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All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.
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Ethics oversight
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

The atomic models and cryo-EM density maps have been deposited into the Protein Data Bank (PDB) and Electron Microscopy Data Bank (EMDB) as follows:

XBB.1.5 spike protein (PDB ID: 8VKK, EMDB ID: EMD-43320)

mACE2 x2 + XBB.1.5 S (PDB ID: 8VKL, EMDB ID: EMD-43321)

mACE2 + XBB.1.5 S (PDB ID: 8VKM EMDB ID: EMD-43322)

Focused refined mACE2 + XBB1.5 RBD (PDB ID: 8VKN, EMDB ID: EMD-43323)

hACE2x3 + XBB.1.5 S (PDB ID: 8VKO, EMDB ID: EMD-43324)

Focused refined hACE2 + XBB1.5 RBD (PDB ID: 8VKP, EMDB ID: EMD-43325)

Negative Stain EM Reconstructions of SARS-CoV-2 spike proteins mixed with polyclonal antibodies from donor 4 (EMDB ID: EMD-43325)

Sex was determined based on self-reporting and was not considered in the study design. Four male participants and six
female participants were included in this study as summarized in Supplementary Table S2.

No reporting on race, ethnicity, or other socially relevant grouping was conducted.

Sex, age, and vaccination status were the three population characteristic information obtained from participants (as
summarized in Supplementary Table S2).

Participants were volunteers in research laboratories at BC Childrens Hospital and the Djavad Mowafaghian Centre for Brain
Health. Population characteristics are summarized in Supplementary Table S2.

COVID-19 Immunity Study Samples were collected by Dr. Ted Steiner, with UBC ethic approval (UBC Clinical Research Ethics
Board), certificate number: H20-00966.

Patient-derived serum psuedovirus neutralization studies

-Sample size was not predetermined and the sample size presented in the manuscript reflects the availability of vaccine-induced and
convalescent patient derived serum samples.

Patient-derived T-cellular (AIM) study

-Sample size was not predetermined and the sample size presented in the manuscript reflects the availability of vaccine-induced and
convalescent patient derived serum samples.

No data was excluded from this study

Patient-derived serum psuedovirus neutralization studies

-Experiments were performed in technical triplicate. All replication attempts were successful.

Patient-derived T-cellular (AIM) study

-Experiments were performed in individual measurements with at least 100,000 events acquired for each condition.

Surface plasmon resonance study

-Experiments were conducted in single measurements due to limited instrument access. Results were corroborated by biolayer interferometry
studies which were performed in technical triplicate measurements as stated below.
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Randomization

Blinding

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Biolayer interferometry study

-Experiments were performed in technical triplicate measurements to conform with field-specific conventions. Results were corroborated by
surface plasmon resonance studies as stated above. All replication attempts were successful.

ELISA mACE2 binding study

-Experiments were performed in technical triplicates. All replication attempts were successful.

ELISA monoclonal antibody binding study

-Experiments were performed in technical triplicate measurements. All replication attempts were successful.

ELISA polyclonal antibody binding study

-Experiments were performed in technical quadruplicate. All replication attempts were successful.

Our samples were not randomized as all samples were treated identically within the same experimental design.

Blinding was not relevant to this study as all measurements were obtained by quantitative biochemical assays and not through subjective
means.

VH ab8 (Li W, et al. PNAS 2020; Li W, et al Cell 2020)

Fab S309 (Pinto D, et al. Nature 2020)

Fab S2M11 (Tortirici MA, et al. Science 2020)

Fab 4A8 (Chi X, et al. Science 2020)

Fab 4-8 (Liu L, et al. Nature 2020)

Goat anti-human IgG - HRP (Jackson ImmunoResearch, Cat. # 109-035-088)

IgG (H+L) Cross-Adsorbed Goat anti-Rabbit, DyLight 680, (Invitrogen, Cat. # PI35569)

Goat anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody, Alexa Fluor 647, (Invitrogen, Cat. # A-21235)

Anti-Strep-Tag-Antibody (BIO_RAD, Cat. # MCA2489)

The validation of each primary antibody is described in their associated publication, as referenced in the above section.

Validation documentation for the Goat anti-human IgG - HRP antibody can be found at this webpage: https://
www.jacksonimmuno.com/catalog/products/109-035-088

IgG (H+L) Cross-Adsorbed Goat anti-Rabbit: https://www.fishersci.com/shop/products/goat-anti-rabbit-igg-h-l-dylight-680-polyclonal-
thermoscientific-pierce-dylight-680/PI135569

Goat anti-Mouse IgG (H+L) Cross-Adsorbed Secondary Antibody: https://www.thermofisher.com/antibody/product/Goat-anti-
Mouse-IgG-H-L-Cross-Absorbed-Secondary-Antibody-Polyclonal/A-21235

Anti-Strep-Tag-Antibody: https://www.bio-rad-antibodies.com/monoclonal/synthetic-peptide-strep-tag-classicantibody-strep-tag-ii-
mca2489.html?f=purified

Expi293F (Thermo Fisher Scientific; cat# A14527)

HEK293T-ACE2-TMPRSS2 cells (BEI Resources; cat# NR-55293)

Expi293F - please see this webpage for authentication documentation: https://www.thermofisher.com/order/catalog/
product/A14527#/A14527

HEK293T-ACE2-TMPRSS2 cells - please see this webpage for authentication documentation: https://www.beiresources.org/
Catalog/cellBanks/NR-55293.aspx




