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Supplementary Methods

Vaccinated and hospitalized/ICU patient cohorts

Vaccinated HCW samples were collected under approved IRB protocols (2020H0228 and
2020H0527). All subjects provided informed consent, and demographic information was self-
reported. Due to urgent recruitment, age, race, and comorbidities were not considered during
enrollment. Sera were collected 3-4 weeks post-second vaccine dose for 10 HCWs (4 female and
6 male; median age 37.5; age range 29-48), which included 3 Moderna mRNA-1273 and 7
Pfizer/BioNTech BNT162b2 vaccinated HCWs. Sera were additionally collected 1-11 weeks post
homologous booster dose.

Delta-wave ICU patient samples were collected under an approved IRB protocol
(2020HO0175). All subjects provided informed consent, and demographic information was self-
reported. Due to urgent recruitment, age, race, and comorbidities were not considered during
enrollment. Plasma samples were collected 3 days after ICU admission for 18 Delta-wave patients
(6 female and 12 male; median age 60; age range 22-87; 4 African American/Black non-Hispanic
or Latino, 1 White Hispanic or Latino, and 13 White non-Hispanic or Latino). Where detectable,
the variant of SARS-CoV-2 infecting the ICU patients was determined by viral RNA extraction
on nasal swabs with QIAamp MinElute Virus Spin kit followed by RT-PCR (CDC N1 F: 5'-
GACCCCAAAATCAGCGAAAT-3’; CDC N1 R: 5-TCTGGTTACTGCCAGTTGAATCTG-3";
CDC N2 F: 5'-TTACAAACATTGGCCGCAAA-3'; CDC N2 R: 5'-
GCGCGACATTCCGAAGAA-3') and Sanger sequencing to identify types of variant with 5/18
patients being confirmed Delta cases. Additionally, these Delta-wave patients included 1 patient

vaccinated with 1 dose of the Johnson & Johnson vaccine, 4 patients vaccinated with 2 doses of



the Pfizer/BioNTech BNT162b2 vaccine, and 1 patient vaccinated with 3 doses of the Moderna
mRNA-1273 vaccine.

Omicron-wave hospitalized patient samples were collected under an approved IRB
(2020H0527). All subjects provided informed consent, and demographic information was self-
reported. Due to urgent recruitment, age, race, and comorbidities were not considered during
enrollment. Sera were collected 1-8 days after hospitalization for 31 COVID-19 patients (11
female and 20 male; median age 62; age range 28-78) admitted in late January and February of
2022. These included 15 unvaccinated patients. Additionally, 8 patients were vaccinated with two
doses of the Pfizer/BioNTech BNT16b2 vaccine (n =4) or Moderna mRNA-1273 vaccine (n =4),
and sample collection occurred 5-11 months (median 9 months) after 2" vaccine dose. Finally, 8
patients were vaccinated with three doses of the Pfizer/BioNTech BNT162b2 vaccine and sample

collection occurred 2-6 months (median 5 months) after booster vaccine administration.

Cell lines and maintenance
HEK293T (ATCC CRL-11268, CVCL _1926), HEK293T-ACE2 (BEI NR-52511) cells
were maintained in DMEM (Gibco, 11965-092) supplemented with 10% FBS (Sigma, F1051) and

1% penicillin-streptomycin (HyClone, SV30010).

Plasmids

We utilized a previously reported pNL4-3-inGluc lentivirus vector which is based on AEnv
HIV-1 and bears a Gaussia luciferase reporter gene that is expressed in virus target cells but not
virus producing cells'?. Additionally, SARS-CoV-2 variant spike constructs with N- and C-

terminal flag tags were produced and cloned into a pcDNA3.1 vector by GenScript Biotech



(Piscataway, NJ) using Kpnl and BamHI restriction enzyme cloning. The specific amino acid
changes for the BA.3 construct were as follows: A67V, A69-70, T951, G142D, A143-145, N2111,
A212, ins214EPE, S477N, T478K, E484A, Q493R, D614G, H655Y, N679K, P681H, N764K,
D796Y, Q954H, and N969K. The specific amino acid changes for the Deltacron construct were as
follows: T19R, A27S, T951, G142D, E156G, A157-158, A211, L2121, ins214EPE, G339D, S371L,
S373P, S375F, K417N, N440K, G446S, S477N, T478K, E484A, Q493R, G496S, Q498R, N501Y,
YS505H, T547K, D614G, H655Y, N679K, P681H, N764K, D796Y, N856K, Q954H, N969K, and

L98IF.

Pseudotyped lentivirus production and virus neutralization assay

Lentiviral pseudotypes were produced as previously reported®. Briefly, HEK293T cells
were transfected with pNL4-3-inGluc and spike construct in a 2:1 ratio using polyethylenimine
transfection. Virus was harvested 24, 48, and 72 hrs after transfection. Relative virus titers were
determined by infection of HEK293T-ACE2 cells, and Gaussia luciferase activity was assessed
48 hrs after infection by combining cell culture media with Gaussia luciferase substrate (0.1 M
Tris pH 7.4, 0.3 M sodium ascorbate, 10 uM coelenterazine). Luminescence was immediately
measured by a BioTek Cytation5 plate reader.

Pseudotyped lentivirus neutralization assays were performed as previously described®™.
Briefly, HCW serum or patient sera was 4-fold serially diluted and equal amounts of infectious
SARS-CoV-2 variant pseudotyped virus was added to the diluted serum. Final dilutions of 1:1280,
1:5120, 1:20480, and no serum control were used for Delta-wave ICU patient plasma to avoid
Triton X-100 toxicity, while final dilutions of 1:80, 1:320, 1:1280, 1:5120, 1:20480, and no serum

control were used for the HCWs and Omicron-wave patients. Virus and serum were incubated for



1 hr at 37°C and then transferred to HEK293T-ACE2 cells for infection. Gaussia luciferase activity
was determined 48 and 72 hrs after infection by combining 20 pL or cell culture media with 20 uLL
of Gaussia luciferase substrate. Luminescence was immediately measure by a BioTek Cytation5
plate reader. NTso values were determined by least-squares-fit, non-linear regression in GraphPad

Prism 5 (San Diego, CA) and presented as geometric means.

Statistics

Statistical analysis was performed in GraphPad Prism 9. Statistical analysis was performed
using logio transformed NTso values to better approximate normality. Comparisons between
multiple groups were made using a one-way repeated measures ANOVA with Bonferroni post-
test (Fig. 1A-D, Fig. S2A and C, and Fig. S3A and D) or two-way repeated measures ANOVA

with Bonferroni post-test (Fig. S3C and F).
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Figure S1: Variant SARS-CoV-2 Spike Constructs. Shown is a schematic of the SARS-CoV-2
spike constructs used for pseudotyped lentivirus production. The S1 and S2 subunits as well as the
N-Terminal Domain (NTD), Receptor Binding Domain (RBD), Fusion Peptide (FP), and
Transmembrane Domain (TM) are indicated. The specific constellation of mutations used for each

variant is also indicated.
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Figure S2: Neutralization resistance to vaccinated and boosted HCW sera for the Omicron
variant sub-lineages and the Delta variant. (A) nAb titers against D614G, BA.1, BA.2, BA.3,
Deltacron, and Delta pseudotyped virus are displayed for 10 HCW samples following 2 mRNA
vaccine doses. (B) Heatmaps of nAb titers against HCWs following 2 or 3 mRNA vaccine doses
and identified as “M” for Moderna mRNA-1273 vaccinated or “P” for Pfizer/BioNTech
BNT162b2 vaccinated. (C) nAb titers are displayed for 10 HCW samples following 3 mRNA
vaccine doses. Geometric mean NTso values are displayed at the top of plots along with the
percentage of patients with nAb titers above the limit of detection indicated by the dotted lines
(NTso=80). Bars represent geometric means with 95% confidence interval. Statistical significance
relative to D614G was determined by one-way (A and C) repeated measures ANOVA with
Bonferroni’s multiple testing correction. P-values are represented as *p < 0.05, **p < 0.01, ***p
<0.001, and ****p < 0.0001. Data on BA.1, BA.2, and Delta is reproduced from our prior study’

for convenience.
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Figure S3: Neutralization resistance to Delta-wave and Omicron-wave patient sera for the
Omicron variant sub-lineages and the Delta variant. (A) nAb titers against D614G, BA.1, BA.2,
BA.3, Deltacron, and Delta pseudotyped virus are displayed for 18 ICU patient samples collected
during the Delta-wave of the pandemic. (B) Heatmaps of nAb titers against Delta-wave ICU
patients identified as “U” for unvaccinated and “V” for vaccinated. (C) Delta-wave patient nAb
titers are divided by vaccination status. (D) nAb titers are displayed for 31 hospitalized non-ICU
patients collected during the Omicron-wave of the pandemic. (E) Heatmaps of nAb titers against
Omicron-wave hospitalized non-ICU patients identified as “U” for unvaccinated, “V” for
vaccinated, and “B” for vaccinated and boosted. (F) Omicron-wave patient nAb titers are divided
by vaccination status. Geometric mean NTso values are displayed at the top of plots along with the
percentage of patients with nAb titers above the limit of detection indicated by the dotted line
(NTso=80). Bars represent geometric means with 95% confidence interval. Statistical significance
was determined by one-way (A and D) or two-way (C and F) repeated measures ANOVA with
Bonferroni’s multiple testing correction. P-values are represented as *p < 0.05, **p < 0.01, ***p
<0.001, ****p <(.0001, and ns for not significant. Data on BA.1, BA.2, and Delta is reproduced

from our prior study® for convenience.
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Omicron-Wave
Hospitalized Non-ICU
Patients (n = 31)

Vaccinated HCW Delta-Wave ICU

(n=10) Patients (n = 18)

Sex [n (% of Total)]

Female 4 (40.0%) 6 (33.3%) 11 (35.5%)
Male 6 (60.0%) 12 (66.6%) 20 (64.5%)
Age in Years at Sample Collection [Median (Range)] 37.5 (29-48) 60 (22-87) 62 (28-78)

Jan. 2021 - March 2021,

Oct. 2021 - Nov. 2021 Aug. 2021 - Dec. 2021  Feb. 2022- March 2022

Sample Collection Window

Vacc Type [n (% of Total)]

Moderna 2-Dose 3 (30.0%) na 4 (12.9%)

Moderna 3-Dose 3 (30.0%) 1 na

Pfizer 2-Dose 7 (70.0%) 4 (22.2%) 4 (12.9%)

Pfizer 3-Dose 7 (70.0%) na 8 (25.8%)

J&J 1-Dose na 1 na
Sample Collection Timing [Median (Range)]

Days Post 1st Dose for Recipients of 1 Dose na 141 na

Days Post 2nd Dose for Recipients of 2 Doses 26.5 (22-28) 255 (204-254) 274.5 (149-328)

Days Post 3rd Dose for Recipients of 3 Doses 15 (7-80) 12 158 (64-183)
Prior COVID-19 Confirmed by PCR [n (% of Total)] 1(10%) dnc dnc

Table S1: Demographic and sample collection information for HCW and COVID-19 patient
cohorts. Displayed are summary data for the HCW samples collected post-second mRNA vaccine
dose and post booster mRNA vaccine dose. Additionally, summary information is provided for
the Delta-Wave and Omicron-Wave COVID-19 patients. Where it appears, na indicates “not

applicable” and dnc indicates “data not collected”.
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