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Planas et al. analyze the extent and duration of the neutralizing antibody response
after vaccination with Pfizer BNT162b2 mRNA in the sera and nasal swabs from
individuals with or without Omicron breakthrough infection, finding a short
duration of neutralization against BA.5 after boosting and strong immunoglobulin
A (IgA) response upon breakthrough infection.
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with or without omicron breakthrough infection
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SUMMARY

Background: Since early 2022, Omicron BA.1 has been eclipsed by
BA.2, which was in turn outcompeted by BA.5, which displays enhanced
antibody escape properties.

Methods: Here, we evaluated the duration of the neutralizing antibody
(Nab) response, up to 18 months after Pfizer BNT162b2 vaccination, in
individuals with or without BA.1/BA.2 breakthrough infection. We
measured neutralization of the ancestral D614G lineage, Delta, and
Omicron BA.1, BA.2, and BA.5 variants in 300 sera and 35 nasal swabs
from 27 individuals.

Findings: Upon vaccination, serum Nab titers were decreased by 10-,
15-, and 25-fold for BA.1, BA.2, and BA.5, respectively, compared with
D614G. We estimated that, after boosting, the duration of neutraliza-
tion was markedly shortened from 11.5 months with D614G to
5.5 months with BA.5. After breakthrough, we observed a sharp in-
crease of Nabs against Omicron subvariants, followed by a plateau and
a slow decline after 5-6 months. In nasal swabs, infection, but not
vaccination, triggered a strong immunoglobulin A (IgA) response and a
detectable Omicron-neutralizing activity.

Conclusions: BA.5 spread is partly due to abbreviated vaccine efficacy,
particularly in individuals who were not infected with previous Omicron
variants.

Funding: Work in O.S.’s laboratory is funded by the Institut Pasteur, Ur-
gence COVID-19 Fundraising Campaign of Institut Pasteur, Fondation
pour la Recherche Médicale (FRM), ANRS, the Vaccine Research Insti-
tute (ANR-10-LABX-77), Labex IBEID (ANR-10-LABX-62-IBEID), ANR/
FRM Flash Covid PROTEO-SARS-CoV-2, ANR Coronamito, and
IDISCOVR, Laboratoire d'Excellence ‘Integrative Biology of Emerging
Infectious Diseases’ (grant no. ANR-10-LABX-62-IBEID), HERA euro-
pean funding and the NIH PICREID (grant no UOTAI151758).

INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron BA.1
and BA.2 variants spread across the world and replaced the Delta variant in early
2022." It is estimated that more than 50% of the population were infected by BA.1
or BA.2 by March 20227 with little protection against infection conferred by vaccina-
tion.”® The incidence of breakthrough infections in vaccinated individuals has thus

838 Med 3, 838-847, December 9, 2022 © 2022 Elsevier Inc.

CONTEXT AND SIGNIFICANCE

Since the emergence of the severe
acute respiratory syndrome
coronavirus 2 (SARS-CoV-2)
Omicron variant in December
2022, approximately 50% of the
world population has been
infected, reflecting a poor
protection against infection
conferred by vaccination.
Researchers from Paris, France,
report that, upon vaccination, the
duration of an efficient antibody
response was significantly shorter
for Omicron variants, including
BA.5, compared with the ancestral
strain. After breakthrough
infection, antibody levels against
Omicron subvariants increased,
and remained elevated for at least
5-6 months. Breakthrough
infection, but not vaccination,
triggered detectable local
response in the nasal mucosa
against SARS-CoV-2. These
results show that the longitudinal
survey of antibody levels in blood
and nasal samples may provide a
reliable marker of the
effectiveness of vaccination,
natural, and hybrid immunity
against acquisition of current and
future SARS-CoV-2 variants.
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dramatically increased since Omicron emerged.® BA.1 and BA.2 contain approxi-
mately 32 changes in the spike protein, promoting their high transmissibility and
immune escape properties.””'” The Omicron clade has rapidly evolved into sub-lin-
eages, including BA.5, that outcompeted BA.1 and BA.2."® The BA.5 spike shares
multiple changes noted in BA.2 and bears a few additional modifications. BA.5
became predominant worldwide by mid-2022 and was responsible for a surge of
infections in many countries.'®'? The neutralizing activity of sera from COVID-19
vaccine recipients is reduced against BA.5 by approximately three- to five-fold
compared with BA.1 and BA.2.""?%?* Here, we assessed the durability and magni-
tude of neutralizing antibody (Nab) responses against different Omicron variants, up
to 18 months after Pfizer BNT162b2 vaccination. We also analyzed the evolution of
Nabs in the sera and nasal swabs from vaccine recipients who experienced BA.1 or
BA.2 breakthrough infections. We report a shortened duration of neutralization
against BA.5 Nabs in the sera of vaccine recipients, and a presence of such anti-
bodies in nasal swabs only after breakthrough infection.

RESULTS

Cohort design

We longitudinally collected 300 sera and 35 nasal samples from a cohort of 27 health
care workers in Orleans, France. We previously studied the ability of some of these
sera to neutralize the Alpha, Beta, Delta, and Omicron BA.1 variants.'® The charac-
teristics of each participant are indicated in Table S1. The participants, who were not
previously infected at the time of inclusion, received two doses of Pfizer BNT162b2
vaccine within an interval of 21-28 days and a booster dose 154-361 days later. Of
the 27 individuals, 11 experienced a pauci-symptomatic breakthrough infection 60—
178 days after the third injection. Screening by polymerase chain reaction or whole-
viral-genome sequencing confirmed an Omicron breakthrough infection. At the time
of infection (between December 2021 and mid-February 2022), BA.1 and BA.2 rep-
resented 95% and 5% of the Omicron lineage in France, respectively.”” Each partic-
ipant was sampled 3-23 times (mean, 11) during the 18 months of the survey. The
days of vaccination, breakthrough infection, and sampling are displayed for each
participant in Figure S1 and Table S1.

BA.5 serum neutralization in vaccine recipients, with or without omicron BA.1
or BA.2 infection

We first measured serum Nab titers against the D614G reference virus, the Delta
variant, and the Omicron BA.1, BA.2, and BA.5 isolates in the 24 vaccine recipients
that were sampled 1-5 months after the booster doses. We calculated the 50%
effective dilution (EDsg) for each combination of serum and virus. As previously re-
ported, Omicron subvariants displayed considerable immune escape properties,
compared with the D614G and Delta variants (Figure 1A). Among Omicron subvar-
iants, BA.5 neutralization was extremely low, with a median EDsq of 60, decreased
by a factor of 2.5 and 1.7 compared with BA.1 and BA.2 (EDso of 148 and 100,
respectively).

One month after infection, the overall anti-SARS-CoV-2 IgG antibody levels
increased by only 3.6-fold in the 11 individuals who experienced a breakthrough
infection (Figure S2A). A strong augmentation of the cross-neutralization against
Delta, BA.1, and BA.2 variants was observed, with EDsg ranging from 10%t0 10* (Fig-
ure 1A). The Nab titer was lower against BA.5 (EDsg of 103). Therefore, post-vaccina-
tion infection by BA.1 or BA.2 led to an increase in Omicron-specific Nab titers,
which was less marked against BA.5.
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Figure 1. Magnitude, cross-reactivity, and durability of antibodies in sera from Pfizer vaccinees, with or without breakthrough BA.1/BA.2 infection
(A) Nab titers against D614G, Delta and Omicron BA.1, BA.2 and BA.5 were quantified in sera from triple vaccinated individuals (n = 24; median =
120 days after the third dose) (left panel) and after Omicron BA.1 or BA.2 breakthrough infection (n = 11; median = 80 days after infection). Data are the
mean from two independent experiments. The horizontal dotted line indicates the limit of detection (EDso = 30). Black lines represent the median

values. Two-sided Friedman test with Dunn'’s test for multiple comparisons was performed between each viral strain at the different time points;

*p < 0.05; ****p < 0.0001.
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Figure 1. Continued

(B) Temporal evolution of Nab titers (EDso) against D614G (black), BA.1 (red) and BA.5 (yellow) in 27 vaccine recipients and 11 participants who had an
Omicron BA.1 or BA.2 breakthrough infection. The Nab titers were calculated at the indicated months after the second dose (left panels), third dose
(middle panels), or breakthrough infection (right panels). The bold dotted line included in some panels represents a simple linear regression of Nab
waning. In the other panels, the shape of the curves did not allow this analysis. Data are the mean from two independent experiments. The horizontal
dotted line indicates the limit of detection (EDsq = 30).

Temporal evolution of the neutralization profile

We next longitudinally analyzed the evolution of serum cross-neutralization in the 27
individuals, up to 18 months after initiation of the vaccination, in all available sam-
ples. We represented IgG levels and Nab titers at different time points after the sec-
ond and third vaccine injections, as well as after Omicron BA.1 or BA.2 breakthrough
infection. We performed modeling for the best fit curve of the data, using either
continuous (simple linear regression), one-phase, or two-phase decays. We
compared the three decays using the extra sum-of-squares F test, selecting the
simpler model with a p value of less than 0.05. The best fitting statistical model
for the decline of anti-S IgG and Nab was the simple linear regression. As previously
reported,”® a peak level of anti-spike IgG was observed one month after the second
dose, which subsequently decreased over the next 10 months (Figure S2B). A
booster dose induced higher IgG peak levels than the second dose. The regression
model indicated that IgGs should become undetectable about 1.91 and 1.95 years
after the second and third doses, respectively. The breakthrough infection increased
IgG levels, without an obvious decrease for up to 6 months, precluding the calcula-
tion of a time to undetectability.

The evolution of the neutralization profile showed disparities between variants. After
the second dose, neutralization against Omicron BA.1, BA.2, and BA.5 was
extremely low with undetectable titers is most samples, whereas D614G and to a
lesser extent Delta were neutralized (Figures 1B and S2B). After boosting, the sera
neutralized all variants, with differences not only in the peak level (Figure 1B), but
also in the duration of neutralization. The time to undetectability was shortened
from 11.5 months for D614G to 8 months for Delta and BA.1 and 5.5 months for
BA.5 (Figures 1B and S2B). The kinetics of serum neutralization were different after
breakthrough infection. With all variants, the peak was reached approximately
2 months after infection, followed by a slow decline not noticeable before 5-
6 months.

To better visualize the influence of the lag between the booster and breakthrough
infection on the evolution of cross-neutralization, we depicted the kinetics of Nab ti-
ters for six vaccine recipients with and three individuals without breakthrough infec-
tion (Figure S3). Breakthrough Omicron infections occurred 2-5 months after the
third dose and caused a consistent increase of anti-S IgGs and Nabs against the
different variants. In non-infected individuals, Nabs decreased progressively over
the survey period.

Altogether, these results indicate a shorter neutralization efficacy of sera from triple
vaccinated individuals against BA.5. A breakthrough Omicron infection triggered a
longer lasting neutralizing response. There was no major impact of the timing of
breakthrough infection relative to the vaccination on the extent of induction of
cross-reactive Nabs.

Antibody responses at the nasal mucosae

We then asked whether vaccination and breakthrough infections may trigger
different antibody responses at the mucosal surfaces. We measured the levels of
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Figure 2. Induction of cross-neutralizing antibodies at the nasal mucosae upon Omicron BA.1 or
BA.2 breakthrough infection

Nasal swabs were collected at 1 month after the third dose for 20 participants (median = 38 days
after the third dose) and 1-3 months after BA.1 or BA.2 breakthrough infection for 7 participants. In
5 participants who experienced a breakthrough infection, 2 or 3 time points after infection are
shown, representing a total of 15 samples.

(A) Levels of anti-spike IgGs (left panel) and IgAs (right panel) measured by flow cytometry with the
S-Flow assay. For IgGs, results are presented in BAU/mL. The dotted lines indicate the limit of
detection (3 BAU/mL). For IgAs, the mean fluorescence intensity of binding is shown, since the lack
of IgA reference samples precluded a calculation of BAU IgA/mL. Black lines represent the median
values. A Mann-Whitney unpaired t-test was performed. ****p < 0.0001.

(B) The Nab titers against D614G, Delta and Omicron BA.1, BA.2, and BA.5 were measured in the
same samples from triple vaccinated individuals (left panel) and after breakthrough infection (right
panel). The dotted lines indicate the limit of detection (EDsq = 4). Black lines represent the median
values. A two-sided Friedman test with Dunn'’s test for multiple comparisons was performed
between each viral strain at the different time points; **p < 0.01.

anti-spike IgG and cross-neutralizing activity in 35 nasal swabs. Twenty individuals
were sampled 1 month after their third vaccine dose. Among them, 7 experienced
a breakthrough infection and were sampled 1-3 times, up to 3 months after infec-
tion, yielding a total of 15 samples. Levels of anti-SARS-CoV-2 IgG and IgA were
relatively low (Figure 2A), confirming that Pfizer vaccination does not induce a strong
local immunity. The breakthrough infection triggered a moderate (2.2-fold) increase
in 1gGs, whereas IgAs were augmented by approximately 12-fold (Figure 2A).
Accordingly, in triple vaccinated individuals, we did not detect any neutralizing ac-
tivity against Delta or Omicron variants, and only one individual poorly neutralized
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the D614G ancestral strain. In sharp contrast, 10 of 15 nasal swabs collected after
infection presented detectable neutralization against all variants. This neutralizing
activity was higher against D614G, BA.1, and BA.2 than against Delta and BA.5.
There was no obvious correlation between neutralization titers in the sera and nasal
swabs (not shown). This is in agreement with a known compartmentalization of sys-
temic and mucosal immune responses during acute SARS-CoV-2 infection.?’

Therefore, Omicron breakthrough infection, but not vaccination, triggers a local Nab
response at the viral entry site in the host. Our results help us to understand why a
hybrid immunity is more effective than vaccination alone to prevent infection by a
novel SARS-CoV-2 variant.

DISCUSSION

The Omicron lineage has evolved toward enhanced transmissibility and immune
evasion properties. BA.5 surged in many countries and displays a three- to five-
fold lower sensitivity to Nabs generated by vaccination, relative to prior Omicron
variants.”>"?* How this decrease impacts the duration of vaccine efficacy remains
poorly characterized. Here, we longitudinally analyzed the levels of Nabs in a cohort
of Pfizer-vaccinated recipients. A booster dose generated a neutralizing response
against the ancestral strain D614G that lasted approximately 11.5 months. The dura-
tion of neutralization was shortened to 5.5 months against BA.5, suggesting an
abbreviated efficacy of current vaccines against this variant. In contrast, a natural
Omicron infection in vaccinated individuals induced a longer lasting neutralizing
response, with no visible decrease up to 5-6 months after infection. We also report
that vaccination did not generate a detectable local neutralizing immunity at the
nasal mucosae, whereas a breakthrough infection in vaccine recipients induced
such a response. The breakthrough infection triggered a moderate (2.2-fold) in-
crease in lgGs, whereas IgAs were augmented by approximately 12-fold (Figure 2A).
Accordingly, in triple vaccinated individuals, we did not detect any neutralizing ac-
tivity against the Delta or Omicron variants, whereas only one individual poorly
neutralized the D614G ancestral strain. In sharp contrast, 10 of 15 nasal swabs
collected after infection presented detectable neutralization against all variants.
This neutralizing activity was higher against D614G, BA.1, and BA.2 than against
Deltaand BA.5. Neutralization was in a large part likely owing to the increased levels
of anti-SARS-CoV-2 IgAs, which are known to be more potent than IgGs.?%??

These findings are line with a recent national study in Portugal showing that a previous
BA.1 or BA.2 infection had a protective effect against BA.5 infection.® Our results help
to explain why the BA.5 wave preferentially occurred in first-timer individuals who were
not previously infected with Omicron, independent of their vaccination status.

Our results are in line with public health vaccine efficacy reports, analyzing tens of
thousands of individuals in different countries.”'™*> For instance, one study per-
formed in England before the Omicron surge reported that two doses of the Pfizer
vaccine were associated with high short-term protection against SARS-CoV-2 infec-
tion.*” This protection waned considerably after 6 months. Infection-acquired immu-
nity boosted with vaccination remained high more than 1 year after infection.>* A
study performed in Qatar reported that the effectiveness of Pfizer vaccination against
symptomatic BA.2 infection with two doses of Pfizer vaccine was negligible,”® in
agreement with our observation of a lack of detection Nabs against Omicron variants
in sera from double vaccine recipients. The effectiveness of three doses of Pfizer,
without or with previous infection, was 52% and 77%, respectively.”* Another report
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from the United States indicated that vaccine effectiveness against COVID-19-asso-
ciated hospitalization was higher during the BA.1 period than during the BA.2/
BA.2.12.1 period.?> A Danish nation-wide survey recently reported a high protection
against BA.5 from prior omicron infection in triple-vaccinated individuals, and similar
vaccine effectiveness for BA.5 and BA.2.”

Limitations of the study

The size of our cohort was relatively small, but the differences between variants were
sufficiently marked to attain statistical significance. The size of our cohort was rela-
tively small, but the differences between variants were sufficiently marked to obtain
statistical significance. The sampling time points were not identical for all partici-
pants. Owing to the limited amounts of sera available in this cohort, we performed
alongitudinal analysis with four different viral strains (D614G, Delta, BA.1, and BA.5),
and not with BA.2. Age-related heterogeneity in the humoral response to SARS-
CoV-2 vaccine has been previously described.?**® In our study, 80% of the partici-
pants were above the age of 50. It is possible that stronger and extended antibody
responses may be observed in a younger population. We focused our work on Pfizer
vaccine recipients and did not assess the neutralization conferred by a fourth dose.
We analyzed the temporal evolution of the neutralizing response only up to 6 months
after a breakthrough infection. Future work will help to understand the efficacy of
different vaccine regimen in various categories of individuals. It will be worth further
examining the impact of a fourth vaccine dose on the extent and duration of the hu-
moral immune response against BA.5 and other variants.

In summary, our data suggest that a longitudinal survey of the neutralizing humoral
response in blood and nasal samples may provide a reliable marker of the duration
of effectiveness of vaccination, natural and hybrid immunity against the acquisition
of current and forthcoming SARS-CoV-2 variants.
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REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

anti-lgG AlexaFluor647 Jackson ImmunoResearch Cat#A-21445 ; RRID:AB_2535862
Anti-IgA AlexaFluor488 Jackson ImmunoResearch Cat#109-545-011 ; RRID:AB_2337834
Bacterial and virus strains

D614G(hCoV-19/France/GE1973/2020) National Reference Center EPI_ISL_41463"

for Respiratory Viruses (Institut
Pasteur, Paris, France)
Delta Laboratory of Virology of EPI_ISL_2029113%
Hopital Européen Georges
Pompidou (Assistance Publique —
Hopitaux de Paris)
Omicron BA.1, BA.2 & BA.5 NRC UZ/KU Leuven, Belgium EPI_ISL_6794907""
EPI_ISL_10654979"*

Chemicals, peptides, and recombinant proteins

Hoechst 33342 Invitrogen Cat#H3570
Paraformaldehyde 4% Alfa Aesar Cat#J19943.K2
Deposited data

Viral genome sequences GISAID EPI_ISL_41463

EPI_ISL_2029113
EPI_ISL_6794907
EPI_ISL_10654979

Experimental models: Cell lines

293T ATCC CRL-3216 ; RRID:CVCL_0063

U20S cells ATCC Cat#HTB-96 ; RRID:CVCL_0042

Software and algorithms

Harmony High-Content Imaging PerkinElmer Cat#HH17000012

and Analysis Software

Excel 365 Microsoft https://www.microsoft.com/en-ca/microsoft-
365/excel

Prism 8 Graphpad https://www.graphpad.com/

FlowJo v10 Tree Star https://www.flowjo.com/

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to
and will be fulfilled by the Lead Contact, Olivier Schwartz (Olivier.schwartz@
pasteur.fr).

Materials availability
All unique/stable reagents generated in this study are available from the lead con-
tact with a completed Materials Transfer Agreement.

Data and code availability

SARS-CoV-2 variants genomes have been deposited at GISAID and are publicly
available as of the date of publication. Accession numbers are listed in the key re-
sources table.

This study did not generate any new codes.

Any additional information required to reanalyze the data reported in this paper is
available from the lead contact upon request.
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EXPERIMENTAL MODELS AND SUBJECT DETAILS

We conducted a prospective, monocentric, longitudinal, interventional cohort clin-
ical study (ABCOVID) since 27 August 2020 with the objective to study the kinetics of
COVID-19 antibodies in patients with confirmed SARS-CoV-2 infection (NCT04
750720). A sub-study aimed to describe the kinetic of neutralizing antibodies (in
blood and nasal mucosae) after vaccination. The cohort was previously des-
cribed.'%3?% This study was approved by the lle-de-France IV ethical committee.
At enrollment, written informed consent was collected and participants completed
a questionnaire covering sociodemographic characteristics, virological findings
(SARS-CoV-2 RT—gPCR results, date of testing) and data related to SARS-CoV-2
vaccination (brand product, date of first, second and third vaccination). Participants
information on sex and age was reported in Table S1. Information on socioeconomic
status was not collected. Blood and nasal swabs were collected at several time
points. Nasal swabs were collected in the two cavities and preserved in 1 or 3 mL
of M4RT transport buffer (Standard Sigma Swabs MW910S, Sigma VCM). Study par-
ticipants did not receive any compensation.

METHOD DETAILS

S-flow assay

The S-Flow assay is based on the recognition of the SARS-CoV-2 spike protein ex-
pressed on the surface of 293T cells. It was used to quantify SARS-CoV-2-specific
IgG and IgA subtypes in sera, nasopharyngeal swab supernatants and saliva as pre-
viously described.*'*?

Briefly, 293T cells were obtained from ATCC (ATCC Cat# CRL-3216, RRID:CVCL_
0063) and tested negative for mycoplasma. 293T cells stably expressing Spike
(293T S) or control (293T Empty) cells were transferred into U-bottom 96-well plates
(105 cells/well). Cells were incubated at 4°C for 30 min with serum (1:300 dilution) or
nasal swabs (1:50) in PBS containing 0.5% BSA and 2 mM EDTA. Then, cells were
washed with PBS, and stained using anti-lgG Alexa Fluor 647 (Jackson
ImmunoResearch cat# 109-605-170) and Anti-IgA Alexa Fluor 488 (Jackson
ImmunoResearch cat# 109-545-011). Cells were washed with PBS and fixed for
10 min with 4% PFA. Data were acquired on an Attune Nxt instrument (Life Technol-
ogies). Stainings were also performed on control (293T Empty) cells. Results were
analyzed with FlowJo 10.7.1 (Becton Dickinson). The gating strategy for IgGs and
IgAs is shown in Figure S4. The specific binding was calculated as follows: 100 x
(% binding 293T Spike - % binding 293T Empty)/(100 - % binding 293T Empty).
The assay was standardized with whom international reference sera (20/136 and
20/130) and cross-validated with two commercially available ELISA (Abbott and
Beckmann) using a Passing-Bablok linear regression model to allow calculation of
BAU/mL.*

S-Fuse neutralization assay

U20S-ACE2 GFP1-10 or GFP 11 cells, also termed S-Fuse cells, become GFP + when
they are productively infected by SARS-CoV-2.%** Cells were tested negative for
mycoplasma. Cells were mixed (ratio 1:1) and plated at 8 X 108 per well in a pClear
96-well plate (Greiner Bio-One). The indicated SARS-CoV-2 strains were incubated
with serially diluted sera (first dilution 1:30) or nasal swabs (first dilution 1:4) for
15 min at room temperature and added to S-Fuse cells. The sera were heat-inacti-
vated for 30 min at 56°C before use. 18 h later, cells were fixed with 2% PFA, washed
and stained with Hoechst (dilution 1:1,000, Invitrogen). Images were acquired with
an Opera Phenix high content confocal microscope (PerkinElmer). The GFP area
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and the number of nuclei were quantified using the Harmony software (PerkinElmer).
The percentage of neutralization was calculated using the number of syncytia as
value with the following formula: 100 x (1 - (value with serum — value in “non-in-
fected”)/(value in “no serum” — value in “non-infected”)). Neutralizing activity of
each serum was expressed as the half maximal effective dilution (ED50). ED50 values
(dilution values for sera and nasal swabs) were calculated with a reconstructed curve
using the percentage of the neutralization at the different concentrations.

Virus strains

The reference D614G strain (hCoV-19/France/GE1973/2020) was supplied by the
National Reference Center for Respiratory Viruses hosted by Institut Pasteur (Paris,
France) and headed by Pr. S. van der Werf.*” This viral strain was supplied through
the European Virus Archive goes Global (Evag) platform, a project that has received
funding from the European Union’s Horizon 2020 research and innovation program
under grant agreement n° 653316. Delta was isolated from a nasopharyngeal swab
of a hospitalized patient returning from India.>’ The swab was provided and
sequenced by the laboratory of Virology of Hopital Européen Georges Pompidou
(Assistance Publique — Hopitaux de Paris). The Omicron BA.1 and BA.2 strains
were supplied and sequenced by the NRC UZ/KU Leuven (Leuven, Belgium).*®
The Omicron BA.5 was isolated from a nasopharyngeal swab of a woman hospital-
ized for rheumatological pain. The swab was sequenced by the National Reference
Center for HIV-Associated laboratory of Tours, France. All patients provided
informed consent for the use of the biological materials.

The variant strains were isolated from nasal swabs using Vero E6 cells and amplified
by one or two passages. Viruses were sequenced directly on nasal swabs, and after
one or two passages on Vero cells. Sequences of the swabs and amplified viruses
were similar. Sequences were deposited on GISAID immediately after their genera-
tion, with the following IDs: D614G: EPI_ISL_41463; Delta ID: EPI_ISL_2029113;
Omicron BA.1 ID: EPI_ISL_6794907; Omicron BA.2 GISAID ID: EPI_ISL_10654979;
Omicron BA.5 ID: EPI_ISL_13660702. Titration of viral stocks was performed on
Vero E6, with a limiting dilution technique allowing a calculation of TCID50, or on
S-Fuse cells.

QUANTIFICATION AND STATISTICAL ANALYSIS

Flow cytometry data were analyzed with FlowJo v10 software (Tri-Star). Calculations
were performed using Excel 365 (Microsoft). Figures were drawn on Prism 9
(GraphPad Software). Statistical analysis was conducted using GraphPad Prism 9.
No methods were used to determine whether the data met assumptions of the sta-
tistical approach. Statistical significance between different groups was calculated
using the tests indicated in each figure.

ADDITIONAL RESOURCES
Clinical trial registration: NCT04750720.
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Duration of BA.5 neutralization in sera and nasal
swabs from SARS-CoV-2 vaccinated individuals,

with or without omicron breakthrough infection
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Supplemental Figure 1: Chronology of vaccination and breakthrough infection. Related to
Figure 1b

The 27 participants received 2 or 3 doses of Pfizer BNT162b2 vaccines. Sera were collected at
the indicated time points after the first dose (white circles). The gray background indicates the
period of time following the third dose. (x-axis is the timeline post first injection). The red
crosses represent the occurrence of BA.1 or BA.2 breakthrough infection in 11 participants.
Samples from the 24 participants used to generate Figure la (after third dose) are colored in
green in the figure.



104
 10%
2
a 107
%
=10"
100-+—7———
Before After
breakthrough infection
b.
After 2nd dose After 3rd dose After Omicron breakthrough
__10% 10% 10*
E
> 3 3
) 10 10
a {
21 d 2|
% 104 # 10
10" 10"
100 T T T T T T T T T T T T 100 T T T T T T T T T T T T 1on T T T T T T T
0123456789101 between 123 4567 8 91011 between 1 2 3 4 5 6
2and0 -1and 0
105+ 105+
1044
103a
102A
10! T T T T —r— 10! T T T T T T T
between 1 2 3 4567 8 9101 between 1 2 3 4 5 6
-2and 0 -1and 0

Months

Supplemental Figure 2: Magnitude, cross-reactivity and durability of antibodies in sera
from Pfizer vaccinees, with or without breakthrough BA.1/BA.2 infection. Related to figure
1b

a. Levels of anti-spike IgGs measured by flow cytometry with the S-Flow assay before (median
= 20 days) and after (median = 80 days) in 11 individuals Omicron breakthrough. Results are
presented in BAU/ml. The dotted lines indicate the limit of detection (3 BAU/ml). b. Temporal
evolution of IgG levels (upper panels) and Nab titers (ED50) against Delta in 27 vaccine
recipients and 11 participants who had Omicron BA.1 or BA.2 breakthrough infection. The IgG
levels and Nab titers were calculated at the indicated months after the second dose (left panels),
third dose (middle panels) or breakthrough infection (right panels). The bold dotted line included
in some panels represents a simple linear regression of Nab waning. In the other panels, the
shape of the curves did not allow this analysis.

Data are the mean from two independent experiments. The horizontal dotted line indicates the
limit of detection (ED50 = 30).
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Supplemental Figure 3: Temporal evolution of anti-Spike IgG and Nab titers after vaccination in nine
individuals from the cohort. Related to figure 1b. We selected individuals with a large number of

available longitudinal samples.

Six individuals with Omicron breakthrough (a) infection and three

individuals without Omicron breakthrough infection (b) are depicted. For each individual, the hashtag
number corresponds to the ranking in supplemental Table 1. The upper panels represent the evolution of IgG
levels, and the lower panels the neutralization profile against the indicated variants. The white, light grey
and dark grey backgrounds indicate the period of time with one, two or three doses of vaccine. The red line
corresponds to the last sample collected before breakthrough infection. Data are the mean from two

independent experiments. The dotted lines indicate the limit of detection (BAU/ml =

3; ED50 = 30).
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Supplemental Figure 4: Gating strategy of the S-Flow assay. Related to STAR Methods
293T cells stably expressing the Wuhan Spike were incubated with sera from vaccinated
individua (dilution 1:300) and stained with a mix of anti-human IgG (AlexaLFluor 647) plus
anti-human IgA (AlexaFluor 488) and analyzed by flow-cytometry. (a) One representative
example of the gating strategy for anti-IgG and IgA is shown. (b) Gates are set on cells
transfected with a control plasmid not encoding a spike (293T empty). An example of the signal
obtained by a reactive serum on spike expressing cells is shown.



Supplemental Table 1. Characteristics of the participants of the Pfizer vaccine recipient

cohort. Related to Figure 1 and Figure 2

Date Date Date

ID Vaccines Sex Age first-  second-  third- Breakthrough Variants

dose dose dose

#1 Pfizer M 62 Jan-21 Jan-21  Aug-21 Jan-22 BA.1 or BA2

#2 Pfizer F 71 Jan-21  Feb-21  Nov-21 - -

#3 Pfizer M 52 Jan-21 Jan-21 ~ Nov-21 - -

#4 Pfizer F 95 Feb-21  Mar-21  Sep-21 - -

#5 Pfizer M 59 Jan-21 Jan-21  Aug-21 Feb-22 BA.1 or BA2

#6 Pfizer F 57 Jan-21  Feb-21  Nov-21 - -

#7 Pfizer F 57 Jan-21  Feb-21  Nov-21 - -

#8 Pfizer M 74 Jan-21 Jan-21 Sep-21 - -

#9 Pfizer F 36 Jan-21 Jan-21  Nov-21 Jan-22 BA.1 or BA2
#10 Pfizer M 59 Jan-21  Feb-21  Sep-21 Feb-22 BA.1 or BA.2
#11 Pfizer F 59 Jan-21  Feb-21  Nov-21 - -

#12 Pfizer F 37 Apr-21  May-21  Dec-21 - -

#13 Pfizer F 72 Jan-21 Jan-21 - - -

#14 Pfizer M 53 Jan-21 Jan-21  Aug-21 - -

#15 Pfizer F 40 Jan-21  Feb-21 Oct-21 Dec-21 BA.l
#16 Pfizer M 42 Jan-21  Feb-21  Nov-21 Jan-22 BA.l
#17 Pfizer M 65 Jan-21 Jan-21 Sep-21 Jan-22 BA.1 or BA2
#18 Pfizer F 33 Apr-21  May-21  Nov-21 - -

#19 Pfizer F 54 Jan-21  Feb-21  Nov-21 - -

#20 Pfizer F unknown  Jan-21 Jan-21 Sep-21 - -

#21 Pfizer M 75 Jan-21 Jan-21 - - -

#22 Pfizer M 61 Jan-21 Jan-21  Aug-21 Jan-22 BA.1 or BA.2
#23 Pfizer M 72 Jan-21  Mar-21  Oct-21 Jan-22 BA.1 or BA2
#24 Pfizer M 59 Jan-21 Jan-21 Jan-22 - -

#25 Pfizer M 67 Jan-21 Jan-21  Aug-21 - -

#26 Pfizer M 69 Jan-21 Jan-21  Aug-21 Dec-21 BA.1 or BA.2
#27 Pfizer F 64 Jan-21 Jan-21 Jul-21 Dec-21 BA.1 or BA2
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