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Abstract: Background/Objectives: Co-administration of BNT162b2 with licensed seasonal
influenza vaccines (SIVs) is recommended by health authorities. We provide a compre-
hensive summary of the data supporting this practice in adults. Methods: This systematic
review consolidates available evidence on the prevalence, safety, immunogenicity, effi-
cacy, and effectiveness of co-administering BNT162b2 and SIVs. Searches were conducted
for English studies in adults > 18 years of age between January 2021 and August 2024,
with no geographic restriction. Study quality was assessed using Cochrane RoB 2.0 and
the Newcastle-Ottawa Scale. Results: Twenty studies (15 observational and 5 clinical
trials) were included, mainly conducted in seven countries in Europe and North America.
Eight observational studies reported prevalence, twelve reported safety/reactogenicity,
six reported immunogenicity, and three evaluated efficacy/effectiveness. Reported co-
administration of BNT162b2 vaccines with SIVs increased over time. Of persons receiving
BNT162b2, the proportion that reported co-administered SIVs increased from 2.7% in 2021
to 34.1% in 2023. Although variability in outcomes was observed, no consistent pattern
indicating a negative impact on immunogenicity from same-day co-administration was
identified. Effectiveness was not observed to change when BNT162B2 was co-administered
with SIVs. The incidence of systemic and local adverse events was comparable between
individuals receiving the vaccines separately and those receiving them co-administered.
Conclusions: The findings from this review indicate that the co-administration of BNT162B2
with SIVs is both safe and effective. This highlights the value of co-administration, which
could enhance vaccine uptake by streamlining immunization protocols and reducing
health visits.

Keywords: BNT162b2; influenza vaccination; COVID-19 vaccine; co-administration;
immunogenicity; vaccine safety efficacy; effectiveness; public health; vaccination strategies

1. Introduction

The administration of multiple vaccines in one medical visit (herein referred to as
“co-administration”) is a well-established practice and is recognized as an effective and
economical approach to increase immunization rates in pediatric and travel medicine
settings [1]. This practice, however, remains underutilized in adults, where suboptimal
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immunization rates are frequently associated with missed opportunities to vaccinate [2,3].
Health professionals are encouraged to implement co-administration to enhance vaccine
coverage and streamline healthcare delivery, especially for seasonal vaccines [1,4].

Given the ongoing burden of respiratory pathogens, particularly influenza, and
COVID-19, there is an increasing focus on optimizing adult vaccination strategies [5]. In-
fluenza alone continues to affect up to 1 billion individuals globally in an average year [6,7],
with respiratory-related fatalities estimated at 290,000 to 650,000 annually [6,8]. Meanwhile,
the World Health Organization (WHO) has documented over 775 million confirmed cases
of COVID-19 [9] and more than 7 million COVID-19-related deaths globally [10] between
the start of the pandemic in 2020 and May 2024. Although COVID-19 continues to circulate
globally, COVID-19 vaccination has saved upwards of 20 million lives worldwide [11],
underscoring the critical role of widespread immunization. As a result, health authorities
in multiple countries now recommend the co-administration of COVID-19 vaccines with
influenza vaccines (IV), among others, to enhance vaccine coverage in adults and provide
concurrent protection against these high-burden respiratory diseases [12,13].

Despite these recommendations, the scientific literature has yet to fully summarize
the clinical and real-world evidence on the co-administration of the COVID-19 vaccine
BNT162b2 with seasonal influenza vaccines (SIVs) in adults. Existing reviews are either
not systematic [1] or provide some insights but are not comprehensive in that they (a) only
include literature published before 25 April 2022, (b) exclude real-world evidence studies,
and (c) do not include data on the prevalence of co-administration [11]. The aim of this
systematic literature review (SLR) was to identify and synthesize the evidence regarding
the prevalence and outcomes of co-administration, specifically the available evidence on
the immunogenicity, efficacy, effectiveness, and safety (including reactogenicity) of co-
administration—defined as the administration of the BNT162b2 and SIVs on the same day
or during the same medical/pharmacy visit—in both clinical and real-world settings in
adults 18 years of age and older. Results from this SLR can inform vaccination strategies
by providing evidence on the safety and immunogenicity of co-administering COVID-
19 vaccines and IV, potentially supporting policies aimed at optimizing immunization
programs.

2. Materials and Methods

The SLR was conducted in accordance with the Cochrane Handbook for Systematic
Reviews of Interventions [14] and the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines [15] with regard to the methods used to search, identify,
review, and summarize the available evidence.

2.1. Search Methods and Data Sources

Systematic searches were conducted on 7 August 2024 via OvidSP in MEDLINE, Em-
base, Cochrane Central Register of Controlled Trials (CENTRAL), and Cochrane Database
of Systematic Reviews using a combination of medical subject heading and free-text terms
to identify relevant randomized controlled trials (RCTs) and real-world evidence (RWE)
studies published since 1 January 2021. Database searches were supplemented by a review
of abstracts from relevant scientific conferences (2021-2024), including the European Society
of Clinical Microbiology and Infectious Diseases (ESCMID) Global (formerly known as
ECCMID), Options for the Control of Influenza organized by the International Society for
Influenza and other Respiratory Virus Diseases (ISIRV) and European Scientific Working
Group on Influenza (ESWI).
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2.2. Screening

Eligibility for inclusion was determined using prespecified populations, interventions,
comparisons, outcomes, and study design (PICOS) inclusion/exclusion criteria (Table 1).
All abstracts and subsequent full texts were screened against prespecified eligibility criteria
by two independent investigators, and disagreements were resolved through discussion
and consensus or by a third investigator. Studies included in this systematic review focused
on study populations 18 years of age and older, including high-risk groups for influenza and
COVID-19, who received both COVID-19 vaccines and IV (defined as co-administration).
Subgroups of interest were categorized by age: 18-49, 50-64, and 65 years and older.
Studies involving individuals under 18 or those without reported COVID-19 or influenza

vaccinations were excluded.

Table 1. PICOS eligibility criteria.

Domain Inclusion Criteria Exclusion Criteria
N . : o
General popglatlon = 18 years of age, including h1gh r.1$k Population < 18 years of age
groups (for either/or influenza and COVID-19), receiving Studies based on the seneral
. COVID-19 and influenza vaccinations . . &
Population population with no reported

Population subgroups of interest include ages 18-49, 50-64,
and >65 years, and other age groups reported in the
literature

COVID-19 or flu vaccination
Age information not available

Intervention **

To inform the efficacy, effectiveness, safety, and
immunogenicity outcomes, co-administration of BNT162b2
(any formulation, including original monovalent, bivalent,
and XBB.1.5-adapted) and any type of SIV (and valency,
including both TIV and QIV) will be defined as on the
same medical /pharmacy visit or day

To inform the prevalence of administration,
co-administration will first be defined as vaccines of
interest administered within 3 months of each other with
or without any third vaccine (e.g., pneumococcal

vaccine, RSV)

For all outcomes, booster refers to any BNT162b2
vaccination other than the primary two-dose series

COVID-19 vaccines other than
BNT162b2

Co-administration of BNT162b2 with
no vaccine against influenza @
Vaccines where the time interval
between co-administration is not
reported

Comparator

Any other approved vaccine (e.g., BNT162b2 or other
COVID-19 vaccination alone, SIV alone, RSV vaccine alone)
No vaccination or no recent vaccination

None required (for non-vaccine efficacy/effectiveness
evidence)

NA

Outcomes

Outcomes including

Prevalence:

Prevalence of co-administration by time interval
Factors influencing co-administration, if reported (e.g.,
public health guidelines, vaccine availability, healthcare
provider recommendation)

Efficacy/Effectiveness:

o SIV:

Influenza-like infection (ILI)

Influenza-related medical encounters (including outpatient,
urgent care, and ER visits)

Laboratory-confirmed influenza cases with associated ILI
Hospitalizations for influenza

Publications that do not report on at
least one of the outcomes listed in the
inclusion criteria
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Table 1. Cont.

Domain

Inclusion Criteria

Exclusion Criteria

Influenza-related ICU admission

Influenza-related mortality

Hospitalization for pneumonia

Influenza-related medical encounters (including outpatient,
urgent care, and ER visits)

e BNT162b2 vaccine:

Laboratory-confirmed SARS-CoV-2 infection (regardless of
presence of symptoms)

Laboratory-confirmed symptomatic COVID-19
Laboratory-confirmed severe COVID-19
Laboratory-confirmed critical COVID-19
COVID-19-like infection

COVID-19-related medical encounters (including
outpatient, urgent care, and ER visits
COVID-19-related Hospitalizations
COVID-19-related mortality
COVID-19-related ICU admission
Hospitalization for pneumonia
Immunogenicity:

Seroconversion

Seroprotection

GMTs for HI

GMCs for anti-spike antibodies

Cell-mediated immunity

Safety /Reactogenicity:

Total AEs

Total SAEs

Total grade 3+ treatment-related AEs

Total AESIs

Any SAEs leading to hospitalization
Cardioembolic events

Injection site reaction

Study Design

Clinical trials phases 1-3 (randomized /non-randomized)
Post-hoc analysis of trials

Pooled analysis of trials

Observational studies, including prospective/retrospective
cohort studies, case—control studies (including case-only
designs), ecological studies

SLRs/MA P
Pharmacodynamic/pharmacokinetic
studies

Genetic studies or cellular/molecular
studies

Trials without results

Trial protocols

Case reports, case studies, or case
series

Narrative reviews

Editorials, theses, dissertations, book
chapters, news articles

Publication
Type

Full-text publications, including preprints posted within 6
months of the search date

Conference abstracts

Conference posters/presentations (where available)
Letters to the editor, comments, commentaries

Preprints older than 6 months ¢

Publication
Dates

2021-7 August 2024

Publications indexed before 1
January 2021
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Table 1. Cont.
Domain Inclusion Criteria Exclusion Criteria
Language English language Non-English-language publications
Geography No geographic limits Not applicable

2 Interventions that involve the co-administration of BNT162b2 with any other approved vaccine were tagged.
b The relevant analyses/reviews identified in the database searches were used only for bibliography checking;
however, to avoid potential double-counting of data, they were not formally included in the SLR. € A date limit was
used to restrict the inclusion of preprints into the literature review. All preprints were flagged as such in the study
listing, with any older than 6 months excluded. ** Studies that involve co-administration of IV with COVID-19
vaccines other than BNT162B2 were flagged. Abbreviations: AE = adverse event; AESI = adverse event of special
interest; AR = adverse reaction; ER = emergency room; GMC = geometric mean concentrations; GMT = geometric
mean titer; HI = hemagglutinin inhibition; ICU = intensive care unit; ILI = influenza-like infection; MA = meta-
analysis; PICOS = population, interventions, comparisons, outcomes, and study design; QIV = quadrivalent
influenza vaccine; RCT = randomized controlled trial; RQ = research question; RSV = respiratory syncytial virus;
SAE = serious adverse event; SIV = seasonal influenza vaccine; SLR = systematic literature review; TIV = trivalent
influenza vaccine.

The interventions focused on the co-administration of BNT162b2 (in various formula-
tions) and any type of IV, defined as being administered during the same medical visit or
within 3 months of each other (for prevalence studies only). Studies involving COVID-19
vaccines other than BNT162b2 or those without SIV co-administration were excluded.

Comparators included any other approved vaccines administered alone, no vacci-
nation, or no vaccination during that season. Outcomes assessed included the preva-
lence of co-administration, efficacy/effectiveness of the vaccines, immunogenicity, and
safety/reactogenicity. Publications that did not report at least one of these outcomes
were excluded.

Included studies were clinical trials (phases 1-3), post-hoc analyses, pooled analyses,
and observational studies. Excluded were SLRs, pharmacodynamic/pharmacokinetic
studies, genetic studies, trials without results, case reports, narrative reviews, and editorials.
Only full-text publications, conference abstracts, and letters to the editor published from
2021 onwards in English were considered, with no geographic limits. Preprints older than
6 months were excluded.

All relevant data from the accepted studies were extracted into a prespecified data
extraction form by a single investigator and validated by a second investigator. Data
were extracted as reported in the studies, with no digitization or calculations. The quality
assessment of the included RCTs was conducted using the Cochrane Risk-of-Bias (RoB)
assessment tool 2.0. The risk of bias in each of the five domains was classified into three
categories (low, some concerns, high), and an overall score was assigned following the
algorithm guidance of the RoB 2.0 tool [16]. The quality assessment of the included
observational studies and non-randomized trials was conducted using the Newcastle—
Ottawa Scale [17].

3. Results

A total of 1169 records were initially identified through database searches, of which
904 unique references were screened at the abstract level after the removal of duplicates.
Fifty-nine were retrieved for assessment at the full-text level, twenty-three of which were
included in the SLR. One additional publication was identified from the gray literature
searches, bringing the final total to 24 publications included in the SLR, reporting on 20
unique studies (Figure 1).
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Database Searches

2
o - .
E Rec:rd; 'de“tli'?(;érom' Grey literature searches:
o mbase (n = ) Duplicate records removed before Conference abstracts (n = 668)
= MEDLINE (n =307) . - "
= screening (n = 265) Citation chasing (n = 3)
= CENTRAL (n = 74) Clinical tri -
2 N inical trials (n = 45)
Z CDSR (n =0)
=
Records screened at title/abstract Records excluded based on title/abstract l
level (n =904) screening (n = 845)
l L Records sought for retrieval (n =7) '—vl\ Records not retrieved (n =3) |
Records sought for retrieval Records not retrieved (n = 0)
(n=59)
2
s }
Ia:-' FuII—text_ r.er?r?rds assessed for > Full-text records excluded (n=36): ‘ Ful\—text.re.:ch.rds assessed for Full-text records excluded:
9 eligibility (n = 59) Publication type or study design not of eligibility (n = 4) Interventions / comparators not of
interest (n =3) interest (n =2)
Outcomes not of interst (n = 8) Duplicate (n=1)
Interventions / comparators not of
interest (n = 18)
Population not of interest (n = 2)
Duplicate - pre-print (n=5)
[a]
i}
=]
2
—
5 Records included in SLR (n = 24)

Unique studies (n =20)

Figure 1. PRISMA Diagram. Abbreviations: CDSR = Cochrane Database of Systematic Reviews;
CENTRAL = Cochrane Central Register of Controlled Trials; PRISMA = Preferred Reporting Items
for Systematic Reviews and Meta-Analyses; SLR = systematic literature review.

3.1. Study Characteristics

Of the 20 included studies, most were observational in design (n = 15, 75.0%) [18-32],
with 4 randomized clinical trials (20.0%) [33-36] and 1 non-randomized trial (5.0%) [37].
Most of the studies were conducted in Europe (n = 9, 45.0%) and North America (n = 6,
30%), with 10% conducted in Asia (n = 2), 10% in Oceania (n = 2), and 5% multinational
(n = 1). Study sample sizes ranged from 64 [19] to 9,040,176 subjects [25], with follow-up
durations ranging from 2 [26] to 280 days [29].

Eight observational studies reported prevalence [21-25,27,28,30], twelve reported
safety /reactogenicity [19,20,22,26,29,31-35], six reported immunogenicity [18,20,31-34],
and three evaluated efficacy/effectiveness [27,29,37]. Randomized clinical trials focused
on safety/reactogenicity (n = 4) [33-36] and immunogenicity (n = 3) [33-35]. The single
non-randomized trial [37] reported on both safety/reactogenicity, efficacy/effectiveness,
and immunogenicity (Appendix A Table A1). The study period was detailed in 85.0% of
the studies (n = 17), ranging from April 2021 [34] to February 2023 [25] (Figure 2).

Four RCTs [33-36] were assessed using the Cochrane RoB tool. Of these studies,
two [34,35] were identified as having a low risk of bias, and two [33,36] were assessed as
having some concerns, namely related to deviations from intended intervention domains
and measurement of the outcome (Appendix A Table A2). As the Cochrane RoB tool is
designed only for RCTs, the non-randomized clinical trial and remaining observational
studies [18-32,37] were assessed using the Newcastle-Ottawa Scale. In the Selection
domain, 81% of studies scored 3 points, whereas in the Comparability domain, 88% of
studies scored 0 points. Furthermore, in the Outcome domain, 94% of the studies scored 3
points. Overall, the total scores ranged from 6 to 7 points, indicating good quality across
the studies (Appendix A Table A3).
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Lazarus 2021
Moro 2023
Hause 2022
Harris 2024
Dulfer 2023
Moscara 2023
Kim 2023
Radner 2023
Ramsay 2023
Aydillo 2024
Murdoch 2023
McGrath 2023
Lu 2024
Kenigsberg 2023
Gonen 2023
Pascucci 2023
Choi 2023

wemm RCTs

2022 2023
2021 RWE

Figure 2. Study periods in the included studies. Abbreviations: RCT = randomized controlled trial;
RWE = real-world evidence [18,20-25,27-31,33-37].

3.2. Prevalence of Co-Administration

Eight unique studies, reported across ten publications, reported data on the prevalence
of co-administration [21-25,27,28,30,38,39], including 67% from the US (n = 6) [21-25,27],
22% from Italy (n = 2) [30,38], and 11% from South Korea (n = 1) [24]. One study was
reported in two publications [30,38]. The study periods ranged from July 2021 [28] to Febru-
ary 2023 [25]. In total, the majority of included studies reported co-administration on the
same day or during the same visit (n = 8, 89%); only one study reported that the BNT162b2
booster (“booster” refers to any BNT162b2 vaccination other than the primary two-dose
series) was administered 1 week after seasonal influenza vaccine (SIV) administration [24].
Five studies focused on the BNT162b2 monovalent booster [21,22,24,28,38], whereas four
studies reported on the BNT162b2 bivalent BA.4/5 booster [23,25,27,30]. Eight of these
nine studies reported details on the IV, including 33% for recombinant vaccines, adjuvanted
vaccines, standard-dose vaccines, and cell-based vaccines, and 22% for live-attenuated
vaccines and high-dose vaccines. Regarding valence, eight of the studies included quadri-
valent vaccines [21-25,27,28,30], and one study included trivalent vaccines [21] (Figure 3,
Appendix A Table Al).

Among the general population, the proportion of persons receiving BNT162b2 booster
who also reported receiving a co-administered SIV from 2021 to 2023 ranged from 2.7%
between 1 July 2021 and 30 June 2022 [28] to 24.8% between 31 August 2022 and 31
December 2022 [23], calculated among individuals receiving COVID-19 boosters. One
study reported co-administration of an SIV and BNT162B2 with a third vaccine (either
an adjuvanted vaccine against herpes zoster, a conjugate pneumococcal vaccine, or a
polysaccharide pneumococcal vaccine) [27].

Among adults aged 65 years or older, the proportion receiving co-administered
BNT162b2 and SIV ranged from approximately 6.8% [21] to 34% (between 31 August 2022
and January/February 2023, respectively) [25]. One study reported the co-administration
of an SIV and BNT162B2 with a pneumococcal vaccine [25]. In the studies on older adults,
SIV received included high- or standard-dose SIV (not further specified) [26], high-dose
adjuvanted quadrivalent Fluzone or Fluad [30,40], and quadrivalent vaccines (the list in-
cludes Flublok, Fluzone, Fluad, Flucelvax, or FluMist) [32]. It should be noted that the
live-attenuated IV is currently indicated for individuals aged 2—49 years.

Additionally, three studies reported data on the prevalence of co-administration of
the BNT162b2 booster with SIV, specifically in healthcare workers [24,30,38,41]. From
2021 to 2023, 15.4% (between 2021 and 2023 [38]) to 39.9% (between 18 October 2022 and
29 October 2022) of healthcare workers in the included studies received the two vaccines at
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General

>65 years of age Population

HCW

the same time [24]. The frequency of co-administration tended to increase over time in the
general population and adults aged 65 years or older. One study conducted in Italy among
healthcare workers reported on factors influencing co-administration. All personnel were
offered vaccination by the hospital’s hygiene unit from 6 October 2022 to 22 December 2022.
Co-administration of both the influenza and anti-SARS-CoV-2 vaccines was encouraged to
increase compliance among healthcare workers [30]. No studies reported the prevalence of
co-administration in any other specific risk groups or other special populations.

Moro, 2023~ (US-Period: 1 July 2021 —30 June 2022)* | 2.7%
Hause, 2022” (US—Period: 22 September 2021 —1 May 2022)* 6.3%
McGrath, 20237 (US—Period: 31 August 2022 — 30 January 2023)* 11.2%
Kenigsberg, 202377 (US—Period: 31 August 2022 — 31 December 2022)* 24.8%

Harris, 2024 (US— Period: 1 September 2021 — 30 November 2021) 7.9%
McGrath, 20232/ (US—Period: 31 August 2022 — 30 January 2023)* 6.8%
Harris, 2024” (US- Period: 1 September 2022 — 30 November 2022)* 22.7%
Lu, 202477 (US— Period: 31 August 2022 — 4 February 2023)* 34.1%

Beccia, 2023" (Italy—Period: 2021-2023)* 15.4%
Pascucci, 202374 (ltaly — Period: 2021-2023)* 22.4%
Beccia, 20237 (Italy — Period: 2022-2023)* 15.5%
Kim, 2023 (South Korea— Period: 18 October 2022 — 29 October 2022)** 39.9%
2021 2022

Year of Evaluation

Figure 3. Prevalence of co-administration in RWE. Abbreviations: HCW = healthcare workers,
US = United States; " original monovalent; ** bivalent BA.5; * same day/same visit; ** BNT162b2
booster was subsequently administered 1 week later [21-25,27,28,30,38].

3.3. Immunogenicity of Same-Day Co-Administration
3.3.1. Seroconversion and Seroprotection

Seroconversion rates of anti-S immunoglobulin (Ig)G 21 or 28 days after vaccination
were reported in three studies [33,34,37]. None of the studies reported seroprotection
against SARS-CoV-2.

In one study, the same-day co-administration of BNT162b2 with 1IV4 resulted in higher
anti-S seroconversion rates in healthy adults compared to sequential administration. At
21 days, co-administration of the BNT162b2 second dose with quadrivalent recombinant
influenza vaccine (QIVr) showed an anti-S IgG seroconversion rate of 72%, compared with
61% for BNT162b2 second dose followed by QIVr 21 days later [34]. Similar results were
observed with the BNT162b2 monovalent booster and 1IV4 at 21 days (83.8% vs. 73%) [33]
and with the BNT162b2 bivalent BA.4/5 booster and 11V4 at 28 days (24.7% vs. 16.9%) [37].

Seroconversion rates against influenza A (A/HIN1 and A/H3N2) and B strains
(B/Victoria, B/ Yamagata, B/Phuket, and B/ Australia) 21-, 28-, or 31- days post-vaccination
were reported in four studies [18,33,34,37], with three also reporting on seroprotection
(Appendix A Figures Al and A2). Seroconversion rates against various influenza strains
varied from 0% to 72%. At 21 days post-vaccination, co-administration of the BNT162b2
second dose and QIVr showed higher seroconversion rates compared to sequential admin-
istration with QIVr, QIVc, or IIV3 [34]. Similar results were observed at 28 days with the
BNT162b2 bivalent BA.4/5 booster and 1IV4 [37]. In contrast, at 28 days, co-administration
of the BNT162b2 monovalent booster and I1IV4 showed lower seroconversion rates com-
pared to sequential administration [35]. Slightly lower rates were observed with the
co-administration of the BNT162b2 monovalent or bivalent BA.4/5 booster and quadriva-
lent non-adjuvanted inactivated vaccine (NAIIV4; different arm) compared with NAIIV4
alone [18].

The seroprotection was defined as a hemagglutination inhibition (HI) titer of >40,
as determined by the HI assay [18,35,37]. Seroconversion rate against influenza strain A
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(A/HIN1 and A/H3N2) and B (B/Victoria, B/Yamagata, B/Phuket, and B/Australia)
strains at 31 days was generally lower with co-administration of the BNT162b2 mono-
valent booster and 1IV4 compared to sequential administration 28-42 days later, except
for B/Phuket, which showed higher rates in the co-administration group [35]. Similar
results were observed at 28 days with the BNT162b2 bivalent BA.4/5 booster and 11V4
compared to the BNT162b2 bivalent BA.4/5 booster followed by 1IV4 21 days later, except
for A/HIN1 [37]. Conversely, at 28 days, co-administration of the BNT162b2 monovalent
or bivalent BA.4/5 booster and NAIIV4 showed higher seroprotection rates compared to
NAIIV4 alone [18].

3.3.2. Antibody Response Metrics

One study reported the geometric mean concentrations of IgA and IgG antibodies
following various vaccine sequences. Both IgA and IgG responses were similar across
sequences at day 0 (~100 BAU/mL). However, the COVID-19 vaccine alone elicited the
highest antibody response at day 21 [33]. Co-administration of BNT162b2 plus IIV4 on
the same day resulted in the lowest anti-S antibody response at day 21, increasing from
117 to 857 BAU/mL. Another study found a higher geometric mean fold rise 1-month post-
vaccination in response to sequential vaccination (SIV followed by BNT162b2 2848 days
later) compared with co-administration of both vaccines on the same day (2.5 vs. 3.1,
respectively) [35].

Anti-influenza geometric mean titer (GMT) varied across studies [18,34,37,41], with
units often not described. On the day of vaccination, there were no major differences in
GMT based on type of SIV (cellular quadrivalent, recombinant quadrivalent, or MF59C ad-
juvanted trivalent vaccine), SIV alone, or vaccine sequence across the included studies and
evaluated strains [34,37,41]. Same-day co-administration of BNT162b2 plus SIV resulted in
higher GMTs against all influenza A strains at approximately 21 days following vaccination,
compared with sequential vaccination [34]. No differences were seen in antibody responses
when testing influenza B strains. One study reported that co-administration in a different
arm resulted in a nearly doubled antibody response compared with the same arm for all
influenza A strains at day 0 and day 28 following vaccination [18].

3.3.3. Cell-Mediated Immunity

One study evaluated cell-mediated immunity following co-administration of the
BNT162b2 booster with NAIIV4 in the same arm vs. different arms and not at stag-
gered time intervals [18]. The percentage of patients with CD4+ T-cells expressing inter-
leukin (IL)-6 at day 7 was higher in the different-arm group compared with the same-arm
group (71.1% vs. 39%, p = 0.007). No significant difference was observed on day 28
(different-arm: 16.2% vs. same-arm: 41.5%, p = 0.020). Similarly, IL-6-expressing mono-
cytes were higher in the group receiving NAIIV4 alone compared with the same-arm group
(80% vs. 58.5%, p = 0.019) and in the different-arms group compared to the same-arm group
(86.8% vs. 58.5%, p < 0.01) [18].

No statistically significant differences were reported in CD4+ T-cells (expressing
interferon [INF]-y, IL-2, and tumor necrosis factor [TNF]-«), CD8+ T-cells (expressing
INF-y, IL-2, IL-6, and TNF-o), and monocytes (expressing INF-y, IL-2, and TNF-«) among
the groups receiving the co-administration of the BNT162b2 booster with NAIIV4 in the
same arm, the co-administration of the BNT162b2 booster with NAIIV4 in different arms.

3.4. Efficacy and Effectiveness of Same-Day Co-Administration

The effectiveness of the co-administration of BNT162b2 with SIVs compared to single
administration was evaluated in two studies: one conducted in the US [27] and one
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in Italy [29]. Efficacy was assessed in one study conducted in Korea [37] (Appendix A
Table A4).

In a retrospective study conducted in US on adults 18 years of age and older between
August 2022 and January 2023, co-administration of the BNT162b2 BA.4/5 bivalent booster
with SIV compared to the BNT162b2 BA.4/5 bivalent booster alone resulted in a similar
incidence of influenza-related hospitalizations (0.03% vs. 0.03%, respectively; adjusted
hazard ratio [AHR], 0.92; 95% ClI, 0.69-1.23), as well as COVID-19-related hospitalizations
(0.03% vs. 0.02%, respectively; AHR, 1.55; 95% CI, 0.88-2.73) [27]. The SIVs received in-
cluded inactivated egg-based SIV (49%), inactivated cell-based SIV (42%), and recombinant
SIV (8.2%). There were no statistically significant differences between influenza-related
medical encounters; however, the co-administration group reported a higher incidence
of COVID-19-related emergency department or urgent care encounters (0.06% vs. 0.04%,
respectively; AHR, 1.57; 95% CI, 1.08-2.26) and incidence of outpatient visits (2.06% vs.
1.71%, respectively; AHR, 1.14; 95% CI, 1.07-1.21) at 105 days of follow-up. Among indi-
viduals aged 65 years or older, the co-administration group reported a lower incidence
of influenza-related hospitalization (0.07% vs. 0.09%, respectively; AHR, 0.83; 95% CI,
0.72-0.95), incidence of outpatient visits (0.45% vs. 0.52%, respectively; AHR, 0.86; 95% CI,
0.81-0.91), and similar incidence of emergency department or urgent care encounters (0.22%
vs. 0.23%, respectively; AHR, 0.93; 95% CI, 0.86-1.01) at 105 days of follow-up [27]. Non-
statistically significant higher incidence of COVID-19-related hospitalization was reported
in older adults receiving co-administered vaccines (0.13% vs. 0.12%, respectively; AHR,
1.04; 95% CI, 0.87-1.24), whereas a statistically significant higher incidence was reported
for emergency department or urgent care encounters (0.50% vs. 0.42%, respectively; AHR,
1.12; 95% CI, 1.02-1.23) and outpatient visits (1.94% vs. 1.76%, respectively; AHR, 1.14; 95%
CI, 1.01-1.11) at 150 days of follow-up [27].

A prospective study conducted in Italy among healthcare workers (age range:
20-78 years) from 12 to 22 October 2021 reported the incidence of SARS-CoV-2 infection
following different vaccination strategies. The highest incidence of SARS-CoV-2 infec-
tion was observed in those receiving the BNT162b2 monovalent booster alone (44.96 per
100 subjects; 95% CI, 38.64-51.28), followed by those who received the quadrivalent inacti-
vated influenza cell-based vaccine (QIVc) with a delayed BNT162b2 monovalent booster
until after 22 October 2021 (42.55 per 100 subjects; 95% CI, 32.56-52.55), and lowest in those
receiving co-administration of the BNT162b2 monovalent booster with QIVc (40.00 per
100 subjects; 95% CI, 36.11-43.89) during the 280-day follow-up. No statistically significant
differences in the incidence of symptomatic SARS-CoV-2 infection were observed between
groups [29].

Lastly, in a non-randomized trial of healthy adults (age range: 2064 years) in Korea
conducted between October and December 2022, one case of influenza infection was
reported in a group of 77 individuals who received co-administration of BNT162b2 BA.4/5
bivalent booster with quadrivalent inactivated influenza vaccine (IIV4) (1.3%). No cases of
influenza were reported in the group that received both vaccines separately [37]. No cases
of COVID-19 infection were reported following the co-administration of BNT162b2 BA.4/5
bivalent booster with 1IV4 or separately.

3.5. Safety/Reactogenicity of Same-Day Co-Administration

The safety and/or reactogenicity of same-day co-administration of BNT162B2 and
SIV were reported in 12 studies (Figure 4, Appendix A Table A5). Six of the studies
were conducted in general adult populations; four studies were conducted specifically in
healthcare workers, one in an elderly population, and one in an immunocompromised
population. The administration of the BNT162b2 second dose was reported in 1 study,
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Systemic
Reaction:

whereas the administration of the BNT162b2 booster was reported in 11 studies. Of these,
25% specifically reported on the BNT162b2 BA.4/5 bivalent booster (n = 3). Among the SIV
evaluated, egg-based IIV4 was the most commonly administered in eight studies, including
in one study with patients over 60 years old [33]. In contrast, QIVc (n = 4), aTIV (n =1),
and QIVr (n = 1) were less commonly used.
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BNT162b2 booster followed by IV later 33% [McGrath, 2023] 94% [Choi, 2024]
BNT162b2 booster alone 49% [Radner, 2023] [l 52% [McElvaney, 2024]
Coadmin. BNT162b2 booster + IV 28% [Radner, 2023] [N 509 [Choi, 2024]
BNT162b2 booster followed by IV later 33% [McGrath, 2023] 94% [Choi, 2024]
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Coadmin. BNT162b2 booster + IV 32% [Baj, 2022] [ N NN o 0% [Keningsber, 2023]
BNT162b2 booster followed by IV later 50% [McGrath, 2023] 82% [Choi, 2024]
BNT162b2 booster alone 47% [Radner, 2023] | N o 7% [McGrath, 2023]

Total Aes

Figure 4. Safety /reactogenicity outcome ranges. Abbreviations: Ae = adverse event, IV = influenza
vaccine [19,23,26,27,31,37].

Ten studies reported data on local or injection site reactions [20,22,26,29,32-37]. Total
local or injection site reaction rates for same-day co-administration of the BNT162b2 booster
with influenza vaccination ranged from 34% [26] to 96% [34], BNT162b2 booster followed
by SIV later ranged from 33% [26] to 94% [34], and BNT162b2 booster alone ranged
from 49% [20] to 52% [36]. In adults aged 60 and older, slightly increased rates of pain
(86.8%) were present among those receiving co-administered BNT162b2 and egg-based
IIV4 compared with sequential vaccination (IIV4 first: 21.1%; BNT162b2 first: 63.2%) or
BNT162b2 alone (71.1%). This group experienced a similar or reduced incidence of swelling
and redness at the injection site [33].

Nine studies reported data on systemic reactions [20,22,26,32-37]. Total systemic
reaction rates for co-administration of the BNT162b2 booster with SIV ranged from 28% [20]
to 89% [34], BNT162b2 booster followed by SIV later ranged from 33% [26] to 94% [34],
and BNT162b2 booster alone ranged from 27% [20] to 82% [26]. Four studies [32,33,35,36]
reported individual local or injection site reactions. In adults aged 60 and older, fatigue,
myalgia, joint pain, and headache were more frequent among those with co-administered
vaccines [33].

Five studies reported data on adverse events [19,29,31,35,36]. The total adverse events
rates for co-administration of the BNT162b2 booster with SIV ranged from 31.6% [35] to
97.9% [31], BNT162b2 booster followed by SIV later ranged from 50% [26] to 82% [34],
and BNT162b2 booster alone ranged from 47% [20] to 97.7% [26]. Immunocompromised
individuals did not have a higher rate of adverse events compared with the general
population [26].

4. Discussion

This systematic review included 20 studies examining the co-administration of
BNT162b2 with SIV in both real-world and clinical trial settings. These studies involved
diverse populations across multiple countries, including the US, UK, Netherlands, Aus-
tria, Australia, New Zealand, Korea, Spain, Ireland, Israel, and Italy. Furthermore, the
data captured co-administration of BNT162B2 with different types of IV across two in-
fluenza seasons. Overall, this systematic review found that co-administering BNT162b2
with SIV is safe and does not have a significant impact on the effectiveness of these vac-
cines. This review, therefore, supports the notion that co-administration can reduce the
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number of healthcare visits and missed opportunities to vaccinate, which may improve
vaccine uptake.

Data included in this review indicated that the prevalence of reported co-administration
was higher in 2022 than in 2021, signaling an increasing trend in the co-administration
of influenza and the BNT162B2 vaccine. The WHO and Centers for Disease Control and
Prevention, among other health authorities, have endorsed the simultaneous administra-
tion of these vaccines, highlighting their potential to enhance vaccination coverage and
streamline healthcare delivery [12,13]. These recommendations, coupled with the conve-
nience of receiving both vaccines in a single visit for both patients and healthcare providers,
have likely contributed to the increased adoption of this practice [1]. The relatively low
prevalence of co-administration observed in the earlier part of the COVID-19 pandemic in
the included studies likely reflects operational factors such as the physical separation of
vaccine deployment sites early in the COVID-19 pandemic and evolving co-administration
recommendations [13,42-44].

Furthermore, this review found that the practice of co-administration was higher
among healthcare workers compared with the general population. The increased adoption
of co-administration practices, particularly among healthcare workers, may reflect both
logistical efficiencies and occupational health priorities aimed at reducing transmission
risks in healthcare settings [45,46]. Protecting healthcare workers is critical to maintaining
a resilient healthcare system, as noted in infection prevention frameworks that prioritize
vaccination as a cornerstone of occupational health strategies [47].

Immunogenicity, as established in prior literature, is a key determinant of vaccine
efficacy and effectiveness [48]. Updates to both COVID-19 vaccines and SIV to address
emerging variants and seasonally circulating strains may lead to differences in immuno-
genicity profiles, making it challenging to draw definitive conclusions from existing im-
munogenicity studies. Overall, no consistent pattern indicating a negative impact on
immunogenicity from same-day co-administration was identified. Although specific im-
munogenicity outcomes varied with different vaccination strategies, vaccine performance
in preventing clinical outcomes demonstrated comparability between co-administered
and individually administered vaccine groups, which is the primary consideration for
public health [12,13]. Additionally, adverse events, both local and systemic, were com-
parable across co-administration, sequential, and single vaccination groups. This aligns
with the results from existing reviews on the co-administration of SIV and COVID-19
vaccines, supporting co-administration as a feasible and safe approach, especially in high-
demand healthcare settings, without negatively impacting patient outcomes or vaccine
effectiveness [1,11]. Co-administration of vaccines offers numerous logistical, clinical, and
public health advantages [21]. It reduces the number of healthcare visits, minimizing the
risk of attrition associated with multiple visits, thus potentially increasing the uptake of
both vaccine components [21]. Additionally, pairing vaccines shortens the time needed
to achieve protection against co-circulating viruses and reduces the disease burden [21].
Overall, the evidence supports the co-administration of BNT162B2 with SIV as a practical
approach to seasonal respiratory vaccination, allowing for efficient resource utilization
without compromising vaccine effectiveness or safety.

A key strength of this review is the inclusion of both clinical trial data and observational
data, providing a comprehensive perspective on co-administration across diverse, real-
world settings and populations. This is the first systematic review to incorporate both
types of data, which enhances the generalizability of findings and strengthens the evidence
base for co-administration of BNT162B2 as a viable public health strategy. However, it is
important to recognize the inherent limitations of observational studies, which can be more
susceptible to biases and confounding than randomized, controlled trials. Nonetheless,
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the inclusion of both RCTs and moderately robust observational studies strengthens the
evidence base by balancing the observational data with more controlled clinical evidence.
The included RCTs generally showed a low risk of bias, particularly in randomization,
outcome data, and result reporting, though some domains had unclear levels of bias due to
limited blinding details. Included observational studies displayed a moderate risk of bias,
primarily due to variability in adjustments for confounding factors, though most accounted
for key variables.

Results from this review must be interpreted considering several limitations. For one,
the heterogeneity across studies in terms of study designs, methodologies, study popu-
lations, circulating virus strains, and vaccine formulations precluded the meta-analysis
of results and may affect the comparability of findings. While the inclusion of various
SIV platforms induces heterogeneity, it also reflects real-world immunization practices.
This variability should be considered when interpreting findings, particularly in outcomes
supported by a limited number of studies. Such variability is common in vaccine research
due to differences in regional public health practices and healthcare infrastructure [49].
This review included only studies with comparable endpoints and outcomes, which helped
to address this limitation where possible. Moreover, there is a paucity of data on long-term
outcomes and the durability of immune responses in co-administered vaccine recipients.
Although shorter-term studies provide substantial evidence of co-administration’s immedi-
ate safety and effectiveness, additional long-term studies could provide insights into the
durability of immune responses. Such research would complement current evidence.

5. Conclusions

The evidence supports the safety and effectiveness of co-administering BNT162B2
with SIV in adults > 18 years of age. This review contributes to the robust foundation of
evidence that exists to support the recommendation of co-administration strategies for SIV
and COVID-19 vaccines to optimize immunization efforts while addressing the inherent
challenges of heterogeneity and design variability.
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Table Al. Study characteristics of included studies.

Length of

Study Population Country; Sample . 3 Efficacy/ Safety/
Author, Year Design Description Center/Setting Size Intervention Comparator Fo(l]l)oazsglp Prevalence EFF 1G RTG
1. Coadmin. BNT162b2 second 1 ?gg;g%gﬁss\f;;g dﬁ;gg&th
dose with QIVc (Flucelvax, P aTIV (FluA d—Se}L;irus
Seqirus) same day . ¢
Lazarus General UK 2. Coadmin. BNT162b2 second 2 g&?leggjefggczolnjac}l’s;: tfllith
et RCT . - 679 dose with MF59C aTIV (FluAd, ’ 42 days No No Yes Yes
2021 [34] population Multi-center Seai Maidenhead) d placebo followed by QIVc
3qu;1asém$ EIII\H?;I 62{);asr£31:on?:ly (Flucelvax, Seqirus) 21 days later
) . : . 3. BNT162b2 second dose with
dose with QIVr (Flublok, Sanofi), placebo followed by QIVr
same day (Flublok, Sanofi) 21 days later
1. IIV4 (Vaxigrip Tetra, Sanofi)
with placebo followed by
BNT162b2 booster 21 days later
. 2. BNT162b2 booster with
Dulfer, RCT Patients >60 Netherlands 154 L (‘:;iglﬁgl 1(3\12 IgiZinTz;c;ster placebo followed by IIV4 Visits each 21 No No Yes Yes
2023 [33] years of age Single center S . srp ! (Vaxigrip Tetra), Sanofi 21 days days apart
anofi), same day later
3. BNT162b2 booster with
placebo followed by placebo 21
days later
Murdodh Coneral Australia and 1. Coadmin. BNT162b2 second %iﬁgg;i %‘fﬁ)‘i;sgcg;“)
2023 [35] RCT population New Zealand 564 booster w1'th 1IV4 (Afluria Quad, BNT162b2 second booster 28-42 30 days No No Yes Yes
Multi-center Seqirus), same day days later
L Coadmin. BNTI62b2 first DN L1020 frst booster with
booster with SIV (including zndu i Flossix Yorea
Fluarix Tetra, GlaxoSmithKline, GlaxoSmith%(line FluQua (’1ri
FluQuadr%, Sanofi, Fluad Quad, Sanofi, Fluad Qu’ad Seqirus),
Ramsay, RCT General Australia 71 2 C Saegg?s)éslz{?f 63;}2, first ,7—14 days lat,er 7 da N N N Y
2023 [36] population Multi-center 0 ) s 2. BNT162b2 second booster s ° © © es

booster (fourth dose) with SIV
(including Fluarix Tetra,
GlaxoSmithKline, FluQuadri,
Sanofi, Fluad Quad, Seqirus),
same day

with placebo followed by SIV
(including Fluarix Tetra,
GlaxoSmithKline, FluQuadri,
Sanofi, Fluad Quad, Segirus)
7-14 days later
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Table A1. Cont.
Author, Year Study Population Country; Sample Intervention Comparator l}oelrll(%tt:tl(}f Prevalence Efficacy/ 1G Safety/
! Design Description Center/Setting Size P (Days) P EFF RTG
. Non-ran- 1. Coadmin. BNT162b2 bivalent ) ‘g 16945 ivalent BA5
Choi, . General Korea BA.5 second booster with IIV4
domized . . 77 - second booster followed by 11V4 28 days No Yes Yes Yes
2024 [37] . population Single center (GC flu, GC Biopharma Corp),
trials 4 weeks later
same day
1. Coadmin. BNT162b2 booster
with NAIIV4 (QIV, Sanofi
Observa- Pasteur), same arm in the same
Aydillo, tional, General US, Spain day
2024 [18] Prospec- population Multi-center 128 2. Coadmin. BNT162b2 booster 1. NAIIV4 alone 28 days No No Yes No
tive with NAIIV4 (QIV, Sanofi
Pasteur), different arm on the
same day
1. Coadmin. BNT162b2 booster
with SIV (Fluzone High-Dose
Observa- Medicare Period 1: Quad, Sanofi Pasteur, FluMist
Harris, tional, beneficiaries Us 6,292,777 Quadrivalent, AstraZeneca,
2024 [21] Cross- >66 years of Multi-center Period 2:  Flucelvax Quadrivalent, Seqirus, NA 7 Yes No No No
sectional age 4,757,501 Flublok Quadrivalent, Sanofi
Pasteur, Fluad Trivalent, CSL
Seqirus), same day
Observa- 1. Coadmin. BNT162b2 bivalent
tional, Patients >65 Us BA.4/5 booster with QIV
Lu, 2024 [25] Case years of age Multi-center 9,040,176 (Fluzone, Sanofi Pasteur, Fluad, NA 90 days Yes No No Ne
series Seqirus), same day
McElvane O’Egle:;{a_ Pat;fn;zj"lflth Ireland 1. Coadmin. BNT162b2 BA.4/5
Y ’ pha=t . 170 bivalent second booster with NA 2 to 8 days No No No Yes
2024 [26] Prospec- antitrypsin Multi-center
. L QIV (NR), same day
tive deficiency
Gonen, Ol?serva- 1. Cf)admm. BNT162]?2 BA.4/5 1. BNT162b2 BA.4/5 bivalent
2023 [20]; tional, General Israel bivalent booster with 11V4
. . 649 booster alone 60 days No No Yes Yes
Moss, Prospec- population Single center (Influvac Tetra, Abbott),
. 2. 1IV4 alone
2023 [41] tive same day
Kenigsberg Ot?cs)ig‘{a- General Us 1. Coadmin. BNT162b2 BA.4/5
2023 [23] Retro- population Multi-center 2,301,876 bivalent booster with QIV (NR), NA NR Yes No No No

spective

same day
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Table A1l. Cont.
Study Population Country; Sample Length of Efficacy/ Safety/
Author, Year . o 4 . Intervention Comparator Follow-Up Prevalence 1G
Design Description Center/Setting Size (Days) EFF RTG
Observa- 1. 1IV4 (Boryugg FLU Vaccine
Kim, tional Healthcare Korea VII-TFinj %, Boryung
2003 2 4’ 39] Pr - ker Sinele center 2061 Biopharma) followed by NA 7 days Yes No No No
” opee workers gle cente BNT162b2 first booster 1 week
later
Median: 109
days (IQR,
89-125) for
the co-
administration
1. Coadmin. BNT162b2 BA.4/5 1. BNT162b2 BA.4/5 bivalent of BNT162b2-
Observa- bivalent booster + SIV (Flublok, booster alone biv and SIV
McGrath, tional, General Us 3.442 996 Sanofi Pasteur; Fluzone, Sanofi 2. SIV alone (Flublok, Sanofi Median: 51 Yes Yes No No
2023 [27] Retro- population Multi-center s Pasteur, Fluad, Seqirus, Pasteur, Fluzone, Sanofi Pasteur, days (IQR,
spective Flucelvax, Seqirus, FluMist, Fluad, Seqirus, Flucelvax, 17-99) for the
AstraZeneca), same day Seqirus, FluMist, AstraZeneca) BNT162b2-
biv alone
Median: 90
days (IQR,
49-112) for
SIV alone
1. Coadmin. BNT162b2 first
Moro, 2023 Ot}?srelraxia— General Us booster with SIV (Fluzone,
oro, tonal, enere . 2449 Sanofi Pasteur, Afluria, Segirus, NA NR Yes No No No
[28] Retro- population Multi-center . .
octive Fluzone high dose, Sanofi
spectty Pasteur), same medical visit
Moscara O,ngg{a_ Healthcare Ital 1. Coadmin. BNT162b2 booster 1. BNT162b2 booster alone
’ ’ . y 942 with QIVc (Flucelvax Tetra, 2. QIVc followed by BNT162b2 280 days No Yes No Yes
2023 [29] Prospec- workers Single center .
tive Seqirus), same day booster after 22 October 2021
1. Coadmin. BNT162b2 BA.4/5
Observa- . .
Pascucci tional, Healthcare Italy bivalent booster with QIV
4 4 . 7399 (Vaxigrip Tetra, Sanofi Pasteur, NA NR Yes No No No
2023 [30,38] Retro- workers Single center .
. Flucelvax Tetra, Seqirus), same
spective d
ay
Observa- 1. Coadmin. BNT162b2 first 1. BNT162b2 first booster alone
Radner, 2023 tional, Healthcare Austria booster with QIV (Vaxigrip 2. QIV (Vaxigrip Tetra, Sanofi
[31] Prospec- workers Multi-center 838 Tetra, Sanofi Pasteur, Flucelvax  Pasteur, Flucelvax Tetra, Seqirus) 28 days No No No Yes
tive Tetra, Seqirus), same day alone
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Table A1l. Cont.
Study Population Country; Sample Length of Efficacy/ Safety/
Author, Year . o . . Intervention Comparator Follow-Up Prevalence 1G
Design Description Center/Setting Size (Days) EFF RTG
Otki’gfgfa' Healtheare al 1. Coadmin. BNT162b2 first
Baj, 2022 [19] ' . y 64 booster with I1V4 (Vaxigrip NA 14 days No No No Yes
Prospec- workers Single center .
A Tetra, Sanofi), same day
tive
Observa-
Hause, 2022 tional, General Us 61.390 1. Coadmin. BNT162b2 first 1. BNT162b2 first booster alone Oto Zg_ays Yes No No Yes
[22] Retro- population NR ’ booster with IV (NR), same day ’ post-
‘ vaccination
spective
Observa- 1. Coadmin. BNT162b2 first
Venuto, 2022 tional, Healthcare Italy booster + QIV (Vaxigrip Tetra, .
[32] Retro- workers Single center 64 Sanofi, Flucelvax Tetra, Segirus), 1. BNT162b2 first booster alone 30 days No No No Yes
spective same day
Abbreviations: aTIV = adjuvanted trivalent influenza vaccine; EFS = effectiveness; IG = immunogenicitylIV4 = quadrivalent inactivated influenza vaccine; IV = influenza vaccine;
QIV = quadrivalent influenza vaccine; QIVc = quadrivalent inactivated influenza vaccine (cell-based), QIVr = quadrivalent influenza vaccine, recombinant; RTG = reactogenicity;
SIV = seasonal influenza vaccine.
Table A2. Cochrane risk of bias assessment for randomized controlled trials.
Trial Bias From
R frla ’ Randomization Deviations From Missing Outcome Measurement of the Selection of the Overall Bias
ererence Process Intended Interventions Data Outcome Reported Result

Dulfer, 2023 [33]
Ramsay, 2023 [36]
Lazarus, 2021 [34]

Murdoch, 2023 [35]

? e e
e e g

High Risk of Bias

Unclear Risk of Bias' 2

Low Risk of Bias




Vaccines 2025, 13, 381 18 of 29

Table A3. Newcastle-Ottawa risk of bias assessment for observational studies and non-randomized trials.

Trial, Bias From Overall Bias
Reference Selection Comparability Outcome
Harris, 2024 [21] 3 0 3 6
Baj, 2022 [19] 3 0 3 6
Gonen, 2023 [20] 3 0 3 6
Choi, 2024 [37] 3 0 3 6
Hause, 2022 [22] 4 1 2 7
Kenigsberg, 2023 [23] 4 0 3 7
Kim, 2023 [24] 3 0 3 6
Lu, 2024 [25] 3 0 3 6
McElvaney, 2024 [26] 3 0 3 6
McGrath, 2023 [27] 4 0 3 7
Aydillo, 2024 [18] 3 0 3 6
Moro, 2023 [28] 3 0 3 6
Moscara, 2023 [29] 3 1 3 7
Venuto, 2022 [32] 3 0 3 6
Pascucci, 2023 [30] 3 0 3 6
Radner, 2023 [31] 3 0 3 6
Table A4. Efficacy and effectiveness of same-day co-administration.
Moscara, 2023 [29] McGrath, 2023 [27] Choi, 2024 [37]
Coadmin. BNT162b2
Coadmin. QIV];;%lllzgfzd bY  Coadmin.BNT162b2  BNT162b2 BNT162b2 Bivalent BA.5
Outcomes BNT162b2 BNT162b2 Booster after th BA.4/5 Bivalent BA.4/5 SIV Al Bivalent BA.5 Second Booster
Booster with QIV, Booster Alone 2; OZ e;aé) Et!rb € Booster with SIV, Bivalent one Second Booster Followed by
Same Day n (;02 lc ober Same Day Booster Alone with IIV4, Same IIV4 4 Weeks
Day Later
Influenza vaccines
Influenza-like o
infection (ILI), n (%) NR NR NR NR NR NR 1(1.3%) 0 (0)
Hospitalizations for NR NR NR 18 to 64 years: 0.03% NR 18 to 64 years: 0.03% NR NR

influenza >65 years: 0.07% >65 years: 0.09%
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Table A4. Cont.
Moscara, 2023 [29] McGrath, 2023 [27] Choi, 2024 [37]
Coadmin. BNT162b2
Coadmin. QIV;IEOTIIIE;I’:’; bY  Coadmin.BNT162b2  BNT162b2 BNT162b2 Bivalent BA.5
Outcomes BNT162b2 BNT162b2 Booster after the BA.4/5 Bivalent BA.4/5 SIV Alone Bivalent BA.5 Second Booster
Booster with QIV, Booster Alone 22nd of October Booster with SIV, Bivalent Second Booster Followed by
Same Day 2021 Same Day Booster Alone with ITV4, Same IIV4 4 Weeks
Day Later
Influenza-related
medical encounters
. . 18 to 64 years: 0.09% 18 to 64 years: 0.08%
(including emergency NR NR NR >65 years: 0.22% NR >65 years: 0.23% NR NR
department or urgent
care), %
Influenza-related
medical encounters 18 to 64 years: 0.70% 18 to 64 years: 0.94%
(including outpatient NR NR NR >65 years: 0.45% NR >65 years: 0.52% NR NR
visits), %
BNT162b2 vaccines
Laboratory-confirmed
SARS-CoV-2 infection 40.00 per 100 44.96 per 100 42.55 per 100
(regardless of subjects (95% CI: subjects (95% CI: subjects (95% CI: NR NR NR NR NR
presence of 36.11-43.89) 38.64-51.28) 32.56/52.55)
symptoms)
Laboratory-confirmed 32.62 per 100 37.82 per 100 36.17 per 100
symptomatic subjects (95% CI: subjects (95% CI: subjects (95% CI: NR NR NR NR NR
COVID-19 28.90-36.34) 31.65-43.98) 26.46-48.88)
COVID-19--like
infection (CLI), n (%) NR NR NR NR NR NR 0(0) 0 (0)
18 to 64 years:
COVID-19-related 18 to 64 years: 0.03% 0.02%
hospitalizations, % NR NR NR >65 years: 0.13% >65 years: NR NR NR

0.12%
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Table A4. Cont.
Moscara, 2023 [29] McGrath, 2023 [27] Choi, 2024 [37]
Coadmin. BNT162b2
Coadmin. QIV];IEOTIIIE;I’:’; bY  Coadmin.BNT162b2  BNT162b2 BNT162b2 Bivalent BA.5
Outcomes BNT162b2 BNT162b2 Booster after the BA.4/5 Bivalent BA.4/5 SIV Alone Bivalent BA.5 Second Booster
Booster with QIV, Booster Alone 22nd of October Booster with SIV, Bivalent Second Booster Followed by
Same Day 2021 Same Day Booster Alone with ITV4, Same IIV4 4 Weeks
Day Later
modical encouters 18 0 64 years:
(including emergency NR NR NR 18 to 64 years: 0'(16 o 0.04% NR NR NR
>65 years: 0.50% >65 years:
department or urgent o
o 0.42%
care), %
COVID-19-related 18 to 64 years:
medical encounters 18 to 64 years: 2.06% 1.71%
(including outpatient NR NR NR >65 years: 1.94% >65 years: NR NR NR
visits), % 1.76%

Table A5. Safety /Reactogenicity Outcomes.

Author, Year Popul.atl.on Treatment Name Sample Size Timepoint Local/In.] ect10n051te Systemic Io{eactlons, n Total AEs, n (%)
Description Reaction, n (%) (%)
Coabdm“i" BNIEZ%Z 36 14 days after NR NR 18 (50.0)
Baj, 2022 [19] Healthcare workers ooster + ys al
vaccination
BNT162b2 booster alone 28 NR NR 20 (71.0)
Coadmin. BNT162b2
BA.4/5 bivalent booster 77 36 (46.8) 47 (61.0) NR
+ [IV4
Choi, 2024 [37] General population 7 days atfter
BNT162b2 BA.4/5 vaccination
bivalent booster + IIV4 77 43 (55.8) 50 (64.9) NR

at least 4 weeks apart
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Table A5. Cont.
Author, Year ]I;OPul.ah.on Treatment Name Sample Size Timepoint Local/In} ect10n051te Systemic Io{eactlons, n Total AEs, n (%)
escription Reaction, n (%) (%)
Fever: 1 (2.6)
Fatigue: 9 (23.7)
. Redness at injection site: 5 (13.2) Myalgia: 13 (34.2)
Coidml?'fﬁgim 38 Pain at injection site: 33 (86.8) Joint pain: 7 (18.4) NR
ooste Swollen at injection site: 3 (7.9) Headache: 12 (31.6)
Chills: 5 (13.2)
Nausea: 0 (0.0)
Fever: 0 (0.0)
Fatigue: 7 (18.4)
11V4 + placebo followed Redness at injection site: 3 (7.9) Myalgia: 3 (7.9)
by BNT162b2 booster 21 38 Pain at injection site: 8 (21.1) Joint pain: 4 (10.5) NR
days later Swollen at injection site: 1 (2.6) Headache: 8 (21.1)
Chills: 2 (5.3)
Dulfer, 2023 [33] Patients >60 years of 14 days after Nausea: 0 (0.0)
age vaccination Fever: 2 (5.3)
Fatigue: 8 (21.1)
BNT162b2 booster + Redness at injection site: 5 (13.2) Myalgia: 7 (18.4)
placebo followed by 38 Pain at injection site: 24 (63.2) Joint pain: 3 (7.9) NR
1IV4 21 days later Swollen at injection site: 9 (23.7) Headache: 6 (15.8)
Chills: 4 (10.5)
Nausea: 1 (2.6)
Fever: 3 (7.9)
Fatigue: 6 (15.8)
BNT162b2 booster + Redness at injection site: 3 (7.9) Myalgia: 10 (26.3)
placebo followed by 38 Pain at injection site: Joint pain: 3 (7.9) NR
placebo 21 days later Swollen at injection site: 4 (10.5) Headache: 9 (23.7)
Chills: 5 (13.2)
Nausea: 3 (7.9)
Coadmin. BNT162b2
BA.4/5 bivalent booster 146 Mean 289 da 76 (52.0) 40 (28.0) NR
. .9 days
Gonen, 2023 [20] General population +11V4 after vaccination
BNT162b2 booster alone 85 42 (49.0) 23 (27.0) NR
Coadmin. BNT162b2
booster + influenza 61,390 7d ft 39,818 (64.9) 422,637 (58.9) NR
Hause, 2022 [22] General population vaccine vaci}i]rslaiioerf
BNT162b2 booster alone 466,439 298,529 (64.0) 274,539 (58.9) NR
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Table A5. Cont.

Author, Year

Population
Description

Treatment Name

Sample Size

Timepoint

Local/Injection Site

Reaction, n (%)

Systemic Reactions, n
(%)

Total AEs, n (%)

Lazarus, 2021 [34]

General population

BNT162b2 2nd dose +
placebo followed by
QIVc 21 days later

71

Coadmin. BNT162b2
2nd dose + QIVc

68

BNT162b2 2nd dose +

placebo followed by

MF59C aTIV 21 days
later

38

Coadmin. BNT162b2
2nd dose + MF59C aTIV

41

BNT162b2 2nd dose +
placebo followed by
QIVr 21 days later

29

Coadmin. BNT162b2
2nd dose + QIVr

29

7 days after
vaccination

67 (94)

54/67 (81)

NR

65 (96)

59 (87)

NR

30 (79)

25/35 (71)

NR

31 (76)

24 (59)

NR

24/27 (89)

23/28 (82)

NR

25/26 (96)

24/27 (89)

NR

McElvaney, 2024 [26]

Patients with alpha-1
antitrypsin deficiency

Coadmin. BNT162b2
BA.4/5 bivalent booster
+ QIV

44

BNT162b2 BA.4/5
bivalent booster
followed by QIV one
week later

40

8 days after
vaccination

15 (34.0)

22 (50.0)

NR

13 (33.0)

20 (50)

Moscara, 2023 [29]

Healthcare workers

Coadmin. BNT162b2
booster + QIVc

610

BNT162b2 booster alone

238

QIVc followed by
BNT162b2 booster

94

7 days after
vaccination

NR (57.0)

NR

474 (78.0)

NR (52.0)

NR

190 (80.0)

NR (43.0)

NR

53 (56.0)
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Table A5. Cont.
Author, Year ]I;OPul.ah.on Treatment Name Sample Size Timepoint Local/In} ect10n051te Systemic Io{eactlons, n Total AEs, n (%)
escription Reaction, n (%) (%)
Fatigue: NR (64.0)
. Redness: NR (31.6) Headache: NR (47.2)
Coabdof)‘;{‘e'fﬂgim 564 Swelling: NR (6.2) Chills: NR (19.9) NR (31.6) *
Pain at injection site: NR (86.2) New or worsened
muscle pain: NR (27.7
Murdoch, 2023 [35] General population 7 days after P 7.7)
vaccination Fatigue: NR (42.1)
1IV4 + placebo followed Redness: NR (29.0) Headache: NR (34.3)
by BNT162b2 booster 564 Swelling: NR (0.4) Chills: NR (6.2) NR (29.0) *
28-42 days later Pain at injection site: NR (13.9) New or worsened
muscle pain: NR (11.4)
Coadmin. BNT162b2 240 NR NR 235 (97.9)
booster + QIV 7 days after
Radner, 2023 [31] Healthcare workers BNT162b2 booster alone 558 vaccination NR NR 525 (97.9)
QIV alone 33 NR NR 26 (78.8)
Headache: 13 (19)
Pain at COVID-19 injection site: 29 (41) Fatigue: 27 (39)
Pain at SIV/placebo injection site: 5 (7) Chills: 5 (7)
Coadmin. BNT162b2 70 Swelling at COVID-19 injection site: 2 (3) Myalgia: 13 (19) 4571 (63)
first booster + SIV Swelling at SIV/placebo injection site: 0 (0) Joint pain: 5 (7)
Redness at COVID-19 injection site: 0 (0) Nausea: 2 (3)
Redness at SIV/placebo injection site: 0 (0) Diarrhea: 0 (0)
Fever: 8 (11)
Headache: 15 (21)
Pain at COVID-19 injection site: 25 (35) Fatigue: 22 (31)
Pain at SIV/placebo injection site: 1 (1) Chills: 6 (8)
Ramsay, 2023 [36] General population BNT162b2 first booster+ 7 7 days after Swel.ling at COVID-19 ir}jgctiqn sit.e: 2(3) M.yalgia.: 15 (21) 36/76 (47)
placebo vaccination Swelling at SIV/placebo injection site: 1 (1) Joint pain: 7 (10)
Redness at COVID-19 injection site: 1 (1) Nausea: 5 (7)
Redness at SIV/placebo injection site: 0 (0) Diarrhea: 1 (1)
Fever: 12 (17)
Headache: 3 (14)
Pain at COVID-19 injection site: 4 (18) Fatigue: 5 (23)
Pain at SIV/placebo injection site: 2 (9) Chills: 0 (0)
Coadmin. BNT162b2 2 Swelling at COVID-19 injection site: 0 (0) Myalgia: 1 (5) 8/23 (35)

second booster + SIV

Swelling at SIV /placebo injection site: 0 (0)
Redness at COVID-19 injection site: 0 (0)
Redness at SIV/placebo injection site: 0 (0)

Joint pain: 3 (14)
Nausea: 0 (0)
Diarrhea: 0 (0)

Fever: 1 (5)
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Table A5. Cont.
Author, Year ]I;OPul.ah.on Treatment Name Sample Size Timepoint Local/In} ect10n051te Systemic Io{eactlons, n Total AEs, n (%)
escription Reaction, n (%) (%)

Headache: 3 (14)

Pain at COVID-19 injection site: 6 (29) Fatigue: 5 (24)
Pain at SIV/placebo injection site: 0 (0) Chills: 1 (5)
BNT162b2 second 1 Swelling at COVID-19 injection site: 0 (0) Myalgia: 0 (0) 11/21 (52)

booster + placebo Swelling at SIV/placebo injection site: 0 (0) Joint pain: 0 (0)
Redness at COVID-19 injection site: 0 (0) Nausea: 0 (0)

Redness at SIV/placebo injection site: 0 (0) Diarrhea: 1 (5)

Fever: 1 (5)
Headache: NR (18.8)
Chills: NR (8.7)
Coadmin. BNT162b2 L Myalgia: NR (17.3)
booster + QIV 64 Local pain: NR (50.6) Joint pain: NR (11.5) NR
Lethargy: NR (7.2)
F :NR (274
Venuto, 2022 [32] Healthcare workers NR ever (27.4)
Headache: NR (17.2)
Chills: NR (6.5)
BNT162b2 booster alone 64 Local pain: NR (53.1) Myalgia: NR (15.2) NR

Joint pain: NR (13.3)
Lethargy: NR (6.8)
Fever: NR (24.0)

* 1 month after vaccination; Abbreviations: AE = adverse event; aTIV = adjuvanted trivalent influenza vaccine; IIV4 = quadrivalent inactivated influenza vaccine; QIV = quadrivalent
influenza vaccine; QIVc = quadrivalent inactivated influenza vaccine (cell-based), QIVr = quadrivalent influenza vaccine, recombinant; SIV = seasonal influenza vaccine.
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IS 66%
o= Coadmin. BNT162b2 2nd dose + QIVc 32%
G = 15%
2o BNT162b2 2nd dose + placebo followed by QIVr 21 days later 39%
. go 27%
z S BNT162b2 2nd dose + placebo followed by aTIV 21 days later 5%
T 5% . 8ewg3i- 0%
I =3 S =a 11IV4+ placebo followed by BNT162b2 booster* 28—42 days later 55.6%
I 13%
S ~ 23 BNT162b2 booster” followed by 11V4 4 weeks later 10.4%
25 . 37.5%
50&% Coadmin. BNT162b2 booster* + NAIIV4 (different arm) 32.5%
>N =5
L - 43.5%
N 72%
IS Coadmin. BNT162b2 2nd dose + aTlV ~ =— 1 3%,
G = 29%
2 a BNT162b2 2nd dose + placebo followed by QIVr 21 days later 61%
Vsl 33%
2 ] BNT162b2 2nd dose + placebo followed by aTIV 21 days later  n— —— 3%
2 56 N0z 61.3%
T = kS 2R 11IV4+ placebo followed by BNT162b2 booster* 28-42 days later 61.6%
s gagz- 7%
o I =) BNT162b2 booster” followed by 11V4 4 weeks later 16.9%
S% <= 57.5%
§. < @ <>( Coadmin. BNT162b2 booster*” +NAIIV4 (same arm) 50%
.7 e 52.2%
< 38%
2= Coadmin. BNT162b2 2nd dose + QIVc 9%
= 3%
© 2 a BNT162b2 2nd dose + placebo followed by QIVc 21 days later 3%
S j\jal 3%
k] S BNT162b2 2nd dose + placebo followed by QIVr 21 days later 21%
S 2 .8~8%- 3.9%
= =] ~ - BNT162b2 booster” followed by 11V4 4 weeks later 2.6%
25 . 57.5%
38832 Coadmin. BNT162b2 booster*A +NAIIV4 (same arm) 52.4%
zNTe 56.5%
S| 59%
S Coadmin. BNT162b2 2nd dose + QIVc 13%
. < 0%
S § a BNT162b2 2nd dose + placebo followed by QIVr 21 days later 25%
% g 13%
£ S BNT162b2 2nd dose + placebo followed by aTIV 21 days later 3%
g I 1.3%
o S N 23 BNT162b2 booster” followed by 11V4 4 weeks later 0%
Sy s 40%
5 Q @ =z Coadmin. BNT162b2 booster*” +NAIIV4 (same arm) 35.7%
zNTo 41.3%
~ 5 .
2w Telas ; * 9
£ %9 558mx Coadmin. BNT162b2 booster* + 11V4 36.3%
> S °s~a 37.8%
© S
%o §23
< 5o 53.4%
= S O |IV4+placebo followed by BNT162b2 booster* 28-42 days later 57.7%
0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Seroconversion Rates

Figure Al. Seroconversion rates of Anti-S IgG. Abbreviations: DAV = days after vaccination; IIV4 = quadrivalent inactivated influenza vaccine;
NAIIV4 = quadrivalent non-adjuvanted inactivated vaccine; QIVc = quadrivalent inactivated influenza vaccine (cell-based). * Original monovalent; ~ biva-
lent BA.5; ** original monovalent and bivalent BA.4/5 [18,34,35,37].
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A/HIN1

A/H3N2

B/Victoria

B/Yamagata

B/Phuket

B/Australia

Murdo

Murdo

ch,

ch,

Choi,

Choi,

Choi,

Choi,

2022 | 2023

Aydillo, | 2022 | 2023 Aydillo,

2022

Aydillo,

2022

Murdoch, Aydillo,

Murdoch,

(28
DAV)

2024
(28 DAV)

(28
DAV)

2024
(28 DAV)

(28
DAV)

2024
(28 DAV)

2024 | (28

(28 DAV)

2023
(31 DAV)

2023
(31 DAV)

DAV)

DAV)

DAV)

Coadmin. BNT162b2 booster* + [IV4 97.7%
1IV4+ placebo followed by BNT162b2 booster* 28-42 days later 98.2%
Coadmin. BNT162b2 booster” + [IV4 77.9%
BNT162b2 booster” followed by 11V4 4 weeks later 66.2%
Coadmin. BNT162b2 booster* +NAIIV4 (same arm) 73.8%
Coadmin. BNT162b2 booster* + NAIIV4 (different arm) 82.5%
NAIIV4 alone 76.1%

Coadmin. BNT162b2 booster* + 1IV4 96%
1IV4+ placebo followed by BNT162b2 booster* 28-42 days later 97.8%
Coadmin. BNT162b2 booster” + 1IV4 89.6%
BNT162b2 booster” followed by 11V4 4 weeks later 97.4%
Coadmin. BNT162b2 booster*” + NAIIV4 (different arm) 72.5%
Coadmin. BNT162b2 booster*” +NAIIV4 (same arm) 57.1%
NAIIV4 alone 58.7%

Coadmin. BNT162b2 booster” + 1IV4 66.2%
BNT162b2 booster” followed by 11V4 4 weeks later 93.5%
Coadmin. BNT162b2 booster*” + NAIIV4 (different arm) 52.5%
Coadmin. BNT162b2 booster*A +NAIIV4 (same arm) 97.6%
NAIIV4 alone 54.3%

Coadmin. BNT162b2 booster” + 11V4 93.5%
BNT162b2 booster” followed by 11V4 4 weeks later 93.5%
Coadmin. BNT162b2 booster*” + NAIIV4 (different arm) 67.5%
Coadmin. BNT162b2 booster* +NAIIV4 (same arm) 64.3%
NAIIV4 alone 58.7%

Coadmin. BNT162b2 booster* + 1IV4 84.8%
1IV4+ placebo followed by BNT162b2 booster* 28-42 days later 84.3%

Coadmin. BNT162b2 booster* + |1V | 7/ 09/,
1IV4+ placebo followed by BNT162b2 booster* 28-42 day:s |ater S /6.2 %

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Seroprotection Rates

Figure A2. Seroprotection rates against influenza strains A and B. Abbreviations: DAV = days after vaccination; IIV4 = quadrivalent inactivated influenza vaccine;
NAIIV4 = quadrivalent non-adjuvanted inactivated vaccine; QIVc = quadrivalent inactivated influenza vaccine (cell-based). * Original monovalent; " bivalent BA.5;
** original monovalent and bivalent BA.4/5 [18,35,37].
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