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ABSTRACT

There is a wealth of data suggesting that the effectiveness of existing vaccines against the Omicron variant,
the most mutated SARS-CoV-2 variant to date, has been substantially reduced if only primary vaccination is
administered. Therefore, the effectiveness of booster vaccination against the Omicron variant has become a
topic of current interest. We conducted a comprehensive search in PubMed, Embase, and the Cochrane
Library to collect various pseudovirus neutralization tests or live virus neutralization tests for the Omicron
variant, with serum specimens from booster vaccinees. We extracted neutralization titers for the Omicron
variant, the original strain, and the other variants before and after booster vaccination, and then manually
calculated the fold increase or decrease in neutralization titers for the Omicron variant relative to the other
variants, and the fold increase in neutralization titers for the Omicron variant after booster vaccination
compared with that before booster vaccination. In the two-dose vaccination regimen, the neutralization
titers against the Omicron variant decreased substantially compared to the original strain and other variants.
However, after booster vaccination, both homologous and heterologous booster vaccination, the neutrali-
zation of serum antibodies against the Omicron variant was significantly improved, although still lower than
that of the original strain and other variants. The booster vaccination program based on existing vaccines
can produce broad but incomplete immunity against the Omicron variant.
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Introduction varied in methodology and subject characteristics, they all

With the rapid spread of the Omicron variant (B.1.1.529), the
effectiveness of existing vaccines has once again become the focus
of the world. However, the Omicron variant is far more mutated
than previous variants, potentially giving it an unprecedented
ability to escape immunity and thus making existing vaccines
less effective. As the most mutated syndromic coronavirus 2
(SARS-CoV-2) variant to date, the Omicron variant is known to
contain more than 50 variants, 32 of which are located in the spike
protein."”* As a binding protein in SARS-CoV-2 that recognizes
host cells, the spike protein mediates viral invasion of human cells
and drives the host immune response by binding to the angio-
tensin-converting enzyme 2 (ACE2) receptor.” Therefore, most of
the existing coronavirus disease 2019 (COVID-19) vaccines have
been developed with the spike protein as the primary target.
However, a large number of mutations in the spike protein,
especially in the receptor binding domain (RBD), may not only
increase the binding affinity of the RBD-hACE2 complex signifi-
cantly, but also create an unpredictable immune escape capacity,
making vaccines, especially mRNA vaccines targeting the spike
protein, significantly less effective.

In fact, these are not just speculations obtained through
microstructural studies, but ideas that have been validated in
further serum neutralization tests.*® Although the studies

demonstrated that the various types of COVID-19 vaccines
available were not effective against the Omicron variant if
only the primary vaccination was administered, a finding that
has caused anxiety in the community.

Fortunately, the researchers found that a booster vaccina-
tion program may provide satisfactory protection against the
Omicron variant.>”® In this systematic review, we incorpo-
rated the currently available literature on booster vaccination
against the Omicron variant and summarized the effects of
various regimens on the seroneutralizing effect of the
Omicron variant.

Materials and methods

The systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.’

Search strategy

Using “SARS-CoV-2”, “COVID-19”, “COVID-19 Vaccines”,
“Omicron” and “B.1.1.529” as keywords, we firstly conducted a
comprehensive search in PubMed, Embase, and Cochrane
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Library on 6 January 2022, and then an updated search for newly
published articles on 27 February 2022. The specific search
formula is shown in the Supplementary Material. The reference
lists of relevant reviews were also manually searched for poten-
tially eligible investigations.

Study selection

Studies reporting on neutralizing antibodies against the
Omicron variant were included, regardless of language or pub-
lication status. By using live virus or pseudovirus neutralization
assays, the included studies evaluated the neutralization of the
Omicron variant by serum antibodies and compared neutraliza-
tion titers against the Omicron variant with those of the original
strain or other variants of concern (VOCs), including the Alpha,
Beta, Gamma and Delta variants. Serum samples were obtained
from vaccinees who received a booster vaccination program,
regardless of the type of vaccine received, and there were no
restrictions on their age or sex. If the serum specimens were
from people with a history of prior infection, pregnant women,
patients with cancer, patients on dialysis therapy, and other
immunocompromised population, the trial would be excluded.

The primary outcome indicator was the neutralization of
serum antibodies against the Omicron variant as well as the
original strain or other VOCs, 7 or 14 days after receiving the
booster vaccination regimen. Secondary outcome indicators
included (1) the neutralization of serum antibodies to the
Omicron variant as well as to the ancestral strain or other
VOCs, 7 or 14 days after receiving the primary vaccination
regimen; (2) The folds decrease in neutralization of the
Omicron variant, compared to the ancestral strain or the
Delta variant, after receiving the primary vaccination regimen
or booster vaccination program; (3) The folds increase in the
neutralizing effect of serum antibodies against each variant
after booster, compared to pre-booster vaccination.
Information on more than three variants, or data on the origi-
nal strain and more than two variant should be provided.
Studies not related to the neutralization of Omicron by the
serum would be excluded. Preference was given to serum
neutralization titers after 7 or 14 days post-vaccination. If
data for the two time points of 7 or 14 days after vaccination
were not available, 28 days post-inoculation would be chosen
as the endpoint. If the original study did not provide data for
these three time points, other time points would be arbitrarily
selected as endpoints. Two reviewers independently assessed
the eligibility of studies for inclusion in the systematic review,
and all disagreements would be resolved by discussion or
consultation with a third reviewer.

Data extraction and quality assessment

Based on a pre-developed extraction form in Microsoft Excel
software, two reviewers independently extracted data in duplicate,
including title, first author, year of publication, vaccination pro-
tocol, applied neutralization assay, characteristics of participants,
and outcome indicators with the time point at which they were
collected. If the original article did not provide the required data in
the form we expected, we would calculate them manually based
on the available information. When data were provided in the

form of images only, the two reviewers would perform a critical
evaluation and then discard any unclear information. To avoid
missing information, we attempted to refine the data collection by
reading supplementary materials of the included literature. Due to
time constraints, we did not obtain additional trial details or raw
trial data by contacting the corresponding authors of these articles.
Given that this review was based on laboratory studies and not
population studies, the risk of bias evaluation was not applicable.
If any disagreement was encountered, consensus would be
reached through negotiation or consultation with a third reviewer.

Data analysis

Considering the heterogeneity among studies, it may be not
feasible to directly compare the serum neutralization titers
among studies. Therefore, we mainly determined the effect of
booster vaccination on the Omicron variant indirectly, by
generalizing the fold changed in the neutralization of the
Omicron variant compared to other variants, and increased
Omicron neutralization folds after booster vaccination com-
pared to pre-booster vaccination. If necessary, we would per-
form subgroup analyses based on the type of vaccine, the
vaccination regimen (Homologous and heterologous booster
vaccination programs), and the neutralization assay (Live virus
and pseudovirus neutralization assays).

Result

A total of 1161 documents were retrieved, and 770 documents
remained after removing duplicates. By reading the titles and
abstracts, two reviewers filtered out 584 literatures and included
the remaining 186 in the full-text review. Ultimately, a total of 24
literatures were included in this review.”'°>* During the full-
text review process, 162 articles were excluded for various rea-
sons, mainly including unavailability of full text (n = 2), dupli-
cates (n = 4), irrelevant topics (n = 52), non-laboratory studies (n
= 46), non-compliant serum providers (n = 15), lack of required
data (n = 15), and unclear data provided (n = 2). Non-compliant
serum providers were defined as animals (n = 2), pregnant
women (n = 1), cancer patients (n = 2), patients on hemodialysis
therapy (n = 2), people receiving allogeneic organ transplants (n
= 1), previously infected individuals (n = 2), and vaccine reci-
pients with an unclear history of previous infection (n = 5).
There were 2 publications excluded because of unclear data, as
the neutralization titers for the Omicron variant were only
shown as pictures without specific values. In addition, a total of
13 studies were excluded due to unavailability of comparable
data for other variants and the original strain, although the
researchers discussed the neutralization of the Omicron variant
by the serum after booster vaccination.

In 12 of these 24 literatures, researchers used live virus
neutralization assays,l1’12’16_19‘22‘23‘25‘27‘30‘32 while in the
remaining 12 literatures, pseudotyped virus neutralization
assays were selected.”! %13 1220:212426.28.29.31 A tota] of four
types of COVID-19 vaccines were included in this review,
namely mRNA vaccine (BNT162b2 vaccine and mRNA-1273
vaccine), inactivated vaccine (BBIBP-CorV and CoronaVac),
vector vaccine (ADZ1222 vaccine, Ad26.COV2.S vaccine and
BriLife vaccine), and recombinant protein subunit vaccine



(ZF2001 vaccine). The different types of COVID-19 vaccines
were combined into eight primary vaccination regimens as well
as thirteen booster regimens, seven of which were homologous
(3xBBIBP-CorV, 3xCoronaVac, 3xBNT162b2 vaccine,
3xmRNA-1273 vaccine, 3xADZ1222 vaccine, 3xBriLife vac-
cine, 3xZF2001 vaccine), four of which were heterologous
(BNT162b2 vaccine + CoronaVac + BNT162b2 vaccine,
2xCoronaVac +1xBNT162b2 vaccine, 2xBNT162b2 vaccine
+1xAd26.COV2.S1 vaccine, 2xBBIBP-CorV +1xZF2001 vac-
cine), and two were unknown. All primary vaccination pro-
grams required a double dose, except for the Ad26.COV2.S
vaccination program'* which required only one dose. The
specific screening process and characteristics of the included
studies are shown in Figure 1 and Table 1. Given that all
included studies were in vitro neutralization trials, quality
assessment was not applicable.

All studies demonstrated neutralization of the Omicron
variant, the original strain, or other VOCs before and after
booster vaccination. As shown in Tables 2 and 3, two reviewers
performed independent secondary processing of the data pro-
vided in all articles to obtain the desired multiplicity.

After primary inoculation, the neutralization titer against
the Omicron variant decreased sharply and was lower than that
of the original strain and any of the VOCs (Table 2). Using the
original strain as a control, the neutralization of the Omicron
variant decreased by 1.15 to 109.87-fold, while compared to
Delta, the neutralization titers decreased by 1 to 21.5 fold. The
neutralization of the Omicron variant by serum antibodies was
significantly enhanced in all studies after booster vaccination
(Table 3). The neutralization titers of the Omicron variant

Records identified through database searching (n=1161):
PubMed (n=523), EMBASE (n=637), Cochrane Library
(n=1)
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increased 1.17 to 96.94-fold after booster vaccination com-
pared to pre-booster vaccination. In comparison, the original
strain increased by 1 to 53.83-fold, the Alpha variant by 3.15-
fold, the Beta variant by 2.94 to 119.84-fold, and the Delta
variant by 1.80 to 53.81-fold. In addition, the multiple between
the neutralization titers of the Omicron variant and that of
other strains was significantly reduced, compared to that
before the booster inoculation. After booster vaccination, the
neutralization of the Omicron variant decreased by 2.2 to 26.87
times compared to the original strain, and 0.77 to 15.66 times
compared to the Delta variant. In one study, serum antibodies
neutralized the Omicron variant even more than the Delta
variant.

Live virus and pseudovirus neutralization assays

Based on the specific neutralization assays applied by the
researchers, the subgroup analysis was conducted (Tables 4
and 5). The data showed that the booster vaccination not only
led to a significant increase in neutralization titers against the
Onmicron variant, but also resulted in a reduction in the multiple
between the neutralization titers of the Omicron variant and
other strains, in both the pseudovirus and live virus assay groups.

In the pseudovirus neutralization assay group, booster vac-
cination resulted in 1 to 34-fold, 3.15-fold, 4.72 to 89.22-fold,
1.80 to 42.80-fold, and 4 to 44.99-fold increases in the neutra-
lization titers of the original strain, Alpha variant, Beta variant,
Delta variant, and Omicron variant, respectively. Before boos-
ter vaccination, the neutralizing titer of the Omicron variant
decreased 11.16 to 109.87-fold and 5.81 to 21.5-fold compared

Additional records identified
through other sources(n=0)

\ 4
Records after duplicates removed(n= 770)|

:: 391 duplicates removed

584 records excluded after title/abstract
screen with following reasons:

\ 4

P (1) Unrelated to COVID-19 Vaccines (n=494)
(2) Unrelated to the Omicron variant (n=10)
(3) Non-human studies (n=25)

(4) Review and interview(n=35)

(5) Other irrelevant (n=20)

Full-text articles assessed for eligibility(n=186) |

162 full-text articles excluded with reasons:

Y
Studies included in systematic review (n:24)|

Figure 1. Flow chart of study identification and selection.

| (1) Not retrievable (n=2)

(2) Duplicate (n=4)

(3) Not related to the topic (n=52)

(4) Non-laboratory studies (n=46)

(5) Non-compliant serum providers (n=15)

(6) No required data (n=15)

(7) Unclear data (n=2)

(8) Review, viewpoint, comment, news, interview (n=26)
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Table 4. Increased fold in neutralization after booster compared to pre-booster, with live virus or pseudovirus neutralization assay.

Prototype/D614
Neutralization assay Vaccination program G Alpha Beta Delta Omicron
Pseudovirus neutralization Total t x1-34 t x3.15 1 x4.72-89.22 t x1.80- t x4-44.99
assay 42.80
Inactivated vaccine booster group t x4.24 / t x24.37 t x7.15 t x8.07
mRNA vaccine booster group t x1-8.95 t x3.15 tx472-11.89  tx1.80-9 t X5.90-
44.99
Unknown t x34 / / t x16 t x4
Mixed vaccine booster group (different types of t x21.31 / t x89.22 t x42.80 t x15.87
vaccines)
Live virus neutralization assay Total t x1.85-53.83 / t %2.94- t x2.52- t x1.17-
119.84 53.81 96.94
Inactivated vaccine booster group t x4.32-7.58 / t x2.94 t x2.52- t %1.17-7.33
11.79
mRNA vaccine booster group t x2.49-53.83 / t x5.53- t X7.6-53.81 t X5.47-
119.84 96.94
Viral vector vaccine booster group t x1.85 / / t x2.75 t x2.71
Mixed vaccine booster group (different types of t x18.4-36.1 / t x17.4-21.1 t x27.9-32 t x2-4.76

vaccines)

to the original and Delta strains, while after booster vaccina-
tion, the fold difference between the Omicron variant and the
original and Delta strains was reduced to 2.2 to 15.97-fold and
0.77 to 15.66-fold, respectively.

Using live virus neutralization assay, sera from booster vaccine
recipients showed 1.85- to 53.83-fold, 2.94- to 119.84-fold, 2.52- to
53.81-fold, and 1.17- to 96.94-fold greater neutralization of the
original strain, Beta variant, Delta variant, and Omicron variant,
respectively, compared with sera from primary vaccine recipients.
Before receiving the booster vaccination, the neutralizing effect of
the serum against the Omicron strain decreased by 1.59 to 104.89
and 1.59 to 14.84 times compared to the original strain and the
Delta variant, respectively; after the booster, the fold difference
with the original strain and the Delta variant changed to 2.9 to
26.87 and 2.47 to 13.9 times, respectively.

Homologous and heterologous booster vaccination
programs

Subgroup analysis was performed according to homo- and het-
erozygosity of the booster vaccine (Tables 6 and 7). Both in the
heterologous and homologous booster groups, the third dose of
the vaccine resulted in a substantial increase in the neutralization
of the serum against the Omicron variant. Among those who
received the homologous booster vaccine, the neutralization
titers against the Omicron variant were increased by 1.17 to
96.94-fold, while the original strain, the Alpha variant, the Beta
variant and the Delta variant were increased by 1.85 to 53.83-
fold, 3.15-fold, 2.94 to 119.84-fold and 1.80 to 53.81-fold, respec-
tively. Similarly, neutralization titers against the Omicron var-
iant, the original strain, the Beta variant and the Delta variant
were found to be increased 2 to 15.87-fold, 18.4 to 36.1-fold, 17.4
to 89.22-fold and 27.9 to 42.80-fold, respectively, in the hetero-
logous enhanced inoculation group.

Different types of COVID-19 vaccine

Inactivated vaccine booster group

In the inactivated vaccine group (Tables 8 and 9), serum neutra-
lization of the Omicron variant decreased 1.59 to 68.25-fold and
5.1 to 16.5-fold, respectively, before and after the booster vaccina-
tion, using the original strain as a control. After receiving the third

dose of vaccine, serum neutralization titers against the Omicron
variant increased 1.17 to 8.07-fold in vaccinees, compared to 4.24
to 7.58-fold for the original strain, 2.94 to 24.37-fold for the Beta
variant, and 2.52 to 11.79-fold for the Delta variant. Subgroup
analyses were performed according to specific vaccine types and
neutralization assays. The data showed an 8.07-fold and 1.17 to
7.33-fold increase in neutralization titers for the Omicron variant
in the BBIBP-CorV homologous booster and CoronaVac homo-
logous booster groups, as well as a 1.17 to 7.33-fold and an 8.07-
fold increase in neutralization titers against the Omicron variant in
the live virus and pseudovirus neutralization groups, respectively.

mRNA vaccine booster group

In the mRNA vaccine group (Tables 8 and 9), neutralization
titers against the Omicron variant increased 5.47 to 96.94-fold
after booster, compared with a 1 to 53.83-fold increase for the
original strain, a 3.15-fold increase for the Alpha variant, a 4.72
to 119.84-fold increase for the Beta variant, and a 1.80 to 53.81-
fold increase for the Delta variant. For vaccinees who received a
double dose of mRNA vaccine, the neutralization of serum
antibodies against the Omicron variant decreased by 4 to
109.87-fold if the original strain was used as a control, and by
2.64 to 17.44-fold with the Delta variant as the control. After
receiving the booster vaccine, the fold difference between
Omicron variant and other strains was significantly reduced.
The neutralization of Omicron variant by serum antibodies
was reduced by 2.2 to 26.87-fold and 0.77 to 11.79-fold when
the original and Delta strains were used as controls,
respectively.

Subgroup analysis was performed according to different
vaccine types. The data showed that after the third dose of
BNT162b2 homologous vaccine, neutralization titers increased
5.53 to 96.94-fold for the Omicron variant, while 2.3 to
53.83-fold, 4.72 to 119.84-fold, and 4.63 to 53.81-fold for
the original strain, Beta variant, and Delta variant, respec-
tively. Before and after booster inoculation, the neutraliza-
tion titers against Omicron decreased 4 to 104.89-fold and
2.2 to 26.87-fold, respectively, compared to the original
strain. For mRNA-1273 homologous booster vaccine reci-
pients, the booster sera showed 24.07- to 32.29-fold, 1.86-
to 2.80-fold, and 7.48- to 9.85-fold increases in neutraliza-
tion titers against the Omicron variant, the original strain,
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Table 5. Fold decrease in neutralization compared to Prototype/D614 G or other variant, with live virus or pseudovirus neutralization assay.

Alpha Vs. Beta Vs. Delta Vs. Omicron Vs.

Neutralization Number of Prototype/ Prototype/ Prototypen/ Prototype/D614

assay Vaccination program vaccine doses D614 G D614 G D614 G G Omicron Vs. Delta

Pseudovirus Total 2 I X1.19-1.65 | x2.83-16.32 | x1.37-6.97 I x11.16- | X5.81-21.5
neutralization 109.87
assay 3 | x0.66-1.42 | x0.86-8.97 | x0.75-9.23 | x2.2-15.97 | X0.77-15.66

Inactivated vaccine booster 2 | X1.65 1 X7.62-13.65 | x1.92-3.17 | x11.16-68.25 | X5.81-21.5
group 3 113 I 1.32-22 | X1.14-1.7 | X5.1-5.86 | X3.05-5.15
mRNA vaccine booster group 2 I X1.19 | x2.83-1632 | x1.37-6.97 | x18.38- | X10.43-17.44

109.87
3 | x1.42 | x1.3-8.97 | X0.89-9.23 | x2.2-15.97 | X0.77-11.79
Recombinant protein subunit 3 | X0.66-0.8 | X0.86-1.8 | x0.75-1 | X3.1-10.6 | X4.13-10.16
vaccine booster group
Mixed vaccine booster group 3 / I X1.63-1.82 | x0.96-1.45 | X2.47-14.98 | X1.71-15.66
(different types of vaccines)

Live virus Total 2 / | X1.07-13.04 I x1-7.2 | X1.59-104.89 | X1.59-14.84
neutralization 3 / I X1-15 | X0.76-7.5 | X2.9-26.87 | X2.47-13.9
assay Inactivated vaccine booster 2 / 1 X1.26 I X1-5.1 | X1.59-16.0 | X1.59-3.14

group 3 / | x1.85 I x1.72-3.3 | x5.88-16.5 | X3.43-5.05
mRNA vaccine booster group 2 / I X1.07-13.04 | x1.52-7.2 | X4-104.89 | X2.64-14.84
3 / | x1.3-15 I x1.5-7.5 | x4-26.87 | X2.67-6.67
Viral vector vaccine booster 2 / / 1 X5.20 | X18.57 | x3.57
group 3 / / I X1.2-3.51 1 X2.9-12.7 | X2.47-3.6
Recombinant protein subunit 3 / / / / /
vaccine booster group
Mixed vaccine booster group 3 / I X1-2.37 1 X0.76-2.1 | X6.7-10.6 | X6.72-13.9

(different types of vaccines)

and the Beta variant, respectively. Before and after booster
vaccination, the neutralization of the Omicron variant by
serum antibodies decreased 42.6 to 84-fold and 4.2 to 16.7-
fold, respectively, when the original strain was used as a
control. In the mRNA-1273/BNT162b2 homologous booster
group, the third dose of vaccine resulted in a 26.27- to
44.99-fold, 3.76- to 6.54-fold, and 1.80- to 4.94-fold
increase in neutralization titers against the Omicron var-
iant, the original strain, and the Delta variant, respectively.
Before and after the booster, serum neutralization against
the Omicron variant was respectively reduced by 22.88 to
109.87-fold and 3.28 to 15.97-fold compared to the original
strain.

Subgroup analysis based on different neutralization assays
showed that the neutralization titers of the Omicron variant
increased by 5.90 to 44.99-fold and 5.47 to 96.94-fold, respec-
tively, in the pseudovirus and live virus neutralization assay
groups. Boosted vaccination resulted in a reduction in the fold
difference between the Omicron variant and the other strains, in
both the live virus and pseudovirus neutralization assay groups.

Viral vector vaccine booster group

In the vector vaccine group (Tables 8 and 9), the neutralization
titers increased 2.71-fold against the Omicron variant, 1.85-
fold against the original strain, and 2.75-fold against the Delta
variant after booster vaccination compared to before booster
vaccination. Before and after booster vaccination, the neutra-
lization of serum antibodies against Omicron decreased 18.57-
fold and 2.9 to 12.7-fold, respectively, with the original strain as
a control. Similarly, further specific analyses were performed
for different types of vector vaccines and neutralization assays.
In the ADZ1222 homologous booster group and the BriLife
homologous booster group, serum neutralization to the
Omicron variant was reduced by a factor of 12.7 and 2.9 in

booster vaccinees, respectively, relative to the original strain.
There was no available pseudovirus neutralization test in the
vector vaccine group.

Recombinant protein subunit vaccine booster group

For vaccinees who received the homologous recombinant pro-
tein subunit booster vaccination, the serum antibodies were 3.1
to 10.6-fold and 4.13 to 10.16-fold less neutralizing to the
Omicron variant compared to the original strain and the
Delta variant, respectively (Tables 8 and 9).

Mixed vaccine booster group

In addition, in the combination vaccination group (Tables 8
and 9), serum neutralization titers against the Omicron variant
increased by 2 to 15.87-fold after booster vaccination com-
pared with those before booster vaccination, while those
against the original strain, Beta variant and Delta variant
increased by 18.4 to 36.1-fold, 17.4 to 89.22-fold and 27.9 to
42.80-fold, respectively. The neutralization titers of the
Omicron variant increased by 2 to 4.76 and 15.87-fold using
live virus and pseudovirus neutralization assays, respectively.

Discussion

The neutralizing effect of serum antibodies against the Omicron
variant after booster vaccination was indirectly assessed, by pool-
ing the fold decrease in neutralizing titers against the Omicron
variant compared to other strains after primary and booster vac-
cination, as well as the fold increase in neutralizing titers against
various strains after booster compared to before booster vaccina-
tion. Pooling the available evidence, we found that primary vacci-
nation regimens showed a precipitous decrease in neutralizing
titers against the Omicron variant, regardless of the type of
COVID-19 vaccine administrated, while booster vaccination did
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Table 6. Increased fold in neutralization after homologous booster vaccination compared to pre-booster vaccination.

Prototype/

Primary vaccination

Omicron
t x1.17-

Delta
1 %1.80-53.81

Beta
1 x2.94-

Alpha
1t x3.15

D614 G
t x1.85-53.83

group
/

Booster vaccination group
/

Vaccination program
Total

Homologous booster

Y. DU ET AL.

96.94
t x8.07
+ x1.17-

119.84
t x24.37

vaccination program

t x7.15
1 %2.52-11.79

/
/

t x4.24
1 x4.32-7.58

2xBBIBP-CorV

3xBBIBP-CorV

BBIBP-CorV homologous booster group

t x2.94

2xCoronaVac

3xCoronaVac

CoronaVac homologous booster group

7.33
t x5.53-

t x4.63-53.81

/ t x4.72-

t x2.3-53.83

2xBNT162b2

3xBNT162b2

BNT162b2 homologous booster group

96.94
1 x24.07-

119.84
t x7.48-

/

t x1.86-2.80

2xXmRNA-1273

3xXmRNA-1273

mRNA-1273 homologous booster group

32.29
t x26.27-

9.85
t x7.45-

t x1.80-4.94

t x3.15

t X3.76-6.54

2xXmRNA-1273/

3xmRNA-1273/3xBNT162b2

mRNA-1273/BNT162b2 homologous booster group

44.99
t x2.71

11.89

2XBNT162b2
2xADZ1222

t x2.75
t %27.9-42.80

t x1.85
t x18.4-36.1

3xADZ1222

Viral vector vaccine homologous booster group

Total

t x2-

t x17.4-

/

Heterologous booster

15.87
1 x15.87

89.22
1 x89.22
1 x21.1

vaccination program

t x42.80
t x27.9

/
/

t x21.31
1 x18.4

2xBBIBP-CorV

2xBBIBP-CorV +1xZF2001
BNT162b2+CoronaVac+BNT162b2

Mixed vaccine heterologous booster group (different

t x2

BNT162b2

types of vaccines)

+CoronaVac
2xCoronaVac

t x4.76
+ x4-27

t x32

t x17.4

/
/

t x36.1

2xCoronaVac +1xBNT162b2

t x3-16

t x5.53-

t x1-34

Total

Unknown

t x5.47-

} x553- 1 x3-9

/

t x1-3

2xmRNA

3xmRNA

mRNA booster group

7.2

t x4

t x16

/

t x34

1xAd26.COV2.S

1xAd26.COV2.S + 1xAd26.COV2.5/

Viral vector/mRNA booster group

1XmRNA -12732

provide good protection against the Omicron variant. After boos-
ter vaccination, the Omicron variant neutralization titer increased
significantly, and the fold difference between it and other variants
was significantly reduced, regardless of the type of vaccine admi-
nistered, the homology of the booster regimen performed, and the
method of neutralization assay used, suggesting that booster vac-
cination improves not only the level of serum neutralizing anti-
bodies, but also the breadth of the neutralizing response.

Notably, in one study,'” the neutralizing effect of serum
antibodies against the Omicron variant even exceeded that
against the Delta variant. In this trial,' the researchers found
that after receiving the primary vaccination, the serum titer
against Omicron (NT50 121) was much lower than that of the
Delta strain (NT50 1354). However, after receiving the boos-
ter vaccination, the rise in neutralizing titers against the
Omicron variant was much higher (26.27-fold increase)
than the Delta strain (1.80-fold increase). After primary vac-
cination, the neutralization of serum antibodies against the
Omicron and Delta variants respectively decreased by 22.88-
fold and 2.05-fold, compared to the original strain. After the
third dose of vaccine, the fold difference between the neutra-
lizing titers against Omicron and the original strain was
reduced to 3.28 fold, while those against the Delta variant
and the original strain was increased to 4.28 fold. These data
again suggest that booster vaccination can significantly
increase the titer and breadth of neutralizing antibodies,
especially against the Omicron variant. However, the result
that serum neutralization against the Omicron variant
exceeded that of the Delta variant after booster vaccination
should be viewed with caution. After all, the immune escape
capacity of the Omicron variant is far superior to all previous
variants, including the Delta variant, both theoretically and
from the extensive information available. Furthermore, of the
24 included neutralization trials, only in this one did the
researchers report this surprising result, and the statistical
power of this trial was limited by the small sample size.
Therefore, the contingency of this result should be carefully
considered.

However, overall, even with booster injections, the neutraliza-
tion of the Omicron variant in vaccinees remained generally lower
than that of the original strain and other variants, suggesting that
the immunity produced by the existing booster regimen against
the Omicron variant is incomplete. Relevant data showed that
neutralization against the Omicron variant by three doses of
vaccine was comparable to that against the original strain after a
double-dose regimen.>” There were also disseminated case reports
from around the world that complete protection against the
Omicron variant is not guaranteed even after receiving booster
shots.”® Fortunately, 80% of the epitopes that mediate T-cell
immunity in spiking proteins are affected to a limited extent, and
vaccine recipients retained the vast majority of their CD4+ and
CD8+ T-cell responses to the Omicron variant.>**3¢ Recently, the
UK Health Security Agency (UKHSA) provided data on the
protective efficacy of booster vaccination in the real world, where
protection against hospitalization and death was maintained at
97-99% with a third dose of vaccine, in the presence of a co-
prevalence of Delta and Omicron dual variants, suggesting that
booster vaccination remains important for the prevention of ser-
ious illness.””



HUMAN VACCINES & IMMUNOTHERAPEUTICS €2062983-13

/ 1-8'8% 1t (4281 14498 / (VNYwXE) €
/ 0€—-€97% 1} TLX 142581 / (VNYWX7) T dnolb 1935000 YNYW umouyun
(100Z4ZX 1+ dnoib
99°GLX 4 86'7LX 1} 96°0% 1 [4: 4R} / M0D-dg19gx2)€e 191500¢ sN060j0I333Y LOOTAZX L+ AI0D-dgI9gxT
(1S'ZTAOD dnoub 115009
LLLX} LYTX StLX ¢t €9'LX 1t / 9TPYXL + ZAZILINGXT)E snob0joIR13Y LSTAOD9TPYXL + TATILINGXT
(¢99LINgXL+
TL9X } 0£'8-L'9% } L'Z-6TLX ¢ LETX / JBARUOIODXT)E dnoub 4335004
LX ¢ €LL-GLLX ?} €G-GLLX?t €oL-GL'LX ¢ 9TX ¢t (5eABUOIODXT) T snobo|01a13Y 7qz9LLNGX L+ JeARUOIODXT
(z9z9LINg+
6'€LX ¢ 901Xt 90X ¢ LX 4 / Je/\RUOIOD+ZqZILING)E dnoib 1s3500q
R} SLLX } SLLX 4 SLLX ¢ / (oeARU0IOD+ZATILING)T snobo|01333Yy 7qz9LINg+IeARUOIOD+ZTILING
996l
SLLLX 86'7L-LY'TX L'T-9L°0% 4 LET-1X Y / € wesBoid uoneundeA
X} €LL-SLLX } €6-GLLX } €0L-GLLX } 97X ¢ z [e3o] 1315004 sn06o|0Ia1aH
910l dnoJb 4335009 snobojowoy
—€L'pX t 90L-LeX ¢t 1-G£°0X } 8'1-98°0% ¢t 8'0-99°0% t (Looz4zx€) € 3UPdeA JUNgNS UIjoId JURUIqIOIRY
9€ex } LTLX LGEX / / (zzzizavxe) €
LGEX 1} LS'8LX } 075X ¢ / / (czeizavxo) ¢ dnoib 1915009 snobojowoy zzzLzay
[VTX 67X ¢ TIX} / / (471gxeE) € dnoub 133s00q snobojowoy 3yg
€Ll (Z9T9LINgXE
=LL0X } L6°'G1-8TEX } €C6-8TYX 1 L6'8—0C°TX ¢t wixt J€LTL-YNYWIXE) €
9,61 (2az9LINgXT dnoib
—6LLLX ¢ £8'601-88°CCX } £6'9-S0°TX 1t TE9L-SEYX 1} 6LLX ¢ JELTL-YNYWIXT)T 191500¢ snobojowoy zqz9LING/ELTL-YNYW
/ L91L-TyX ¢t / y=97X t / (ELTL-YNYwIXE) €
/ ¥8-9'TX t / 9EL-T6X 1 / (€£T1-YNYWXT) T dnolb 1915009 snobojowoy €/ L-yYNHW
611
-8ETxX t £8°9C-CTTX 1} SL=680X 1 SL=ELX} / (C9z9LINgXE) €
Ll
—$9TX t 68'70L—¥X ¢ LOL-LELX } YO'EL-LO'LX } / (2az9LINgXT) T dnoib 1915009 snobojowoy zqz9LINg
(JBARUOIODXE dnoib
S0'EX 1t L'GX 4 L%} Xt €1X 1 /M0D-dgd19gx€) € 191500¢ snobojowoy deA\RU0IOD/AI0D-ddI9g
S0'S
—€reExX G'91-88'GX t €E-TLIX Y S8'LX 1t / (oeARUOIODXE) €
4%
-65°1X 4 09L-65 L% 1} 1'6-1LX ¢ 9T'LX 4} / (oeARU0IODXT) T dnoub Ja3500q snobojowoy depRU0IOD)
SLGgx ¢ 98'G-CT’SX ¢t PLLX b 4N / (M0D-dg199%€) €
S'le
-18'6gX t ST'89-9L'LLX } LUE-T6'LX } SOEL-CoLX ¢t SO'LX ¢ (M0D-dg9199%T) T dnoub 1315009 snobojowoy AI0D-ddIgd
611
=LL0X } £8'9T-TTX ¢t €C'6-SL0X t G1-98'0X t r'1-99°0X ¢t €
gLz weJlboid uoneudea
-65°LX ¢ £8'60L-65"LX 1} L0°L-LX} CE9L-LOLX ¢t SOL-6LLX ¢ 4 |elol 191500q SNobojOWOH
e12q D 190 D190 D $19Q D190 SISOP UIDIBA JO JqWINN weiboid uoneupdep
'sp uondiwQ  /adAioloid 'sp uoniwO /uadAiolold s eyag  /2dA10joid 'sp e1eg  /adA1oroid ‘s eydjy

"JueleA J3Y10 J0 D 19(/2dA10301d 03 pasedwiod uoneuIRA SNOHOJOWOY J3)je UOIIeZI[RIINSU Ul 3SB3I23P Plo4 *L d|qel



125 9Lx | / / PEX | Kesse uolez|[eIIN3U SNIIAOPNISY

(STAOD9ZPYXL
2% 9Lx | / / PeEX | 'SA ZELTL- YNYWXL/STAOD'9ZPYXL + STAOD'9ZPYX L) dnoib 131500¢ SN0G0|0Ia1aY BUIDIRA J01IBA [RIIA umouxyun
[43 L'9¢
97X | -6°LTX ) LLTVLLX / —'8LX | Kesse UO0[1ezZ||_JINAU SNJIA 9AIT
[8'SLX | 08'ThX | 7T68X | / LE1ex | Kesse uol1ez||eiInNau SNIIAOPNISY
9LyX | [42. 3 VLLX / 1'9€X | (2BARUOIODXT "SA ZTAZILINGX L+ DBARUOIODXT
[y 6'LTX L'tex / 78Lx | JBA\RUOIOD+ZATZILLNG "SA TATILLNG+IBARUOIOD+ZAZILLING) SUIDIBA YNYW+3UIDIBA Pa1RAIDRU|
L8'GLX | 08'Ctrx | esx | / LE'lex | (MOD-dgIggXT "SA LOOTAZX L+ AI0D-dgI9gXT) BUDIRA JUNQNS UIR104d JURUIGUIOIDY+IUIDIBA P3jeAI}dRU|
08¢y [441} 1'9¢ (saumden jo sadAy
L8GL-TX | —6'LTX | VLX) / -7'8LX | |exo| 1ua1ay41p) dnoib 191500q BUIdIBA PAXIN
127X SLTX | / / G8'LX | Kesse uO[1eZI[eIINAU SNUIA JAIT
Ve SLTX | / / SgLX | (ZTT1ZAVXT 'sA Tzz1Zayxe) dnoib 1915000 SNoHOjOWOY SUIDIRA J0IIIA [RIIA
LLex SLTX / / G8'LX | |exo] dnoub 193500q dUIPIBA JOIIA [BIIA
¥6'96 18€S ¥8'6L1L £8'€S
AR —9'/X | —€5°6X | / —6¥'TX | Kesse uo[1ezI[eIINdU SNUIA JAIT
6677 68°LL
-06'6% | 6-08°LX | A2 SLIEX |  96'8-LX | Kesse uol1ez||eiINau SNIIAOPNISY
LT-1¥'SX | 6-€X | TL-€56% | / €-1X | (YNHWXZ SA YNYwx€) dnoib 131500q YNYW
6677 6’y 68°LL 59 (z9T9LINgXxT
=LT9TX | -08'LX | =SyX sLrex -9L'¢X | JELTL-YNYWXT "SA 7AT9LINGXE/ELTL-YNYWXE) dnoib 1335004 snobojowoy zqz9LING/ELTL-YNYW
6C°CE 08'C
—L0VTX | / G8'6-87'/LX | / —98'LX | (E£T1-YNYWXT 'SA £/71-¥NYwxeg) dnoub 1335004 snobojowoy €/ L-YNYW
696 18'€S ¥8'6L1L £8'€S
—€9'6X | —€9vx | —CLYX / —€TX (T9T9LINGXT "sA 7qz9LINgXe) dnoib 133s00q snobojowoy Zqz9LINg
¥6'96 18'€S ¥8'6L1
-/¥'SX | -08'LX |} A2 GL'EX | €8€5-IX | |elo| dnoib 133500q duIRA YNYW
€eL 6/°LL 85,
=LULX ALY X / -TErX | Kesse U0[1ez||eJINdU SNJIA 9AIT
L0'8X | SLLX LEVTX / 17429 Kesse uol1ez||eiinau SNIIAOPNISY
€€L 6L°LL 85,
AN -75°TX Y6'TX | / 4229 (0BARUO0IODXT “SA JBARUOIODXE) dNOIb 193500 snobojowoy dJepeU0I0)
08X | SLLX LEYTX | / Yoyx | (MOD-dg198XT "SA AM0D-ddIgaxe) dnoib 4a1sooq snobojowoy AI0D-dglgd
L0'8 6L°LL LEVT 89,
ANEY! -75°TX 67X | / —TrX | |elo| dnoJb 431500q 3dUIPILA PIIRAIIIRU|
uoniwQ el2q e13g eydly 5 ¥l9d Kesse uopezijesanaN/weiboid uoneudep SaUIDIRA JO SadAL
/3df103014

*sdnoJB aupdeA JUSISYIP Ul 191500g-21d 0} paiedwod 191S00q Ja}e UOIILZ|[RIIN3U U] PO} paseasdu] ‘g 3|qe]

_
<
—
w
>
)
>

€2062983-14



HUMAN VACCINES & IMMUNOTHERAPEUTICS €2062983-15

(panunuod)

9E-LYTX } LTL-6'TX ¢} LG'e-TLX } / / €
LGEX 4 £S8LX 4 075X} / / C Kesse uol1ezI|eIINdU SNUIA JAIT
[YTX } 67X} TIX / / (a4171gxE) € dnoub 4915000 snobojowoy uiddeA 41Hg
9'ex t LTIX Y LGex ¢ / / (cTzizavxe) €
L57EX Y £58LX 1} 07'Sx 1 / / (ceizavxao) ¢ dnoub s33s00q snobojowoy sudeA ZzZLZay
9E-LYTX } LTL-6'TX LGE-TLX ?} / / €
[GEX 4 £5°8L% 1} 0TSX ¢ / / T |elo] dnoib 191500q dUIPIRA J0IIIA [RIIA
99
=L9TX ¢t L8'9C-VX 1} GL=GLX} SL=gLX t / €
8L
-v9TX t 68'70L-¥X 4 LTS IX YO'EL-L0"LX ¢ / C Aesse uoneziennau snJIA 3A1
6L'LL
=LL0% ¢t L6°SL-TTX t €6-68°0X ¢ L6'8-€LX } WXt €
Ll
—€voLX t £8'601-8E8LX 1 L6'9—LELX ¢} TE9L-€8TX ¢} 6L°LX 4 C Kesse uoleziesinau snIAOPNISY
/ ¥1-8'8X t 429 yTxt / (VNYWXE) €
/ 0€-€'97X 1} TLX ¥'6X 4 / (VNYwixz) T dnoib 133500q YNYW
€L (Z9T9LINgXE
=LL0X ¢t L6'G1-8T°EX } €T6-8CYX 1} L6'8-00°TX t WXt JELTL-YNHWXE) €
9L'5L (zaz9LINgxT dnoib
“6LLLX ¢ £8'601-88°CCX t £6'9-S0°TX ¢} TE9L-GEYX t 6L'Lx 1t JELTL-YNYWIXT) T 1335004 snobojowoy 7qz9LING/ELTL-VNYW
/ L9L-TyX ¢ / y-97x ¢t / (ELT1-YNYWIXE) €
/ ¥8-9TyX 1 / 9EL-T6X ¢ / (ELTL-YNYWIXT) T dnoub Ja3s00q snobojowoy £/Z1-YNyw
6L'LL
-8ETxX t £8°9C-TTX ¢t S'L-68°0X 1} SL=gLX t / (C9T9LINGXE) €
Ll
-v9TX t 68'70L-¥X 4 LO07L-LELX} YOEL-L0"LX ¢ / (C99LINGXT) T dnoub a1s00q snobojowoy zqz9LINg
6L'LL
=LL0X ¢} £[8°9C-TTX } €76-68°0X 1 SL-gLX t wixt €
Ll
-Y9TX t L8'60L-¥X 4 TL-LE1X} CE9L-LOLX } 6L°LX 4 C |elo] dnoub 4335009 BUIIRA YNYW
S0'S
—€rext G'91-88'6X t €E-CL XY S8'LX b / €
1453
-65'LX ¢ 09L-65'L% 1 1'G-LX ¢ 9T’ LX 4 / C Kesse UO[1eZ|[eIINBU SNIIA JAIT
Sl
-50°ex ¢ 98'G-1'9X ¢ L-pLIX ¢t el €Lt €
Sl
-18'6X ¢t ST'89-9L°LLX ¢ LUE-T6'LX ¢ SOEL-T9LX } So'LX ?t 4 Kesse uolez||esInau sNIAOPNSSH
(oeARUOIO)XE dnoib
So'ex ¢ 16X ¢ L1X} Xt €Lt /N0D-ddI99X%€) € 1315004 snofojowoy >eABUOI0D/AI0D-dgI9d
S0'S
—erext G'91-88'GX t €E-TL XY S8'LX b / (deAeUOIODXE) €
1453
-65° 1% t 091L-651% 1 1'G—1X 4 9T L% 1} / (>eARUOIODXT) T dnoub 133500q snobojowoy dep\ruU0I0)
GLex ¢ 98'G-TTSX ¢ PLULXt [43R) / (M0D-dgi1gaxe) €
Sl
-18'ex ¢ ST89-9L°LLX } LLE-T6LX t S9EL-T9LX } SoLX ¢ (M0D-dg199%T) T dnoub 4335009 snobojowoy AI0D-dgIgd
SL'S
-50°exX ¢ S9L-L'6X } €e-PLIX [A4rd N €Ixt €
Sl
-65° L% ¢ ST'89-65°LX ¢t L'G—-LX } S9EL-9T'LX } So'LX ¢ C |exol dnolb 191500q duPdRA paleAiIdey|
eyeq 9 190/2df103014 o $19a/uad£io3o0id D $19d D $19Q/2dA101014  S3SOP SUIDIEA JO JqUINN Kesse uoriezijesnan/weiboid uoryeuddep SaUIDIRA JO SadA|
'S\ uonIWO S\ uonIWO ‘SA @9 /2dA101014 "SA e19g 'sA eydly

sdnoib aupdea JuaIajlp ul JueleA Jaylo 10 H v—oo\wabouo\_n_ 0} _owhmo_rCOu uoljezjjesinau ul aseaid9p pP|o4 ‘6 d|qel



€2062983-16 Y. DU ET AL.

6'€l

—CL9X ¢ 90L-£'9% } L'T-9L°0% 1 LET-LX Y / € Aesse uopezijesinau sniIA 3AI
9961
YA 86VL-LYTX ¢ S'1-96'0X ¢ BL-€9LX } / € Kesse uonezijenau sNIAOPNISH
(L00T4ZX 1+ dnoub 43315004
99G1x ¢ 861X 1 96'0% ¢ wixt / MOD-d8199%7) € snobojoIa1aY L00T4ZX L+ MOD-daIgaxT
(1S'ZTNOD dnoub 1335004
LLLxt Ly'TX t SYLX ¢ €oLXt / "9ZPYXL + ZAZILINGXT) € SnobojosRldYy LSTAOD9ZPYXL + ZAZILINGXT
(zqz9LINgX L+
TL9% 1} 0L'8-L9% } L'T-6T 1% ¢ LETX} / JBARUOIODXT) € dnoub 133500q
LX 4 €LL-GLLX } €6-GLLX ¢ €0L-SLLX ¢ 97X 4 (3eARU0IODXT) T snob0|04a13Y Zqz9LINGX L+ JeARUOIODXT
(zqz9LINg+
6'ELX ¢ 90LX ¢ 9/°0X ¢ LX 4 / JBABUOI0D+ZAZILING) € dnoib 1915007 snobojoiaivy
R} SLULX ¢ SLLX 4 SLLX 4 / (oeABU0I0D+ZqTILING) T CqZ9L1INg+2eARUOIOD+CATILING
9961
VAR 86VL-LV'TX } 1'C-9L70% t LET-LX Y / € (saumden jo sadAy
LX 4 CLL-SLLX 4 €6-GLLX ¢ €0L-GLLX ¢ 97X 1 I4 |e10] juasayip) dnoib 191500q duIdIEA PIXI
/ / / / / € Aesse uollez|[eIIN3U SNIIA DAIT
aLoL
—€1pX ¢ 90L-1'€X } 1-GL0X 1 8'1-98°0X% 1 8'0-99'0% 4 € Kesse uOI1eZI|IINBU SNIIAOPNASY
Lol dnoub 43350049 snobojowoy
—EL'pX ¢ 90L-L'ex } L=GL'0X ¢ 8'1-98°0% t 8'0-99°0% 1t (L00T4ZX€) € 3uUdeA JUNQNS ul2304d JUBUIqUWOdRY
aLol dnoub 1335004
—€1pX ¢ 90L-L"EX } 1-GL0X 4 8'1-98°0X% 1 8'0-99'0% 4 € |e10] 3udeA JUNgNS Uld30id JUeUIqUIOIDY
e)9q D 19Q/2df10l0ld D t19Qg/uadfiolold D¥19d D $19Q/2dA101014  SISOP dUIIIEA JO JIqUINN Kesse uonezijesnaN/wesboid uoneuddep SaUIDeA JO SadAL
'S\ uonIWO ‘SA\ uonIWQO ‘SA B3 /2dK1010.14 *SA BIDg 'sA eydly

“(Panunuo)) 6 djqeL



Four different types of COVID-19 vaccines were included in
our review, and overall, the mRNA vaccines, especially the
mRNA-1273 vaccine, were highly effective against the
Omicron variant, which is largely consistent with previous
findings.”®*” Furthermore, heterologous booster vaccination
regimens did not appear to be inferior to the homologous
booster vaccination regimens in our review. In fact, in
resource-limited areas, heterologous vaccination is often an
unavoidable option.*” Currently, there are significant gaps in
research on the efficacy and safety of heterologous vaccination
programs, but this may be a very promising vaccination pro-
gram. If the best combination of vaccines can be found,*' per-
haps a heterologous vaccination regimen will bring unexpectedly
good results, even surpassing those of homologous vaccination.
In addition, mixing different types of vaccines may significantly
increase the level of multifunctional T cells, which is also of
special interest for the prevention of severe diseases.*?

There are some limitations in this review. First of all, as all
included were laboratory studies, there was no suitable scale to
assess the quality of the literature. However, a large number of
non-peer-reviewed preprints was included, and most of the
included trials were small sample size studies, which introduced
large fluctuations to the data and affected the reliability of the
results. Nevertheless, the literature we included showed a rela-
tively high consistency in confirming the neutralizing effect of the
serum against the Omicron variant and other variants after
booster vaccination, which to some extent suggests that the
results we obtained are not coincidental. Furthermore, there
were significant differences among studies in terms of study
population, study methods, timing of serum collection, and out-
come indicators. To minimize heterogeneity among studies, we
strictly regulated inclusion criteria and excluded trials with
immunocompromised and previously infected populations as
serum suppliers. To improve the comparability of data among
groups, we excluded studies without three or more virulent
strains and avoided direct comparison of virus neutralization
titers across studies by converting the values of neutralization
titers to multiples. Besides, detailed subgroup analyses were taken
according to the type of vaccine, vaccination regimen, and neu-
tralization assay. Nevertheless, the impact of these factors on our
results was unavoidable. Moreover, the included studies were in
vitro neutralization trials, and data from real-world populations
are still vacant. In addition, this review focuses on neutralizing
antibody titers, while T-cell immune potency was not assessed.

Conclusion

Opverall, this review confirms the protective effect of booster vacci-
nation against the Omicron variant, although the protection is not
complete. However, given the limitations, the results of this review
should be viewed with caution. In the face of constantly mutating
SARS-CoV-2, stacking neutralizing antibody levels may be a quick
and effective but clumsy way. Anyway, the development of a new
specific vaccine against a variant or with broad-spectrum proper-
ties must be on the agenda as soon as possible, but until then,
booster vaccination may become a powerful tool to protect
ourselves.
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