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Abstract: We report neutralization titer data against contemporary SARS-CoV-2 sublineages from an ongoing,
open-label, phase 2/3 trial of a single 30-pg dose of monovalent Omicron XBB.1.5-adapted BNT162b2 vaccine.
Healthy participants had previously received >3 doses of a US-authorized mRNA vaccine, with the most recent
being a bivalent Omicron BA.4/BA.5-adapted vaccine administered >150 days before study vaccination. In this
analysis, Omicron XBB.1.5, BA.2.86, and JN.1 serum neutralizing titers were assessed at baseline and 1 month
after vaccination in a subset of >18-year-olds (N = 40) with evidence of previous SARS-CoV-2 infection.
Immunogenicity was also evaluated in a demographically matched group of participants who received
bivalent BA.4/BA.5-adapted BNT162b2 in another study (ClinicalTrials.gov Identifier: NCT05472038). The
XBB.1.5-adapted BNT162b2 vaccine elicited higher XBB.1.5, BA.2.86, and JN.1 neutralizing titers than those
elicited by bivalent BA.4/BA.5-adapted BNT162b2. Overall geometric mean fold rises in neutralizing titers from
baseline to 1 month after vaccination were higher among participants who received XBB.1.5-adapted
BNT162b2 than those who received bivalent BA.4/BA.5-adapted BNT162b2 for XBB.1.5 (7.6 vs 5.6), slightly
higher for JN.1 (3.9 vs 3.5), and similar for BA.2.86 (4.8 vs 4.9). ClinicalTrials.gov Identifier: NCT05997290.

Keywords: BA.2.86; BNT162b2; booster; COVID-19; JN.1; Omicron; SARS-CoV-2; vaccine; variant-adapted;
XBB.1.5

1. Introduction

SARS-CoV-2 evolution to more transmissible and immune evasive variants has necessitated
updating COVID-19 vaccine antigen compositions to more closely match circulating lineages [1].
Currently, monovalent Omicron XBB.1.5-adapted COVID-19 vaccines are recommended. However,
the proportion of cases attributed to the Omicron JN.1 sublineage, which evolved from BA.2.86, has
rapidly increased and, as of April 2024, is predominant globally [2,3]. JN.1 shows higher immune
evasion and diminished ACE2 binding affinity compared with its predecessors [3]. SARS-CoV-2
neutralizing titers have generally corresponded with vaccine effectiveness [4]; therefore, it is
important to evaluate neutralizing activity against currently circulating lineages following
vaccination with XBB.1.5-adapted vaccines.

Safety data 1 month after vaccination and preliminary Omicron XBB.1.5, BA.2.86, and EG.5.1
immunogenicity responses from a substudy of a clinical trial investigating the XBB.1.5-adapted
BNT162b2 in vaccine-experienced individuals have already been reported [5]. In this brief report, we
present additional immunogenicity data against Omicron XBB.1.5, BA.2.86, and JN.1.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Materials and Methods
2.1. Study Design and Participants

The methods, eligibility criteria, and ethical conduct of this study have been described
previously [5]. Briefly, participants who were 12 years and older received a single, 30-ug dose of
XBB.1.5-adapted BNT162b2 in a phase 2/3 study conducted in the United States (ClinicalTrials.gov
Identifier: NCT05997290). This ongoing and open-label study enrolled healthy individuals who had
already received 3 or more doses of a US Food and Drug Administration-authorized mRNA COVID-
19 vaccine. The most recent dose was required to be a bivalent Omicron BA.4/BA.5-adapted vaccine
administered =150 days before participants receiving the study vaccine. This report provides
exploratory 1-month immunogenicity data from a subset of 40 participants 18 years and older.

2.2. Objectives, Endpoints, and Assessments

The current analysis evaluated immunogenicity in the same variant neutralization subset from
the previous analysis [5]. The randomly selected subset consisted of 40 participants (20 participants
who were 18-55 years of age and 20 participants who were >55 years of age) who had evidence of
previous SARS-CoV-2 infection. Sera collected at baseline and 1 month after vaccination were tested
against Omicron XBB.1.5, BA.2.86, and JN.1 in a qualified fluorescent focus reduction neutralization
test (FFRNT) assay. Geometric mean titers (GMTs) measured 1 month after vaccination, geometric
mean fold rises (GMFRs) from before to 1 month after vaccination, and percentages of participants
with seroresponses (ie, at least a 4-fold rise from baseline or at least 4 times the lower limit of
quantitation (LLOQ) for baseline measurements that were less than the LLOQ) 1 month after
vaccination are reported. At baseline and 1 month after vaccination, sera from a bivalent BA.4/BA.5-
adapted BNT162b2 historical comparator group (N =40; ClinicalTrials.gov Identifier: NCT05472038)
were tested concurrently. The bivalent BA.4/BA.5-adapted BNT162b2 and monovalent XBB.1.5
vaccine participants were matched by SARS-CoV-2 infection status, age, and sex. For the bivalent
BA.4/BA.5-adapted cohort, the participant was to have received 3 or 4 previous 30-ug doses of the
original BNT162b2 vaccine, with the last dose having been administered between 150 and 365 days
before study vaccination. Baseline and 1-month samples from both studies were tested at the same
time.

2.3. Statistical Analysis

Data are presented descriptively. The GMTs and GMFRs were calculated through
exponentiation of the mean and the mean of the difference between the 2 time points (baseline and 1
month after vaccination), respectively, of the logarithmically transformed assay results. The
corresponding 2-sided 95% Cls were determined using the Student t distribution. Seroresponse data
are presented as percentages and associated Clopper-Pearson 95% ClIs. The evaluable
immunogenicity population was comprised of individuals who received the study vaccine, had at
least 1 valid and determinate immunogenicity result 1 month after vaccination visit (28 to 42 days
following vaccination), and with no other major protocol deviations.

3. Results
3.1. Participants

In this analysis, among 40 participants who received XBB.1.5-adapted BNT162b2, 52.5% were
female, 85.0% were White, 10.0% were Black, and 32.5% were Hispanic or Latino (Table 1). Median
age at vaccination was 35.5 years in the 18-55-year-old group, and 69.5 years in the >55-year-old
group. The median time from the last mRNA COVID-19 vaccination to study vaccination was 9.5
months (range, 2-12 months). Characteristics were generally similar for the 40 participants in the
matched bivalent BA.4/BA.5-adapted cohort, apart from a lower percentage of participants with
Hispanic or Latino ethnicity compared with the current study (17.5% vs 32.5%) and a slightly longer
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mean interval from the previous COVID-19 vaccine dose compared with the current study (11.2

months vs 9.1 months).

Table 1. Participant demographic and baseline clinical characteristics of the variant neutralization

subset.
Monovalent Omicron XBB.1.5-  Bivalent Omicron BA.4/BA.5-
adapted adapted
BNT162b2 30 ug BNT162b2 2 30 g
o 18-55y >55y Total 18-55y >55y Total
Characteristic
(N=20) (N=20) (N=40) (N=20) (N=20) (N=40)
Sex, n (%)
Male 12(60.0) 7(35.0) 19 (47.5) 12(60.0) 7(35.0) 19 (47.5)
Female 8(40.0) 13(65.0) 21(52.5 8(40.0) 13(65.0) 21 (52.5)
Race, n (%)
White 18 (90.0) 16(80.0) 34(85.0) 17(85.0) 16(80.0) 33 (82.5)
Black 2 (10.0) 2 (10.0) 4 (10.0) 1(5.0) 3(15.0) 4 (10.0)
Other ® 0 2(10) 2 (5.0) 2 (10) 1(5.0)  3(7.5)
Ethnicity, n (%)
Hispanic/Latino 9(45.0) 4(20.0) 13(325) 3(150) 4(20.0) 7(17.5)

Age at vaccination, years

Mean (standard deviation)
Median (range)

Baseline SARS-CoV-2 status,
n (%)

Positive ©
Time from last dose of
mRNA COVID-19 vaccine to
the study vaccination,
months ¢

Mean (SD)

Median (range)

Body mass index, n (%)
Underweight (<18.5 kg/m?)
Normal weight (=18.5-24.9

kg/m?)

Overweight (225.0-29.9
kg/m?)
Obese (230.0 kg/m?2)

38.0 (10.04) 70.1 (6.51) 54.0 (18.30) 37.9 (9.97)

355 (25—
55)

69.5 (56—
82)

20 (100.0) 20 (100.0)

8.8 (1.98)
8.3(5.8-
12.0)

0

6 (30.0)

9 (45.0)

5 (25.0)

9.4 (2.53)
10.2 (2.0~
11.9)
1(5.0)

6 (30.0)

7 (35.0)

6 (30.0)

55.5 (25—
82)

40 (100.0)

9.1 (2.26)
9.5 (2.0-
12.0)
1(2.5)

12 (30.0)

16 (40.0)

11 (27.5)

36.0 (25—
54)

20 (100.0)

11.0 (1.41)
11.3 (74—
12.8)

0

5 (25.0)

8 (40.0)

7 (35.0)

69.7 (5.95) 53.8 (18.00)
69.5 (56—  55.0 (25—
81) 81)

20 (100.0) 40 (100.0)

11.4 (1.16) 11.2 (1.29)

119 (85— 11.4 (7.4-
12.6) 12.8)

0 0
3(15.0)  8(20.0)
12 (60.0) 20 (50.0)
5(25.0) 12 (30.0)

2 Comparator group from another study (ClinicalTrials.gov Identifier: NCT05472038). ® Includes American
Indian or Alaska native, Asian, and multiracial. ¢ Positive SARS-CoV-2 nucleoprotein-binding antibody result
at baseline, positive nucleic acid amplification test result at baseline, or medical history of COVID-19. ¢ Month

was calculated as 28 days.
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3.1. Immunogenicity

The evaluable immunogenicity population comprised 36 participants in the XBB.1.5-adapted
BNT162b2 cohort; 4 participants were excluded from this population because of protocol deviations
occurring on or before the 1 month after vaccination visit (1 participant from the 18-55-year-old
group; 3 participants from the >55-year-old group). In the matched bivalent BA.4/BA.5-adapted
cohort there were 39 participants in the evaluable immunogenicity population; 1 participant was
excluded from this population because the participant did not have at least 1 valid and determinate
neutralization immunogenicity result obtained from 28 to 42 days of vaccination.

One month after vaccination with monovalent Omicron XBB.1.5-adapted BNT162b2, the SARS-
CoV-2 FERNT 50% neutralizing titers against Omicron XBB.1.5, BA.2.86, and JN.1 increased
compared to baseline levels and were each higher than the bivalent Omicron BA.4/BA.5-adapted
BNT162b2 matched comparator group (Figure 1). In participants who received XBB.1.5-adapted
BNT162b2, GMTs at baseline were higher for Omicron BA.2.86 compared to XBB.1.5 and JN.1;
baseline GMTs were also slightly higher in participants >55 years of age compared to those 18-55
years of age for all 3 sublineages. GMTs 1 month after vaccination were higher for XBB.1.5 and
BA.2.86 compared with JN.1. GMFRs from baseline to 1 month after vaccination were higher for
XBB.1.5 (overall GMFR, 7.6 (95% CI, 4.8, 11.9)) than for BA.2.86 (4.8 (3.3, 6.9)) and JN.1 (3.9 (2.9, 5.4)).
Overall GMFRs from baseline to 1 month after vaccination were higher among participants who
received XBB.1.5-adapted BNT162b2 than those who received bivalent BA.4/BA.5-adapted BNT162b2
for XBB.1.5 (7.6 vs 5.6), slightly higher for JN.1 (3.9 vs 3.5), and similar for BA.2.86 (4.8 vs 4.9). In
participants who received XBB.1.5-adapted BNT162b2, postvaccination titers in participants >55
years of age (GMT range, 347-1044) were generally higher compared to those from participants 18-55
years of age (207-543).


https://doi.org/10.20944/preprints202404.1119.v1

Monovalent XBB.1.5

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 April 2024

a XBB.1.5
1855y 266y Total
10,0004 5831112 10,0 (5.1, 18.6) 7848 11.8)
. ’_\ ’_\ ’_\
23
535 1000
£ 2
28
E2 100
e
g
66 384 &7 66T 66 438
10-
Pre  1m Pre  1m Pre  1m
b BA.2.86
1855y 55y Total
10,000 37(22.64) 6.3(37,10.6) 48(3.3,6.8)
. ’_\ ’_\ ’_\
23
535 1000
£ 2
28
E2 100
e
g
167 J 1044 155 T3
10-
Pre  1m Pre  1m Pre  1m
cJN.1
1855y 55y Total
10,000 33(18.57) 47 (35 6.4) 3.0(20,54)
Ee
53 1000
=2
23
EB
Z3s
re
w
207

Pre 1m Pre 1m Pre

5
Bivalent BA.4/BA.5
1855y =55y Total Age group
10,000 58(35.9.4) 55(3.2.0.3) 56(40,7.8) GMFR (85% Cl)
18565y >55y Total Age group
10,0004 48(32.77) 49(20.82) 48(36, 6.8) GMFR (85%CI)
1000 ’—‘ ’—‘ ’—‘
Pre  1m Pre  1m Pre  1m
1855y >5By Total Age group
10,000 322148 3.0 (25, 59) 36(26.48) GMFR (95%CI)
1000
100+
10-

im Pre 1m

Pre  1m Pre

== 1855y (N=19) mmm >55y (N=17) == Total (N=36) mmm 1855y (N=20) mmm >55y(N=19) === Total (N=39)

Figure 1. Serum-neutralizing GMTs (95% Cls) before and 1 month after vaccination with monovalent
XBB.1.5-adapted or bivalent BA.4/BA.5-adapted BNT162b2 30 ug and GMFRs (95% ClIs) from before
to 1 month after vaccination against Omicron XBB.1.5 (a), BA.2.86 (b), and JN.1 (c). Data are from the
evaluable immunogenicity population. Assay results that were less than LLOQ were set to 0.5 times
the LLOQ. Numbers within the bars are GMTs. 1m = 1 month after vaccination; FFRNT = fluorescent
focus reduction neutralization test; GMFR = geometric mean fold rise; GMT = geometric mean titer;
LLOQ = lower limit of quantitation; Pre = before vaccination.

One month after vaccination, the percentages of participants overall with seroresponses in the
XBB.1.5-adapted BNT162b2 group were numerically higher than the corresponding percentages of
participants in the bivalent BA.4/BA.5-adapted BNT162b2 group for XBB.1.5 (69.4% vs 64.1%),
BA.2.86 (61.1% vs 59.0%), and JN.1 (61.1% vs. 46.2%; Figure 2). The percentages of participants with
seroresponses 1 month after XBB.1.5-adapted BNT162b2 were generally similar in 18-55-year-old and
>55-year-old participants for Omicron XBB.1.5 (68.4% and 70.6%, respectively) and JN.1 (57.9% and
64.7%). The percentages of participants with seroresponses to Omicron BA.2.86 were slightly lower
for 18-55-year-olds (52.6%) than for >55-year-olds (70.6%).

doi:10.20944/preprints202404.1119.v1
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Discussion

In this additional exploratory analysis from a phase 2/3 study, the monovalent Omicron XBB.1.5-
adapted BNT162b2 vaccine in baseline-seropositive, vaccine-experienced adults 218 years of age
induced substantial increases in neutralizing responses against Omicron XBB.1.5, BA.2.86, and JN.1.
This subset is considered representative given that seropositivity in the general US population was
over 96% by September 2022 [6]. In the previously published report from this study, the XBB.1.5-
adapted BNT162b2 vaccine induced robust neutralizing responses to Omicron XBB.1.5 and EG.5.1
and slightly lower responses to BA.2.86 at 1 month after vaccination in participants who were positive
for previous SARS-CoV-2 infection at baseline [5]. Similarly, in this additional analysis, the immune
response to BA.2.86 was preserved in a SARS-CoV-2 baseline-positive subset of participants as
previously reported in this subset [5], while the immune response to JN.1 was reduced. Overall JN.1
GMFRs from before to 1 month after receiving XBB.1.5-adapted BNT162b2 were approximately 1.9
and 1.2 times lower for Omicron XBB.1.5 and BA.2.86, respectively. These results are consistent with
the higher potential for immune escape of JN.1 compared to the BA.2.86 and XBB.1.5 sublineages
[3,7]. One month after vaccination, GMTs, GMFRs, and seroresponses were overall numerically
higher for XBB.1.5, BA.2.86, and JN.1 for participants who received XBB.1.5-adapted BNT162b2 than
for those who received bivalent BA.4/BA.5-adapted BNT162b2. The higher neutralizing titers
obtained for JN.1 with XBB.1.5-adapted BNT162b2 is also consistent with immune escape of distant
lineages to vaccine antigens; ie, a closely matched vaccine antigen will likely elicit an improved
neutralizing response, and thus better protection than a mismatched antigen [8]. Although this
analysis was not powered to detect a difference between studies, the results are nevertheless
encouraging.

Emerging immunogenicity and real-world effectiveness data for XBB.1.5-adapted vaccines are
consistent with these observations. Other assessments of neutralizing antibody responses against
BA.2.86 and JN.1 in individuals vaccinated with the XBB.1.5-adapted BNT162b2 or the XBB.1.5-
adapted mRNA-1273 vaccine were found to be comparable or diminished compared to responses
against XBB.1.5 but were nonetheless still potent [9-11]. These findings are also supported by
emerging assessments of vaccine effectiveness against severe disease including hospitalizations,
urgent care or emergency department encounters, and medically attended outpatient COVID-19
following several months of use of XBB.1.5-adapted mRNA vaccines in immunization programs in
Europe and North America [12-15]. Two of these studies, in the Netherlands and Denmark, were
conducted mostly during XBB predominance [13,14], while observations from the other 2 studies,
from the United States and Canada, also included periods of JN.1 predominance [12,15]. Interestingly,
a US study found that after approximately 4 months of use of XBB.1.5-adapted vaccines from
September 2023 to January 2024, vaccine effectiveness against likely JN.1 lineages was 49% compared
with 60% against non-JN.1 lineages with overlapping confidence intervals, thus providing support
for the protection provided by XBB.1.5-adapted vaccines against a breadth of contemporary Omicron
sublineages [16]. In contrast, another US study found that XBB.1.5-adapted vaccines were associated
with a significantly lower risk of COVID-19 before JN.1 became dominant and a lower but
nonsignificant risk after JN.1 predominance with estimated vaccine effectiveness (95% CI) of 42%
(32%, 51%) and 19% (-1%, 35%), for the 2 periods, respectively [17].

Limitations of the current analysis include the short follow-up through 1 month after
vaccination. The exploratory immunogenicity analyses were also conducted in a small subset of
adults >18 years of age who were predominantly White and only from the United States.

In conclusion, these additional immunogenicity data continue to support administration of the
currently recommended XBB.1.5-adapted BNT162b2 vaccine while also highlighting the likely need
to periodically update COVID-19 vaccines to match with circulating SARS-CoV-2 strains.
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