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The SARS-CoV-2 variant XBB.1.5 is of concern as it has high
transmissibility. XBB.1.5 currently accounts for upwards of
30% of new infections in the United States. One year af-
ter our group published the predicted structure of the Omi-
cron (B.1.1.529) variant’s receptor binding domain and anti-
body binding affinity, we return to investigate the new mutations
seen in XBB.1.5. Using in silico modeling approaches against
newer neutralizing antibodies that are shown effective against
B.1.1.529, we posit the immune consequences of XBB.1.5’s mu-
tations and show that there is no statistically significant dif-
ference in overall antibody evasion when comparing to the
B.1.1.529, BJ.1, and BM.1.1.1 variants. However, specific no-
ticeable hints of neutralizing activity changes were seen due to
particular amino acid changes of interest in the newer variants.
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Introduction

In late November 2022, the United States Centers for Dis-
eases Control stated that they began tracking a new SARS-
CoV-2 variant known as XBB. At that time, XBB was re-
sponsible for around 3% of all infections. Since then, it has
grown to represent 30% of all infections by January 2023
1,2).

XBB.1.5 is characterized by 40 mutations in the Spike pro-
tein, 22 of which are in the receptor binding domain (RBD)
(3). The highly prevalent mutations in the RBD are shown in
Table 1 below.

A common concern is that XBB.1.5 may evade existing an-
tibodies from therapy, vaccination, and or previous Omicron
(B.1.1.529) infection. It has been proposed that XBB.1.5 is
a recombinant strain of the virus from BJ.1 and BM.1.1.1 as
portions of the mutated Spike protein appear to be from each
parent strain (4, 5). However, alternative hypotheses such as
convergent evolution may also explain this similarity of por-
tions of XBB.1.5’s mutations to those seen in other variants.
In our previous work on the prediction of the receptor binding
domain (RBD) structure of the Omicron variant, our process
provided robust predictions, having a root mean square de-
viation of atomic positions (RMSD) of 0.574A between the
predicted and empirically derived Omicron RBD structures

Mutation Sequences Prevalence
G339H 10,000 98.35%
R346T 9,992 98.27%
L3681 9,839 96.76%
S371F 9,857 96.94%
S373P 9,856 96.93%
S375F 9,860 96.97%
T376A 9,852 96.89%
D405N 9,895 97.32%
R408S 9,616 94.57%
K417N 9,329 91.75%
N440K 9,687 95.27%
V445P 9,653 94.94%
G446S 9,673 95.13%
N460K 9,757 95.96%
S477N 9,984 98.19%
T478K 9,960 97.95%
E484A 9,943 97.79%
F486P 9,919 97.55%
F490S 9,927 97.63%
Q498R 9,970 98.05%
N501Y 9,983 98.18%
Y505H 9,969 98.04%

Table 1. Prevalence of mutations in receptor binding domain of XBB.1.5. Preva-
lence is calculated as the percentage of samples (out of 10,168 from GISAID) that
contain that mutation. Positions are numbered to their location in the larger Spike
protein.

(6). Furthermore, our previous study proved useful as a pre-
dictive gauge of antibody efficacy prior to when empirical
validations of the Omicron-antibody binding changes could
be performed.

In this study, we use the methodology in our previous work to
investigate XBB.1.5 and related variants and expand our an-
tibodies of interest to include more recently developed anti-
Omicron antibodies.
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Results

Across the 4 SARS-CoV-2 variants and 10 antibodies, 40 in
silico docking experiments were performed. As shown in
Figure 1, the mean performance of the included neutralizing
antibodies is similar across the four variants, with XBB.1.5
binding being congruent to that of B.1.1.529. Furthermore,
across the ten antibodies tested, the binding affinities seen in
XBB.1.5 are not categorically worse than B.1.1.529, nor are
their differences statistically significant.

When assessing overall antibody performance against BJ.1,
we see weakened van der Waals energies as compared to the
other three variants. This is depicted in the Uniform Manifold
Approximation and Projection (UMAP) in Figure 2 where
some antibody locations on the BJ.1 UMAP are increased
(decreased binding affinity). However, desolvation energies
and the buried surface areas are slightly improved overall.
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Fig. 1. Boxplots of antibody binding performance by SARS-CoV-2 variant. Wilcoxon
p-values are shown to assess the statistical significance of the differences between
overall variant-antibody performance.

While there are instances of overall antibody performance in-
creasing or decreasing in pairwise comparisons, we do not
see an overarching pattern that would indicate that XBB.1.5
has evolved antibody evasion over B.1.1.529 (or BJ.1 and
BM.1.1.1). In other words, XBB.1.5 does not appear to have
evolved past current antibody defenses, specifically concern-
ing the ten antibody structures tested in this study.
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Fig. 2. UMAP scatter plot of antibody binding affinity metrics, shown by variant.
Note that a higher UMAP value is likely indicative of worse performance.
Structural Changes in Neutralization. Of the ten anti-
bodies tested in this study, we will focus on the structural
bases in which the antibodies LY-CoV555, LY-CoV1404, and
AZD8895 work. The neutralization mechanisms of three an-
tibodies have been extensively studied and have been avail-
able as therapeutics for treatment against COVID-19 infec-
tions (either currently or previously under the United States
Emergency Use Authorization) (7-9).

Bamlanivimab (LY-CoV555). As shown in Figure 3, we see a
consistent interaction between Bamlanivimab (LY-CoV555)
and the variant RBDs at R/Q493. This differs from Jones
et al. (10), which states that F490 and S494 in the RBD are
the interfacing residues in this region.

Fig. 3. Interfacing residues of interest from the LY-CoV555 antibody (in light pink)
against the four RBD structures.

The PyMOL structural visualizations of the potential interac-
tion residues coincides with the overall metrics returned from

Ford etal. | Is XBB.1.5 evading neutralizing antibodies?


https://doi.org/10.1101/2023.02.10.528025
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.02.10.528025; this version posted February 13, 2023. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

the HADDOCK analyses shown in Table 2. LY-CoV555
shows the worst overall performance against BJ.1 while the
performance against B.1.1.529, BM.1.1.1, and XBB.1.5 are
quite similar. Though not shown in Figure 3, the latter three
complexes show a higher number of interfacing residues
overall than in BJ.1, thus supporting the reported affinity met-
rics.

Metric B.1.1.529 BJ.1 BM.l.1.1 XBB.1l.5
HADDOCK score -105.1 -70.5 -105.3 -93.4
Van der Waals energy -87.8 -65.1 -95.3 -87.3
Electrostatic energy -237.1 -184.9 -148.7 -168.2
Desolvation energy -12 -17.1 -18.7 -13
Buried Surface Area  2498.1 2155.5 24629 2386

Table 2. HADDOCK docking metrics for the LY-CoV555 antibody against the four
RBD variants.

Bebtelovimab (LY-CoV1404). Westendorf et al. (11) demon-
strated that Bebtelovimab (LY-CoV1404) neutralization ac-
tivity may be affected by RBD mutations at E484, F490,
Q493. Shown in Figure 4, we see interactions from this an-
tibody across all four variants around most of these positions
in spite of mutations.

XBB.1.5

Fig. 4. Interfacing residues of interest from the LY-CoV 1404 antibody (in light purple)
against the four RBD structures.

These findings for LY-CoV1404 are congruent with the re-
ported affinity metrics from the HADDOCK analyses shown
in Table 3. Overall HADDOCK scores are stable across
the four variant complexes, though LY-CoV1494 is pre-
dicted to have the weakest interaction with XBB.1.5, though
marginally, compared to the other three.
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Metric B.1.1.529 BJ.1 BM.1l.1.1 XBB.1.5
HADDOCK score -124 -1154  -1109 -109.1
Van der Waals energy -78.6 -63.9 -75.8 -74
Electrostatic energy -262.1 -337.7  -290.7 -291.8
Desolvation energy -30.5 -23 2.7 -4.5
Buried Surface Area  2457.2 2365.5 2467.1 2454.9

Table 3. HADDOCK docking metrics for the LY-CoV1404 antibody against the four
RBD variants.

Tixagevimab (AZD8895). As reported in Dong et al. (12), tix-
agevimab (AZD8895) there is a critical contact residue at
F486 on the RBD. We see this residue being interfaced in
B.1.1.529, BJ.1, and BM.1.1.1. However, this residue is mu-
tated to proline at this position in XBB.1.5, though interac-
tions from the antibody to the surrounding RBD residues at
G485, P486, and N487 of the RBD still occur. See Figure 5.

B.1.1.529

Fig. 5. Interfacing residues of interest from the AZD8895 antibody (in bright green)
against the four RBD structures.

From the resulting HADDOCK metrics shown in Table 4,
it would appear that this FA86P mutation may increase the
binding affinity with the AZD8895, especially in terms of van
der Waals and electrostatic energies. Interfacing residues are
abundant across all four of these AZD8895-RBD complexes
(in addition to those shown in Figure 5), thus providing ad-
ditional agreement to the strong affinity metrics reported by
HADDOCK.

Metric B.1.1.529 BJ1 BM.1.11 XBB.1l.5
HADDOCK score -93.5 -88 -84.8 -123.8
Van der Waals energy -71.5 -64.3 -86.7 -90.7
Electrostatic energy -230 -215.5  -150 -256.3
Desolvation energy -4.5 -8.4 -8.9 -5.5
Buried Surface Area  2259.5 2134.6 2482 2470.8

Table 4. HADDOCK docking metrics for the AZD8895 antibody against the four
RBD variants.
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Methods

The in silico modeling approach taken includes the curation
or generation of the RBD structures for four SARS-CoV-2
variants and ten neutralizing antibody structures. Then, each
antibody structure was docked against each RBD structure
and binding affinity metrics were collected for comparison.

RBD Structures. The Spike protein structure of the SARS-
CoV-2 Omicron variant (B.1.1.529) was obtained from Pro-
tein Data Bank (PDB: 7t9j) (13). This structure was then
trimmed to the RBD residues 339-528.
RBD sequences for BJ.1, BM.1.1.1, and XBB.1.5 were de-
rived from representative samples found on GISAID:
BJ.1: EPI_TISL_16182897

BM.1.1: EPI_ISL_15658180

XBB.1.5: EPI_ISIL_16505393
The RBD structures of BJ.1, BM.1.1.1, and XBB.1.5
were then predicted with these sequences using AlphaFold2
(ColabFold-mmseqs2 version) (14, 15). Then, the most con-
fident structure of each was used in subsequent docking anal-
yses.

Antibody Structures. Representative antibody structures
were collected from various Protein Data Bank entries rang-
ing from antibodies derived from infected patients (or pa-
tients with “breakthrough" infections) or commercially avail-
able antibodies used in the treatment of COVID-19. See Ta-
ble 5.

Only a fragment antigen-binding (Fab) region of the antibod-
ies was used in the subsequent docking analyses.

Antibody Other Names PDB ID Citation
LY-CoV555 bamlanivimab, LY3819253  7kmg Jones et al.
LY-CoV1404 bebtelovimab, LY3853113  7mmo Westendorf et al.
AZD1061 cilgavimab 7e Dong et al.
AZD8895 tixagevimab e Dong et al.
58G6 7e31 Lietal.
CV38-142 7Im9 Liu et al.
C110 7k8p Barnes et al.
P5C3 7qtj Fenwick et al.
EY6A Tzf3 Nutalai et al.
COVOX-150 T2f8 Nutalai et al.

Table 5. List of antibodies and their source PDB IDs used in this work.

Docking. To prepare the Fab structures, we renumbered
residues according to HADDOCK’s requirements such that
there are no overlapping residue IDs between the heavy and
light chains of the Fab’s .PDB file. Residues in the Fab struc-
tures’ complementarity-determining regions (CDRs) were
selected as “active residues" for the docking analyses.
Residues in the S1 position of the RBD were selected as the
“active residues” of the RBD structures. Since all of the input
RBD .PDB files were renumbered to numbers 339-528, all of
the input RBD files share the same “active residue" numbers.
Each of the ten antibody structures where docked against
each of the four RBD structures using HADDOCK v2.4, a
biomolecular modeling software that provides docking pre-
dictions for provided structures (24).

4 | bioRxiv

The HADDOCK system outputs multiple metrics for the pre-
dicted binding affinities and an output set of .PDB files con-
taining the antibody docked against the RBD protein.

This process resulted in forty sets of docked structures. Each
set contains many antibody-RBD complex conformations,
from which we selected the top-performing structure for
each antibody-RBD pair. We used this top-performing com-
plex for subsequent structural investigations into interfacing
residues and docking positions.

These analyses were performed on the antibody-RBD struc-
ture pairs shown in Figure 1. The multiple metrics were used
to assess the overall binding affinity changes between SARS-
CoV-2 variants across multiple representative antibodies.
Further, the docked Protein Data bank Files (PDB) were man-
ually reviewed using PyMol to search for interfacing residues
between the RBD and Fab structures that may indicate neu-
tralizing activity.

Conclusions

Building on our previous work (6) in studying Omicron’s
structure, we have continued to demonstrate the utility of
in silico modeling for predicting whether antibody neutral-
ization changes with the evolution of new SARS-CoV-2
variants. Given that empirical structural validation of anti-
body binding is costly and takes an extended time, in sil-
ico pipelines, as illustrated here, provide a faster method at
near or at empirical resolution. Such modeling illuminates in-
sights into the potential severity of a new variant and provides
predictions on antibody neutralization. These predictions in-
form public health considerations and provide a blueprint of
rational drug design as expected therapeutic and vaccine (and
booster) efficacy. It also suggests downstream effects of the
loss of efficacy, such as breakthrough infection and associ-
ated healthcare burden.

The climb in cases of COVID disease linked to XBB.1.5 in-
dicates that XBB.1.5 could be a very serious subvariant of
Omicron. While other studies are needed to assess trans-
missibility, virulence, pathogenicity, and other facets of vi-
ral severity and epidemiology, this study predicts that many
current therapeutic and infection-derived antibodies provide
neutralization abilities similar to B.1.1.529 for XBB.1.5.
The increased binding affinity of XBB.1.5 for ACE2 may
lead to increased transmissibility at the population level. The
results here do not indicate that we can expect increased dis-
ease severity on an individual level for patients that avail
themselves of therapeutics and vaccination.

Supplementary Materials

All code, data, results, and protein structure files can
be found on GitHub at https://github.com/colbyford/SARS-
CoV-2_XBB.1.5_Spike-RBD_Predictions.
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