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Immunogenicity of BA.5 Bivalent mRNA Vaccine Boosters

TO THE EDITOR: Waning immunity after messen-
ger RNA (mRNA) vaccination and the emergence
of variants of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) have led to reduced
mRNA vaccine efficacy against symptomatic in-
fection and severe disease.” Bivalent mRNA
boosters (manufactured by Pfizer-BioNTech and
Moderna) expressing the spike protein of the
B.1.1.529 (omicron) BA.5 sublineage and the an-
cestral WA1/2020 strain have been developed
because BA.5 substantially evades neutralizing
antibodies.> However, the immunogenicity of
the BA.5-containing bivalent mRNA boosters
remains unknown.

We evaluated immune responses in 15 par-
ticipants who had received the original monova-
lent mRNA boosters and in 18 participants who
had received the bivalent mRNA boosters of the
two vaccines (Table S1 in the Supplementary Ap-
pendix, available with the full text of this letter
at NEJM.org). The participants received a medi-
an of three doses of vaccine against SARS-CoV-2,
and 33% had documentation of SARS-CoV-2 in-
fection during the omicron surge, although it is
likely that the majority of the participants had
hybrid immunity before boosting, given the high
incidence of BA.5 infection during the summer
and fall of 2022. Both the monovalent and biva-
lent mRNA boosters led to preferential expan-
sion of WA1/2020 neutralizing antibody titers
and lower BA.5 neutralizing antibody titers
(Fig. 1A and 1B and Fig. S1). The median BA.5
neutralizing antibody titer increased from 184 to
2829 after monovalent mRNA boosting and
from 211 to 3693 after bivalent mRNA boosting.
Binding antibody responses were similar after
monovalent and bivalent mRNA boosting by
enzyme-linked immunosorbent and electrochemi-
luminescence assays (Fig. S2 and S3).
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Spike-specific CD8+ and CD4+ T-cell respons-
es increased modestly after monovalent and bi-
valent mRNA boosting. The median BA.5 CD8+
T-cell response increased from 0.027% to 0.048%
after monovalent mRNA boosting and from
0.024% to 0.046% after bivalent mRNA boosting
(Fig. 1C and 1D). The median BA.5 CD4+ T-cell
response increased from 0.060% to 0.130% after
monovalent mRNA boosting and from 0.051% to
0.072% after bivalent mRNA boosting (Fig. 1E
and 1F). The median BA.5 memory B-cell re-
sponse was 0.079% after monovalent mRNA
boosting and 0.091% after bivalent mRNA
boosting (Fig. S4).

Our data indicate that both monovalent and
bivalent mRNA boosters markedly increased
antibody responses but did not substantially
augment T-cell responses. Neutralizing antibody
titers against the ancestral strain of SARS-CoV-2
were higher than titers against BA.5 after both
monovalent and bivalent boosting. The median
BA.5 neutralizing antibody titer was similar af-
ter monovalent and bivalent mRNA boosting,
with a modest trend favoring the bivalent boost-
er by a factor of 1.3. It is possible that larger
studies may show a greater between-group dif-
ference, but any such comparative studies be-
tween monovalent and bivalent mRNA boosters
would need to enroll the two cohorts within the
same time frame and after the BA.5 surge, be-
cause negative results on nucleocapsid serologic
analysis would not exclude all infected partici-
pants. These data are consistent with the modest
benefits observed with a BA.l-containing biva-
lent mRNA booster.* Our findings suggest that
immune imprinting by previous antigenic expo-
sure’ may pose a greater challenge than is cur-
rently appreciated for inducing robust immunity
against SARS-CoV-2 variants.
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A Neutralizing Antibody Response Elicited by Monovalent

B Neutralizing Antibody Response Elicited by Bivalent
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Figure 1 (facing page). Neutralizing Antibody and T-Cell
Responses after Monovalent or Bivalent mRNA Boosting.

Shown are the results of luciferase-based pseudovirus
neutralization assays among participants who received
booster doses of either monovalent (Panel A) or biva-
lent (Panel B) mRNA vaccines. Also shown are spike-
specific CD8+ T-cell responses on intracellular cyto-
kine staining assays among participants who received
booster doses of either monovalent (Panel C) or biva-
lent (Panel D) mRNA vaccines, along with correspond-
ing CD4+ T-cell responses with the two types of vaccines
(Panels E and F). Responses were measured against
the ancestral strain of SARS-CoV-2 (WA1/2020) and
against omicron sublineages BA.1, BA.2, and BA.5.
Red horizontal bars indicate median values, as shown
above the data points. The values above the brackets
are the numerical factor differences in the response
against the BA.5 variant after boosting as compared
with the response before boosting (upper brackets)
and the factor differences after boosting for the response
against the ancestral strain as compared with the re-
sponse against the BA.5 sublineage (lower brackets).
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