL-10 and IL-13 were observed in symptomatic patients compared with asymptomatic carriers. Compared with symptomatic patients, higher N-specific IgG4/IgG1 ratio and RBD-specific/N-specific IgG1 ratio were observed in asymptomatic carriers. Comparable nAbs were detected in both asymptomatic carriers and symptomatic patients with COVID-19. In the symptomatic group, nAbs in patients with underlying diseases were weaker than those of patients without underlying diseases. Our retrospective study will enrich and verify the clinical characteristics and serology diversities in asymptomatic carriers and symptomatic patients with COVID-19.
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INTRODUCTION

Over the past 20 years, there have been two waves of betacoronavirus emerging, including severe acute respiratory syndrome CoV (SARS-CoV) in 2003 (Peiris et al., 2003) and Middle East respiratory syndrome CoV (MERS-CoV) in 2012 (Zaki et al., 2012). In December 2019, another betacoronavirus causing human pneumonia emerged and soon was isolated (Zhu et al., 2020). The etiologic agent was renamed severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and the infection was named coronavirus disease 2019 (COVID-19) by the [World Health Organization WHO (WHO, 2020)]. As of 25 February 2022, SARS-CoV-2 had spread to 212 countries and regions, causing over 428 million infected cases and more than 5.91 million deaths across the globe (WHO, 2022a). The COVID-19 pandemic has seriously threatened public health safety and attacked the global economy.

Coronavirus disease 2019 is clinically characterized by fever, cough, acute respiratory distress syndrome (ARDS), and in some cases, death (Chen et al., 2020; Guan et al., 2020). Patients with COVID-19 present a broad spectrum of clinical presentation, including asymptomatic, mild, moderate, severe, and critical cases. According to a meta-analysis covering 29,776,306 individuals from January 2020 to February 2021, asymptomatic carriers account for 40.50% of all confirmed population (95% CI, 33.50–47.50%) (Ma et al., 2021). Besides, undergoing a mutate period from B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma), and B.1.617.2 (Delta) to B.1.1.529 (Omicron), SARS-CoV-2 variants appeared to be more contagious and less pathogenicity, especially the currently global disseminated Omicron variant (Lewnard et al., 2022; WHO, 2022b). Compared with symptomatic patients with COVID-19, asymptomatic carriers exhibit a longer median length of viral shedding, weaker nAbs, and faster nAb decrease (Long et al., 2020). Moreover, transmission from asymptomatic carriers was estimated to account for more than half of all transmission, of which children and females are more likely to present as asymptomatic COVID-19 carriers (Johansson et al., 2021; Syangtan et al., 2021).

Some studies have attempted to elucidate the difference in immune response and other clinical characteristics between asymptomatic carriers and symptomatic patients with COVID-19 from different points of view (Liu et al., 2020, 2021; Long et al., 2020; Wang Y. et al., 2020; Wu et al., 2020; Zhou et al., 2020; Cai et al., 2021; Tutukina et al., 2021), including complete blood count, neutrophil-to-lymphocyte ratio, kidney function indicators, viral loads, and anti-RBD/anti-N antibody ratio, as well as other risk factors. Among them, an indicator of the neutralization potency of anti-RBD antibody quality has been established, and it revealed that high potency was a predictor of survival (Garcia-Beltran et al., 2021). Nevertheless, few consensuses have been achieved in terms of the intuitive and quantifiable indicators between asymptomatic carriers and symptomatic patients. Additional and specialized immunological analysis is required to better recognize the differences between these two groups.

In this study, we described the clinical characteristics and immune responses, including cytokine levels and SARS-CoV-2-specific antibodies, as well as nAbs in 13 asymptomatic carriers and 10 symptomatic patients with COVID-19. Longitudinal comparisons of immune response between asymptomatic carriers and symptomatic patients provide information and assist in the risk stratification and triage of patients with COVID-19, supporting the clinical diagnosing, prevention, and treatment of COVID-19.



MATERIALS AND METHODS


Study Subjects

From 25 January to 18 May 2020, 23 individuals were enrolled and admitted to The Second Affiliated Hospital of Nanhua University (Hengyang, China), including 13 asymptomatic carriers and 10 symptomatic patients with COVID-19, and the serum samples were harvested on admission. Besides, 20 healthy volunteers from physical examination centers were involved, and the sera were collected as healthy controls in the same period. Clinical pathological data on patients with COVID-19 were retrieved from the electronic medical records. Individuals who tested positive for SARS-CoV-2 nucleic acids but did not exhibit symptoms were identified as asymptomatic carriers. Symptomatic patients were defined as those who tested positive for SARS-CoV-2 nucleic acids and accompanied by symptoms including fever, cough, fatigue, chest discomfort, sore throat, hyposmia, and rhinobyon. All the test results of SARS-CoV-2 nucleic acids were negative for the healthy human controls. The study protocol was approved by the Ethics Committee in the hospital, with informed consent waived for public health outbreak investigations.



Laboratory and Chest Imaging Examination

Laboratory examination and chest CT imaging of 10 symptomatic patients with COVID-19 were involved in the previous study (Chung et al., 2020; Wang D. et al., 2020; Cai et al., 2021). The routine blood test was performed using Sysmex XN-3000, and detection panels include neutrophils, lymphocytes, monocytes, red blood cells (RBCs), hemoglobin, platelets (PLTs), and white blood cells (WBCs). The blood chemistry test was conducted with Cobas 8000, and liver function indexes include total bile acid (TBA), aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin (TB), and direct bilirubin (DB); myocardial enzyme indexes include creatine kinase (CK), CK isoenzyme (CK-MB), and isozyme (MB); renal function indexes include blood urea nitrogen (BUN) and serum creatinine (SCr). Chest CT scans were performed by GE Discovery CT750 HD.



Cytokine Analyses

Serum samples from the 13 asymptomatic carriers and 10 symptomatic patients with COVID-19 were involved to detect the cytokine levels by the Meso Scale Discovery (MSD) detection technology according to the manufacturer’s instruction as in the previous study (Cillo et al., 2021; Karaba et al., 2022). For the economy, 12 samples were randomly selected from 20 healthy controls for cytokine detection. Preparation of standard antigen is as follows: add 1 ml of diluent 2 to the standard antigen, shake and mix fully, place it at room temperature for 15–20 min, dilute it four times successively, and 7 standards and 1 blank sample should be prepared; preparation of antibody diluent is as follows: 60 μl of specific antibody was diluted to 3 ml with diluent 3; preparation of wash buffer is as follows: 1 × phosphate-buffered saline (PBS) (with 0.05% Tween-20); preparation of plate reading buffer is as follows: configure 2 × plate reading buffer; after three washes of the MSD plate with 150 μl wash buffer, 50 μl sample or standard antigen was added to each well, followed by incubation at room temperature for 2 h. After three washes, 25 μl detection antibodies were added and incubated at room temperature for 2 h. Finally, 150 μl of the plate reading buffer was added to each well. Data were acquired on the MESO QuickPlex SQ 120. Sample concentrations for each marker were then calculated based on the respective standard curve.



SARS-CoV-2 Specific Antibody Detection

The SARS-CoV-2 specific antibody level of 13 asymptomatic carriers and 10 symptomatic patients with COVID-19 were detected. Binding antibodies against the SARS-CoV-2 RBD and N protein were detected using an enzyme-linked immunosorbent assay (ELISA).


Antibody Subtype Detection

Serum samples were subjected to an ELISA for N and RBD-specific IgE, IgM, IgG, IgG1, IgG2a, IgG3, and IgG4 antibody detection as in the previous study (Jiang et al., 2021; Yan et al., 2022). First, 96-well microtiter plates (Corning-Costar, Corning, NY, United States) were coated overnight at 4°C with recombinant SARS-CoV-2 N or RBD protein from SARS-CoV-2 Wuhan-Hu-1 strain (NCBI accession no. NC_045512.2) using baculovirus-insect cells (Sino Biological, Beijing, China) at 1 μg/ml. Following three PBST washes and blocking for 2 h at 37°C with PBS containing 3% bovine serum albumin (BSA), the plates were incubated with 1:200 dilutions of samples in PBS containing 0.5% (w/v) BSA at 37°C for 1 h. After another three washes with PBST, the plates were incubated at 37°C for 1 h with the following HRP-labeled goat antibodies: anti-human IgM (1:2,000; Southern Biotech, Birmingham, AL, United States) and anti-human IgG (1:5,000; Bioworld Technology, Inc., St. Louis Park, MN, United States); HRP-labeled mouse antibodies: anti-human IgE (1:5,000; Southern Biotech, Birmingham, AL, United States), anti-human IgG1 (1:5,000; Southern Biotech), anti-human IgG2 (1:5,000; Southern Biotech), anti-human IgG3 (1:5,000; Southern Biotech), and anti-human IgG4 (1:5,000; Southern Biotech). After the final three washes, 100 μl tetramethylbenzidine (TMB) substrate was added to each well, and the color development was stopped with 50 μl/well H2SO4 for plate reading at 450 nm (Bio-Rad, Hercules, CA, United States).



IgG Detection

Notably, 96-well microtiter plates (Corning-Costar, Corning, NY, United States) were coated overnight at 4°C with recombinant RBD protein at 1 μg/ml. Following three PBST washes and blocking for 2 h at 37°C with PBS containing 3% BSA, the plates were incubated with 1:80-1:163,840 dilutions of samples in PBS containing 0.5% (w/v) BSA at 37°C for 1 h. After another three PBST washes, the plates were incubated at 37°C for 1 h with the following HRP-labeled goat anti-human IgG antibodies (1:5,000; Bioworld Technology, Inc., St. Louis Park, MN, United States). After the final three washes, 100 μl TMB substrate was added to each well, and the color development was stopped with 50 μl/well H2SO4 for plate reading at 450 nm (Bio-Rad, Hercules, CA, United States).




Neutralizing Antibody Detection

The nAb test of 10 symptomatic patients with COVID-19, 13 asymptomatic carriers, and 20 healthy controls was detected following the method of our previous study (Yan et al., 2022). All sera were heat-inactivated at 56°C for 30 min, then diluted in 96-well plates with 2-fold serial dilutions (from 1:20 to 1:40,960), mixed with 100 TCID50 of SARS-CoV-2 (Beta-Cov/Wuhan/AMMS01/2020), and incubated at 37°C, 5% CO2 for 1 h. Vero E6 cells were mixed with the virus-serum mixture in a volume of 50 μl/well. The virus mixture without serum and blank cells served as the control. Plates were incubated at 37°C, 5% CO2 for 48 h. The nAb titer of each sample was the reciprocal of the serum dilution that protected cells from cytopathic effect (CPE).



Statistical Analyses

GraphPad Prism 8.0 software (GraphPad Software Inc., San Diego, CA, United States) was used to analyze the data, which are expressed as the mean ± standard error of the mean (SEM). Significant differences between groups were determined using one-way ANOVA. P < 0.05 was considered statistically significant.




RESULTS


Basic Information and Clinical Manifestation

The gender, age, underlying diseases, clinical symptoms, and computed tomography (CT) imaging information of 10 symptomatic patients were summarized in Figure 1. In symptomatic patients, 70% (7/10) men and 30% (3/10) women were included. Elderly people (51–76 years old) account for 80% (8/10) of all symptomatic patients, while young people (21–50 years old) account for 20% (2/10), with a median age of 57.6 years (21–76 years old). Underlying diseases were recorded in 60% (6/10) individuals in symptomatic patients, including hypertension, chronic bronchitis, type 2 diabetes, and coronary disease. Patients with COVID-19 exhibited manifestations of viral pneumonia including fever (seen in 100% of patients), cough (seen in 100% of patients), and chest discomfort. Multiple ground glass shadows and interstitial lesions were frequently observed in lung lesions by CT. Typical CT imaging of symptomatic patients and asymptomatic carriers with COVID-19 is shown in Figure 2. The above results indicated that men and elderly people with underlying diseases are the main risk factors for patients with COVID-19; among them, cough, fever, and multiple ground glass shadows were predominant clinical characteristics of symptomatic patients with COVID-19.
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FIGURE 1. Basic information and clinical manifestations of 10 symptomatic patients (SPs) (same abbreviations in subsequent figures). (A) Gender distributions of SPs: 3 women and 7 men. (B) Age distributions of SPs: 8 individuals were between 51 and 76 while 2 individuals were between 21 and 50 years old. (C) 4 SPs with underlying diseases, whereas 6 SPs without underlying disease were recorded. (D) Distributions of clinical symptoms in SPs: fever (10/10) and cough (10/10) were the most frequently recorded. (E) CT imaging: multiple ground glass shadows were seen in 50% (5/10) individuals; interstitial lesions, bronchial symptoms, emphysema, exudative consolidation, and suspected viral pneumonia were recorded.
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FIGURE 2. Typical chest CT imaging in SPs, asymptomatic carriers (ACs), and healthy controls (HCs) (same abbreviations in subsequent figures). (A) CT imaging in SPs. (A1) Pretreatment. (A2) Treatment. (A3) Posttreatment. (B) CT imaging in ACs. (C) CT imaging in HCs. Bilateral pneumonia and multiple ground glass shadows were obvious in SPs and were marked with arrows (A1–A3), whereas pulmonary lesions in ACs (B) were not obvious compared with the control (C).




Body Temperature and Hematology Parameters of Symptomatic Patients With COVID-19

Body temperature and hematology parameters of 10 symptomatic patients with COVID-19 were recorded. As shown in Supplementary Figure 1, a rise in body temperature was observed in 90% (9/10) of patients on admission. The temperature of all patients fluctuated and returned to the normal range after 7 days following hospitalization (Supplementary Figure 1A). On admission, 60% (6/10) of patients exhibited neutrophils above the normal range, which returned to normal after treatment (Supplementary Figure 1B). Lymphocytopenia was observed in 80% (8/10) of patients and returned to normal posttreatment (Supplementary Figure 1C). The patients with mononuclear cells above the normal range account for 20% (2/10) before treatment. During the treatment period, the monocytes of 30% (3/10) patients showed large fluctuations, but in the end, the monocytes of all patients returned to their normal range (Supplementary Figure 1D). The RBCs, hemoglobin, PLTs, and WBCs were relatively stable during the disease course (Supplementary Figures 1E–H). The above results indicated that increased neutrophil counts and lymphocytopenia are the most frequently observed parameters in symptomatic patients with COVID-19, accompanied by increased mononuclear cells.



Blood Biochemical of Symptomatic Patients With COVID-19

Blood biochemical indicators of 10 symptomatic patients with COVID-19 are summarized in Supplementary Figure 2. For liver function (Supplementary Figure 2A), elevated TBA, AST, ALT, and DB levels were observed in 10% (1/10), 10% (1/10), 20% (2/10), and 20% (2/10) patients, respectively (Supplementary Figure 2A). Abnormal TB was not observed. For renal function (Supplementary Figure 2B), Cre and BUN of all individuals were in the normal range. For heart function (Supplementary Figure 2C), 20% (2/10) of patients exhibited elevated MB. CK and CK-MB were in the normal range in all symptomatic patients. Consequently, elevated liver function indicators such as ALT and DB levels are more obvious in symptomatic patients with COVID-19.



Cytokine Measurement

Cytokine detection results of interleukin-1β (IL-1β), IL-2, IL-4, IL-6, IL-8, IL-10, IL-12p70, IL-13, interferon-gamma (IFN-γ), and tumor necrosis factor-alpha (TNF-α) in asymptomatic carriers, symptomatic patients, and healthy controls are summarized in Figure 3. Of which IL-1β, IL-2, IL-8, IL-12p70, IFN-γ, and TNF-α are Th1 cytokines, while IL-4, IL-6, IL-10, IL-13 are Th2 cytokines. For Th1 cytokines, significantly higher IL-2, IL-12p70 (P < 0.01) as well as IL-8, IFN-γ, and TNF-α (P < 0.05) levels were observed in symptomatic patients compared with asymptomatic carriers (Figures 3B,E,G,I,J). For Th2 cytokines, significantly higher IL-10 and IL-13 were observed in symptomatic patients compared with asymptomatic carriers (P < 0.05) (Figures 3F,H). No obvious difference was observed among the above-mentioned three groups regarding IL-1β, IL-4, and IL-6 levels (Figures 3A,C,D). The above results showed that the cytokine levels are much higher in symptomatic patients than those in asymptomatic carriers, relating to clinical symptoms.
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FIGURE 3. Cytokine detection results of SPs, ACs, and HCs. Red, blue, and green columns refer to SPs (10 individuals), ACs (13 individuals), and HCs (12 individuals), respectively. Unit: pg/ml. (A) IL-1β. (B) IL-2. (C) IL-4. (D) IL-6. (E) IL-8. (F) IL-10. (G) IL-12p70. (H) IL-13. (I) IFN-γ. (J) TNF-α. Data are presented as means ± SEM. *P < 0.05, **P < 0.01.




Antibody Responses

To better understand the antibody responses in serum from symptomatic patients and asymptomatic carriers, the IgE, IgM, IgG, IgG1, IgG2, IgG3, and IgG4 antibody responses against the N and RBD proteins of SARS-CoV-2 were detected by ELISA (Figure 4). No significant differences in IgE antibody levels were observed among symptomatic patients, asymptomatic carriers, and healthy controls (Figures 4A,I). The RBD-targeting IgM antibody in symptomatic patients was significantly higher than that in asymptomatic carriers (P < 0.05) (Figure 4B). Significantly higher RBD-targeting IgG titers were observed in both symptomatic and asymptomatic groups compared with the healthy controls (P < 0.001), whereas more obvious increased N-targeting IgG was exhibited in the symptomatic group (P < 0.001) than that of the asymptomatic group (P < 0.05) (Figures 4C,K). Antibody subtype analysis indicated that virus-specific antibody was IgG1-biased, and IgG1 response was corresponded with IgG (Figures 4C,D,K,L). IgG3 in the symptomatic group was significantly higher than in healthy controls (P < 0.05) (Figures 4F,N). No obvious difference in IgG2 was observed (Figures 4E,M). Of interest, N-targeting IgG4 antibodies were more obvious in asymptomatic carriers (P < 0.05) (Figure 4O). Furthermore, the ratio of RBD and N-targeting IgG4/IgG1 was compared. The results indicated that the ratio of RBD-targeting IgG4/IgG1 was comparable between asymptomatic carriers and symptomatic patients with COVID-19 while a significantly lower N-targeting IgG4/IgG1 ratio was observed in symptomatic patients than that of asymptomatic carriers (Figures 4H,P). The above results suggested that the ratio of N-targeting IgG4/IgG1 may be served as a potential indicator of symptomatic patients.
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FIGURE 4. SARS-CoV-2 RBD and N-specific binding antibodies in SPs, ACs, and HCs. IgE, IgM, IgG, IgG1, IgG2, IgG3, and IgG4 antibody RBD protein of SARS-CoV-2 were detected in sera (A–G). IgE, IgM, IgG, IgG1, IgG2, IgG3, and IgG4 antibody against N protein of SARS-CoV-2 were detected in sera (I–O). The ratio of IgG4/IgG1 against RBD and N protein of SARS-CoV-2 in SPs and ACs were summarized (H,P). Data are presented as means ± SEM. *P < 0.05, **P < 0.01***P < 0.001, ****P < 0.0001.


Subsequently, the positive rate of IgG was compared between these groups. The OD450 of the serum ≥ cut-off was determined as positive. For RBD-targeting IgG, an 80% (8/10) positive rate was seen in symptomatic patients with COVID-19, and a 100% (13/13) positive rate was seen in asymptomatic carriers (Figure 5A). For N-targeting IgG, a 30% (3/10) positive rate was seen in symptomatic patients with COVID-19, and a 7.69% (1/13) positive rate was seen in asymptomatic carriers (Figure 5B). The above results indicated that RBD-specific IgG was more sensitive than that N-specific IgG antibody response in asymptomatic carriers. Furthermore, the ratio of RBD-specific/N-specific IgG and IgG1 was compared (Figures 6A,B). A trend of higher RBD-specific/N-specific IgG ratio was observed while the RBD-specific/N-specific IgG1 ratio was significantly higher in asymptomatic carriers compared with symptomatic patients (P < 0.05). The above results exhibited that the ratio of RBD-specific/N-specific IgG1 was a more sensitive indicator than RBD-specific/N-specific IgG.
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FIGURE 5. The ratio of OD450 value of RBD and N-specific IgG between SPs and ACs and HCs. (A) The ratio of RBD-specific IgG OD450 value between experiment group and HCs. (B) The ratio of N-specific IgG OD450 value between experiment group and HCs. Data are presented as means ± SEM.
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FIGURE 6. The ratio of OD450 value between RBD-specific and N-specific IgG and IgG1 in SPs, ACs, and HCs. (A) The ratio of OD450 value between RBD-specific IgG and N-specific IgG. (B) The ratio of OD450 value between RBD-specific IgG1 and N-specific IgG1. *P < 0.05.


As shown in Figures 7A–C, with the increase in serum dilution, the optical density value of asymptomatic carriers decreased more significantly compared with the symptomatic group, indicating that symptomatic patients acquired a stronger binding to SARS-CoV-2 RBD protein than asymptomatic carriers.
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FIGURE 7. SARS-CoV-2-specific IgG and nAb response in SPs, ACs, and HCs. (A–C) 1 μg/ml RBD coating, OD450 values with the dilution of human sera. (A) SPs. (B) ACs. (C) HCs. (D) Comparison of the level of nAbs in SPs, ACs, and HCs. (E) Comparison of the level of nAbs between patients with underlying diseases (UDs) and patients without underlying diseases (WUDs) in both SPs. Data are presented as means ± SEM. *P < 0.05, **P < 0.01.


The nAb titers of the sera from the samples were detected with live SARS-CoV-2. The nAb titers could be detected in symptomatic patients and asymptomatic carriers, and no significant difference was observed between the two groups (Figure 7D). Furthermore, symptomatic patients with underlying diseases tended to produce significantly lower nAbs compared with their counterparts (P < 0.05) (Figure 7E). Overall, these results showed that potent human nAbs could be elicited by SARS-CoV-2 infection, and the nAb titers produced by patients with underlying diseases are much lower compared with their counterparts.




DISCUSSION

With the continuous efforts of scientists worldwide, people have got a better grasp of the clinical symptoms and hematological signs of symptomatic patients with COVID-19 (Terpos et al., 2020; WHO, 2020; Wu et al., 2020; Zhou et al., 2020; Zhu et al., 2020). Our study confirmed and presented several aspects of COVID-19 clinical manifestations. Fever, cough, elevated neutrophils, lymphopenia, erythrocytosis, and multiple ground-glass opacity of lungs are the most frequently observed clinical characteristics of symptomatic patients with COVID-19. Meanwhile, serum liver function index (ALT and DB) abnormalities are common in symptomatic patients with COVID-19. In addition to the above, the neutrophil-to-lymphocyte (NLR) ratio >6.11 (Cai et al., 2021), elevated BUN (Liu et al., 2020), decreased blood uric acid level, D-dimer concentrations >1 μg/L, a greater sequential organ failure assessment (SOFA) score, high-sensitivity cardiac troponin I, and lactate dehydrogenase were correlated with increased risk of in-hospital death (Zhou et al., 2020). Interestingly, a scoring model has been developed to accurately and dynamically determine the death risk of hospitalized patients with COVID-19 based on blood routine examination indicators, namely, the PAWNN score (Liu et al., 2021). Using the Cox proportional hazard regression model, five risk factors were involved to construct the PAWNN score, including PLT counts, age, WBC counts, neutrophil counts, and neutrophil/lymphocyte ratio. The above-mentioned clinical manifestations and hematology information enrich our knowledge of COVID-19 and support auxiliary methods for the clinical diagnosis and prognosis of COVID-19.

“Cytokine Storm,” a systemic hyper-inflammation that can cause rapid clinical deterioration and fatality, illustrates the immune system’s inability to eradicate SARS-CoV-2, which contributes to the development of ARDS and multiple organ failure in COVID-19 cases (McGonagle et al., 2020; Merad and Martin, 2020; Ye et al., 2020). The dynamics of serum cytokine levels of patients with severe COVID-19 have been in-depth elucidated. IL-6, IL-8, IL-10, and TNF-α were increased in severe cases of COVID-19 while IFN-α, IL-1β, IL-4, and IL-15 were enriched in mild cases (Del Valle et al., 2020; Huang et al., 2020; Ruan et al., 2020; Garcia-Beltran et al., 2021). IL-2 and IL-7 were enriched in both severe and mild cases. The excessive inflammatory response characterized by the upregulated IL-6 and TNF-α is a typical immune disorder in patients with severe COVID-19 (Hadjadj et al., 2020). Our study focuses on cytokine diversity between symptomatic patients and asymptomatic carriers. Interestingly, obviously elevated IL-2, IL-8, IL-10, TNF-α, and IL-12p70 were observed in symptomatic patients with COVID-19 compared with asymptomatic carriers, which were consistent with the results in that of patients with COVID-19.

Antibodies are key indicators following SARS-CoV-2 infection. Several studies have attempted to elucidate antibody response in relation to COVID-19 severity. Severe patients are biased toward lower-than-predicted neutralization titers, suggesting that they harbor anti-RBD IgG antibodies that did not contribute to neutralization (Garcia-Beltran et al., 2021). Asymptomatic individuals are not equivalent to weaker immune responses. As has been described (Tutukina et al., 2021), a higher anti-RBD/anti-N IgG ratio reflects less severe symptoms. A higher anti-RBD/anti-N IgG ratio in asymptomatic carriers compared with symptomatic patients was confirmed in this study. Furthermore, we suggested that the higher anti-RBD/anti-N IgG1 ratio was more obvious in asymptomatic carriers. Particularly, in terms of higher IgG4 antibodies in asymptomatic carriers, we proposed for the first time that the higher N-specific IgG4/IgG1 ratio may be another sensitive indicator in asymptomatic carriers. The above sensitive indicators demand further larger-scale clinical investigations. Previous study showed that the asymptomatic group exhibited a more obvious decrease in nAbs levels compared with the symptomatic group. From the shedding of antigen to the level of antibody, subsequently the duration of antibody, the results varied among different research groups (Long et al., 2020; Wang Y. et al., 2020). We did not observe differences in the level of nAbs between asymptomatic carriers and symptomatic patients. Although the protective immunity of COVID-19 has yet been clearly elucidated, nAbs are thought to play a key role in the control of SARS-CoV-2 infection (Mercado et al., 2020; Yu et al., 2020; Dispinseri et al., 2021), which explained the relatively consistent but potent nAbs in both groups in this study.

This study has some limitations. It is a short-term case analysis in a specific district, so the samples size is relatively small. Besides, the dynamic characteristics of the immune response during SARS-CoV-2 infection were not assessed. Once the kinetics of virus shedding and changes in antibody titers during the progression of COVID-19 was obtained, a better grasp of the delicate difference between symptomatic patients and asymptomatic carriers with COVID-19 will be obtained.

To sum up, differences in immune response between asymptomatic carriers and symptomatic patients with COVID-19 are depicted in Figure 8. Asymptomatic carriers exhibited higher N-specific IgG4/IgG1 ratio and higher RBD-specific/N-specific IgG1 while symptomatic patients exhibited increased neutrophil counts and lymphocytopenia as well as higher TNF-α, IL-2, IL-8, and IL-12p70. Collectively, our study of clinical and serological manifestations revealed distinct immunity patterns of SARS-CoV-2 infection in symptomatic and asymptomatic patients. Our findings contribute to the understanding of the interaction of SARS-CoV-2 and host immune system, improving the risk stratification and management of patients with COVID-19.
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FIGURE 8. Differences in immune response in SPs, ACs, and HCs. (A) Symptomatic patients exhibited higher anti-RBD/anti-N antibody ratios and higher TNF-α, IL-2, IL-8, and IL-12p70. (B) Asymptomatic carriers exhibited higher N-specific IgG4/IgG1 ratio antibodies.




DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Medical Ethics Committee of The Second Affiliated Hospital of Nanhua University. The patients/participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



AUTHOR CONTRIBUTIONS

YG and BL: conceptualization. FY: methodology and project administration. EL: software. EL and SW: formal analysis and writing original draft preparation. WH: investigation. JH: resources. LL: data curation. XZ: writing review and editing. XX and SY: supervision. BL: funding acquisition. All authors have read and agreed to the published version of the manuscript.



FUNDING

This research was funded by the Special Project for Basic Research of Hengyang Science and Technology Bureau (Grant No.202010031549), Key Research and Development Program of Hunan Province (Grant No. 2020SK3039), University of South China Novel Coronavirus Pneumonia Prevention and Control Emergency Special (Grant No. nk20200333), and Emergency Special Project of Epidemic Prevention and Control of COVID-19 Pneumonia in the University of South China (Grant No. 12).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmicb.2022.896965/full#supplementary-material



REFERENCES

Cai, J., Li, H., Zhang, C., Chen, Z., Liu, H., Lei, F., et al. (2021). The neutrophil-to-lymphocyte ratio determines clinical efficacy of corticosteroid therapy in patients with COVID-19. Cell Metab. 33, 258–269. doi: 10.1016/j.cmet.2021.01.002

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., et al. (2020). Epidemiological and clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan. Lancet 395, 507–513. doi: 10.1016/s0140-6736(20)30211-7

Chung, M., Bernheim, A., Mei, X., Zhang, N., Huang, M., Zeng, X., et al. (2020). CT Imaging Features of 2019 novel coronavirus (2019-nCoV). Radiology 295, 202–207. doi: 10.1148/radiol.2020200230

Cillo, A. R., Somasundaram, A., Shan, F., Cardello, C., Workman, C. J., Kitsios, G. D., et al. (2021). People critically ill with COVID-19 exhibit peripheral immune profiles predictive of mortality and reflective of SARS-CoV-2 lung viral burden. Cell Rep. Med. 2:100476. doi: 10.1016/j.xcrm.2021.100476

Del Valle, D. M., Kim-Schulze, S., Huang, H. H., Beckmann, N. D., Nirenberg, S., Wang, B., et al. (2020). An inflammatory cytokine signature predicts COVID-19 severity and survival. Nat. Med. 26, 1636–1643. doi: 10.1038/s41591-020-1051-9

Dispinseri, S., Secchi, M., Pirillo, M. F., Tolazzi, M., Borghi, M., Brigatti, C., et al. (2021). Neutralizing antibody responses to SARS-CoV-2 in symptomatic COVID-19 is persistent and critical for survival. Nat. Commun. 12:2670. doi: 10.1038/s41467-021-22958-8

Garcia-Beltran, W. F., Lam, E. C., Astudillo, M. G., Yang, D., Miller, T. E., Feldman, J., et al. (2021). COVID-19-neutralizing antibodies predict disease severity and survival. Cell 184, 476.e–488.e. doi: 10.1016/j.cell.2020.12.015

Guan, W., Ni, Z., Hu, Y., Liang, W., Ou, C., He, J., et al. (2020). Clinical characteristics of coronavirus disease 2019 in China. New Engl. J. Med. 382, 1708–1720. doi: 10.1056/NEJMoa2002032

Hadjadj, J., Yatim, N., Barnabei, L., Corneau, A., Boussier, J., Smith, N., et al. (2020). Impaired type I interferon activity and inflammatory responses in severe COVID-19 patients. Science 369, 718–724. doi: 10.1126/science.abc6027

Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu, Y., et al. (2020). Clinical features of patients infected with 2019 novel coronavirus in Wuhan. China. Lancet. 395, 497–506. doi: 10.1016/S0140-6736(20)30183-5

Jiang, X. L., Wang, G. L., Zhao, X. N., Yan, F. H., Yao, L., Kou, Z. Q., et al. (2021). Lasting antibody and T cell responses to SARS-CoV-2 in COVID-19 patients three months after infection. Nat. Commun. 12:897. doi: 10.1038/s41467-021-21155-x

Johansson, M. A., Quandelacy, T. M., Kada, S., Prasad, P. V., Steele, M., Brooks, J. T., et al. (2021). SARS-CoV-2 Transmission From People Without COVID-19 Symptoms. JAMA Netw. Open 4:e2035057. doi: 10.1001/jamanetworkopen.2020.35057

Karaba, A. H., Zhu, X., Benner, S. E., Akinde, O., Eby, Y., Wang, K. H., et al. (2022). Higher proinflammatory cytokines are associated with increased antibody titer after a third dose of sars-cov-2 vaccine in solid organ transplant recipients. Transplantation 106, 835–841. doi: 10.1097/tp.0000000000004057

Lewnard, J. A., Hong, V. X., Patel, M. M., Kahn, R., Lipsitch, M., and Tartof, S. Y. (2022). Clinical outcomes among patients infected with Omicron (B.1.1.529) SARS-CoV-2 variant in southern California. medRxiv. doi: 10.1101/2022.01.11.22269045

Liu, H., Chen, J., Yang, Q., Lei, F., Zhang, C., Qin, J.-J., et al. (2021). Development and validation of a risk score using complete blood count to predict in-hospital mortality in COVID-19 Patients. Med 2, 435–447. doi: 10.1016/j.medj.2020.12.013

Liu, Y.-M., Xie, J., Chen, M.-M., Zhang, X., Cheng, X., Li, H., et al. (2020). Kidney function indicators predict adverse outcomes of COVID-19. Med 2, 1–11. doi: 10.1016/j.medj.2020.09.001

Long, Q. X., Tang, X. J., Shi, Q. L., Li, Q., Deng, H. J., Yuan, J., et al. (2020). Clinical and immunological assessment of asymptomatic SARS-CoV-2 infections. Nat. Med. 26, 1200–1204. doi: 10.1038/s41591-020-0965-6

Ma, Q., Liu, J., Liu, Q., Kang, L., Liu, R., Jing, W., et al. (2021). Global percentage of asymptomatic SARS-CoV-2 infections among the tested population and individuals with confirmed COVID-19 diagnosis: a systematic review and meta-analysis. JAMA Netw. Open 4, e2137257–e2137257. doi: 10.1001/jamanetworkopen.2021.37257

McGonagle, D., Sharif, K., O’Regan, A., and Bridgewood, C. (2020). The role of cytokines including interleukin-6 in COVID-19 induced Pneumonia and macrophage activation syndrome-like disease. Autoimmun. Rev. 19:102537. doi: 10.1016/j.autrev.2020.102537

Merad, M., and Martin, J. C. (2020). Pathological inflammation in patients with COVID-19: a key role for monocytes and macrophages. Nat. Rev. Immunol. 20, 355–362. doi: 10.1038/s41577-020-0331-4

Mercado, N. B., Zahn, R., Wegmann, F., Loos, C., Chandrashekar, A., Yu, J., et al. (2020). Single-shot Ad26 vaccine protects against SARS-CoV-2 in rhesus macaques. Nature 590:E25. doi: 10.1038/s41586-020-2607-z

Peiris, J. S. M., Yuen, K. Y., Osterhaus, A. D. M. E., and Stöhr, K. (2003). The Severe Acute Respiratory Syndrome. New Engl. J. Med. 349, 2431–2441. doi: 10.1056/NEJMra032498

Ruan, Q., Yang, K., Wang, W., Jiang, L., and Song, J. (2020). Clinical predictors of mortality due to COVID-19 based on an analysis of data of 150 patients from Wuhan. China. Intensive Care Med. 46, 846–848. doi: 10.1007/s00134-020-05991-x

Syangtan, G., Bista, S., Dawadi, P., Rayamajhee, B., and Joshi, D. R. (2021). Asymptomatic SARS-CoV-2 Carriers: a systematic review and meta-analysis. Front. Public Health 8:587374. doi: 10.3389/fpubh.2020.587374

Terpos, E., Ntanasis-Stathopoulos, I., Elalamy, I., Kastritis, E., Sergentanis, T. N., Politou, M., et al. (2020). Hematological findings and complications of COVID-19. Am. J. Hematol. 95, 834–847. doi: 10.1002/ajh.25829

Tutukina, M., Kaznadzey, A., Kireeva, M., and Mazo, I. (2021). IGG antibodies develop to spike but not to the nucleocapsid viral protein in many asymptomatic and light COVID-19 Cases. Viruses 13:1945. doi: 10.3390/v13101945

Wang, D., Hu, B., Hu, C., Zhu, F., Liu, X., Zhang, J., et al. (2020). Clinical characteristics of 138 hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan. China. Jama 323, 1061–1069. doi: 10.1001/jama.2020.1585

Wang, Y., Zhang, L., Sang, L., Ye, F., Ruan, S., Zhong, B., et al. (2020). Kinetics of viral load and antibody response in relation to COVID-19 severity. J. Clin. Invest. 130, 5235–5244. doi: 10.1172/JCI138759

WHO. (2020). Director-General’s Remarks At The Media Briefing On 2019-nCoV on 11 February 2020. Geneva: World Health Organization.

WHO. (2022a). Coronavirus (COVID-19) Dashboard. Available online at https://covid19.who.int/?gclid=Cj0KCQiA-OeBBhDiARIsADyBcE7PVve11fZgyLj_kI8swygsjyQf8sMt-rAkiRRBbPgHo0VpON9KyPMaAkgfEALw_wcB [Accessed March 27 2022].

WHO. (2022b). Update on Omicron. Available online at https://www.who.int/news/item/28-11-2021-update-on-omicron [Accessed Febuary 21 2022]

Wu, C., Chen, X., Cai, Y., Xia, J.a, Zhou, X., Xu, S., et al. (2020). Risk factors associated with acute respiratory distress syndrome and death in patients with coronavirus disease 2019 Pneumonia in Wuhan, China. JAMA Int. Med. 180, 934–943. doi: 10.1001/jamainternmed.2020.0994

Yan, F., Li, E., Wang, T., Li, Y., Liu, J., Wang, W., et al. (2022). Characterization of two heterogeneous lethal mouse-adapted sars-cov-2 variants recapitulating representative aspects of human COVID-19. Front. Immunol. 13:821664. doi: 10.3389/fimmu.2022.821664

Ye, Q., Wang, B., and Mao, J. (2020). The pathogenesis and treatment of the ‘Cytokine Storm’ in COVID-19. J. Infect. 80, 607–613. doi: 10.1016/j.jinf.2020.03.037

Yu, J., Tostanoski, L. H., Peter, L., Mercado, N. B., McMahan, K., Mahrokhian, S. H., et al. (2020). DNA vaccine protection against SARS-CoV-2 in rhesus macaques. Science 369, 806–811. doi: 10.1126/science.abc6284

Zaki, A. M., van Boheemen, S., Bestebroer, T. M., Osterhaus, A. D. M. E., and Fouchier, R. A. M. (2012). Isolation of a novel coronavirus from a man with pneumonia in saudi Arabia. New Engl. J. Med. 367, 1814–1820. doi: 10.1056/NEJMoa1211721

Zhou, F., Yu, T., Du, R., Fan, G., Liu, Y., Liu, Z., et al. (2020). Clinical course and risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 395, 1054–1062. doi: 10.1016/s0140-6736(20)30566-3

Zhu, N., Zhang, D., Wang, W., Li, X., Yang, B., Song, J., et al. (2020). A Novel coronavirus from patients with pneumonia in China, 2019. New Engl. J. Med. 382, 727–733. doi: 10.1056/NEJMoa2001017


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Wang, He, He, Liu, Zhang, Yang, Yan, Gao, Liu and Xia. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmicb-13-896965-g008.jpg
A Symptomatic patients B Asymptomatic carriers

2 _ Higher N-specific 1gG4/lgG1
‘ratio

Higher RBD-specific/N-specific

Higher TNF-q, IL-2, IL-8, and II-12p70 etc. IgG1 ratio





OPS/images/fmicb-13-896965-g004.jpg
A 0.16- B1 0 C 5- L XX D %k %
. V7 % I | 5+ r 1
= X e I 1 o - k%% . * k%
£ L2 _a o= I 1
E 0.144 £ 0.8- =4 =, oo 24 o*
7 . . N 7 . 7 < 8
2 0.12- 2 0.6+ T 34 “Te T 3
o S—— w ] A o u .
g L L ] A 'E s g 2 & g .
2 0.10- .- 2 0.4 . g 2-
w = ]
Z 0.08- o [*Tee [44d 2. bl 2 14 "8 21{| "=
: (T T s % "~ *
cs L] ¥ T 0.3 T T T c " 1 4¢_ c L L Q—
SPs ACs HCs SPs ACs HCs SPs ACs HCs SPs ACs HCs
RBDgE RBD-IgM RBD-IgG RBD-IgG1
E F G H
. A 20- e
0.25 2.5 i * ] _ 0.20 : 0.60 I dedhdk 1
£ 0.20- & £ 2.0 £ 0.164 = s
z ® - z B L 0.45- s
- - —r— e s e
T 0.151 ¢ < 1.5- o < 0.124
= =] . . L ] L7 . ——3
z H g = H 0.30 b g a
= 0.10- %‘_ Z 1.0 " 2 0.08+ Pee?s®e A
3 ’ ; 5 $ 0.15 ‘o
* & - " -
Z 0.05- 2os{ | ol < 0.04- . .
.39 T T T 0.0' ce T T T 0.0U-M T
SPs ACs HCs SPs ACs HCs SPs ACs HCs SPs ACs HCs
RBD-IgG2 RBD-IgG3 RBD-gG4 RBD-gG4/lgG1
| J K L
0.14+ 0.8+ 4+ +* %% 4- i % % % |
. o " 1 - % A
z s z 0.6+ E r X . g I I 1
H 0.12 s 0. - 3- £3{ am, &
= = -, A T 2 |l a
-— P — .
% 0.10- o*l°, 2 £ 0.4- ot® s g 2- $2{ o
= . o o = o . ‘E = . * A
: s 3L W | e, ; £ Crire W o B 5 I -
2 0.08- o o° . % 0.2 @ gf.. g 14 Rad 2 ¢ [ . -
g ® “ll“ ﬁ l{‘ = - 2 "‘: 2 -
- Aa
.35 1 T 1 o-c 1 L) L) e L 3 T T 1 ]
SPs ACs HCs SPs ACs HCs HCs SPs ACs HCs
N-IgE N-IgM N-igG1
M 0.20 N * 0.11 B i
. = = . ] 1 1
o r 1 * A 0.60 —t— "
] - = z I 1 1 5
-] ] =
S 0.15- » = 0.45- £ 0101 . 0.454 4 .
4 W ¥
3 s 3 : : e [t
2 0.10+ * < 0.30- 2 0.094 0.30- #
2 o8 @ ;- 2z "
: 5 o 5 b &
Z 0.054 2 0.15- A Z 0.08- 0.15- 5
#' e kS | xq ﬁ *
.00 = T T = T 00 T T T 0.07 .00 I I
SPs ACs HCs SPs ACs HCs ACs HCs
N-igG2 N-IgG3 N-igG4/IgG1






OPS/images/fmicb-13-896965-g005.jpg
Ratio of ODyg value »

20

b
on
|

-
[=
|

o N O
| |

T T | T
SPs/HCs ACs/HCs SPs/HCs ACs/HCs

Ratio of RBD-lgG Ratio of N-igG





OPS/images/fmicb-13-896965-g006.jpg
>

Ratio of OD,s, value

3—
.-
2= - L4
B
e =
i - -
=
z. ...
@ e,
0 ] 1 1
SPs ACs HCs

RBD/N-IgG

Ratio of OD,5, value

6
4-
s
2 -
. g
"l N
eees W
0 I I
SPs ACs
RBD/N-lgG1

=

HCs





OPS/images/fmicb-13-896965-g007.jpg
Dilution of human seara

D 514
212_

210

2°-

nAbs titer

2% -

22.1

Dilution of human sera

nAbs titer

I I R I T I I I I S I I I S I S I S T O S I S I I S S

20

)
)

214 -
212 4
210 4
28—
26—
24 -
p |2

20

o
g

OD 450
v

Y’
FED RS

& & & S
> - & ..9@ &

&

Dilution of human sera

® SPs

UDs WU Ds





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Clinical Characteristics of Immune Response in Asymptomatic Carriers and Symptomatic Patients With COVID-19



		INTRODUCTION



		MATERIALS AND METHODS



		Study Subjects



		Laboratory and Chest Imaging Examination



		Cytokine Analyses



		SARS-CoV-2 Specific Antibody Detection



		Antibody Subtype Detection



		IgG Detection







		Neutralizing Antibody Detection



		Statistical Analyses







		RESULTS



		Basic Information and Clinical Manifestation



		Body Temperature and Hematology Parameters of Symptomatic Patients With COVID-19



		Blood Biochemical of Symptomatic Patients With COVID-19



		Cytokine Measurement



		Antibody Responses







		DISCUSSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/fmicb-13-896965-g001.jpg
A Gender B Age C Underlying diseases

mm Male mm 21-50 mm With underlying diseases
mm Female - 51-76 s Without underlying diseasas
D Symptoms distribution E CT imagings
Hemopt}lsis—" SUSPECt‘Bd viral pneumnnia- 1
Exudative consolidation— 1
Chest pain—{1
Emphysema— 1
Cough- 10 Bronchial symptoms— 1
Interstitial lesions— 2
Fever— 10
Multiple ground glass shadow- 5
1 | | i 7 |

0 5 10 15 0 2 4 6





OPS/images/fmicb-13-896965-g002.jpg
Pretreatment Treatment Postreatment

SP

B Asymptomatic carrier C Health control

AC&HC






OPS/images/fmicb-13-896965-g003.jpg
F  1.00-

0.754

pg/mL
Z
1

0.25-

0.00

MPs ACs HCs
IL-1B8

&

Ms ACs HCs
IL-10

wlid

—
MPs ACs HCs
IL-2

m%;

MPs ACs HCs
IL-12p70

c0.4- .
0.34
il
£ 52-
(=]
Q
0.1 %
0.0 I lé_
MPs ACs HCs
IL-4
H 28- %
I ok
-
E
L -
314
Q.
7..
0_

MPs ACs HCs
IL-13

MPs ACs HCs
IL-8

~

| T T
MPs ACs HCs
TNF-a






OPS/images/cover.jpg
& frontiers | Frontiers in Microbiology

Clinical Characteristics
of Immune Response
in Asymptomatic Carriers
and Symptomatic Patients With
COVID-19









OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Microbiology





