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LETTER TO EDITOR

Immunological evaluation of an mRNA vaccine booster in
individuals fully immunized with an inactivated
SARS-CoV-2 vaccine

Dear Editor,
More than 5.75million deaths and 396.55million cases of

coronavirus disease 2019 (COVID-19) have been reported,
including those caused by at least five variants of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).1
This situation has caused public concern about the effec-
tiveness of immune responses to emerging variants elicited
by boosters of different vaccines in previously immunized
populations.2,3 Our study, based on a cohort immunized
with two doses of the inactivated vaccine and boosted
with the messenger RNA (mRNA) vaccine at an inter-
val of 6 months, investigates immunity of heterologous
vaccination. The inactivated and mRNA vaccines used in
this study were developed based upon the sequence of the
Wuhan strain.4,5 In total, 288 healthy adult volunteerswere
immunized with an inactivated vaccine (150 U/dose) at
an interval of 14 days; neutralizing antibodies were iden-
tified as having a geometric mean titer (GMT) of 2.1 and
as negative in 52% of this population at 6 months after
full immunization. Among them, 118 and 97 immunized
subjects were boosted with the inactivated (150 U/dose) or
mRNA (25 μg/dose) vaccine, and 73 immunized subjects
were monitored as non-boosted controls. The average ages
of the three groups were 43.04 ± 13.05, 31.86 ± 7.62 and
30.05 ± 7.03 years, respectively (Table S1). Immunologi-
cal observation was until day 180 post-boost, which was
available for 60, 61 and 68 subjects in the inactivated vac-
cine boost, mRNA vaccine boost and nonboosted groups,
respectively (Figure S1). Antibody assays performed at days
14 and 180 post-boost showed GMTs of 829 and 455 on
days 14 and 180, respectively, against the Wuhan strain
in the mRNA boost group, in comparison to GMTs of 39
and 19, respectively, in the inactivated vaccine boost group
(Figure 1). Binding antibody titers reached 71864 and 29675
and 3162 and 1993 on days 14 and 180, respectively, in the
mRNA and inactivated vaccine boost groups (Figure 1).
Further cross-neutralization for the B.1.617.2 and B.1.1.529
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strains suggested that sera from the mRNA vaccine boost
group possess a strong neutralizing antibody titer against
the B.1.617.2 strain, with GMTs reaching 540 and 335 at
days 14 and 180 post-boost, respectively. The data are close
to those against the Wuhan strain; sera showed GMTs of
108 and 33 against the B.1.1.529 strain at the same times
(Figure 2). Analysis of dynamic variation of these neutral-
izing antibodies against variants in 17 subjects from the
three groups suggested that non-boosted individuals dis-
played a continuous decline in neutralizing antibodies dur-
ing the study to titers of 1 (Figure 3) and that the inactivated
vaccine- and mRNA vaccine-boosted groups presented a
tendency to decline from high levels (Figure 3). How-
ever, there was distinct differential variation in the neu-
tralizing antibody titer in the inactivated vaccine-boosted
and mRNA vaccine-boosted groups. The antibody titer in
individuals boosted by the mRNA vaccine showed only a
slight decline and even remained stable in one individual
(Figure 3), whereas the titer variation among those boosted
by the inactivated vaccine presented the same slope as
those of the non-boosted group. Importantly, these tenden-
cies were similar among antibodies against the Wuhan,
B.1.617.2 and B.1.1.529 strains (Figure 3). These data high-
light a possible vaccine strategy that might achieve an
increased antibody response against current variants in
inactivated vaccine-immunized individuals with mRNA
vaccine booster immunization that might be capable of
maintaining effective immunity for at least 6 months,
enhancing confidence in the defence against the COVID-
19 pandemic, even though the immunological mechanism
underlying this phenomenon is currently unclear.
The S protein-specific T cell response assay using viral

receptor-binding domain (RBD) peptides with specific
mutations identified in the B.1.1.7, B.1.617, B.1.617.2, B.1.351,
B.1.1.529.BA.1 andWuhan strains suggest higher spot num-
bers for the wild-type RBD of the S protein than for the
RBDs derived from the variants at day 28 post-boost in
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F IGURE 1 Production of antibodies against the Wuhan strain and binding antibodies was induced in all individuals immunized. (A)
Neutralizing antibodies against the Wuhan strain at 14 and 180 days after booster immunization. (B) Binding antibodies (IgG) against the S1
protein at 14 and 180 days after booster immunization. A non-boosted group, an inactivated vaccine-boosted group and an mRNA
vaccine-boosted group were included. GMT denotes the geometric mean titers of the antibody. *.01 < p < .05; **.001 < p < .01; ***p < .001;
****p < .0001; GMT, geometric mean titer; ns, not significant. *Significant when compared between groups

F IGURE 2 Cross-neutralizing antibodies against the B.1.617.2 and B.1.1.529 strains in randomly selected immunized individuals. (A)
Neutralizing antibodies against the B.1.617.2 and B.1.1.529 strains at 14 days after booster immunization. (B) Neutralizing antibodies against the
B.1.617.2 and B.1.1.529 strains at 180 days after booster immunization. GMT denotes the geometric mean titers of the antibody.*.01 < p < .05;
**.001 < p < .01; ***p < .001; ****p < .0001; GMT, geometric mean titer; ns, not significant. *Significant if compared between groups

individuals boosted with the mRNA vaccine (Figure 4A).
However, spot counting in the assay at day 180 post-boost
indicated similar effective T cell responses against the RBD
peptide with themutations of B.1.1.529.BA.1 in comparison
to those against RBD peptides with characterized muta-
tions of previous variants (Figure 4B). These results sug-
gest that activated immune memory is definite in indi-
viduals primarily immunized with an inactivated vaccine
and boosted with an mRNA vaccine. According to clini-
cal monitoring for 28 days after boosting, mild (grade 1)
to moderate (grade 2) pain, redness, swelling and pruri-
tus at the injection site were reported as the main local

adverse events over 7 days. Approximately 26 subjects
reported severe pain (Table S2). Transient fatigue was the
most common systemic event, with 21% of the participants
in this group reporting this adverse event. Nine subjects
reported transient fever (grade 2) with general weakness
or headache. The incidence rate of adverse reactions in the
mRNA group was obviously lower than the rates reported
in clinical studies of other mRNA vaccines.6
Clinical trials of inactivated vaccines report antigen-

specific humoural and cellular immune responses and pro-
tective efficacy against pandemics caused by the Wuhan
strain.7,8 However, subsequent studies on the duration of
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F IGURE 3 Dynamic alteration of neutralizing antibodies
against the Wuhan, B.1.617.2 and B.1.1.529 strains in the same
individuals. A non-boosted group (n = 6), an inactivated
vaccine-boosted group (n = 5) and an mRNA vaccine-boosted
group (n = 6) were included

F IGURE 4 Antigen-specific effective T cell responses (IFN-γ ELISpot) against several RBD proteins in randomly selected immunized
individuals. IFN-γ-positive effective T cell responses against the wild-type RBD peptide of Wuhan strain, an RBD peptide containing the
N501Y mutation of B.1.1.7, an RBD peptide containing the L452R and E484Q mutations of B.1.617, an RBD peptide containing the L452R and
T478K mutations of B.1.617.2, an RBD peptide containing the K417N, E484K and N501Y mutations of B.1.351, an RBD peptide containing the
G339D, S371L, S373P, S375F, K417N, N440K, G446S, S477N,T478K, E484A, Q493R, G496S, Q498R, N501Y and Y505H mutations of
B.1.1.529.BA.1 strain in different groups. (A) IFN-γ-positive effective T cell responses against different mutant proteins at 28 days after booster
immunization. (B) IFN-γ-positive effective T cell responses against different mutant proteins at 180 days after booster immunization.
*.01 < p < .05; **.001 < p < .01; ***p < .001; ****p < .0001; IFN, interferon; ns, not significant; RBD, receptor-binding domain

immunity elicited by the vaccine against theWuhan strain
and other variants indicate dramatic declines in neutraliz-
ing and binding antibody titers, suggesting that a booster
vaccination is needed to maintain neutralizing antibod-
ies in this vaccinated population.9 In this study, a dose
of 25 μg of mRNA vaccine as a clinical-stage product was
used for booster immunization in individuals previously
immunized with an inactivated vaccine, eliciting robust
enhancement of antigen-specific antibody titers and cellu-
lar immune responses, which is similar to the data that het-
erologous boosting is associatedwithmore robust immune

responses than homologous boosting.10 Indeed, they were
substantially greater than those achieved with booster
immunizationwith the inactivated vaccine in our previous
work and, importantly, also exhibited cross-reactivity with
an antigen carrying themutations of the delta and omicron
variants, showing not only positive specific effective T cell
responses against S antigens with various mutations but
also high neutralizing antibody titers against the B.1.617.2
and B.1.1.529 and Wuhan strains.
In conclusion, all of these data support the conclusion

that boosting previously inactivated vaccine-immunized
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individuals with an mRNA vaccine is a promising strategy
for increasing population-level immunity against the ris-
ing pandemic caused by variants.
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SUPPORT ING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.
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