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Supplementary Materials and Methods

Cells.

Vero E6-TMPRSS2-T2A-ACE2 cells (provided by Dr. Barney Graham, NIAID Vaccine Research Center)
were cultured in Dulbecco's modified Eagle's medium (DMEM) containing 10% Fetal Calf Serum (FCS),
100 U/mL penicillin—streptomycin, and 10 pg/mL puromycin. VeroE6/TMPRSS2 (JCRB 1819) cells were
propagated in the presence of 1 mg/ml geneticin (G418; Invivogen) and 5 ug/ml plasmocin prophylactic
(Invivogen) in DMEM containing 10% FCS. Vero E6-TMPRSS2-T2A-ACE2 and VeroE6/TMPRSS2 cells
were maintained at 37 °C with 5% CO,. The cells were regularly tested for mycoplasma contamination by
using PCR, and confirmed to be mycoplasma-free.

Viruses.

hCoV-19/Japan/TY41-796/2022 (Omicron BQ.1.1)!, hCoV-19/Japan/TY41-795/2022 (Omicron XBB),
hCoV-19/Japan/UT-NCD1288-2N/2022 (Omicron BA.2)%, hCoV-19/Japan/TY41-702/2022 (Omicron BA.5)*,
and SARS-CoV-2/UT-NC002-1T/Human/2020/Tokyo were propagated in VeroE6/TMPRSS?2 cells.

All experiments with SARS-CoV-2 were performed in enhanced biosafety level 3 (BSL3) containment
laboratories at the University of Tokyo and the National Institute of Infectious Diseases, Japan, which are
approved for such use by the Ministry of Agriculture, Forestry, and Fisheries, Japan.

Clinical specimens.

After informed consent was obtained, plasma specimens were collected from COVID-19 convalescent
individuals and vaccinees. The research protocol was approved by the Research Ethics Review Committee of
the Institute of Medical Science of the University of Tokyo (approval numbers: 2019-71-0201 and 2020-74-
0226).

Focus reduction neutralisation test.

Neutralisation activities of plasma were determined by using a focus reduction neutralisation test as previously
described.* After the plasma samples were incubated at 56 °C for 1 h, the samples were serially diluted five-
fold with DMEM containing 2% FCS in 96-well plates and mixed with 100—400 focus-forming units (FFU)
of virus/well, followed by incubation at room temperature for 1 h. The plasma-virus mixture (50 pl) was then
inoculated onto Vero E6-TMPRSS2-T2A-ACE2 cells in 96-well plates in duplicate and incubated for 1 h at
37 °C. An equal volume of 1.5% Methyl Cellulose 400 (FUJIFILM Wako Pure Chemical Corporation) in
culture medium was then added to each well. The cells were incubated for 14—16 h at 37 °C and then fixed
with formalin. After the formalin was removed, the cells were immunostained with a mouse monoclonal
antibody against SARS-CoV1/2 nucleoprotein [clone 1C7C7 (Sigma-Aldrich)], followed by a horseradish
peroxidase-labeled goat anti-mouse immunoglobulin (SeraCare Life Sciences or Jackson ImmunoResearch
Laboratories Inc.). The infected cells were stained with TrueBlue Substrate (SeraCare Life Sciences) and then
washed with distilled water. After cell drying, the focus numbers were quantified by using an ImmunoSpot S6
Analyzer, ImmunoCapture software, and BioSpot software (Cellular Technology). The results are expressed
as the 50% focus reduction neutralisation titre (FRNTSs¢). The FRNTsy values were calculated by using
GraphPad Prism (GraphPad Software).
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Table S1. Amino acid Substitutions in the clinical isolates of BA.2, BA.5, BQ.1.1, and XBB used in this
study

Vires {Pan go meage)
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Frolel [Posiion ITY41 | 120apaniTY4 190apaniTY
CoV2{A) |HCD12832M-| 7o22022 | 179672022 41795202
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Substitutions are shown relative to the reference strain Wuhan/Hu-1/2019. The spike protein is composed of
two subunits, S1 and S2. ORF, open reading frame; SP, signal peptide; NTD, N-terminal domain; RBD,
receptor-binding domain; SD1/2, subdomain 1 and 2; E, Envelope; M, Membrane; and N, Nucleocapsid.
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Table S2. Neutralising antibody titres of human plasma obtained from individuals immunized with three doses of BNT162b2 or mRNA-1273 vaccine

FRNTS0: 50% focus reduciion neutralisation fitre
Sample D | Gender | Age Documented 8ARS-| . o type | Days post-vaccination {A) Omicron/BA 2 Omicron/BA 5 Omicron/BQ.1.1 Omicron/XBB
CoV-2infection SARS-CoV-2UT-NC002-| hCoV-19/JapanUT- hCoV-19/lapan/TY41- | hCoV-19Japan/TY41- | hCoV-19/apan/TY41-
1T/Human/2020/Tokyo NCD1288-2N-2022 70212022 796/2022 7952022
HP{H)- 004 F 50 No BNT162b2x 3 183 4265 328 287 <10 <10
HR{H} 019 F 57 No BNT162b2x 3 182 147.7 32 102 <10 <10
HP{H} 026 F 25 No BNT162b2x 3 181 3359 305 151 <10 <10
HPR{H} 065 F 40 No BNT162b2x 3 181 166.9 11 <10 <10 <10
HR{H} 106 F 29 No BNT162b2x 3 182 620.1 156.3 493 <10 <10
HP{H} 115 F 48 No BNT162b2x 3 182 162.1 172 <10 <10 <10
HPR{H) 131 M 61 No BNT162b2x 3 183 172.2 19.4 <10 <10 <10
HP{H) 168 M 49 No BNT162b2x 3 182 86.6 <10 <10 <10 <10
HP{H} 173 M 39 No BNT162b2x 3 180 74.3 <10 <10 <10 <10
HP{H} 181 M 54 No BNT162b2x 3 182 607.9 154 <10 <10 <10
HP{H) 182 F 51 No BNT162b2x 3 176 4119 64.9 135 <10 <10
HPR{H} 184 M 49 No BNT162b2x 3 182 86.6 30.7 144 <10 <10
HP{H) 221 F 55 No BNT162b2x 3 181 66 <10 <10 <10 <10
HP{H) 303 M 50 No BNT162b2x 3 188 135.4 158 <10 <10 <10
AG- 001 F 54 No mRNA-1273x 3 189 8432 2848 2352 337 737
AG- 002 F 48 No mRNA-1273x 3 187 3531 <10 <10 <10 <10
AG- 007 F 53 No mRNA-1273x 3 183 72186 60.9 387 <10 <10
AG- 008 F 57 No mRNA-1273x 3 183 2607 28 277 <10 <10
AG- 010 M 61 No mRNA-1273x 3 184 5852 2978 2786 1223 422
AG-011 F 55 No mRNA-1273x 3 185 6475 747 481 131 <10




Table S3. Neutralising antibody titres of human plasma obtained from individuals immunized with four doses of BNT162b2 or mRNA-1273 vaccine

FRNTS0: 50% focus reduclion neuiralisation tire
SampleID | Gender | Age [POCUMeMEd SARS- Vaccine type Days post-vaccinalion sl Omicron/BA 2 Omicron/BA 5 Omicron/BQ 1.1 Omicron/XBB
CoV-2 infeciion SARS-COV-2UT-NC002-|  hCoV-19/Japan/UT- hCoV-19/Japan/TY41- | hCoV-19/Japan/TY41- | hCoV-19/lapan/TY41-
1THuman/2020/Tokyo NCD1288-2N-2022 70272022 796/2022 795/2022

HP{H)-032 M 39 No BNT162b2x 3, MRNA-1273x 1 53 629 58.9 472 10 <10
HP{H)-058 F 58 No BNT162b2x 3, mRNA-1273x 1 48 41082 8367 632.9 158.9 975
HP{H) 088 F 45 No BNT162b2x 3, mRNA-1273 x 1 43 8442 1258 592 247 2186
HP{H)-113 M 62 No BNT162b2x 3, mRNA-1273x 1 41 9722 649 <10 <10
HP{H)-158 F 29 No BNT162b2x 3, mRNA-1273x 1 41 3563 199 <10 <10 <10
HP{H)-182 F 52 No BNT162b2x 4 54 1581.7 1917 866 298 14.9
HP{H)-183 F 47 No BNT162b2x 3, mRNA-1273 x 1 44 7282 1084 72 <10 <10
HP{H)-185 F 48 No BNT162b2x 3, mRNA-1273 x 1 50 12755 2038 129.4 358 137
HP{H)-189 F 57 No BNT162b2x 4 33 5988 837 60 127 <10
HP{H)-138 F 33 No BNT162b2x 3, mRNA-1273 x 1 45 5903 395 216 <10 <10
HP{H)-220 M 34 No BNT162b2x 3, mRNA-1273 x 1 44 3604 17 13 <10 <10
HP{H)-228 F 49 No BNT162b2x 3, MRNA-1273x 1 51 5956 1782 1026 218 <10
HP{H)-241 F 62 No BNT162b2x 4 57 6592 1162 91 <10 10
HP{H)-250 F 35 No BNT162b2x 3, mRNA-1273 x 1 49 17417 3005 3356 429 327
HP{H)-255 F 51 No BNT162b2x 3, MRNA-1273x 1 42 8921 78.1 399 <10 <10
HP{H)-264 M 43 No BNT162b2x 3, mRNA-1273x 1 41 901 347 657 <10 <10
HP{H) 282 M 43 No BNT162b2x 3, mRNA-1273 x 1 48 2566 365 355 <10 <10
HP{H)-297 M 56 No BNT162b2x 3, mRNA-1273 x 1 45 11848 2539 154.7 649 728
HP{H)-299 F 53 No BNT162b2x 4 53 2009 7 254 <10 <10
HP{H)-303 M 51 No BNT162b2x 4 49 3496 526 14 <10 <10



Table S4. Neutralising antibody titres of human plasma obtained from individuals who were infected with Omicron BA.2 after three doses of COVID-19
vaccines

FRNTS0: 50% focus reduciion neutralisation titre
Sample ID Gender | Age Documen_b d SARS- Vaccine type Days postonset A) Omicron/BA 2 Omicron/BA.5 Omicron/BQ.1.1 OmicronX BB
CoV-2 infeciion SARS-CoV-2UT-NC002-| hCoV-19/Japan/UT- hCoV-19/Japan/TY41- | hCoV-19/Japan/TY41- | hCoV-19/lapan/TY41-
1T/Human/2020/Tokyo NCD1288-2N-2022 702/2022 79612022 795/2022

HPCo-383 F 56 Yes (BA.2) mRNA-1273 x 2, BNTI62b2 x 1 29 425.6 464 51.8 <10 <10
HP-S{H)0377 M 29 Yes (BA.2) BNT162b2x 3 44 499.4 277 1032 30.2 136
HP-5{H)0380 M 22 Yes (BA.2) BNT162b2x 3 42 1452.2 262.9 1942 16.9 13.9
HP-S{H)0381 M 22 Yes (BA.2) BNT162b2x 3 44 650.4 2186 1615 <10 10
HP-S{H)0382 M 21 Yes (BA.2) BNT162b2x 3 44 42227 656.6 3992 94.4 2541
HP-5{H)0383 M 18 Yes (BA.2) BNT162b2x 3 42 648.9 3777 258 4 76.9 14.9
HP-5{H)0882 M 23 Yes (BA.2) BNT162b2x 3 89 601.7 156.5 927 <10 <10
HP-5{H)0883 M 24 Yes (BA.2) BNT162b2x 3 84 35327 595.1 2195 66.4 28.6
HP-5{H)0888 M 21 Yes (BA.2) BNT162b2x 3 89 38135 7348 300 725 36.7
HP-S{H)1056 M 22 Yes (BA.2) BNT162b2x 3 42 34483 11416 172 288.1 2527
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