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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused a global pandemic of novel coronavirus disease (COVID-19). Though vaccines and neutralizing monoclonal antibodies (mAbs) have been developed to fight COVID-19 in the past year, one major concern is the emergence of SARS-CoV-2 variants of concern (VOCs). Indeed, SARS-CoV-2 VOCs such as B.1.1.7 (UK), B.1.351 (South Africa), P.1 (Brazil), and B.1.617.1 (India) now dominate the pandemic. Herein, we found that binding activity and neutralizing capacity of sera collected from convalescent patients in early 2020 for SARS-CoV-2 VOCs, but not non-VOC variants, were severely blunted. Furthermore, we observed evasion of SARS-CoV-2 VOCs from a VH3-30 mAb 32D4, which was proved to exhibit highly potential neutralization against wild-type (WT) SARS-CoV-2. Thus, these results indicated that SARS-CoV-2 VOCs might be able to spread in convalescent patients and even harbor resistance to medical countermeasures. New interventions against these SARS-CoV-2 VOCs are urgently needed.
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Introduction

As the causative agent of COVID-19, SARS-CoV-2 has caused a global pandemic with more than 211.28 million cases and 4.42 million fatalities as of August 24, 2021 (1). The SARS-CoV-2 utilizes its spike (S) protein, including the surface subunit S1 and the transmembrane subunit S2, for receptor binding and virus entry. Specifically, the S1 domain binds to the cellular receptor angiotensin-converting enzyme 2 (ACE2) via its receptor binding domain (RBD). The engagement of ACE2 with RBD further leads to the shedding of S1 subunit from S2 subunit, which promotes S2-mediated virus–host membrane fusion and virus entry (2, 3). Given the critical role of RBD protein in initiating SARS-CoV-2 infection, it becomes one primary target of neutralizing antibodies elicited by both natural infection and vaccination (4–6).

However, one major concern is the emergence of SARS-CoV-2 variants of concern (VOCs), in particular, with mutation(s) located in the RBD region (7, 8). These SARS-CoV-2 VOCs threaten efforts to contain the COVID-19 pandemic and include B.1.1.7 (N501Y in RBD) (9), B.1.351 (K417N, E484K, and N501Y in RBD) (10), P.1 (K417T, E484K and N501Y in RBD) (11), and B.1.617.1 (L452R and E484Q in RBD) (12). Indeed, these SARS-CoV-2 VOCs harbor transmission advantage over non-VOC variants and account more than 90% of currently sequenced SARS-CoV-2 viruses (8). To address the potential neutralization escape caused by these mutations in RBD, we analyzed the binding activity and neutralizing capacity of serum collected from a cohort of convalescent patients with different clinical symptoms in early 2020 against SARS-CoV-2 VOCs as well as non-VOC variants. In addition, we profiled the neutralizing capacity of one previously reported VH3-30 monoclonal antibody (mAb) against SARS-CoV-2 VOCs and non-VOC variants.



Materials and Methods


Human Samples

We enrolled a cohort of 28 convalescent COVID-19 patients with severe (n = 11), moderate (n = 9), and mild/asymptomatic (n = 8) symptoms upon being admitted to Guangzhou Eighth People’s Hospital. All COVID-19 patients were positive for SARS-CoV-2 virus RNA qPCR test upon hospital admission. COVID-19 patients were diagnosed as severe when meeting at least one of the following conditions: (1) RR ≥ 30/min, (2) PaO2/FiO2 ≤ 300 mmHg, (3) SpO2 ≤ 93%, and (4) imageological evidence of significant progress (>50%) in 24–48 h. COVID-19 patients with moderate symptoms were diagnosed by respiratory symptoms, fever, and imageological evidence of pneumonia. The mild COVID-19 patients were diagnosed by inapparent clinical symptoms and no imageological evidence of pneumonia. The asymptomatic COVID-19 patients were those who show no clinical symptoms. These patients were enrolled 15 to 32 days after symptom onset (January to March 2020); the medium age was 58 [43–64, interquartile range (IQR)] years; 60.7% were female; serum was collected from patients during convalescence and the time between symptom onset to serum sample collection was 23 (15–32, IQR) days. Healthy control subjects were six adult participants in the study. All the healthy control subjects were negative for SARS-CoV-2 virus RNA qPCR test upon blood-sampling collection (Supplementary Table S1). Sera were collected from blood without sodium citrate treatment and stored in aliquots at −80°C. The study received IRB approvals at Guangzhou Eighth People’s Hospital (KE202001134).



Enzyme Linked Immunosorbent Assay

Fifty nanograms of SARS-CoV-2 RBD proteins of WT strain (Sino Biological, 40592-V08H), B.1.1.7 (Sino Biological, 40592-V08H82), P.1 (Sino Biological, 40592-V08H86), B.1.351 (Sino Biological, 40592-V08H85), and B.1.617.1 (Sino Biological, 40592-V08H88) as well as RBD proteins with point mutation such as W436R (Sino Biological, 40592-V08H9), F342L (Sino Biological, 40592-V08H6), V483A (Sino Biological, 40592-V08H5), K458R (Sino Biological, 40592-V08H7), A435S (Sino Biological, 40592-V08H4), N354D (Sino Biological, 40592-V08H2), G476S (Sino Biological, 40592-V08H8), and V367F (Sino Biological, 40592-V08H1) in 50 μl PBS per well was coated on ELISA plates overnight at 4°C. Then, the ELISA plates were blocked for 1 h with blocking buffer (5% FBS plus 0.05% Tween 20). Next, fivefold serially diluted mAbs or fivefold serially diluted patient sera were added to each well in 50 μl of blocking buffer for 1 h. After washing with PBST, the bound antibodies were incubated with anti-human IgG HRP detection antibody (Bioss Biotech) for 45 min, followed by washing with PBST and then reacting with TMB (Beyotime). The ELISA plates were allowed to react for 5 min and then stopped by 1 M H2SO4 stop buffer. The optical density (OD) value was determined at 450 nm. Concentration for 50% of maximal effect (EC50) was calculated by using nonlinear regression.



ELISA-Based Receptor-Binding Inhibition Assay

Two hundred nanograms of hACE2 protein (Sino Biological, 10108-H05H) in 50 μl PBS per well was coated on ELISA plates overnight at 4°C. Then, the ELISA plates were blocked for 1 h with blocking buffer (5% FBS plus 0.05% Tween 20); meanwhile, threefold serial diluted mAbs or twofold diluted patient sera were incubated with 0.2 μg/ml SARS-CoV-2 RBD protein for 1 h. Then, the incubated mixtures were added to ELISA plates and allowed to develop for 1 h, followed by PBST washing and anti-His HRP antibody (Sino Biological, 105327-MM02T-H) incubating for 45 min. Next, the ELISA plates were washed with PBST and added with TMB (Beyotime). After 5 min, the ELISA plates were stopped and determined at 450 nm. The half maximal inhibitory concentration (IC50) was determined by using four-parameter logistic regression.



SARS-CoV-2 Pseudovirus Neutralization Assay

For neutralization experiments, SARS-CoV-2 pseudotype particles were pre-incubated with serial diluted convalescent sera or mAbs for 1 h at 37°C. Then, hACE2-expressing HEK-293T (hACE2/293T) cells were incubated with the mixtures overnight and then cultured with fresh media. At 48 h after the mixture incubation, the luciferase activity of SARS-CoV-2 typed pseudovirus-infected hACE2/293T cells were measured by a luciferase reporter assay kit (Promega, E1910).



Statistics

The SARS-CoV-2 RBD antibody titers, the virus neutralizing function of the sera belonging to patients, and the virus neutralizing function of mAb 32D4 were compared with the one-way ANOVA test. p-values less than 0.05 were defined as statistically significant. GraphPad Prism version 6.0 software was used for statistical analysis.




Results


Reduced Titer of Sera Antibodies Specific for SARS-CoV-2 VOC RBD in Individuals Recovered From WT SARS-CoV-2 Infection

Firstly, we examined the binding activity of antibodies that specifically bind to the RBD protein of WT SARS-CoV-2 strain and the mutated RBD proteins of SARS-CoV-2 VOCs (including B.1.1.7, B.1.351, P.1, and B.1.617.1) (Figure 1A) in the convalescent sera of WT SARS-CoV-2-infected patients (early 2020) by IgG ELISA. Notably, we found a significantly lower binding activity of antibodies specific for B.1.351, P.1, and B.1.617.1 RBDs but not B.1.1.7 RBD when compared to those of the WT one in the group of convalescent COVID-19 patients with severe illness (Figure 1B). This feature was less pronounced when extended to convalescent COVID-19 patients with moderate or mild/asymptomatic illness (Figures 1C–E), which might be due to the suboptimal tonic RBD-specific antibodies in these patients (4, 13). Consistently, binding ability of convalescent sera from COVID-19 patients with severe illness against SARS-CoV-2 VOCs, albeit blunted, was superior to those of COVID-19 patients with moderate or mild/asymptomatic illness (Supplementary Figures S1A–E). Therefore, these results suggest a crucial role of residues N501, E484, L452, and K417 in epitope regions of high-affinity antibodies specific for SARS-CoV-2 RBD.




Figure 1 | Neutralization of SARS-CoV-2 VOCs by convalescent sera. (A) Schematic diagram showing the location of mutations of SARS-CoV-2 VOCs in the context of RBD protein domain. RBD, receptor binding domain; RBM, receptor binding motif; TD, transmembrane domain. (B–E) ELISA binding assay of COVID-19 convalescent patient sera (B–D) or healthy donor sera (E) to ELISA plate coating of RBD proteins of SARS-CoV-2 and its mutated variants as indicated. AUC, area under the curve. (F) COVID-19 convalescent patient serum-mediated inhibition of indicated RBD proteins binding to ACE2 protein by ELISA. NT50, neutralizing titer 50. (G) COVID-19 convalescent patient serum-mediated neutralization of indicated SARS-CoV-2 pseudoviruses. NT50, neutralizing titer 50. (H) ELISA binding assay of ACE2 to indicated RBD proteins. EC50, concentration for 50% of maximal effect. The data are representative of at least two independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. Not significant, ns. Error bars in (H) indicate SD.





Reduced Neutralization Against SARS-CoV-2 VOCs by Convalescent Sera Elicited by WT SARS-CoV-2 Infection

We then assessed the neutralizing capacity of convalescent sera from WT SARS-CoV-2-infected patients with severe illness by ELISA-based RBD-ACE2 binding inhibition assays and pseudovirus neutralization assays as previously described (4, 14). Neutralization against B.1.1.7 by convalescent sera was slightly less efficient as compared to that against WT (Figures 1F, G), which might be due to higher ACE2 binding ability observed in B.1.1.7 (Figure 1H). However, the neutralizing potency of convalescent sera against B.1.351, P.1, and B.1.617.1 was significantly reduced when compared to that against WT (Figures 1F, G). Given the comparable ACE2 binding ability between WT and VOCs (including B.1.351, P.1, and B.1.617.1) (Figure 1H), the noticeable resistance of these VOCs to convalescent sera was likely caused by the lack of binding ability to the RBD with E484K, L452R, and K417N/T mutations (Figure 1B). Thus, SARS-CoV-2 VOCs may partially evade the neutralization by antibodies elicited by the WT strain infection.



Similar Binding Activity and Neutralizing Capacity of Convalescent Sera for SARS-CoV-2 Non-VOC Variants

Considering a substantial transmission disadvantage of SARS-CoV-2 non-VOC variants in the COVID-19 pandemic (15), we next sought to analyze the neutralizing potency of convalescent sera against non-VOC variants with a different RBD mutation, including F342L, N354D, V367F, A435S, W436R, K458R, G476S, and V483A (Figure 2A). We found it of particular interest that the binding and neutralizing ability of specific antibodies in convalescent serum for the RBD of SARS-CoV-2 non-VOC were not weaker than those for the WT RBD (Figures 2B, C). This finding indicates minimal influences of these mutations to the neutralizing activity of SARS-CoV-2 RBD-targeted mAbs and also excludes the possibility that the SARS-CoV-2 pandemic shifts to these non-VOC variants.




Figure 2 | Neutralization of SARS-CoV-2 non-VOC variants by convalescent sera. (A) Schematic diagram presenting the location of mutations of non-VOC variants in the context of RBD protein domain. (B) ELISA binding assay of sera originated from COVID-19 patients with severe illness to ELISA plate coating of RBD proteins of WT RBD and its mutated variants as indicated. (C) COVID-19 convalescent patient serum-mediated inhibition of indicated RBD proteins binding to ACE2 protein by ELISA. The data are representative of at least two independent experiments. Not significant, ns.





Neutralization Sensitivity of a VH3-30 mAb 32D4 to SARS-CoV-2 Variants

Finally, we set out to determine the neutralizing capacity of 32D4 mAb on these SARS-CoV-2 variants. The 32D4 mAb, isolated from memory B cells of WT SARS-CoV-2-infected patients, is one of the first identified human neutralizing mAbs that target SARS-CoV-2 RBD (14). As analyzed by IMGT (16), the 32D4 mAb is encoded by the IGHV3-30 gene (Figure 3A), which is one of the most enriched IGHV genes used by RBD-targeting antibodies and thus characterizes one binding mode of RBD-targeting antibodies (17). As shown, the 32D4 mAb showed high binding affinity for SARS-CoV-2 VOCs, with EC50 values of 0.0207 μg/ml for B.1.1.7, 0.0153 μg/ml for B.1.351, and 0.0161 μg/ml for P.1 (Figure 3B). However, the binding affinity of 32D4 for B.1.617.1 was severely blunted and the EC50 value was increased to 1.9450 μg/ml (Figure 3B), indicative of a key role of the residue L452 for the 32D4 binding epitope. Besides, 32D4 was less effective in inhibiting B.1.1.7, B.1.351, and P.1 to engage with ACE2 as compared to the WT one and completely failed to block interaction between B.1.617.1 and ACE2 as evidenced by functional ELISA assays (Figure 3C). Consistently, neutralization of mAb 32D4 against SARS-CoV-2 B.1.351 pseudoviruses was also blunted (Figure 3D). Along with our finding, recent studies also found that the neutralizing activity of several mAbs, including those being approved or in the late clinical stage, was abolished by SARS-CoV-2 VOCs (8, 18–20). In contrast, the binding and neutralizing ability of 32D4 mAb for SARS-CoV-2 non-VOC variants were largely unaffected (Figures 3E, F). Thus, these results suggest that neutralizing mAb targeting the SARS-CoV-2 WT protein sequence might be re-examined whether they are suitable as prophylaxis or treatment for individuals infected with SARS-CoV-2 VOCs.




Figure 3 | Neutralization of SARS-CoV-2 variants by a VH3-30 mAb 32D4. (A) IMGT Collier de Perles for 32D4. (B) ELISA binding assay of mAb 32D4 to RBD proteins of WT and VOCs. EC50, concentration for 50% of maximal effect. (C) ELISA analysis of mAb 32D4-mediated inhibition of WT and VOC RBD proteins binding to ACE2 protein. IC50, half maximal inhibitory concentration. (D) 32D4-mediated neutralization of indicated SARS-CoV-2 pseudoviruses. IC50, half maximal inhibitory concentration. (E) ELISA binding assay of mAb 32D4 to RBD proteins of WT and non-VOC variants. EC50, concentration for 50% of maximal effect. (F) ELISA analysis of mAb 32D4-mediated inhibition of WT and non-VOC RBD proteins binding to ACE2 protein. IC50, half maximal inhibitory concentration. *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. The data are representative of at least two independent experiments. Error bars in (B–D, F) indicate SD.






Discussion

The circulating SARS-CoV-2 VOCs, including B.1.1.7, B.1.351, P.1, and B.1.617.1, have taken a major toll on the global control of the COVID-19 pandemic. Indeed, accumulating evidence suggested reduced neutralization against SARS-CoV-2 VOCs by convalescent sera elicited by SARS-CoV-2 D614G variant (20, 21) or SARS-CoV-2 B.1.1.117 variant (22), sera from mRNA-1273- or BNT162b2-vaccinated individuals (5, 20, 21, 23), and FDA-approved neutralizing mAbs (8, 18). In the study, we also found attenuated neutralization capacity against SARS-CoV-2 VOCs, especially B.1.351, P.1, and B.1.617.1, by sera collected from convalescent patients in the early 2020 or by a VH3-30 mAb 32D4 isolated from the memory B cells of these convalescent patients.

Neutralization resistance of B.1.1.7 to convalescent sera and mAb 32D4 was not noticeable as compared to that of other VOCs in our study. This dichotomous neutralization resistance was also reported by other studies (24, 25) and seems paradoxical to the increased affinity between the B.1.1.7 RBD with a single N501Y mutation and ACE2 observed in our study and previous studies (17, 26). However, we and another group (23) found that SARS-CoV-2-specific mAbs show partial or complete loss of binding to RBD with E484K substitution but not N501Y substitution. Besides, diminished neutralization capacity of convalescent sera and neutralizing mAbs was mainly caused by single mutation at residue E484 but not N501 (18, 23, 25). Thus, RBD E484 residue is a crucial binding site for mAbs and VOCs with mutation at E484 (E484K for B.1.351 and P.1; E484Q for B.1.617.1) show enhanced neutralization resistance.

The VH3-30 gene is one of the most-enriched IGHV genes used by RBD-targeting neutralizing mAbs elicited by natural infection (17, 27) and vaccination (28). SARS-CoV-2-specific neutralizing mAbs with VH3-30 gene, exemplified by REGN10987 (17, 29), C002 (17), and 32D4 in the study, are characterized by a similar binding mode to some extent (17, 30) and consequent mutational escape of SARS-CoV-2 variants. REGN10987 is suggested to be escaped by SARS-CoV-2 variants with mutations ranging from N439 to N453 within RBD, especially K444Q and V445A (31). The L452 residue is a key recognizing site for C002 (17). Here, we also found the losing binding and neutralization of 32D4 to B.1.617.1 variant with L452R substitution. In addition to B.1.617.1, other VOCs (e.g., B.1.1.7, B.1.351, and P.1) also partially escape neutralization by 32D4. The mechanism underlying the escape of VOCs to 32D4-mediated neutralization awaits further structural analysis.

Convalescent plasma or sera transfusion has been highlighted as a promising therapy in fighting newly emerged viral infections. Indeed, transfusion of convalescent plasma harvested from recovered COVID-19 patients is reported to be beneficial in treating critically ill patients with SARS-CoV-2 infection (32–35). Given the neutralization resistance of SARS-CoV-2 VOCs to convalescent sera collected from individuals infected with WT SARS-CoV-2 infection in early 2020, transfusion of these convalescent sera might not be suitable in treating COVID-19 patients infected with SARS-CoV-2 VOCs. Consistently, Cele et al. found that the B.1.351 variant was poorly neutralized by plasma from individuals infected with non-VOC B.1.1.117 (22). By contrast, cross-neutralization of non-VOC B.1.1.117 by plasma from those infected with B.1.351 was more effective (22). These results suggest the potential neutralization of plasma from SARS-CoV-2 VOC-infected individuals to WT, other VOCs, and non-VOC variants, which awaits further investigation.

As with other RNA viruses such as influenza and HIV, SARS-CoV-2 is also characterized by antigenic drift (17). In addition to E484K, L452R, and K417N/T mutations, numerous RBD mutations (including F342L, N354D, V367F, A435S, W436R, K458R, G476S, and V483A) have also been detected in non-VOC variants (36, 37). Though these RBD mutants show significantly increased affinity to hACE2 (36, 37), we found largely unaffected neutralizing potencies of convalescent sera and mAb 32D4 against SARS-CoV-2 variants with relevant RBD mutation. These results might explain the rare cases of these non-VOC variants during the COVID-19 pandemic and further indicated a crosstalk between human host immune pressure and SARS-CoV-2 variant selection.

Taken together, our study presents the comparison of sensitivity of SARS-CoV-2 VOC and non-VOC variants to neutralization by convalescent sera and a VH3-30 mAb from convalescent patients in the early 2020. Although these results are based on functional ELISA assays and pseudovirus assays and await confirmation with authentic SARS-CoV-2, the ELISA/pseudovirus assays have been proven to be free of biosafety issue but as reliable as the canonical plaque assay with authentic SARS-CoV-2 (4, 38–41). The results suggest that SARS-CoV-2 VOCs might be able to spread in convalescent patients and even harbor resistance to medical countermeasures. Indeed, we observed evasion of SARS-CoV-2 VOCs from the 32D4 mAb, which was proved to exhibit highly potential neutralization against WT SARS-CoV-2. Thus, containment of these SARS-CoV-2 VOCs by medical interventions (e.g., next-generation vaccines, pan-neutralizing mAbs) is in urgent need.
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Supplementary Figure 1 | Antibody responses to RBD proteins of WT and VOCs in patients recovered from different COVID-19 illness. (A–E) ELISA binding assay of COVID-19 convalescent patient sera and healthy donor sera to ELISA plate coating of RBD proteins of WT (A), B.1.1.7 (B), B.1.351 (C), P.1 (D) and B.1.617.1 (E). AUC, area under the curve. *P < 0.05, **P < 0.01, ***P < 0.001 and ****P < 0.0001. Not significant, ns. Error bars in (A–E) indicate SEM.



References

1. WHO. World Health Organization. Weekly Epidemiological Update on COVID-19 - 24 August 2021 (2021). Available at: https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19—24-august-2021.

2. Wrapp, D, Wang, N, Corbett, KS, Goldsmith, JA, Hsieh, CL, Abiona, O, et al. Cryo-EM Structure of the 2019-Ncov Spike in the Prefusion Conformation. Science (2020) 367:1260–3. doi: 10.1126/science.abb2507

3. Yan, R, Zhang, Y, Li, Y, Xia, L, Guo, Y, and Zhou, Q. Structural Basis for the Recognition of SARS-CoV-2 by Full-Length Human ACE2. Science (2020) 367:1444–8. doi: 10.1126/science.abb2762

4. Chen, X, Pan, Z, Yue, S, Yu, F, Zhang, J, Yang, Y, et al. Disease Severity Dictates SARS-CoV-2-Specific Neutralizing Antibody Responses in COVID-19. Signal Transduct Target Ther (2020) 5:180. doi: 10.1038/s41392-020-00301-9

5. Edara, VV, Norwood, C, Floyd, K, Lai, L, Davis-Gardner, ME, Hudson, WH, et al. Infection- and Vaccine-Induced Antibody Binding and Neutralization of the B.1.351 SARS-CoV-2 Variant. Cell Host Microbe (2021) 29:516–521.e513. doi: 10.1016/j.chom.2021.03.009

6. Gaebler, C, Wang, Z, Lorenzi, JCC, Muecksch, F, Finkin, S, Tokuyama, M, et al. Evolution of Antibody Immunity to SARS-CoV-2. Nature (2021) 591(7851):639–44. doi: 10.1038/s41586-021-03207-w

7. Plante, JA, Mitchell, BM, Plante, KS, Debbink, K, Weaver, SC, and Menachery, VD. The Variant Gambit: COVID-19’s Next Move. Cell Host Microbe (2021) 29(4):508–15. doi: 10.1016/j.chom.2021.02.020

8. Corti, D, Purcell, LA, Snell, G, and Veesler, D. Tackling COVID-19 With Neutralizing Monoclonal Antibodies. Cell (2021) 184(12):3086–08. doi: 10.1016/j.cell.2021.05.005

9. Davies, NG, Abbott, S, Barnard, RC, Jarvis, CI, Kucharski, AJ, Munday, JD, et al. Estimated Transmissibility and Impact of SARS-CoV-2 Lineage B.1.1.7 in England. Science (2021) 372(6538):eabg3055. doi: 10.1126/science.abg3055

10. Tegally, H, Wilkinson, E, Giovanetti, M, Iranzadeh, A, Fonseca, V, Giandhari, J, et al. Detection of a SARS-CoV-2 Variant of Concern in South Africa. Nature (2021) 592:438–43. doi: 10.1038/s41586-021-03402-9

11. Faria, NR, Mellan, TA, Whittaker, C, Claro, IM, Candido, DDS, Mishra, S, et al. Genomics and Epidemiology of the P.1 SARS-CoV-2 Lineage in Manaus, Brazil. Science (2021) 372:815–21. doi: 10.1126/science.abh2644

12. Cherian, S, Potdar, V, Jadhav, S, Yadav, P, Gupta, N, Das, M, et al. SARS-CoV-2 Spike Mutations, L452R, E484Q and P681R, in the Second Wave of COVID-19 in Maharashtra, India. Microorganisms (2021) 9(7):1542. doi: 10.3390/microorganisms9071542

13. Sokal, A, Chappert, P, Barba-Spaeth, G, Roeser, A, Fourati, S, Azzaoui, I, et al. Maturation and Persistence of the Anti-SARS-CoV-2 Memory B Cell Response. Cell (2021) 184(5):1201–13.e14. doi: 10.1101/2020.11.17.385252

14. Chen, X, Li, R, Pan, Z, Qian, C, Yang, Y, You, R, et al. Human Monoclonal Antibodies Block the Binding of SARS-CoV-2 Spike Protein to Angiotensin Converting Enzyme 2 Receptor. Cell Mol Immunol (2020) 17:647–9. doi: 10.1038/s41423-020-0426-7

15. Volz, E, Mishra, S, Chand, M, Barrett, JC, Johnson, R, Geidelberg, L, et al. Transmission of SARS-CoV-2 Lineage B.1.1.7 in England: Insights From Linking Epidemiological and Genetic Data. medRxiv (2021). doi: 10.1101/2020.12.30.20249034

16. Giudicelli, V, Brochet, X, and Lefranc, MP. IMGT/V-QUEST: IMGT Standardized Analysis of the Immunoglobulin (IG) and T Cell Receptor (TR) Nucleotide Sequences. Cold Spring Harb Protoc (2011) 2011:695–715. doi: 10.1101/pdb.prot5633

17. Yuan, M, Huang, D, Lee, CD, Wu, NC, Jackson, AM, Zhu, X, et al. Structural and Functional Ramifications of Antigenic Drift in Recent SARS-CoV-2 Variants. Science (2021) 373(6556):818–23. doi: 10.1101/2021.02.16.430500

18. Chen, RE, Zhang, X, Case, JB, Winkler, ES, Liu, Y, VanBlargan, LA, et al. Resistance of SARS-CoV-2 Variants to Neutralization by Monoclonal and Serum-Derived Polyclonal Antibodies. Nat Med (2021) 27(4):717–26. doi: 10.1038/s41591-021-01294-w

19. Hu, J, Peng, P, Wang, K, Fang, L, Luo, FY, Jin, AS, et al. Emerging SARS-CoV-2 Variants Reduce Neutralization Sensitivity to Convalescent Sera and Monoclonal Antibodies. Cell Mol Immunol (2021) 18:1061–3. doi: 10.1038/s41423-021-00648-1

20. Hoffmann, M, Arora, P, Groß, R, Seidel, A, Hörnich, BF, Hahn, AS, et al. SARS-CoV-2 Variants B.1.351 and P.1 Escape From Neutralizing Antibodies. Cell (2021) 184(9):2384–93.e12. doi: 10.1016/j.cell.2021.03.036

21. Hoffmann, M, Hofmann-Winkler, H, Krüger, N, Kempf, A, Nehlmeier, I, Graichen, L, et al. SARS-CoV-2 Variant B.1.617 is Resistant to Bamlanivimab and Evades Antibodies Induced by Infection and Vaccination. Cell Rep (2021) 36(3):109415. doi: 10.1016/j.celrep.2021.109415

22. Cele, S, Gazy, I, Jackson, L, Hwa, SH, Tegally, H, Lustig, G, et al. Escape of SARS-CoV-2 501y.V2 From Neutralization by Convalescent Plasma. Nature (2021) 593:142–6. doi: 10.1038/s41586-021-03471-w

23. Collier, DA, De Marco, A, Ferreira, I, Meng, B, Datir, RP, Walls, AC, et al. Sensitivity of SARS-CoV-2 B.1.1.7 to mRNA Vaccine-Elicited Antibodies. Nature (2021) 593:136–41. doi: 10.1038/s41586-021-03412-7

24. Planas, D, Bruel, T, Grzelak, L, Guivel-Benhassine, F, Staropoli, I, Porrot, F, et al. Sensitivity of Infectious SARS-CoV-2 B.1.1.7 and B.1.351 Variants to Neutralizing Antibodies. Nat Med (2021) 27(5):917–24. doi: 10.1101/2021.02.12.430472

25. Wang, P, Nair, MS, Liu, L, Iketani, S, Luo, Y, Guo, Y, et al. Antibody Resistance of SARS-CoV-2 Variants B.1.351 and B.1.1.7. Nature (2021) 593:130–5. doi: 10.1038/s41586-021-03398-2

26. Starr, TN, Greaney, AJ, Hilton, SK, Ellis, D, Crawford, KHD, Dingens, AS, et al. Deep Mutational Scanning of SARS-CoV-2 Receptor Binding Domain Reveals Constraints on Folding and ACE2 Binding. Cell (2020) 182:1295–310.e1220. doi: 10.1016/j.cell.2020.08.012

27. Robbiani, DF, Gaebler, C, Muecksch, F, Lorenzi, JCC, Wang, Z, Cho, A, et al. Convergent Antibody Responses to SARS-CoV-2 in Convalescent Individuals. Nature (2020) 584:437–42. doi: 10.1038/s41586-020-2456-9

28. Wang, Z, Schmidt, F, Weisblum, Y, Muecksch, F, Barnes, CO, Finkin, S, et al. mRNA Vaccine-Elicited Antibodies to SARS-CoV-2 and Circulating Variants. Nature (2021) 592(7855):616–22. doi: 10.3410/f.739524179.793585051

29. Hansen, J, Baum, A, Pascal, KE, Russo, V, Giordano, S, Wloga, E, et al. Studies in Humanized Mice and Convalescent Humans Yield a SARS-CoV-2 Antibody Cocktail. Science (2020) 369:1010–4. doi: 10.1126/science.abd0827

30. Barnes, CO, Jette, CA, Abernathy, ME, Dam, KA, Esswein, SR, Gristick, HB, et al. SARS-CoV-2 Neutralizing Antibody Structures Inform Therapeutic Strategies. Nature (2020) 588:682–7. doi: 10.1038/s41586-020-2852-1

31. Starr, TN, Greaney, AJ, Addetia, A, Hannon, WW, Choudhary, MC, Dingens, AS, et al. Prospective Mapping of Viral Mutations That Escape Antibodies Used to Treat COVID-19. Science (2021) 371:850–4. doi: 10.1126/science.abf9302

32. Arnold Egloff, SA, Junglen, A, Restivo, JS, Wongskhaluang, M, Martin, C, Doshi, P, et al. Convalescent Plasma Associates With Reduced Mortality and Improved Clinical Trajectory in Patients Hospitalized With COVID-19. J Clin Invest (2021) 151788. doi: 10.1172/JCI151788

33. Li, L, Zhang, W, Hu, Y, Tong, X, Zheng, S, Yang, J, et al. Effect of Convalescent Plasma Therapy on Time to Clinical Improvement in Patients With Severe and Life-Threatening COVID-19: A Randomized Clinical Trial. JAMA (2020) 324:460–70. doi: 10.1001/jama.2020.10044

34. Shen, C, Wang, Z, Zhao, F, Yang, Y, Li, J, Yuan, J, et al. Treatment of 5 Critically Ill Patients With COVID-19 With Convalescent Plasma. JAMA (2020) 323:1582–9. doi: 10.1001/jama.2020.4783

35. Simonovich, VA, Burgos Pratx, LD, Scibona, P, Beruto, MV, Vallone, MG, Vázquez, C, et al. A Randomized Trial of Convalescent Plasma in Covid-19 Severe Pneumonia. N Engl J Med (2021) 384:619–29. doi: 10.1056/NEJMoa2031304

36. Ou, J, Zhou, Z, Dai, R, Zhang, J, Zhao, S, Wu, X, et al. V367F Mutation in SARS-CoV-2 Spike RBD Emerging During the Early Transmission Phase Enhances Viral Infectivity Through Increased Human ACE2 Receptor Binding Affinity. J Virol (2021) 95:e0061721. doi: 10.1128/JVI.00617-21

37. Koyama, T, Weeraratne, D, Snowdon, JL, and Parida, L. Emergence of Drift Variants That May Affect COVID-19 Vaccine Development and Antibody Treatment. Pathogens (2020) 9. doi: 10.20944/preprints202004.0024.v1

38. Cao, Y, Su, B, Guo, X, Sun, W, Deng, Y, Bao, L, et al. Potent Neutralizing Antibodies Against SARS-CoV-2 Identified by High-Throughput Single-Cell Sequencing of Convalescent Patients’ B Cells. Cell (2020) 182:73–84.e16. doi: 10.1016/j.cell.2020.05.025

39. Ju, B, Zhang, Q, Ge, J, Wang, R, Sun, J, Ge, X, et al. Human Neutralizing Antibodies Elicited by SARS-CoV-2 Infection. Nature (2020) 9(5):324. doi: 10.3390/pathogens9050324

40. Shi, R, Shan, C, Duan, X, Chen, Z, Liu, P, Song, J, et al. A Human Neutralizing Antibody Targets the Receptor-Binding Site of SARS-CoV-2. Nature (2020) 584:120–4. doi: 10.1038/s41586-020-2381-y

41. Wan, J, Xing, S, Ding, L, Wang, Y, Gu, C, Wu, Y, et al. Human-IgG-Neutralizing Monoclonal Antibodies Block the SARS-CoV-2 Infection. Cell Rep (2020) 32:107918. doi: 10.1016/j.celrep.2020.107918




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 © 2021 Yue, Li, Lin, Yang, Yuan, Pan, Hu, Gao, Zhou, Tang, Wang, Tian, Hao, Wang, Huang, Xu, Zhu, Liu, Deng, Wang, Ye and Chen. 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.


OEBPS/Images/fimmu-12-751584-g001.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Immunology





OEBPS/Images/fimmu.2021.751584_cover.jpg
, frontiers
in Immunology

Sensitivity of SARS-CoV-2 Variants to
Neutralization by Convalescent Sera
and a VH3-30 Monoclonal Antibody





OEBPS/Images/fimmu-12-751584-g003.jpg
5
H

Lo ko v

1~

e e

*Eooman
i 2
e
*

e, oo v
W o0t o
Fu Ec footmh v
o €002 o
e €C_ w0014 it
ki 011y
s, £ttt ot
o1, EC_e001% vy
[otstouhsiimedy

[ mE——

oo o o o 3
.

e S T b

i, o
e <, 00209y
FaL e o0t
o o0
s K08 s
a3 10002
o540, L0051
popabrnitic
e a0t v






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Sensitivity of SARS-CoV-2 Variants to Neutralization by Convalescent Sera and a VH3-30 Monoclonal Antibody

      

        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Human Samples

          



          		

            Enzyme Linked Immunosorbent Assay

          



          		

            ELISA-Based Receptor-Binding Inhibition Assay

          



          		

            SARS-CoV-2 Pseudovirus Neutralization Assay

          



          		

            Statistics

          



        



        



        		

          Results

        

          		

            Reduced Titer of Sera Antibodies Specific for SARS-CoV-2 VOC RBD in Individuals Recovered From WT SARS-CoV-2 Infection

          



          		

            Reduced Neutralization Against SARS-CoV-2 VOCs by Convalescent Sera Elicited by WT SARS-CoV-2 Infection

          



          		

            Similar Binding Activity and Neutralizing Capacity of Convalescent Sera for SARS-CoV-2 Non-VOC Variants

          



          		

            Neutralization Sensitivity of a VH3-30 mAb 32D4 to SARS-CoV-2 Variants

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-12-751584-g002.jpg
SEPEIEESE






