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Broadly Potent Neutralizing Bi-specific Antibody against SARS-
CoV-2

Abstract
The Omicron variant of Severe Acute Respiratory Syndrome Corona Virus-2 (SARS-CoV-2) is threatening our global efforts fighting the COVID-19 pandemic. 
As the vast majority of current countermeasures against SARS-CoV-2 are completely or markedly losing their effectiveness, including most of the clinically 
approved neutralizing antibodies, better and more efficacious novel agents are urgently needed. We have developed a bispecific antibody, BAT2022, which 
bonds simultaneously with high affinity to two non-overlapping epitopes on the Receptor-Binding Domain (RBD), competitively blocks the binding of RBD to 
human Angiotensin-Converting Enzyme2 (ACE2) and potently neutralizes SARS-CoV-2 and all of the variants tested. The IC50 values in the pseudovirus assay 
for Omicron (BA.1) and Delta are 30 pM and 50 pM, respectively. A mouse model of SARS-CoV-2, BAT2022 showed strong prophylactic and therapeutic effects. 
Prophylactically, a single administration of BAT2022 completely protected mice from bodyweight loss, as compared with up to 20% loss of body weight in placebo-
treated mice, reduced the lung viral titers to undetectable in all mice treated with BAT2022 either prophylactically or therapeutically, as compared with around 1 
× 105 pfu/g lung tissue in placebo-treated mice. Overall, Bispecific Antibody BAT2022 showed potent binding and neutralizing activity across a variety of SARS-
CoV-2 variants and could be an attractive weapon to combat the ongoing waves of the Omicron pandemic. 
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Introduction

The COVID-19 pandemic is continuously spreading around the world. As 
of December 2021, there were over 270 million confirmed cases and 5 million 
deaths across nearly 200 countries (https://COVID19.who.int/). The SARS-
CoV-2 virus has continued to evolve throughout the pandemic [1-3]. Variants 
continue to emerge and some might become more contagious, virulent, or 
resistant to the current effective vaccines and neutralizing antibodies. Such 
variants are often referred to as Variants of Concern (VOC) [4-6]. Omicron is 
one such variant that is highly transmissible and resistant to most of our current 
countermeasures, such as vaccines and neutralizing antibodies [6-8]. 

Several neutralizing antibodies have demonstrated clinical efficacy and 
were approved by the Food and Drug Administration (FDA) under an Emergency 
Use Authorization (EUA) for the treatment of patients with mild to moderate 
COVID-19, especially for those with pre-existing medical conditions and are at 
higher risk of developing severe symptoms following infection [9]. Numerous 
neutralizing antibodies are currently under advanced clinical development 
phases and have shown promising efficacy. As the COVID-19 pandemic 
continues to spread, neutralizing antibodies, as a readily available therapeutic 
option, plays an important role in the fight against COVID-19 and hence, 
effectively protecting vulnerable people from getting infected or developing 
severe diseases following SARS-CoV-2 infection [10,11]. 

Most of the neutralizing antibodies target the RBD, which is important for 

cellular attachment and entry into host cells [12,13]. Unfortunately, mutations 
are inevitable for the SARS-CoV-2 coronavirus, just like many other viruses. 
Variants have emerged carrying mutations in the RBD that could potentially 
weaken the effectiveness of existing neutralizing antibodies or vaccines [14 
-16]. Studies have consistently shown that some mutations in the RBD, such as 
K417N/T, L452R, E484K/Q, and N501Y can substantially reduce the strength 
of some neutralizing antibodies and vaccines [17, 18]. For instance, FDA has 
revoked the EUA for bamlanivimab monotherapy for COVID-19 due to the 
loss of efficacy against some of the currently circulating VOCs. Diamond and 
colleagues have recently shown that REGN10933, LY-CoV555, and 2B04 
exhibited a marked or complete loss of neutralizing activity against variants like 
B.1.351, B.1.1.28, and viruses containing the E484K mutation [19]. Furthermore, 
studies have shown that monotherapy with a single antibody could lead to virus 
escape, both in vitro and in vivo [20-22]. Indeed, the current resurgence at an 
alarming speed of the COVID-19 pandemic in regions with very high vaccination 
rate has generated major concern around the world with numerous cases of 
breakthrough infections [23-25]. Therefore, novel antibodies that maintain 
their neutralization strength and breadth against the abovementioned resistant 
variants and possibly future emerging variants are urgently needed, which could 
offer extremely valuable and readily available countermeasures to combat the 
current wave of the COVID-19 pandemic caused mainly by VOCs. 

In this study, we developed BAT2022, a fully-human bispecific antibody that 
binds two distinct epitopes on the RBD simultaneously, blocks the interaction 
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Binding characterization of bi-specific neutralizing anti-
body BAT2022 

Cocktails of neutralizing antibodies against SARS-CoV-2 have been 
successfully applied to combat viral escape in clinical settings. A bi-specific 
antibody can combine the advantages of cocktails into a single molecule. In 
our study, we chose 2F8 and VHH18 to generate the bi-specific Neutralizing 
Antibody BAT2022. As described above, 2F8 and VHH18 have non-overlapping 
distinct epitopes on RBD and both show activity against SARS-CoV-2. In order 
to prepare bi-specific Antibody BAT2022, VHH18 was linked to the C-terminal of 
the Fc of 2F8 (Figure 2a). The Binding Activity of BAT2022 was first assessed 
by ELISA. During our study, we noted that BAT2022 was able to bind strongly 
to both RBD and spike-trimer of SARS-CoV-2, with EC50 values of 270 pM 
and 260 pM, respectively (Figure 2b). Most neutralizing antibodies block 
SARS-CoV-2 infection by inhibiting the binding of RBD to ACE2. The activity 
of BAT2022 to inhibit the binding of RBD to ACE2 was assessed by ELISA. 
As shown in Figure 2c, BAT2022 strongly inhibited the binding of ACE2 to 
RBD (IC50=180 pM) and was then evaluated for binding to occurring SARS-
CoV-2 variants tested, including mutations such as K417N/T, E484K, N501Y, 
L452R, and D614G, carried by VOC such as alpha, beta, gamma, delta, and 
Omicron (BA.1), with IC50 values ranging from 200 to 280 pM, indicating that 
these mutations in the RBD did not significantly impact the binding of BAT2022 
(Table 1); in addition, we have also assessed the binding of BAT2022 to alanine-
scan mutants of ten critical residues of RBD, including D405A, K417A, K444A, 
Y449A, F456A, K458A, F486A, F490A, V503A, Y505A, related to interaction 
with ACE2 in ELISA. BAT2022 bound strongly to all alanine mutants (Table 2), 
despite the fact that 2F8, one of the parental antibodies of BAT2022, completely 
lost binding to variant V503A (data not shown). Furthermore, the F486 mutation 
has been shown to reduce the effectiveness of casirivimab (F486I, F486V), 
bamlanivimab (F486V), and etesevimab (F486V) [27]. The F490S is one of the 
two (F490S, L452Q) mutations carried in RBD by lambda variant, yet, neither 
F486A nor F490A has an impact on BAT2022 binding. Together, these results 
suggest that BAT2022 could be effective against SARS-CoV-2 for all VOCs 
currently known. Not only this, BAT2022 could potentially be effective for future 
variants too (Figures 2a-2c) (Tables 1 and 2).

FIigure 1a. Characterization of 2F8 and VHH18 in vitro. Binding of 2F8 and 
VHH18 to recombinant RBD in ELISA. Data are mean ± S.D. of technical 
duplicates. EC50 values are shown on the graph. Note: ( ) VHH18 EC50, 
0.15nM; ( ) 2F8EC50, 0.13nM.

FIigure 2a. Characterization of BAT2022 in vitro. Schematic structure of BAT2022. 
Note: ( ) VH; ( ) CH1, ( ) VL; ( ) CL; ( ) CH2; ( ) CH3; ( ) VHH.

FIigure 1b. Characterization of 2F8 and VHH18 in vitro. Binding of 2F8 and 
VHH18 to recombinant spike ectodomain trimer in ELISA. Data are mean ± 
S.D. of technical duplicates. EC50 values are shown on the graph. Note: ( ) 
VHH18 EC50, 0.19nM; ( ) 2F8EC50,0.13nM.

FIigure 1c. Characterization of 2F8 and VHH18 in vitro. Blocking of RBD binding 
to recombinant human-ACE2 in ELISA.  Note: ( ) VHH18; 0.19nM; ( ) 2F8.

FIigure 1d. Characterization of 2F8 and VHH18 in vitro. Neutralization activity 
against SARS-CoV-2 pseudovirus. Note: ( ) VHH18, 0.19nM; ( ) 2F8.

FIigure 1e. Characterization of 2F8 and VHH18 in vitro. Epitope binning of 2F8 and 
VHH18 by in-tandem ForteBio. RBD was immobilized on chip followed by saturated 
2F8, subsequently, VHH18 or 2F8 was loaded. VHH18 binds RBD in the presence 
of saturated 2F8, 2F8 binds RBD in the presence of saturated VHH18, indicating 
that VHH18 and 2F8 have distinct epitopes on RBD.  Note: ( ) Sensor E1; ( ) 
Sensor F1, ( ) Sensor E1; ( ) Sensor E1.
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