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Dear Editor,
The ongoing coronavirus disease 2019 (COVID-19) pan-
demic caused by severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) has lasted for more than 
four years, resulting in an unprecedented global public 
health crisis. Progress in halting this pandemic seems 
slow due to the emergence of variants of concern, such 
as the B.1.1.7 (Alpha), B.1.351 (Beta), P.1 (Gamma, also 
known as B.1.1.28.1), B.1.617.2 (Delta), and B.1.1.529 
(Omicron), that appear to be high transmissible and 
more resistant to neutralizing antibodies (Wang et al., 
2021g). New variants are thought to be responsible for 
re-infections (Hacisuleyman et al., 2021). A general 

decrease in immune protection against SARS-CoV-2 var-
iants within 6–12 months after the primary infection or 
vaccination is also observed (Widge et al., 2021). However, 
not much is known about the immunogenic features of 
such a booster dose of a COVID-19 vaccine. In addition, 
there are large gaps in our understanding ofcorrelat-
ing immunogenic findings from surrogate endpoints to 
gauge vaccine efficacy.

The CoronaVac, a 3-dose β-propiolactone-inactivated 
vaccine against COVID-19, has been approved for emer-
gency use by the World Health Organization (Gao et al.,  
2020). To evaluate immune features, we recruited 
22 COVID-19 convalescents, 6 healthy participants 
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Figure 2.   Structural, immunogenic, and evolutionary features of RBD Nabs. (A) Structure-based antigenic clustering of SARS-CoV-2 
RBD NAbs. A total of 171 RBD NAbs with available structures were classified into six clusters (�ú , �û , �ü , �ý , �þ , and �ÿ ). NAbs that can 
block ACE2 binding or not are outlined in light pink and light yellow, respectively. NAbs that can attach to the closed RBD or not are 
outlined by gray blue and gray green, respectively. (B) Superimposition matrix of 171 RBD NAb structures’ output from clashed areas 
(Å2) between variable regions of any two Fab fragments showing the clustering into six antibody classes. (C) Surface representative 
model of six types of NAbs bound to the RBD. Fab fragments of six representative antibodies are shown in different colors and the 
RBD is colored in gray. Insets illustrate the antigenic patches targeted by six representative antibodies. Dashed dots indicate the 


