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ABSTRACT

Current clinical guidelines support the concomitant administration of seasonal influenza vaccines and COVID-19 mRNA
boosters vaccine. Whether dual vaccination may impact vaccine immunogenicity due to an interference between
influenza or SARS-CoV-2 antigens is unknown. We aimed to understand the impact of mRNA COVID-19 vaccines
administered concomitantly on the immune response to influenza vaccines. For this, 128 volunteers were vaccinated
during the 22-23 influenza season. Three groups of vaccination were assembled: FLU vaccine only (46, 35%) versus
volunteers that received the mRNA bivalent COVID-19 vaccines concomitantly to seasonal influenza vaccines, FluCOVID
vaccine in the same arm (42, 33%) or different arm (40, 31%), respectively. Sera and whole blood were obtained the day
of vaccination, +7, and +28 days after for antibody and T cells response quantification. As expected, side effects were
increased in individuals who received the FluCOVID vaccine as compared to FLU vaccine only based on the known
reactogenicity of mRNA vaccines. In general, antibody levels were high at 4 weeks post-vaccination and differences were
found only for the H3N2 virus when administered in different arms compared to the other groups at day 28 post-
vaccination. Additionally, our data showed that subjects that received the FIuCOVID vaccine in different arm tended to
have better antibody induction than those receiving FLU vaccines for H3N2 virus in the absence of pre-existing immunity.
Furthermore, no notable differences in the influenza-specific cellular immune response were found for any of the
vaccination groups. Our data supports the concomitant administration of seasonal influenza and mRNA COVID-19 vaccines.
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Introduction
estimated that almost 7 million people succumbed to

Influenza is a re-emerging infectious disease that
causes influenza epidemics every year. WHO esti-
mates that about 3-5 million cases of severe disease
and 290,000-650,000 deaths annually are caused by
influenza virus. Besides, new pathogens such as
SARS-like viruses, are emerging from zoonotic reser-
voirs posing new threats to human health like in the
recent SARS-CoV-2 pandemic [1,2]. WHO has

COVID-19 since the beginning of the pandemic in
2020 (WHO Coronavirus (COVID-19) Dashboard;
date of accession September 20th, 2023). However,
this number may increase as new SARS-CoV-2 var-
iants capable of evading the immune system continue
to emerge in the human population. Certainly, both
influenza and SARS-CoV-2 have demonstrated an
exceptional ability to accumulate mutations over
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time in the main surface proteins targeted by the
immune system [3,4]. This makes necessary to moni-
tor circulating viruses in order to update the vaccine
composition periodically [4-7]. Additionally, the
resurgence of influenza viruses in humans and the
co-circulation of both influenza and SARS-CoV-2
viruses has been a reality since the 2021-2022 North-
ern hemisphere influenza season. This raised new con-
cerns about further pressure on healthcare systems in
the aftermath of the COVID-19 pandemic [8,9]. Still,
influenza and COVID-19 vaccines remained the best
strategy to prevent both infection and severe disease
by these viruses in humans [10,11]. Consequently,
clinical guidelines were updated, and several inter-
national agencies support now the concurrent admin-
istration of both seasonal influenza and COVID-19
vaccines (https://apps.who.int/iris/handle/10665/346
897; https://www.cdc.gov/flu/professionals/acip/su
mmary/summary-recommendations.htm#concurrent).
The potential benefits of dual vaccination are at both
individual and healthcare systems level. First, coadmi-
nistration can help with increasing vaccine uptake
while also providing a timely protection against both
diseases. Second, concomitant administration can
help reduce the burden of vaccination campaigns on
healthcare systems. All of these is in contrast with con-
cerns raised about the safety and reactogenicity of the
administration of both vaccines simultaneously and
the lack of population-based evidence to support
decisions about practice and policy.

Only a limited number of studies have investigated the
reactogenicity and safety of concomitant administration
of influenza and COVID-19 vaccines. Most of them
agree in only a slight increase in minor adverse events
compared with the COVID-19 booster alone and no
safety concerns were found [12-14]. Not surprisingly,
self-reported side effects, including fever, odynophagia,
chills, cough, dyspnea, expectoration, local rash, swollen
gland and muscle pain were lower in the influenza vacci-
nation only groups. Yet, most of the studies failed on
reporting whether dual vaccination may impact vaccine
immunogenicity due to antigen interference and two
studies pointed to a lower immune response to SARS-
CoV-2 after dual vaccination compared to COVID-19
only [15,16]. Additionally, data on vaccine efficacy or
effectiveness and how the administration in the same
or different arms may affect the vaccine’s safety and
immunogenicity are also lacking. Here, we aimed to
assess whether dual vaccination could impact influenza
vaccine immunogenicity due to an interference between
influenza and SARS-CoV-2 antigens. Additionally, we
evaluated the safety and reactogenicity of the concurrent
administration of the COVID-19 mRNA booster and
seasonal influenza vaccines in three groups of volunteers
who received the FLU vaccine only, the mRNA bivalent
COVID-19 vaccines concomitantly to seasonal influenza
vaccines, in the same or different arm.

Materials and methods

Study design, participants, data and biological
samples

A longitudinal human cohort study was carried out
during the 2022-2023 influenza season. With the
introduction of mRNA COVID-19 vaccines, clinical
guidelines were updated, and dual vaccination with
seasonal influenza and mRNA COVID-19 was rec-
ommended. Volunteers were excluded if allergic to
chicken egg proteins or any vaccine component, and
if pregnant. Collection of data included demographics,
(age and sex), co-morbidities (chronic obstructive pul-
monary disease (COPD), diabetes mellitus, chronic
heart, liver or kidney disease) and history of previous
influenza vaccination. Adverse effects after single or
dual vaccination were recorded. Serum samples were
collected pre-vaccination (day 0, DO); and approxi-
mately 7 days (D7) and 28 days (D28) post-
vaccination.

Seasonal influenza & mRNA COVID-19 vaccines

Vaccinated volunteers received the quadrivalent non-
adjuvanted inactivated vaccine (QIV, Sanofi Pasteur)
recommended for the corresponding influenza sea-
sons containing A/Victoria/2570/2019 (HIN1)
pdm09-like virus, A/Darwin/9/2021 (H3N2)-like
virus, B/Austria/1359417/2021-like virus and B/Phu-
ket/3073/2013-like virus; and the Pfizer-BioNTech
mRNA  bivalent COVID-19 vaccine (original
Wuhan-like and Omicron BA.4/BA.5) in the case of
concomitant vaccination. Vaccines were administered
as part of the standard of care.

Hemagglutination inhibition (HAI) assay

Vaccinees serum samples were incubated overnight
with three volumes (relative to serum) of receptor-
destroying enzyme (RDE; Denka Seiken #10753-482)
for 16-18 h in a 37°C water bath. Three volumes of
2.5% sodium citrate solution were added and RDE
was heat inactivated at 56°C in a water bath
(30 min). Final serum dilutions were adjusted to 1:10
in PBS. Each reference virus strain (A/Victoria/2570/
2019, A/Darwin/9/202, B/Austria/1359417/2021 and
B/Phuket/3073/2013) was diluted to a final concen-
tration of 8 HA units/50 pL in Fluorescent Trepone-
mal Antibody (FTA) hemagglutination (HA) buffer
(BD Biosciences). Two-fold dilutions of RDE treated
serum (25 pL) were incubated with equal amount of
the virus at 8 HA units/50 pL (30 min, room tempera-
ture). Turkey red blood cells (RBCs) (Lampire Biologi-
cal) at 0.5% in HA buffer (50 pL) were added and
incubated for 45 min at 4°C. The HAI titer was deter-
mined by taking the reciprocal dilution of the last well
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in which serum inhibited the hemagglutination of
RBCs.

Enzyme-linked immunosorbent assay (ELISA)

Flat-bottom 96-well plates (Immulon 2 HBX; Thermo
Fisher Scientific #14-245-61) were coated with 2 pg/
ml of SARS-CoV-2 (2019-nCoV) Spike S1 + S2 ECD-
His Recombinant Protein Sino Biological #40589-
VO08H4, SARS-CoV-2 (2019-nCoV) Spike S2 ECD-
His Recombinant Protein Sino Biological #40590-
VO08H1, SARS-CoV-2 (BA.4/BA.5/BA.5.2) and Spike
S1 + S2 trimer Protein (ECD, His Tag) (HPLC-verified)
Sino Biological #40589-V08H32 in PBS (Gibco), and
incubated at 4°C overnight. Next, plates were washed
3 times with washing buffer (PBS containing 0.1%
Tween-20; Fisher Scientific). Plates were incubated
for 1 h at room temperature with blocking solution
(washing buffer containing 3% non-fat powdered
milk, 0.1% Tween-20). Blocking solution was then
removed and three-fold dilutions of serum (starting
1:80) were added to each well and incubated for 1 h
at room temperature. Plates were then washed 3
times with washing buffer and a peroxidase-conjugated
anti-human IgG (Fc-specific) monoclonal antibody
(Sigma # A0170-1ML) was added at a final concen-
tration of 1:20,000 in PBS containing 1% non-fat pow-
dered milk and 0.1% Tween-20 (Fisher Scientific).
After washing 4 times with shaking, 100 pL of peroxi-
dase substrate (3,3',5,5'-Tetramethylbenzidine, TMB,
Rockland) were added and incubated at room tempera-
ture for 10 min. The reaction was stopped with a 2 M
sulfuric acid solution (Fisher Science). The absorbance
was measured at 450 nm with a plate spectropho-
tometer (Synergy H1 hybrid multimode microplate
reader, Biotek). Optical density (OD) for each well
was calculated by subtracting the average background
plus two standard deviations. Area under the curve
(AUC) was computed using GraphPad Prism software.

Specific cellular immune response

To assess the cellular immune response of monocytes
and T-cells against influenza virus, 500 puL of whole
blood at baseline, day 7 and 28 were stimulated with
1 pg/ml of A/HINI HA, 1pg /ml of A/H3N2 HA
and 1 pg/ml of influenza B nucleoprotein overlapping
peptides (JPT Peptides Technologies GmbH, Berlin,
Germany). In parallel, 500 uL of whole blood were
stimulated with 0.6 ug/ml of Streptomyces conglobatus
ionomycin, calcium salt and 10 ng/ml of 4-alpha-
phorbol-12-myristate-13-acetate  (Sigma  Aldrich,
Madrid, Spain) as a positive control. Non-stimulated
samples were included as a negative control. The
stimulated samples, positive and negative controls
were co-stimulated with 1 ug/ml of CD28/CD49d
(BD Biosciences) and treated with Brefaldin A (BD,
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Biosciences), to prevent cytokine secretion, following
the manufacturer’s specifications. After incubation
for 14 h at 37°C and 5% CO,, samples were incubated
for another 10 min with 5 ml of FACS Lysis buffer (BD
Biosciences) at room temperature and subsequently
washed. Cells were then incubated in the dark for
20 min at room temperature with a surface cocktail
containing LIVE/DEAD Fixable Red Dead Cell stain-
ing kit (ThermoFisher Scientific, L34971), PE anti-
human CD69 (clone FN50, BD Biosciences, 555531),
BV510 anti-human CD3 (clone HIT3a, BD Bio-
sciences, 564713), PerCP/Cy5.5 anti-human CD4
(clone RPA-T4, BD Biosciences, 560650), PE/Cy7
anti-human CD8 (clone RPA-T8, Biolegend,
301012), BV570 anti-human CD14 (clone M5E2, Bio-
legend, 301832) and BV711 anti-human HLA-DR
(clone 1243, Biolegend, 307644). After this incubation
cells were fixed by adding 50 pL of IntraPrep 1 reagent
(BeckmanCoulter, Madrid, Spain) and incubating for
15 min. Cells were washed once and permeabilized
with 50 uL of IntraPrep 2 reagent (BeckmanCoulter,
Madrid, Spain) and incubated for 15 min with mono-
clonal antibodies: FITC anti-human IFN-y (clone 48,
B3, Biolegend, 502506), APC anti-human IL-2 (clone
MQI-17H12, Biolegend, 500310), BV421 anti-
human TNF-a (clone Mabll, 502932) and AF700
anti-human IL-6 (clone MQ2-13A5, ThermoFisher
Scientific, 56-7069-42). Finally, cells were washed
and treated with 4% paraformaldehyde for a second
fixation and data were acquired by Aurora Cytek
spectral analyzer cytometer (Beckman Coulter)
quantifying 100,000 live cell events and singlets. Ana-
lyses were performed by SpectroFlo by gating CD4+
T cells as CD3"CD14'CD4 *CD8, CD8+ T cells
as CD3"CDI14CD4CD8" and monocytes as
CD3°CD14". The percentages of CD4+, CD8 + cells,
and monocytes expressing IFN-y, IL-2, IL-6 and
TNF-a were normalized to the negative control.

Statistical analysis

Demographics and clinical characteristics were com-
pared using the chi-square test or Fisher exact test
for categorical variables, and the t test, Mann-Whit-
ney U test or Kruskal Wallis, for continuous variables,
when appropriate. All immune assay values were
log;o-transformed to improve linearity. The GMT
and 95% confidence intervals (CI 95%) were com-
puted by taking the exponent (log;,) of the mean
and of the lower and upper limits of the 95% CI of
the logo-transformed titers. Fold rise was calculated
as the ratio between day 3-5 or 28 antibody value to
baseline levels. Geometric Mean Ratio (GMR) was
computed by taking the exponent (log;,) of the
mean fold rise and of the lower and upper limits of
the CI 95% of the log;o-transformed titers. Statistical
significance was established at p < 0.05. All reported
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p values are based on two-tailed tests. Linear
regression and related-sample multiple comparison
(Friedman’s two-way analysis of variance by ranks,
also known as Friedman’s two-way ANOVA, and
pairwise comparison adjusted by Bonferroni correc-
tion) were performed using IBM SPSS Statistics (ver-
sion 26).

Study oversight

The study protocol was approved by the institutional
review board at University Hospital Virgen del
Rocio, Seville, Spain (PI-0434-2018) and by the local
ethics committee of all participating hospitals: Univer-
sity Hospital of Bellvitge (PR018/19) and Mount Sinai
Hospital (Human Research Exempt Determination
STUDY-20-01915). All patients or their legally auth-
orized representatives provided informed consent.
Experimental data was produced at the Icahn School
of Medicine at Mount Sinai (New York, US) and the
Institute of Biomedicine of Seville (Seville, Spain),
and ethical review from the institutional review boards
was also obtained. This study was carried out strictly
following the ethical regulations of the Helsinki
Declaration and the guidelines on good clinical lab-
oratory practice.

Results

One hundred twenty-eight volunteers were vaccinated
during the 2022-2023 season and included in this
study. Three groups of vaccination were assembled:
FLU vaccine only (46, 35%) versus volunteers that
received the mRNA bivalent COVID-19 vaccines con-
comitantly to seasonal influenza vaccines, FluCOVID
in the same arm (42, 33%) or different arm (40, 31%),
respectively. Vaccinated volunteers received the QIV
influenza vaccine recommended for 2022-2023 season
in the Northern hemisphere; and the Pfizer-BioNTech

mRNA bivalent COVID-19 vaccine (original Wuhan-
like and omicron BA.4/BA.5) in the case of FluCOVID
vaccination groups.

Mean age was 37 (21-83), females were more fre-
quent (65.4%) and rate of influenza vaccination in
the previous season was 84.9% (Table 1). No differ-
ences on demographics or previous history of vacci-
nation according to vaccination groups were found.
On the contrary, self-reported side effects were signifi-
cantly different between the FLU vaccine only (18.2%)
versus the FluCOVID dual vaccination (45.7% and
41.7% in the same and different arm, respectively)
(p=0.018). Of these, mild symptoms such as fever
and chills were the most frequent. Additionally, no
significant differences were found between receiving
the FluCOVID vaccines combo in the same or differ-
ent arm nor regarding the level of inflammation or the
presence of rash among the different groups. There-
fore, concurrent administration of the COVID-19
booster and seasonal influenza vaccine is safe,
although associated with an increase of vaccine related
side-effects as compared with the seasonal influenza
vaccine alone. Main demographics and self-reported
side effects after single or dual vaccination in the Flu-
COVID study are shown in Table 1.

Antibody response to single or dual influenza
and mRNA COVID-19 vaccines

Blood samples were collected longitudinally at the
recruitment before single or dual vaccination, and
early after (mean, range: 7, 4-12). Another sample
was collected after 4 weeks post-vaccination with a
mean time of 28 (range 20-34 days). To investigate
the induction of antibodies against influenza viruses,
we measured hemagglutination-inhibition (HAI) anti-
bodies against all four vaccine reference strains
included in the 2022-2023 influenza vaccine: A/Vic-
toria/2570/2019 (HIN1)pdm09-like virus; A/Darwin/

Table 1. Demographics and side effects of the subjects vaccinated in the 2022-2023 season. Three groups of vaccinations were
assembled: seasonal influenza vaccine, FLU only, versus volunteers receiving mRNA bivalent COVID19 vaccine concomitantly to
seasonal influenza vaccines in the same arm, FLU/COVID (=), or different arm, FLU/COVID (#). Demographics and side effects of

the total cohort are also shown.

FLU only 46 (35%) FLU/COVID (=) 42 (33%) FLU/COVID (#) 40 (31%) Total 128 (100%)
Age (years)oo 35.5 (21-62) 42 (21-83) 33 5 (21-74) 37 (21-83)
Female 30 (65.2%) 28 (66.7%) 6 (65%) 84 (65.6%)
Previous vaccination 29 (76.3%) 31 (88.6%) 0 (90.9%) 90 (70.3%)
Side effects* 9 (19.6%) 25 (59.5%) 2 (55%) 56 (43.8%)
Fever** 2 (4.4%) 9 (25.7%) 1 (30.6%) 2 (19%)
Chills*** 3 (6.7%) 9 (25.7%) 0 (27.8%) 2 (19%)
Cough 4 (8.9%) 2 (5.6%) 0 6 (4.7%)
Expectoration 3 (6.7%) 2 (5.6% 0 5 (4.3%)
Odynophagia 0 2 (4.8% 0 2 (1.6%)
LN inflammation 0 1 (2.4% 0 1 (0.8%)
Rash 0 1 (2.4% 0 1 (0.8%)
Dyspnea 0 1 (2.4% 0 1 (0.8%)
Muscle pain 1(2.2%) 0 0 1 (0.8%)
Swollen gland 0 1 (2.4%) 0 1 (0.8%)

ocoAge: mean (min-max). *p = 0.018; **p = 0.007; ***p = 0.03. Independent-Samples Kruskal-Wallis test was performed and Bonferroni correction for mul-

tiple tests was applied for pairwise comparisons.
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Figure 1. Immune response to influenza in the FluCOVID study. (A) Overall immune response against influenza viruses according
to the strains included in the 2022-2023 vaccine. Hemagglutination inhibitory (HAI) antibodies are shown for each patient. Geo-
metric mean titer (GMT, big dots) and confidence interval (Cl 95%) are also shown. Serum samples were examined over two inde-
pendent experiments for HAI assays at baseline, day 5-7 and day 28. (B) Longitudinal profile as GMT and Cl 95% of HAI antibodies
against influenza viruses according to vaccination groups -Flu only versus FluCOVID in same (=) or different (#) arm are shown.
Independent-Samples Kruskal-Wallis test was performed and Bonferroni correction for multiple tests was applied for pairwise
comparisons. Day 7: **p =0.01. FluCOVID (=) versus FluCOVID different (#) (p = 0.004). Day 28: *p = 0.02. FluCOVID (=) versus
FluCOVID different (#) (p =0.006). Flu versus FIuCOVID different (p = 0.049). (C) Boxplot diagram of geometric mean fold rise

(GMFR) antibody titers against influenza viruses are shown at day 28. Outliers from the observed distribution are shown.

9/2021 (H3N2)-like virus; B/Austria/1359417/2021-
like virus (B/Victoria lineage); and B/Phuket/3073/
2013-like virus (B/Yamagata lineage). Globally, anti-
body responses were better for influenza A than B
viruses in the three groups of vaccination with seropro-
tection rates of 79.8% for HIN1, 64.5% for H3N2,
56.5% for B/Victoria, 56.5% for B/Yamagata (Figure
1A) and seroconversion rates of 37.5%, 53.1%, 55.5%
and 39.1%, respectively at day 28 post-vaccination.
Importantly, antibody levels were already high at base-
line with Geometric Mean Titers (GMT) (CI 95%) of
54.56 (40.7-68.42), and 22.2 (14.4-30) for influenza A
HINI and H3N2, respectively; and 30.48 (6.58-
54.39) and 31.99 (22.83-41.15) for influenza B from
the Victoria and the Yamagata lineages.

Next, we investigated whether concomitant admin-
istration of mRNA COVID-19 vaccines interfere with
seasonal influenza vaccine responses. For this, we
compared the longitudinal antibody response and
determined fold-increase of antibody titers from

baseline levels against influenza viruses according to
vaccination groups (Figure 1B and C). Generally, no
significant differences were found on HAI titers
between single or dual vaccination at any time point.
However, the FluCOVID vaccine group administered
in different arms showed higher antibody levels for the
H3N2 virus at day 7 post-vaccination when compared
administration in the same arm, showing GMT
(CI95%): FluCOVID (=) 37.7, (21.7-53.7) versus Flu-
COVID (#) 172.7, (83.9-261.5), p =0.004. Similarly,
antibody levels were significantly higher for the
H3N2 virus when administered in different arms com-
pared to the same arm and Flu only group at day 28
post-vaccination: FluCOVID (=) 83.8 (43.9-123.7)
versus FluCOVID (#) 220.75(118.19-323.31), p=
0.004; and Flu only 114.0(66.79-161.3) versus Flu-
COVID (#) 220.75(118.19-323.3), p=0.049. These
differences were found when comparing the geometric
mean of the antibody titers to H3N2 in the longitudi-
nal follow up. However, when analyzing the fold
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induction (FI) from baseline levels at the same time
points (day 7 and day 28) we found no significant
differences; and fold induction levels were similar
between the Flu only and the Flu/SARS-CoV-2 in
the same arm group compared to the Flu/SARS-
CoV-2 different arm group. Additionally, no differ-
ences for the HINI, nor influenza B Yamagata or Vic-
toria lineages vaccine components were found when
we compared fold-increase (expressed as GMR)
from baseline antibody levels between the three vacci-
nation groups. Data is shown in Figure 1C. Seropro-
tection, seroconversion and antibody levels
expressed as GMT and GMR at baseline, and days 7
and 28, according to vaccination groups or in the
total cohort are also shown in Supplementary Tables
1-3.

Since many factors such as age, sex or pre-existing
immunity can play a role in differential responses to
seasonal influenza vaccine among adults [10,17], we
next decided to investigate the impact of such factors
on the immune response to influenza vaccine. First,
we investigated antibody responses against influenza
and SARS-CoV-2 according to sex. Only baseline
titers to B/Victoria influenza virus as well as B/Yama-
gata were significantly different in male compared to
females (Supplementary Table 4). Additionally, fold
induction of the antibody levels according to sex for
the different influenza strains included in the vaccine
were only significant different to the B/Victoria virus
at day 7 post vaccination (Supplementary Table 5).
Second, we defined pre-existing immunity as HAI
baseline antibody levels higher than 10 and then calcu-
lated the frequency of pre-existing immunity among
the different vaccination groups (Table 2). Next, we
investigated the role of these and other independent
factors that might be influencing fold-increase of anti-
body levels at day 28 after administration of the single
-Flu- or dual -FluCOVID- vaccines. A multivariate
linear regression for each influenza subtype included
in the vaccine was performed, including age, sex, pre-
vious history of influenza vaccination (defined as vac-
cination in 2021-2022 season), baseline HAI titers and
vaccination group. Our results indicated that baseline
HALI titers significantly impact the induction of anti-
influenza antibodies by day 28 for the four vaccine

Table 2. Frequency of vaccinees with pre-existing immunity
on the FIuCOVID vaccine study for each vaccine antigen and
according to vaccination groups. Pre-existing immunity was

defined as baseline hemagglutination—inhibition (HAI)
antibody levels higher than 10.

FluonlyN= FIluCOVID (=)  FluCOVID (#) Total N=

46 N=142 N =40 128

HI1N1co 28 (60.9%) 28 (66.7%) 33 (82.5%) 89 (69.5%)
H3N2 14 (30.4%) 10 (23.8%) 18 (45%) 42 (32.8%)
B/Vic 10 (21.7%) 13 (31%) 9 (22.5%) 32 (25%)
B/Yam 19 (41.3%) 21 (50%) 21 (52.5%) 61 (47.7%)

oop = 0.08. Independent-Samples Kruskal-Wallis test was performed.

antigens (Figure 2A), but especially marked for the
HIN1 vaccine component with a beta coeflicient of
—0.67 (CI95% —0.86; —0.52) (p < 0.001). Therefore,
and to account for any cofounding effect due to pres-
ence of baseline antibody levels, we next compared
fold-increase at day 28 among all three vaccination
groups only in those subjects without influenza virus
pre-existing immunity before vaccination. Figure 2B
shows no significant differences between groups.
However, in the absence of pre-existing immunity,
subjects that received the FluCOVID vaccine in differ-
ent arm showed better fold-increase for influenza A
virus H3N2 than those receiving Flu vaccines only.
Next, we assessed whether anti-SARS-CoV-2 anti-
body responses could be different between the Flu-
COVID vaccination groups. For this we quantified
immunoglobulin G (IgG) levels against the spike (S)
protein of both Wuhan-like -full length, FL; or S2
domain- and Omicron BA.5 full length S. IgG levels
were quantified as area under the curve (AUC) by
plotting normalized optical density (OD) values
against the reciprocal serum sample dilutions for ELI-
SAs. Then the longitudinal antibody profile of each
individual patient together with the GMT (CI 95%)
at each time point for AUC ELISA were plotted for
the total FluCOVID study; or according to vaccination
groups (Figure 3A and B). As expected, no increase on
antibody levels against any of the antigens tested were
found for the Flu only group, while both FluCOVID
vaccination groups showed similar antibody profile
for Wuhan-like or Omicron BA.5 antigens, indepen-
dently of vaccination occurring in the same versus
different arm. Antibody levels expressed as GMT
and Geometric Mean Ratio (GMR) at baseline, day 7
and day 28 according to groups or in the total cohort
are also shown in Supplementary Tables 6, 7 and 8.

Influenza-specific T-cells and monocytes
immune response

Finally, to evaluate whether the administration of one
of these vaccine combinations may impact the cell
response to influenza viruses, specific monocytes and
T-cells against influenza virus were analysed. As
shown in Figure 4, the percentage of CD4+and
CD8+ T cells expressing INF-y, IL-2, IL-6 and TNF-
a was similar among the three vaccination groups
except for the CD4+ T cells expressing IL-6 at day
28 (p=0.020): FluCOVID (=) versus Flu (p=
0.047), and FluCOVID (=) versus FluCOVID (#)
(p=0.010). Likewise, the percentage of monocytes
expressing the selected cytokines was similar between
groups with the exception of IL-6 at day 28: Flu-
COVID (#) versus the FIuCOVID (=) (7.84% vs.
3.01%, p=0.010) and Flu versus FluCOVID (=)
(5.53% vs. 3.01%, p=0.047). Next, we analysed the
percentage of patients with CD4+, CD8+ T cells and
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monocytes expressing the selected cytokines. Only
minor differences were found (Supplementary Table
9). The percentage of patients with CD4+ T-cells
expressing IL-6 at day 7 was higher in FluCOVID
(#) versus FluCOVID (=) (71.1% vs. 39%, p=
0.007). However, this difference was not maintained
at day 28, and percentage of patients with CD4+ T-
cells expressing IL-6 at was higher in the FluCOVID
(=) group (16.2% vs. 41.5%, p=0.020). Similarly,
the percentage of patients with monocytes expressing
IL-6 was higher in the Flu only versus FluCOVID (=)
(80% vs. 58.5%, p = 0.019) and the FluCOVID (#) ver-
sus FluCOVID (=) (86.8% vs. 58.5%, p = 0.010).

Discussion

The present study examines the immunogenicity and
safety of concomitant administration of seasonal
influenza and COVID-19 mRNA vaccines. No safety
concerns or immune interferences were found. How-
ever, our data suggest that dual vaccination could be
favored by administering vaccines in different arms
since subjects from the FluCOVID vaccine group
showed significantly higher antibody titers for the
H3N2 vaccine component than those receiving FLU
vaccines only, or FluCOVID in the same arm in the

longitudinal follow up. However, when analyzing the
fold induction (FI) from baseline levels at the same
time points (day 7 and day 28) we found no significant
differences; and fold induction levels were similar
between the Flu only and the Flu/SARS-CoV-2 in the
same arm group compared to the Flu/SARS-CoV-2
different arm group. This lack of statistical differences
in fold increase levels could be explained by differences
on baseline antibody titers among the vaccination
groups for H3N2 virus. As indicated in the Supplemen-
tary Table 1 the Flu-SARS-CoV-2 different arm group
showed higher baseline antibody titers (GMT 6.6) com-
pared to the Flu only (GMT 3.28) and Flu-SARS-CoV-2
same arm group (2.82) (*Kruskal Wallis test p = 0.09).
As for the specific cellular immune response, only a
few differences were observed at specific timepoints
for the three vaccination groups. Specifically, different
levels of IL-6 secretion were found for CD4 T-cells
and monocytes among the different vaccination
groups. It is known that activation of inflammatory
responses are crucial for the initiation of innate immu-
nity pathways that can lead to the induction of good
adaptative immune responses after vaccination [18].
Therefore, the observed differences on IL-6 cytokine
production could potentially influence the antibody
mediated immune response after single or dual



vaccination with the influenza or COVID-19 vaccine.
However, more granular studies are necessary to
understand the specific role of IL-6 secretion after
influenza vaccination.

Our results support the concomitant adminis-
tration of seasonal influenza and COVID-19 mRNA
vaccines in the upcoming vaccination campaigns.
For one side, dual vaccination will ultimately favor
vaccine uptake and coverage. On the other side it
will provide better protection against both influenza
and SARS-CoV-2 infections and severe disease out-
comes. Certainly, coadministration of seasonal
influenza and other respiratory pathogens vaccines is
not an unexplored field. Examples include not only
viruses, but also bacterial pathogens such as certain
pneumococcal serotypes [19-21]. While some of
these studies showed a slight decrease on antibody
titers against pneumococcal antigens, the benefits
added still overcome the relative reductions observed
since administration of both vaccines have proved to
reduce the risk of pneumonia complications [22-24].
Similarly, dual administration of influenza and
COVID-19 vaccines could ease not only the clinical
impact of both diseases at an individual level but
also help reduce the burden on national healthcare
systems while showing no differences on immune
response.

Our study also adds new data on safety and reacto-
genicity of simultaneous administration of both
influenza and COVID-19 vaccines. We found that
side effects were lower in the Flu only vaccination
group. COVID-19 vaccines alone have shown to
cause high frequency of both systemic and local
reactogenicity — 76% and 24%, respectively - [25]. In
contrast, systemic and local side effects to inactivated
influenza vaccines have shown to be less common,
with frequencies of 11% and 17.5%, respectively [26].
Therefore, is not surprising that subjects from the
FluCOVID vaccine groups showed an increase in
the rate of systemic side effects. Nonetheless, only
mild symptoms such as fever and chills were self-
reported, and no other safety concerns were found
consistent with other reports in the literature
[12,13,15,25]. Still, our conclusions are limited by
the fact that vaccine-related side effects were self-
reported by the participants, which could be subjected
to potential bias. Additionally, no comparison with a
COVID-19 vaccine only group was possible in this
study. Nonetheless, some preliminary data showed
no significant differences in reactogenicity and immu-
nogenicity between those subjects receiving concomi-
tant vaccination compared to those that received
mRNA-COVID19 vaccine alone [12,14]. Further
research is needed to investigate the immune
responses against SARS-CoV-2 spike protein upon
dual vaccination with mRNA COVID-19 and seaso-
nal influenza vaccines.
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In conclusion, concomitant administration of the
mRNA COVID-19 and seasonal influenza vaccines is
safe, produced a mild reactogenicity profile and main-
tained an adequate immune response, with a better
immunological response to influenza A H3N2 when
administered in different arms. This study provides
population-based evidence to inform decisions about
practice and policy for future influenza and COVID-
19 vaccination campaigns.
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