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It has been more than a year since severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) first emerged. Many 
studies have provided insights into the various aspects of the 
immune response in coronavirus disease 2019 (COVID-19). 
Especially for antibody treatment and vaccine development, 
humoral immunity to SARS-CoV-2 has been studied 
extensively, though there is still much that is unknown and 
controversial. Here, we introduce key discoveries on the 
humoral immune responses in COVID-19, including the 
immune dynamics of antibody responses and correlations 
with disease severity, neutralizing antibodies and their 
cross-reactivity, how long the antibody and memory B-cell 
responses last, aberrant autoreactive antibodies generated 
in COVID-19 patients, and the efficacy of currently available 
therapeutic antibodies and vaccines against circulating SARS-
CoV-2 variants, and highlight gaps in the current knowledge.
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INTRODUCTION

Since the first emergence of severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) in 2019, scientists have 

tried to reveal the characteristics of this virus that has had 

devastating consequences for human health and economies 

worldwide. Over the past year, not only the characteristics of 

this novel virus, but also the pathogenesis of coronavirus dis-

ease 2019 (COVID-19) and the immune responses induced 

in the human body have been abundantly studied, leading 

to the development and application of various therapeutic 

options and vaccines. Although humoral immunity is one 

important arm of protective immunity against viral infection, 

mainly by producing antibodies capable of neutralizing invad-

ing viruses, there has been much controversy over the role of 

humoral immune responses in COVID-19. In this mini-review, 

we introduce diverse aspects of humoral immunity that take 

part in protecting from or in the pathogenesis of COVID-19 

and discuss the controversial findings observed in different 

groups, as well as future directions for ongoing issues.

HUMORAL IMMUNITY TO SARS-CoV-2 AND DISEASE 
SEVERITY

With their sterilizing immunity ability, antibodies are the first 

and most feasible target for vaccine development. Unlike 

the T-cell response, which is consistently impaired and the 

number of T cells dramatically reduced in severe COVID-19 

patients, humoral responses to SARS-CoV-2 and their cor-

relations with disease severity are diverse. Several early re-

ports showed that higher antibody titers are associated with 

severe clinical manifestations (Garcia-Beltran et al., 2021a; 

Hashem et al., 2020; Tan et al., 2020; Zhao et al., 2020). A 

prospective study with 67 COVID-19 patients showed that 

anti-nucleocapsid protein (NCP) IgM and IgG started on day 
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7 and day 10 and peaked on day 28 and day 49, respectively. 

In addition, these antibodies appear earlier and their titers 

are significantly higher in severe patients than in non-severe 

patients. They also found that weak responders for IgG had a 

significantly higher viral clearance rate compared to stronger 

responders, indicating that a stronger antibody response is 

associated with delayed viral clearance and disease severity 

(Tan et al., 2020). Another study of 173 patients with SARS-

CoV-2 infection also showed that a higher antibody titer is 

independently associated with a worse clinical classification 

(Zhao et al., 2020). These studies raise the possibility of the 

pathological role of antibody responses. A study of SARS-CoV 

infection in a macaque model showed aggravation of lung 

inflammation induced via antibody-dependent enhancement 

(ADE) (Liu et al., 2019). However, comprehensive studies 

are needed to explain the clinical correlates of antibody re-

sponses and define the involvement of ADE in severe cases of 

SARS-CoV-2 infection (Arvin et al., 2020).

 With the accumulation of a comprehensive cohort of 

SARS-CoV-2 infections, the dynamics of the antibody re-

sponse and the correlation with severity seem more compli-

cated. Analysis of the functional humoral trajectories in hos-

pitalized individuals with moderate to severe disease showed 

that SARS-CoV-2 antigen-specific IgM and IgA were nearly 

equivalently evolved across all groups (Zohar et al., 2020). 

However, S-specific IgG development occurred earlier, and 

higher IgG titers were observed in survivors of severe disease 

compared to non-survivors, indicating that rapid and potent 

IgG class switching is linked to survival (Zohar et al., 2020). 

Lucas et al. (2020) reported that deceased patients did not 

have higher overall humoral responses, including anti-spike 

IgG, anti-receptor-binding domain (RBD) IgG, and neutral-

izing antibody (NAb), and mounted a robust, yet delayed 

response compared to survivors. They also suggested that 

the generation of NAb before 14 days of disease onset is a 

key factor for recovery (Lucas et al., 2020). Interestingly, a 

study seeking early factors to predict later disease outcomes 

revealed that spike-specific humoral responses are enriched 

among convalescent individuals, whereas functional antibody 

responses to the nucleocapsid are elevated in deceased indi-

viduals (Atyeo et al., 2020). The spike-specific phagocytic and 

complement-fixing activities were enriched early in convales-

cents, indicating that these spike-specific humoral responses 

may be beneficial for the trajectory of SARS-CoV-2 infection. 

Collectively, antibody titers specific for SARS-CoV-2 do not 

simply correlate with the disease severity, but the various 

factors, including the kinetics of seroconversion, antibody 

isotype, and antigen specificity of antibodies, should be con-

sidered to determine the effect of the humoral response on 

disease severity.

NEUTRALIZING ANTIBODY AND CROSS-REACTIVITY

Neutralization is one of the most important functions of 

antibodies, inducing sterilizing immunity in viral infection. 

Most patients with a positive antibody response to SARS-

CoV-2 have exhibited neutralizing activity measured by using 

pseudotyped or authentic SARS-CoV-2 virus. Several studies 

have identified potent NAbs against SARS-CoV-2 from con-

valescent COVID-19 patients (Brouwer et al., 2020; Ju et al., 

2020; Shi et al., 2020; Zost et al., 2020). NAb can bind to the 

invading virus at the site of the RBD and other domains of the 

viral spike proteins, preventing the virus from docking onto 

its entry receptor, angiotension-converting enzyme 2 (ACE2). 

A study isolating RBD-specific monoclonal antibodies from 

eight patients with COVID-19 revealed a correlation between 

neutralizing activity and the competition with ACE2 for bind-

ing the RBD (Ju et al., 2020). Analysis of the crystal structure 

of RBD-bound antibody demonstrated that steric hindrance 

inhibits viral engagement with ACE2. This study also found 

that anti-SARS-CoV-2 antibodies and infected plasma do not 

cross-react with the RBDs of SARS-CoV or MERS-CoV, sug-

gesting that anti-RBD antibodies are mostly viral-species-spe-

cific inhibitors (Ju et al., 2020). A similar study reported the 

isolation of two specific human monoclonal antibodies from 

a convalescent patient showing potent neutralizing activity 

against SARS-CoV-2 in vitro and in rhesus monkeys (Shi et al., 

2020). Structural analysis revealed that monoclonal antibody 

binds to the epitopes corresponding to the part overlapping 

with ACE2-binding sites in the RBD, which interferes with 

virus-receptor interactions by both steric hindrance and direct 

competition. For the next step, many research groups have 

tried to isolate a great scale of human monoclonal antibodies 

capable of neutralizing SARS-CoV-2 and identify epitopes 

interacting with these monoclonal antibodies, as these anti-

bodies will be promising candidates for COVID-19 therapeu-

tics and prophylaxis. They also provide successful strategies 

for vaccine development against SARS-CoV-2 (Barnes et al., 

2020; Cao et al., 2020; Liu et al., 2020).

 Though a great number of studies investigating humor-

al immune responses in serum have been reported, a few 

studies have focused on the antibody response in respiratory 

mucosa where SARS-CoV-2 enters. Secretory IgA is the most 

abundant antibody isotype in the mucosal surfaces and is 

well known for having potent neutralizing activity. A recent 

study measured SARS-CoV-2-specific IgA antibodies in the 

serum, saliva, and bronchoalveolar fluid of 159 patients with 

COVID-19 and found that IgA antibodies are predominant in 

the early phase of SARS-CoV-2 infection (Sterlin et al., 2021). 

Moreover, IgA from serum and mucosal surfaces contributes 

to virus neutralization to a greater extent than IgG. Similarly, 

another study found that IgA dimers, the primary form of 

antibody in the mucosal surfaces, had almost 15-times more 

potent neutralization than IgA monomer, the dominant form 

in serum, and the monomer was 2-fold less potent than IgG 

equivalents (Wang et al., 2021a).

 Another point that needed to be addressed was whether 

plasma or NAbs derived from other coronaviruses have neu-

tralizing activity against SARS-CoV-2, as these can provide 

immediate protection for severe COVID-19 patients and are 

another possibility for the development of universal vaccines 

for highly virulent coronavirus (Pinto et al., 2020; Tian et al., 

2020; Zhu et al., 2020). Several monoclonal antibodies iden-

tified from the memory B cells of an individual infected with 

SARS-CoV in 2003 target the spike protein of SARS-CoV-2, 

which shares 80% amino acid sequence identity with the 

spike protein of SARS-CoV (Pinto et al., 2020). Inversely, anti-

bodies with neutralizing activity against SARS-CoV-2 isolated 
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from COVID-19 convalescent individuals also cross-neutralize 

SARS-CoV and MERS-CoV (Zhang et al., 2021). The degree 

of cross-reactivity between human coronaviruses (HCoVs) 

and SARS-CoV-2 has been widely studied but resulted in 

controversial findings (Anderson et al., 2021; Ng et al., 2020; 

Nguyen-Contant et al., 2020; Poston et al., 2020; Song et 

al., 2020). Using a flow cytometry-based method, SARS-

CoV-2 spike protein-reactive antibodies have been detected 

in SARS-CoV-2-uninfected individuals (Ng et al., 2020). 

SARS-CoV-2-uninfected donor sera including these S2-target-

ed IgG class antibodies showed specific neutralizing activity 

against SARS-CoV-2 and SARS-CoV-2 S pseudotypes. These 

pre-existing antibodies were more common in children and 

adolescents (Ng et al., 2020), suggesting a possibility that 

higher HCoV (common cold coronaviruses) infection rates in 

children than adults correlate with relatively less severe symp-

toms in children with COVID-19 (Castagnoli et al., 2020). 

In contrast, other studies have reported limited pre-existing 

cross-reactive antibodies against SARS-CoV-2 in unexposed 

individuals (Nguyen-Contant et al., 2020; Poston et al., 2020; 

Song et al., 2020). Specifically, only S2-targeted IgG antibody 

was detected and had some neutralizing activity, whereas 

anti-RBD IgG antibody was absent in unexposed individuals, 

though they found pre-existing cross-reactive memory B cells 

that were activated upon SARS-CoV-2 infection. Furthermore, 

some people in a pre-pandemic group had cross-reactive anti-

bodies against SARS-CoV-2, but they are neither neutralizing 

nor protective against SARS-CoV-2 infection (Anderson et al., 

2021). Further studies are needed to address how cross-re-

activity between various coronaviruses affects the course and 

pathogenesis of infection with another coronavirus.

LONGEVITY OF THE ANTIBODY RESPONSE AND 
MEMORY B CELLS

The longevity of the immune memory response is critical 

for protection from pathogen reinfection. More data still 

needs to be accumulated over longer periods, but there are 

several controversial reports about how long antibody re-

sponses against SARS-CoV-2 could be sustained in patients 

with COVID-19 (Duysburgh et al., 2021; Gudbjartsson et al., 

2020; Ibarrondo et al., 2020; Roltgen et al., 2020a; 2020b; 

Seow et al., 2020; Wajnberg et al., 2020). Some studies 

have shown that most antibodies against SARS-CoV-2 re-

main stable for several months after infection, whereas other 

studies have found a rapid decline in antibody titers within 

3-4 months. Interestingly, the waning of anti-SARS-CoV-2 

IgA antibodies seems to be affected less than other isotypes, 

including IgM and IgG antibodies (Gaebler et al., 2021). It 

is challenging to address the reason why these studies have 

shown different outcomes. In some studies, a rapid decline in 

antibody titers against SARS-CoV-2 was found in COVID-19 

patients with mild symptoms or asymptomatic individuals, 

suggesting that the longevity of the antibody responses cor-

relates with disease severity (Roltgen et al., 2020a; 2020b; 

Seow et al., 2020). These findings also suggest that boosting 

vaccine administration is required for long-lasting protection.

 Although the longevity of antibodies against SARS-CoV-2 

is still unclear, SARS-CoV-2-specific memory B cells have been 

found to persist for 3-6 months (Gaebler et al., 2021; Hartley 

et al., 2020; Rodda et al., 2021). In the study by Nussenz-

weig’s group, though IgM and IgG anti-SARS-CoV-2 RBD an-

tibody titers significantly decreased and neutralizing capacity 

declined over time, the number of RBD-specific memory B 

cells was not changed up to 6 months after infection (Gae-

bler et al., 2021). Moreover, the humoral response in this 

cohort continued evolving as the antibodies from memory 

B cells underwent great somatic hypermutation in accor-

dance with the persistence of SARS-CoV-2 in the small bowel 

(Gaebler et al., 2021). From 11 paired samples of COVID-19 

patients between 4 and 242 days post-symptom onset, RBD- 

and NCP-specific memory B cells continued to increase until 

150 days, and the number of RBD-specific IgG+ memory B 

cells significantly correlated with the number of circulating 

follicular helper T cells (Hartley et al., 2020). A more recent 

study investigated the phenotype of memory B cells in mild 

and severe COVID-19 patients up to 6 months after infec-

tion (Sokal et al., 2021). Using longitudinal single-cell and 

repertoire analysis, the B-cell response against SARS-CoV-2 

showed a temporal switch from an extrafollicular reaction 

to a germinal center-dependent memory response generat-

ing anti-RBD NAbs. Notably, cross-reactive memory B cells 

against common cold coronaviruses contribute to the early 

extrafollicular antibody response against SARS-CoV-2. These 

findings suggest that the persistence and evolution of memo-

ry B cells contribute to the functional immunological memory 

that provides protection upon virus re-exposure and provides 

a basis for effective vaccination.

AUTOANTIBODY GENERATION IN COVID-19

Autoantibodies directed against host proteins can induce a 

perturbation in the host immune system. Severe inflamma-

tory conditions, such as chronic viral infection, have been 

reported to increase the prevalence of autoantibodies. Sev-

eral studies have shown that COVID-19 patients, especially 

individuals with severe symptoms, have a higher prevalence 

of autoantibodies against various host proteins (Bhadelia et 

al., 2021; Wang et al., 2020; Woodruff et al., 2020a; Zuniga 

et al., 2021). Higher levels of anti-Annexin A2 antibodies 

have been detected among hospitalized COVID-19 patients 

that died compared to non-critical hospitalized COVID-19 

patients (Zuniga et al., 2021). Using the high-throughput 

autoantibody discovery technique, Wang et al. (2020) found 

that COVID-19 patients present with dramatic increases in 

autoantibody reactivities compared to uninfected controls. 

These autoantibodies are against immune-related proteins, 

including cytokines, chemokines, complement components, 

and cell surface proteins. They also showed that autoanti-

bodies targeting tissue-associated antigens correlate with dis-

ease severity and the clinical characteristics of inflammation 

in COVID-19 patients. Another study identified activation of 

extrafollicular B cells in critically ill patients, and these B cells 

shared the B-cell repertoire features previously described in 

autoimmune settings, such as systemic lupus erythemato-

sus (SLE) (Woodruff et al., 2020b). Autoantibodies against 

type I interferons (IFNs) were reported in at least 101 of 987 

(10.2%) patients with life-threatening COVID-19 pneumo-
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nia, whereas none of the individuals with asymptomatic or 

mild SARS-CoV-2 infection and only 4 of 1,227 (0.33%) 

healthy individuals before the pandemic had autoantibodies 

against type I IFNs (Bastard et al., 2020). These autoanti-

bodies had neutralizing activity against type I IFNs and their 

ability to block SARS-CoV-2 infection in vitro. Notably, 94% 

of patients with these autoantibodies were men. Collectively, 

it seems that the presence of autoantibodies against host 

proteins in SARS-CoV-2 infection correlates with the severity 

of COVID-19, but whether these autoantibodies will lead to 

autoimmune disease and how they affect the natural course 

of SARS-CoV-2 infection remains unknown.

EFFICACY OF CURRENT ANTIBODY-BASED 
THERAPEUTICS AND VACCINES AGAINST  
SARS-CoV-2 VARIANTS

Strains of SARS-CoV-2 with a mutation in the spike protein 

were officially identified recently and are spreading rapidly 

worldwide (Fig. 1). Their altered transmissibility and impaired 

response to vaccination are increasing social anxiety. The first 

variant that emerged is D614G, which was first discovered 

in Germany at the end of February 2020. This has higher 

transmissibility than the wild-type virus (Wuhan) and became 

the world's most dominant virus at the end of March 2020 

(Korber et al., 2020). In June 2020, B.1.1.298 was identified 

in Denmark, a SARS-CoV-2 variant that causes transmission 

between mink and human (Oude Munnink et al., 2021). 

Consequently, 17 million minks were killed to prevent inter-

species transmission and the evolution of mutated viruses 

via mink (Oxner, 2020). Many variants with mutations in 

the RBD region have since been reported (Fig. 1, Table 1). 

Such a mutation is markedly resistant to certain spike protein 

monoclonal antibodies (Li et al., 2020) and has the poten-

tial to escape antibody recognition (Greaney et al., 2021). 

At the end of 2020, the B.1.1.7 variant harboring both the 

N501Y and D614G mutations in the RBD was reported in 

the UK (Claro et al., 2021; Galloway et al., 2021). This strain 

exhibits a greater transmission capacity than the D614G vari-

ant (Santos and Passos, 2020). To overcome this situation, 

there is an increasing need for research on whether current 

vaccines and therapeutics are effective against variants. The 

mRNA vaccines, including BNT162b2 (Pfizer) and mRNA-

1273 (Moderna), which were manufactured based on SARS-

CoV-2 isolated early in the epidemic from Wuhan, China, 

have demonstrated >94% efficacy at preventing COVID-19 in 

a phase 3 study and have been approved under Emergency 

Use Authorization (EUA) by the U.S. Food and Drug Admin-

istration (FDA) (Polack et al., 2020). After the emergence of 

variants, the efficacy of the vaccines against them was tested, 

revealing high efficacy against D614G (Europe) (Garcia-Bel-

tran et al., 2021b; Mahase, 2021; Muik et al., 2021), B.1.1.7 

(UK) (Garcia-Beltran et al., 2021b; Heath et al., 2021; Hoff-

mann et al., 2021; Muik et al., 2021; Wang et al., 2021b; 

Wu et al., 2021), B.1.1.298 (Denmark) (Garcia-Beltran et 

al., 2021b), and B.1.429 (US) (Garcia-Beltran et al., 2021b), 

but significantly reduced efficacy for variants harboring a 

mutation in the RBD, such as E484K (Garcia-Beltran et al., 

Fig. 1. Global emergence of SARS-CoV-2 variants. The location and date of the first outbreak of each SARS-CoV-2 variant, including 

D614G (Germany), B.1.1.298 (Denmark), B.1.427/429 (California), B.1.351 (501Y.V2, South Africa), B.1.526 (New York), B.1.1.7 (501Y.

V1, UK), P.1 and P.2 (Brazil and Japan), are shown. The given references are the first reports of the emergence of the corresponding variant.
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2021b; Hoffmann et al., 2021; Wang et al., 2021b; Wu et 

al., 2021). Some monoclonal antibodies, including REGN-

COV2 and Bamlanivimab, have had similar results in regards 

to efficacy (An EUA for bamlanivimab, 2020; Garcia-Beltran 

et al., 2021b; Hoffmann et al., 2021; Liu et al., 2021; Muik et 

al., 2021). Therefore, these results suggest that certain RBD 

mutations may have a core effect on the efficacy of neutral-

ization. In recent studies, methods have been reported for 

screening the efficacy of monoclonal antibodies to minimize 

SARS-CoV-2 mutational escape. Baum et al. (2020b) demon-

strated that antibody cocktail therapy can be an effective way 

of minimizing mutational escape by SARS-CoV-2. Greaney 

et al. (2021) and Starr et al. (2021) completely mapped RBD 

mutations that escape binding by certain neutralization an-

Table 1. Efficacy of COVID-19 vaccines and neutralizing antibodies against SARS-CoV-2 variants

Variants Mutation region Humoral immunity
Origin  

country

Wild type X Vaccination 

   - High efficacy

     :  BNT162b2 (Pfizer) (Polack et al., 2020), mRNA-1273 (Moderna) 

(Baden et al., 2021), NVX- CoV2373 (Mahase, 2021), AZD1222 

(AstraZeneca) (Voysey et al., 2021), JNJ-7843673 (Johnson &  

Johnson) (Sadoff et al., 2021)

Neutralization

   - High efficacy

     :  REGN-COV2 (Baum et al., 2020a), Bamlanivimab (Chen et al., 2021; 

Gottlieb et al., 2021)

Wuhan, 

China

D614G D614G in spike Vaccination 

   - High efficacy (Weissman et al., 2021)

     :  BNT162b2 (Pfizer) (Garcia-Beltran et al., 2021b; Mahase, 2021; Zou 

et al., 2021), mRNA-1273 (Moderna) (Garcia-Beltran et al., 2021b)

Europe

B.1.1.7  

(501Y.V1) 

-Three amino acid deletions 

and seven missense muta-

tions in spike

-D614G as well as N501Y in 

the ACE2 receptor-bind-

ing domain (RBD)

Vaccination 

   - High efficacy

     :  BNT162b2 (Pfizer) (Garcia-Beltran et al., 2021b; Hoffmann et al., 

2021; Muik et al., 2021; Wang et al., 2021b), mRNA-1273 (Mod-

erna) (Garcia-Beltran et al., 2021b; Wang et al., 2021b; Wu et al., 

2021), NVX-CoV2373 (Heath et al., 2021; Muik et al., 2021)

   - Significantly decreased efficacy

     :  BNT162b2 (Pfizer) (Collier et al., 2021)

Neutralization

   - High efficacy

     :  Imdevimab, Casirivimab, REGN-COV2, REGN10989, Bamlanivimab 

(Garcia-Beltran et al., 2021b; Muik et al., 2021)

UK

B.1.1.298 Two-amino acid deletion 

and four spike missense 

mutations including 

Y453F in RBD

Vaccination 

   - High efficacy

     :  BNT162b2 (Pfizer) (Garcia-Beltran et al., 2021b), mRNA-1273 

(Moderna) (Garcia-Beltran et al., 2021b)

Denmark

B.1.427/429 4 spike missense mutations, 

L452R mutation in RBD

Vaccination 

   - High efficacy

     :  BNT162b2 (Pfizer) (Garcia-Beltran et al., 2021b), mRNA-1273 

(Moderna) (Garcia-Beltran et al., 2021b)

   - Significantly decreased efficacy

     :  BNT162b2 (Pfizer) (Deng et al., 2021), mRNA-1273 (Moderna) 

(Deng et al., 2021)

Neutralization

   - Significantly decreased efficacy (Li et al., 2020)

     :  Bamlanivimab (An EUA for bamlanivimab, 2020)

California, 

USA

P.2  

(B.1.1.28 lineage)

3 spike missense mutations

E484K mutation in RBD

Reinfection

Cases of SARS-CoV-2 reinfection (Nonaka et al., 2021; Resende et al., 

2021)

Vaccination 

   - Significantly decreased efficacy

     :  BNT162b2 (Pfizer) (Garcia-Beltran et al., 2021b), mRNA-1273 

(Moderna) (Garcia-Beltran et al., 2021b)

Brazil, 

Japan
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tibodies by establishing a yeast-display system. These studies 

will strongly contribute to the discovery of vaccines and drugs 

that have broad neutralization potency against escape mu-

tants. Outbreaks of SARS-CoV-2 variants will likely continue 

for a long time. Therefore, future research will require special 

efforts to continually track variants and find effective ways 

of preventing them. Furthermore, we should strive to build a 

system that can respond quickly to unexpected mutation of 

the virus.

CONCLUDING REMARKS

Thus far, this devastating pandemic has resulted in 130 

million cases and 2.84 million deaths from COVID-19 world-

wide. During the past year, significant scientific knowledge 

has been generated on the features of novel SARS-CoV-2, 

as well as the host immune responses that are substantially 

involved in COVID-19 pathogenesis. We reviewed key discov-

eries regarding the humoral immune responses in COVID-19 

that have formed the basis of currently available therapeutics, 

including monoclonal antibodies and vaccines. Like other 

viral infections, antibody responses against SARS-CoV-2 are 

important for neutralization and rapid clearance of the virus, 

but their impacts are more complicated than we expect-

ed like being involved in the pathogenesis and severity of 

COVID-19. The dynamics of the antibody responses, cross-re-

activity of the NAbs, the longevity of antibodies and memory 

B cells, and the generation of autoantibodies collectively 

affect the pathogenesis and severity of COVID-19. Moreover, 

as the virus evolves, several variants of SARS-CoV-2 that are 

less responsive to current therapeutics are rapidly emerging. 

Therefore, additional studies are needed to address the gaps 

in current knowledge and find an effective way to prepare 

for emerging threats.

Table 1. Continued

Variants Mutation region Humoral immunity
Origin  

country

P.1  

(B.1.1.28 lineage, 

501Y.V3)

12 spike missense  

mutations

E484K, K417T, N501Y 

mutation in RBD

Reinfection

Cases of SARS-CoV-2 reinfection (Naveca et al., 2021; Nonaka et al., 

2021; Resende et al., 2021)

Vaccination 

   - Significantly decreased efficacy

     :  BNT162b2 (Pfizer) (Garcia-Beltran et al., 2021b; Nonaka et al., 

2021), mRNA-1273 (Moderna) (Garcia-Beltran et al., 2021b)

Neutralization

   - High efficiency

     :  Imdevimab, REGN-COV2 (Resende et al., 2021)

   - Significantly decreased efficacy

     :  Casirivimab (partial), REGN10989, Bamlanivimab (An EUA for bam-

lanivimab, 2020; Hoffmann et al., 2021; Liu et al., 2021)

Brazil, 

Japan

B.1.351 lineage 

(501Y.V2)

3 RBD mutations, K417N, 

E484K, and N501Y,  

in addition to several 

mutations outside of  

RBD

Reinfection

The risk of reinfection has been reported (Wibmer et al., 2021)

Vaccination 

   - High efficacy

     :  JNJ-7843673 (Johnson & Johnson) (Sadoff et al., 2021), BNT162b2 

(Pfizer) (Xie et al., 2021)

   - Significantly decreased efficacy

     :  BNT162b2 (Pfizer) (Garcia-Beltran et al., 2021b; Wu et al., 2021), 

mRNA-1273 (Moderna) (Garcia-Beltran et al., 2021b; Wang et al., 

2021b; Wu et al., 2021), NVX-CoV2373 (Heath et al., 2021; Ma-

hase, 2021), AZD1222 (Voysey et al., 2021)

Neutralization

   - High efficacy 

     :  Imdevimab, REGN-COV2, VIR-7831 (Hoffmann et al., 2021)

   - Significantly decreased efficacy

     :  Casirivimab, REGN10989, Bamlanivimab (An EUA for bamlanivimab, 

2020; Hoffmann et al., 2021; Liu et al., 2021)

South 

Africa

B.1.526 E484K, S477N mutation  

in RBD, L5F, T95I, D253G, 

D614G, and A701V in 

spike

Neutralization

   - Significantly decreased efficacy

     :  Bamlanivimab (An EUA for bamlanivimab, 2020)

New York, 

USA

Other variants  

(outcome  

prediction)

Mutations in RBD such as 

A475V, Q493R, R346S, 

N439K, 440K, etc.

Prediction of vaccines and therapeutics efficacy against various RBD 

mutants SARS-CoV-2 (Baum et al., 2020b; Greaney et al., 2021; Pinto 

et al., 2020; Starr et al., 2021)

-
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