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Safety and immunogenicity of a high-dose quadrivalent 
influenza vaccine administered concomitantly with a third 
dose of the mRNA-1273 SARS-CoV-2 vaccine in adults aged 
≥65 years: a phase 2, randomised, open-label study 
Ruvim Izikson, Daniel Brune, Jean-Sébastien Bolduc, Pierre Bourron, Marion Fournier, Tamala Mallett Moore, Aseem Pandey, Lucia Perez, 
Nessryne Sater, Anju Shrestha, Sophie Wague, Sandrine I Samson

Summary
Background Concomitant seasonal influenza vaccination with a COVID-19 vaccine booster could help to minimise 
potential disruption to the seasonal influenza vaccination campaign and maximise protection against both diseases 
among individuals at risk of severe disease and hospitalisation. This study aimed to assess the safety and 
immunogenicity of concomitant administration of high-dose quadrivalent influenza vaccine (QIV-HD) and a 
mRNA-1273 vaccine booster dose in older adults.

Methods This study is an ongoing, phase 2, multicentre, open-label, descriptive trial at six clinical research sites in the 
USA. We describe the interim results up to 21 days after vaccination (July–August, 2021). Community-dwelling adults 
aged 65 years and older, who were previously vaccinated with a two-dose primary schedule of the mRNA-1273 
SARS-CoV-2 vaccine, were eligible for inclusion. The second dose of the primary mRNA-1273 vaccination series was 
required to have been received at least 5 months before enrolment in the study. Participants were randomly 
assigned (1:1:1) using a permuted block method stratified by site and by age group (<75 years vs ≥75 years), to receive 
concomitant administration of QIV-HD and mRNA-1273 vaccine, QIV-HD alone, or mRNA-1273 vaccine alone. 
Randomisation lists, generated by Sanofi Pasteur biostatistics platform, were provided to study investigators for study 
group allocation. Unsolicited adverse events occurring immediately, solicited local and systemic reactions up to day 8, 
and unsolicited adverse events, serious adverse events, adverse events of special interest, and medically attended 
adverse events up to day 22 were reported. Haemagglutination inhibition antibody responses to influenza A/H1N1, 
A/H3N2, B/Yamagata, and B/Victoria strains and SARS CoV-2 binding antibody responses (SARS-CoV-2 pre-spike 
IgG ELISA) were assessed at day 1 and day 22. All analyses were descriptive. The study is registered with 
ClinicalTrials.gov, NCT04969276.

Findings Between July 16 and Aug 31, 2021, 306 participants were enrolled and randomly assigned, of whom 
296 received at least one vaccine dose (100 in the coadministration group, 92 in the QIV-HD, and 104 in the 
mRNA-1273 group). Reactogenicity profiles were similar between the coadministration and mRNA-1273 groups, 
with lower reactogenicity rates in the QIV-HD group (frequency of solicited injection site reactions 86·0% [95% CI 
77·6–92·1], 91·3% [84·2–96·0], and 61·8% [50·9–71·9]; frequency of solicited systemic reactions 80·0%, 
[70·8–87·3], 83·7% [75·1–90·2], and 49·4% [38·7–60·2], respectively). Up to day 22, unsolicited adverse events 
were reported for 17·0% (95% CI 10·2–25·8) of participants in the coadministration group and 14·4% (8·3–22·7) 
of participants in the mRNA-1273 group, and tended to be reported at a slightly lower rate (10·9% [5·3–19·1]) in 
participants in the QIV-HD group. Seven participants each reported one medically attended adverse event (three in 
the coadministration group, one in the QIV-HD group, and three in the mRNA-1273 group). There were no serious 
adverse events, adverse events of special interest, or deaths. Haemagglutination inhibition antibody geometric 
mean titres increased from day 1 to day 22 to similar levels in the coadministration and QIV-HD groups, for each 
influenza strain (A/H1N1: 363 [95% CI 276–476] vs 366 [272–491]; A/H3N2: 286 [233–352] vs 315 [257–386]; 
B/Yamagata: 429 [350–525] vs 471 [378–588]; B/Victoria: 377 [325–438] vs 390 [327–465] for the coadministration and 
QIV-HD groups, respectively). SARS-CoV-2 binding antibody geometric mean concentrations also increased to 
similar levels in the coadministration and mRNA-1273 groups at day 22 (7634 [95% CI 6445–9042] and 7904 
[6883–9077], respectively).

Interpretation No safety concerns or immune interference were observed for concomitant administration of QIV-HD 
with mRNA-1273 booster in adults aged 65 years and older, supporting co-administration recommendations.
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Introduction 
COVID-19, the disease caused by SARS-CoV-2, first 
emerged in humans in December, 2019, and spread 
rapidly to global pandemic status within a few months. 
The COVID-19 pandemic continues to have a devastating 
impact on public health systems, economies, and societies 
worldwide. Risk factors for severe illness and mortality 
include age older than 75 years, male sex, severe obesity 
(BMI >40 kg/m²), and active cancer.1 The accelerated 
development and deployment of vaccines against 
SARS-CoV-2 have helped to limit COVID-19-related severe 
disease, hospitalisations, and deaths in parts of the world 
where vaccines have been effectively rolled out, with 
mRNA COVID-19 vaccines among the first to be made 
available.2–6 The mRNA-1273 vaccine (100 µg dose)7 has 
been registered in multiple countries for active two-dose 
immunisation in individuals aged 12 years and older, with 
some countries also recommending a third 100 µg dose 
for individuals aged 18 years and older with severe 
immunosuppression.8,9 On October 21 2021, the US Food 
and Drug Administration (FDA) Vaccines and Related 
Biological Products Advisory Committee and the US 
Centers for Disease Control and Prevention Advisory 

Committee on Immunization Practices’ (ACIP) expanded 
the eligibility for a 50 µg booster dose to adults with 
frequent institutional or occupational exposure to 
SARS-CoV-2 or at high risk of severe COVID-19, including 
those aged 65 years and older.10,11

Reductions in vaccine effectiveness against SARS-CoV-2 
infections over time have been observed, which might 
reflect waning immunity from primary vaccination or 
reduced efficacy against emerging variants.4–6,12 Available 
data on the safety and immunogenicity of third doses 
of SARS-CoV-2 vaccines mRNA-1273, BNT162b2, and 
ChAdOx1, support the administration of a booster vaccine 
dose to enhance protection against COVID-19.13–18 Several 
countries in the northern hemisphere have thus launched 
a COVID-19 booster vaccine campaign, mostly targeting 
at-risk individuals, including those with autoimmune 
disease and older adults, since these groups were among 
the first to be vaccinated and therefore are more likely to 
have waning immunity.19

Influenza is an acute viral respiratory disease that affects 
all age groups, but has a disproportionate disease burden 
in older adults. Global influenza-associated respiratory 
excess mortality rates have been estimated to be 

Research in context

Evidence before this study
To support optimal uptake of seasonal COVID-19 vaccines, 
numerous governments currently provide guidance on 
concomitant administration of seasonal influenza vaccine 
with a dose of COVID-19 vaccine in individuals at risk of severe 
disease and hospitalisation. We searched the following terms 
in PubMed on Oct 20, 2021: (“covid-19 vaccine” OR 
“sars-cov-2 vaccine”), (“influenza vaccine” OR “flu vaccine”), 
(“concomitant” OR “coadminist*”), (“flu” OR “influenza”), and 
(“COVID-19” OR “SARS-CoV-2”), limited to clinical trials (no 
limit on date or language), and searched the preprint servers 
medRxiv and bioRxiv using combinations of the same terms. 
Although no peer-reviewed publications reporting clinical 
evaluation of concomitant administration of SARS-CoV-2 and 
influenza vaccines were retrieved from the PubMed search, 
two studies of interest were retrieved from the preprint 
servers (now published in peer-reviewed journals). Toback and 
colleagues describe the results of a small substudy of a phase 3 
randomised trial of two doses of the SARS-CoV-2 vaccine 
NVX-CoV2373 (primary series), wherein around 
400 participants with a median age of 39 years received 
NVX-CoV2373 (first dose) or placebo concomitantly with an 
age-appropriate influenza vaccine (cellular quadrivalent 
influenza vaccine for those aged 18–64 years of age or 
adjuvanted trivalent influenza vaccine for those ≥65 years). 
No early safety concerns were identified in those who received 
NVX-CoV2373 with influenza vaccine, and immunogenicity 
of the influenza vaccination was preserved in the 
co-administered group compared with those who received 
influenza vaccine alone, although a modest decrease in the 

immunogenicity of NVX-CoV2373 was observed. Lazarus and 
colleagues provide data supporting the concomitant 
administration of age-appropriate seasonal influenza vaccine 
(adjuvanted trivalent vaccine or a cellular or recombinant 
quadrivalent vaccine) with a second dose of a COVID-19 
vaccine (ChAdOx1 or BNT162b2; primary series) in adults, 
including older adults (≥65 years), in the UK (ComFluCOV 
study). The study found acceptable safety and tolerability after 
concomitant administration of the two vaccines, without 
negative interference on the immunogenicity of either vaccine 
given alone.

Added value of this study
To our knowledge, we show for the first time in this study the 
acceptable safety and tolerability of concomitant 
administration of a high-dose quadrivalent influenza vaccine 
(Fluzone High-Dose Quadrivalent; Sanofi Pasteur; Lyon, France) 
with a booster (third) dose of the mRNA-1273 vaccine 
(Moderna), with no evidence of immune interference 
compared with administration of each vaccine dose alone in 
older adults (≥65 years) who had received a second dose of 
mRNA-1273 around 5 months before this study.

Implications of all the available evidence
This descriptive analysis adds to the available evidence 
supporting the concomitant administration of vaccine doses 
against seasonal influenza and COVID-19. Furthermore, this is 
the first study to our knowledge to suggest acceptable safety 
and immunogenicity of concomitant administration of a 
booster dose of COVID-19 vaccine with high-dose quadrivalent 
influenza vaccine in older adults, who are a priority target group.



Articles

394 www.thelancet.com/respiratory   Vol 10   April 2022

0·1–6·4 per 100 000 individuals for people younger than 
65 years, 2·9–44·0 per 100 000 individuals for people aged 
between 65 and 74 years, and 17·9–223·5 per 100 000 for 
people older than 75 years.20 Broader, non-respiratory 
consequences of influenza (including exacerbation of 
chronic underlying conditions, increased susceptibility to 
secondary microbial infections, cardiovascular events, and 
functional decline) add substantial disease burden.21

Seasonal influenza vaccination reduces influenza-
associated morbidity and mortality in groups at increased 
risk for complications, including older adults.22,23 A high-
dose influenza vaccine, which contains four times as 
much haemagglutinin as standard-dose influenza 
vaccines, was developed to improve protection against 
influenza in adults aged 65 years and older.24,25 In a meta-
analysis of multiple randomised and observational studies 
over the past 10 years of licensure in the USA, high-dose 
trivalent influenza vaccine was consistently more effective 
than was standard dose influenza vaccine at reducing 
influenza disease and associated clinical complications.26 
A quadrivalent formulation of the high-dose vaccine, 
containing an additional B strain, was licensed by the 
FDA in November, 2019 (QIV-HD; Fluzone High-Dose 
Quadrivalent; Sanofi Pasteur; Lyon, France).

The public health measures put in place to curb 
SARS-CoV-2 transmission in 2020 led to substantially 
reduced influenza activity during the 2020–21 northern 
hemisphere influenza season;27,28 WHO reported that less 
than 0·2% of tested specimens were positive for 
influenza virus during that period, compared with 
17% for the period 2017–20.27 As countries lift restrictions 
on everyday life, including travel, and with potentially 
increased susceptibility of individuals to influenza virus 
due to reduced circulation the previous season, a 
consequent resurgence of influenza during the 2021–22 
influenza season is predicted.29,30

There is a risk of disruption to, or delay of, the seasonal 
influenza vaccination campaign through prioritised efforts 
to vaccinate individuals against COVID-19, particularly in 
older adults, during the same period. To help maintain 
influenza vaccine uptake and ease pressure on health 
systems during the northern hemisphere winter season, 
WHO and several countries have provided guidance on 
the concomitant administration of influenza and 
COVID-19 vaccines, with the aim of shortening the 
vaccination period, reducing the number of visits to health-
care providers, and minimising missed opportunities to 
immunise against influenza.31–36

The current study aimed to assess safety and 
immunogenicity after concomitant administration of 
QIV-HD and a third (booster) dose of mRNA-1273 vaccine 
in adults aged ≥65 years in the USA.

Methods 
Study design and participants 
This study is an ongoing, phase 2, multicentre, open-
label, descriptive trial at six clinical research sites in the 

USA. The study was initiated on July 16, 2021, and has a 
planned completion date of Feb 15, 2022. The study 
included an active phase, from day 1 (enrolment, 
pre-vaccination blood draw, and vaccination) through to 
day 22 (post-vaccination blood draw), and a 6-month 
safety follow-up (day 181). Completion of the active phase 
of the study, reported here, was on Aug 31, 2021.

Community-dwelling adults aged 65 years and older, 
who were previously vaccinated with a two-dose primary 
schedule of the mRNA-1273 SARS-CoV-2 vaccine, were 
eligible for inclusion. The second dose of the primary 
mRNA-1273 vaccination series was required to have 
been received at least 5 months before enrolment in the 
study. Individuals with immunodeficiency, or who had 
received immunosuppressive therapy (in the preceding 
6 months) or long-term systemic corticosteroid therapy, 
or who had thrombocytopenia or received anticoagulants 
in the 3 weeks before study inclusion, were excluded. 
Other exclusion criteria included any vaccination in the 
4 weeks before the study, or planned receipt of any 
vaccine between study days 1 and 28 (with the exception 
of participants receiving QIV-HD at the end of the 
study); known, or a history of, systemic hypersensitivity 
or life-threatening reaction to any of the study 
intervention components; previous dermal filler 
injection (lips or face); chronic illness that might 
interfere with study conduct; moderate or severe acute 
illness or infection, or temperature of 100·4°F (38·0°C) 
or greater, on the day of study vaccination; history of 
serious adverse reaction to any influenza or COVID-19 
vaccines; history of Guillain-Barré syndrome, or of 
clinically significant developmental delay, neurological 
disorder, or seizure disorder; known seropositivity for 
HIV, hepatitis B, or hepatitis C; any condition that 
might pose a health risk if enrolled or could interfere 
with the evaluation of the vaccine; receipt of blood-
derived IgGs, blood, or blood-derived products in the 
past 3 months; participation at the time of study 
enrolment (or in the 30 days preceding the first study 
vaccination) or planned participation during the study 
period in another clinical study investigating a vaccine, 
drug, medical device, or medical procedure; deprived of 
freedom by an administrative or court order, or in an 
emergency setting, or hospitalised involuntarily; or 
identified as an investigator, employee, or an immediate 
family member of the investigator or study centre, with 
direct involvement in the proposed study.

Individuals were enrolled after public notice of ongoing 
research at dedicated clinical research sites in US regions 
with high proportions of primary series mRNA-1273 
deployment, at a time of public interest in boosters amid 
waning immunity concerns.

The study conduct is in compliance with the 
International Council for Harmonisation Good Clinical 
Practice and ethical principles derived from international 
guidelines, including the Declaration of Helsinki. All 
participants provided written informed consent.
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Ethics approval was obtained through the independent 
Institutional Review Board Advarra.

Randomisation and masking 
Participants were randomly assigned (1:1:1) using a 
permuted block method stratified by site and by age 
group (<75 years vs ≥75 years), to receive concomitant 
administration of QIV-HD and mRNA-1273 vaccine, 
QIV-HD alone, or mRNA-1273 vaccine alone. Investigators 
were provided with scratchable randomisation lists by 
Sanofi Pasteur biostatistics platform. Investigators 
scratched the list to reveal the randomisation order and 
the corresponding study group for each participant.

Procedures 
The QIV-HD vaccine (Fluzone High-Dose Quadrivalent; 
Sanofi Pasteur; Lyon, France) used was the 2021–22 
formulation for the northern hemisphere influenza 
season. One dose (0·7 mL) contained 60 μg of 
haemagglutinin of each of the two A strains (A/H1N1, 
A/H3N2) and two B strains (from the Yamagata and 
Victoria lineages). The mRNA-1273 vaccine (Moderna; 
Cambridge, MA, USA) was supplied by the Biomedical 
Advanced Research and Development Authority 
(BARDA), part of the office of the Assistant Secretary for 
Preparedness and Response at the US Department of 
Health and Human Services, and was given as a 0·5 mL 
dose, containing 100 μg of mRNA.

Participants received one or both vaccines by 
intramuscular injection in the upper arm—one injection 

on each side for the concomitant adminis tration group. 
Participants who were randomly assigned to the 
mRNA-1273 group were offered the QIV-HD vaccine 
after completion of the day 22 study visit, on a voluntary 
basis as part of routine medical care and aligned with 
recommendations of ACIP; no additional data related to 
this additional vaccination were collected and vaccine 
receipt was not considered exclusionary for continuing 
in the trial.

Haemagglutination inhibition antibody responses to 
influenza A/H1N1, A/H3N2, B/Yamagata, and 
B/Victoria strains were evaluated using a validated 
haemagglutinin inhibition assay by Global Clinical 
Immunology (Sanofi Pasteur laboratory; Swiftwater, PA, 
USA), as described previously.37 The endpoint of the 
assay is the highest serum dilution in which complete 
inhibition of haemagglutination occurs. The lower limit 
of quantification was 1:10 dilution (dil). Titres below this 
level were reported as less than 10 (1/dil).

The SARS-CoV-2 Pre-Spike IgG enzyme-linked 
immunosorbent assay was a validated assay, done by 
Nexelis (Laval, QC, Canada), as previously described.38 A 
reference standard was used to quantify antibodies 
against SARS-CoV-2 pre-spike (ELISA laboratory units 
[ELU] per mL). The concentration units were converted 
from ELU/mL to binding antibody units (BAU)/mL as 
follows: result in BAU/mL = result in ELU/mL ÷ 7·9815.

Immunogenicity was evaluated for the three study 
groups using samples taken before vaccination (day 1) 
and 21 days (+3 days) after vaccination.

Figure 1: Trial profile (active phase)
QIV-HD=high-dose quadrivalent influenza vaccine. *Including the patient from the mRNA-1273 group who was coadminsitered the vaccines in error.

306 participants randomly assigned

100 assigned to the coadministration
group

99 received QIV-HD and mRNA-1273 
on day 1

99 completed interim period

100 included in immunogenicity
analysis set*

100 included in safety analysis set*

1 participant withdrew

105 assigned to the mRNA-1273 group

104 received mRNA-1273 alone 
1 received QIV-HD and mRNA-1273

105 completed interim period

104 included in immunogenicity 
 analysis set

104 included in safety analysis set

101 assigned to the QIV-HD group

92 received QIV-HD alone on day 1

89 completed interim period

92 included in immunogenicity
analysis set

92 included in safety analysis set

9 participants withdrew

3 discontinued 
1 participant withdrawal 
1 protocol deviation
1 lost to follow-up
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Outcomes 
Safety endpoints were the number and frequency of: 
immediate unsolicited systemic adverse events and 
adverse reactions occurring within 30 min after vaccine 
injection; solicited injection site and systemic reactions 
occurring up to 7 days after injection; unsolicited 
adverse events and adverse reactions up to 21 days after 
injection; and serious adverse events, adverse events of 
special interest, and medically attended adverse events 
up to 6 months after injection (see appendix p 2 for 
definitions). In this study, we describe safety endpoints 
up to day 22. Adverse events were assessed for intensity 
and relatedness to study vaccine (see appendix p 3 for 
intensity grading definitions). The adverse events of 
special interest that were monitored for each vaccine are 
listed in the appendix (p 4).

To describe the haemagglutination inhibition antibody 
response, the following immunogenicity endpoints were 
reported for each treatment group: haemagglutination 
inhibition geometric mean titres (GMTs; 1/dil) on day 1 
and day 22, day 22:day 1 titre ratios, detectable haem-
agglutination inhibition titres (≥10), and haem agglu-
tination inhibition titres of 40 or greater on day 1 and 
day 22, and seroconversion rates (titre <10 on day 1 and 
post-vaccination titre ≥40 on day 22; or titre ≥10 on day 1 

and a ≥4-times rise in titre on day 22). To describe the 
SARS-CoV-2 binding antibody response, the following 
endpoints were reported for each treatment group: 
geometric mean concentration (GMC) of anti-spike 
binding IgG on day 1 and day 22, and day 22:day 1 ratios; 
and 2-times or greater rise and 4-times or greater rise in 
anti-spike binding IgG on day 22. Additional analyses 
were done to assess the ratios of post-vaccination GMTs 
or GMCs, between the coadministration and single 
administration groups, for each influenza strain, and for 
the SARS-CoV-2 antigen.

Statistical analysis 
No study power calculation was done for this study, since 
all analyses were descriptive and no hypothesis testing 
was done. 300 participants (around 100 per treatment 
group) were planned for enrolment, and we assumed a 
drop-out rate of 5%, meaning a total of 95 evaluable 
patients per study group. Safety endpoints were described 
for each study intervention group in the safety analysis 
set (all participants who received at least one dose of the 
study vaccine). Immunogenicity endpoints were 
described for each study intervention group in the 
immunogenicity analysis set (subset of randomised 
participants who received at least one dose of study 
vaccine). All analyses were done according to the 
vaccine(s) received. For immunogenicity results, 95% CIs 
for the point estimates were calculated using the normal 
approximation after log transformation for quantitative 
data (GMC and geometric mean of individual ratios) and 
exact binomial distribution (Clopper-Pearson method, 
quoted by Newcombe39) for single proportions. For the 
ratios of post-vaccination GMTs or GMCs between the 
coadministration group and single administration 
groups, a baseline adjustment was applied using an 
ANCOVA model of the day 22 log10 titre or concentration 
with vaccine group and day 1 log10 titre as factor and 
covariate, respectively. For the derivation of immuno-
genicity endpoints, all values under the lower limit of 
quantification were treated as lower limit of quantification 
divided by 2.

All statistical analyses were done using SAS version 9.4 
or above. The study is registered with ClinicalTrials.gov, 
NCT04969276.

Role of the funding source 
The funder of the study was involved in the study design, 
data collection, data analysis, data interpretation, writing 
of the report, and the decision to submit the paper for 
publication.

Results 
Between July 16 and Aug 31, 2021, 306 participants were 
enrolled and randomly assigned, of whom 296 received 
at least one vaccine dose (100 in the coadministration 
group, 92 in the QIV-HD, and 104 in the mRNA-1273 
group). 293 participants completed the active phase 

Coadministration 
group (n=100)

QIV-HD alone group 
(n=92)

mRNA-1273 vaccine 
alone group 
(n=104)

Sex

Male 46 (46%) 43 (47%) 41 (39%)

Female 54 (54%) 49 (53%) 63 (61%)

Age, years 71·0 (67·5–74·0) 71·0 (68·0–74·5) 72·0 (69·0–74·0)

Age group, years

65–74 77 (77%) 69 (75%) 79 (76%)

75–84 22 (22%) 20 (22%) 23 (22%)

≥85 1 (1%) 3 (3%) 2 (2%)

Ethnicity

Hispanic or Latino 4 (4%) 2 (2%) 2 (2%)

Not Hispanic or Latino 93 (93%) 89 (97%) 100 (96%)

Not reported or unknown 3 (3%) 1 (1%) 2 (2%)

Race

White 94 (94%) 86 (93%) 102 (98%)

Black or African American 1 (1%) 4 (4%) 0

Native Hawaiian or other 
Pacific Islander

0 1 (1%) 2 (2%)

Asian 2 (2%) 0 0

Multiple 1 (1%) 1 (1%) 0

Not reported 2 (2%) 0 0

Received the 2020–21 seasonal 
influenza vaccine*

94/100 (94%) 95/101 (94%) 98/105 (93%)

Duration between mRNA-1273 
vaccine dose 2 and dose 3, days

159 (153–167) ·· 159 (154–167)

Data shown are n (%) or median (IQR). QIV-HD=high-dose quadrivalent influenza vaccine. *Denominators for 
these percentages are the randomly assigned group totals without patient withdrawals.

Table 1: Population characteristics at baseline (safety analysis set)

See Online for appendix
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(through to day 22); 11 participants withdrew (one in the 
coadministration group and ten in the QIV-HD group) 
and one participant in the QIV-HD group discontinued 
because of a protocol deviation (figure 1). The higher 
number of withdrawals in the QIV-HD group was due to 
participants who had wanted to receive a COVID-19 
vaccine discontinuing from the study once they were not 
randomly assigned to receive mRNA-1273. One partici-
pant randomly assigned to the mRNA-1273 group was 
mistakenly administered both the QIV-HD and 
mRNA-1273 vaccine and was therefore included in the 
coadministration group for safety and immunogenicity 
analyses. Overall, in the safety analysis set, there were 
more female participants (166 [56%] of 296) than male 
participants (130 [44%]), particularly in the mRNA-1273 
group (table 1). The median age of participants was 
71 years (IQR 68–74); 71 (24%) of 296 participants were 
aged 75 years or older. Most participants (282 [95%] of 
296 participants) were white or non-Hispanic or Latino 
and most (287 [94%] of 306 participants) had received 
seasonal influenza vaccination in the 2020–21 season 
(table 1). The characteristics of participants in the 
immunogenicity analysis set were similar to those in the 
safety analysis set (data not shown).

Four immediate unsolicited adverse events were 
reported—three by one participant in the coadministration 
group (anxiety and dizziness, both grade 1 and resolved 
spontaneously in one day, and grade 3 hypertension, 

which resolved by day 10) and one in a participant in the 
QIV-HD group (dizziness, grade 1, and assessed by the 
investigator as related to study vaccination, which resolved 
spontaneously after one day; appendix p 5). Solicited 
injection site reactions occurring up to 7 days after 
mRNA-1273 vaccine injection were reported at similar 
rates between the coadministration group (86·0% [95% CI 
77·6–92·1]; 86 of 100 participants) and the mRNA-1273 
group (91·3%  [84·2–96·0]; 95 of 104 participants). 
Solicited injection site reactions occurring after QIV-HD 
injection in the coadministration group were reported less 
frequently than those after mRNA-1273 vaccine injection 
in the coadministration group (61·0% [95% CI 50·7–70·6] 
vs 82·0% [73·1–89·0] in the QIV-HD and mRNA-1273 
injected limbs, respectively), and at a similar rate to the 
QIV-HD group (61·8% [50·9–71·9]; 55 of 89 participants; 
appendix p 5). Injection site pain was the most frequently 
reported solicited injection site reaction in each treatment 
group; the most frequently reported grade 3 injection site 
reactions were pain (ranging between 0·0 [95% CI 
0·0–3·6] and 4·0% [1·1–9·0] per group) and erythema 
(ranging between 0·0 [0·0–3·6] and 6·7% [2·7–13·4]; 
figure 2A). Solicited systemic reactions were also reported 
at similar rates between the coadministration and 
mRNA-1273 groups (80·0% [95% CI 70·8–87·3]; 80 of 
100 participants and 83·7% [75·1–90·2]; 87 of 
104 participants), and at a lower rate in the QIV-HD group 
(49·4% [38·7–60·2]; 44 of 89 participants; appendix p 5). 

Figure 2: Solicited injection site reactions (A) and solicited systemic reactions (B) occurring up to 7 days after injection (immunogenicity analysis set)
Error bars show 95% CIs. Coadministration QIV-HD shows the solicited reactions observed in the QIV-HD-injected limb of participants in the coadministration group. 
Coadministration mRNA-1273 shows the solicited reactions observed in the mRNA-1273-injected limb of participants in the coadministration group. QIV-HD=high-
dose quadrivalent influenza vaccine.

A

Injection site 
pain

100

Pa
rt

ici
pa

nt
s (

%
)

0

80

60

40

20

Axillary 
swelling

Axillary 
tenderness

Injection site 
erythema

Injection site 
swelling

Injection site 
induration

Injection site 
bruising

Fever Headache Malaise Myalgia Arthralgia Shivering Fatigue

Coadministration QIV-HD
Coadministration mRNA-1273
QIV-HD
mRNA-1273
Grade 3

Coadministration
QIV-HD
mRNA-1273
Grade 3

Nausea Vomiting

B
100

Pa
rt

ici
pa

nt
s (

%
)

0

80

60

40

20



Articles

398 www.thelancet.com/respiratory   Vol 10   April 2022

The most frequently reported solicited systemic reaction 
in each group was fatigue (figure 2B). The most frequently 
reported grade 3 solicited systemic reactions were malaise, 
fatigue, and myalgia in the coadministration group and 
malaise, fatigue, headache, and myalgia in the mRNA-1273 
group (ranging from 4·8% [95% CI 1·6–10·9] to 7·0% 
[2·9–13·9]); only one participant reported a grade 3 
reaction (fatigue) in the QIV-HD group.

Unsolicited adverse events through to day 22 were 
reported at similar frequencies between the coadmini-
stration and mRNA-1273 groups (17·0% [95% CI 
10·2–25·8]; 17 of 100 participants and 14·4% [8·3–22·7]; 
15 of 104 participants, respectively), and tended to be 
reported slightly less frequently in the QIV-HD group 
(10·9% [5·3–19·1]; 10 of 92 participants). Two grade 3 
unsolicited adverse events were reported, one each in the 
coadministration and QIV-HD groups (appendix p 5): 
hypertension (immediate adverse event) and chemical 

burns to the eye, respectively. Four participants reported 
five unsolicited injection site adverse reactions—
two participants in the coadministration group experi-
enced injection site pruritis (for one participant, in both 
limbs with onset on day 6 and resolving by day 8; for the 
other participant, in the mRNA-1273 injected limb with 
onset on day 2 and resolving by day 4); one participant 
reported injection site warmth after injection of QIV-HD 
alone, with onset on the day of injection and resolving on 
day 5; and one participant reported injection site pruritis 
on day 3 after injection of mRNA-1273 alone, which 
resolved on day 5. Unsolicited systemic adverse reactions 
were reported for four participants in the coadministration 
group (four adverse reactions), three participants 
in the QIV-HD group (four adverse reactions), and 
six participants in the mRNA-1273 group (nine adverse 
reactions). These adverse reactions included a medically 
attended adverse event of muscle spasms occurring in the 

Figure 3: Influenza haemagglutinin inhibition (A) and SARS-CoV-2 anti-spike binding IgG (B) antibody responses on day 1 and day 22 for each treatment 
group (immunogenicity analysis set)
Error bars show 95% CIs. Annotations above each bar indicate GMTs (A) or GMCs (B) for each group or timepoint. GMCs are expressed in binding antibody units 
per mL. GMC=geometric mean concentration. GMT=geometric mean titre. QIV-HD=high-dose quadrivalent influenza vaccine.
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left calf of a participant in the mRNA-1273 group, 6 days 
after injection; the spasms were grade 1 and resolved after 
2 days with health-care contact. No grade 3 unsolicited 
adverse reactions were reported up to day 22. There were 
no serious adverse events, adverse events of special 
interest, or deaths reported up to day 22. Seven 
participants each reported one medically attended adverse 
events (three in the coadministration group, one in the 
QIV-HD group, and three in the mRNA-1273 group).

For each influenza strain, haemagglutination inhibition 
GMTs were similar across all groups at baseline (day 1), 
and increased after vaccination at day 22 to similar levels 
in the coadministration and QIV-HD groups (A/H1N1 
GMT 363 [95% CI 276–476] vs 366 [272–491]; A/H3N2 286 
[233–352] vs 315 [257–386]; B/Yamagata 429 [350–525] vs 
471 [378–588]; B/Victoria 377 [325–438] vs 390 [327–465], for 
the coadministration and QIV-HD groups, respectively). 
Post-vaccination haemagglutination inhibition GMTs 
remained close to baseline levels in the mRNA-1273 group 
(figure 3A). Day 22 GMT ratios relative to baseline are 
presented in table 2. From day 1 to day 22 the proportion of 
participants with haemagglutination inhibition titres of 
40 or greater for each strain increased in the coadmin-
istration and QIV-HD groups, to similar levels between the 
two groups (figure 4). Seroconversion rates were similar 

between the coadministration and QIV-HD groups for 
each strain (table 2).

Haemagglutination inhibition GMT ratios between the 
coadministration and QIV-HD groups at day 22 were 
0·87 (95% CI 0·61–1·23) for H1N1, 0·89 (0·70–1·14) for 

Coadministration group (n=100) QIV-HD  alone group (n=92) mRNA-1273 vaccine alone group 
(n=104)

M or n Ratio or % (95% CI) M or n Ratio or % (95% CI) M or n Ratio or % (95% CI)

Haemagglutination inhibition antibody responses

A/H1N1

Post-vaccination to 
pre-vaccination GMT ratio

96 6·4 (4·9–8·3) 86 8·1 (6·1–10·8) 100 0·9 (0·8–0·9)

Seroconversion rate 66 68·8 (58·5–77·8) 62 72·1 (61·4–81·2) 0 0 (0–3·6)

A/H3N2

Post-vaccination to 
pre-vaccination GMT ratio

96 3·1 (2·5–3·7) 86 3·5 (2·8–4·4) 100 0·9 (0·9–1·0)

Seroconversion rate 42 43·8 (33·6–54·3) 41 47·7 (36·8–58·7) 0 0 (0–3·6)

B/Yamagata

Post-vaccination to 
pre-vaccination GMT ratio

96 1·9 (1·7–2·2) 86 2·3 (1·8–2·8) 100 1·0 (0·9–1·1)

Seroconversion rate 17 17·7 (10·7–26·8) 18 20·9 (12·9–31·0) 1 1·0 (0–5·4)

B/Victoria

Post-vaccination to 
pre-vaccination GMT ratio

96 2·3 (2·0–2·6) 86 2·4 (2·0–3·0) 100 1·1 (1·0–1·1)

Seroconversion rate 29 30·2 (21·3–40·4) 21 24·4 (15·8–34·9) 1 1·0 (0–5·4)

SARS-CoV-2 binding antibody responses

Post-vaccination to 
pre-vaccination GMT ratio

96 13·7 (11·2–16·8) 86 0·9 (0·7–1·0) 102 14·2 (12·0–16·9)

≥2-times rise 94 97·9 (92·7–99·7) 3 3·5 (0·7–9·9) 100 98·0 (93·1–99·8)

≥4-times rise 89 92·7 (85·6–97·0) 2 2·3 (0·3–8·1) 97 95·1 (88·9–98·4)

GMC=geometric mean concentration. Seroconversion rate, titre <10 (1/dil) study day 1 and post-vaccination titre ≥40 (1/dil) at day 22, or titre ≥10 (1/dil) at day 1 and a 
≥4-times rise in titre (1/dil) at day 22. GMT=geometric mean titre. M=number of participants with GMC or GMT data at the specified time point. n=number of participants 
seroconverted or with a ≥2-times or ≥4-times rise in concentration. QIV-HD=high-dose quadrivalent influenza vaccine.

Table 2: Haemagglutination inhibition antibody responses for each influenza strain and SARS-CoV-2 anti-spike binding antibody responses after 
vaccination (day 22; immunogenicity analysis set)

Figure 4: Proportion of participants in each vaccine group with influenza haemagglutinin inhibition antibody 
titres of 1:40 or greater for each influenza strain pre-vaccination (day 1) and post-vaccination (day 22; 
immunogenicity analysis set)
Error bars show 95% CIs. QIV-HD=high-dose quadrivalent influenza vaccine.
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H3N2, 0·88 (0·71–1·09) for B/Yamagata, and 0·96 
(0·79–1·16) for B/Victoria.

SARS-CoV-2 binding antibody GMCs were similar 
across all groups at baseline and increased to similar 
levels in the coadministration and mRNA-1273 groups at 
day 22 (7634 [95% CI 6445–9042] and 7904 [6883–9077], 
respectively; figure 3B). The GMC for participants in the 
QIV-HD group remained close to baseline levels. At 
day 22, the proportions of participants in the 
coadministration and mRNA-1273 groups with 2-times or 
greater and 4-times or greater rises in antibody 
concentration from baseline were high and similar 
between groups (table 2). The SARS-CoV-2 anti-spike 
binding IgG GMC ratio between the coadministration 
and mRNA-1273 groups at day 22 was 0·97 (95% CI 
0·79–1·19).

Discussion 
In this descriptive interim analysis up to 21 days after 
vaccination, we did not identify any safety concerns or 
any evidence of immune interference on influenza 
haemagglutination inhibition or SARS-CoV-2 binding 
antibody responses after concomitant administration of 
QIV-HD with a third dose of the mRNA-1273 vaccine 
(100 µg) in older adults (≥65 years) who were immunised 
with two mRNA-1273 doses around 5 months previously.

We observed similar rates of local reactogenicity in 
the QIV-HD-injected limb of participants in the co-
administration group compared with participants who 
received QIV-HD alone (any solicited injection site 
reaction) and in the mRNA-1273 injected limb of 
participants in the coadministration group compared 
with the mRNA-1273 vaccine alone group; solicited 
systemic reactions were reported at similar frequencies 
in the coadministration and mRNA-1273 groups, with 
lower frequencies observed in participants who received 
QIV-HD alone. Grade 3 solicited reactions and 
unsolicited adverse reactions were infrequently reported 
for all groups and no serious adverse events, adverse 
events of special interests, or deaths were reported. In 
terms of immunogenicity, similar haemagglutination 
inhibition antibody responses were observed between 
the coadministration and QIV-HD groups and similar 
SARS-CoV-2 binding antibody responses were observed 
between the coadministration and mRNA-1273 groups. 
The safety and immunogenicity profiles described here 
for QIV-HD administered concomitantly with the 
mRNA-1273 vaccine or administered alone are in line 
with previous descriptions of the reactogenicity, safety, 
and immunogenicity of high-dose influenza vaccine in 
adults aged 65 years and older40,41 or after two 100 µg 
doses of mRNA-1273 in adults aged 55 years and older,42,43 
and are in line with safety descriptions in the QIV-HD 
and mRNA-1273 vaccine product information, 
respectively.44,45 Our findings of the reactogenicity and 
immunogenicity of a booster dose of mRNA-1273 vaccine 
(100 µg) administered concomitantly with QIV-HD or 

administered alone are also in line with the results of an 
open-label phase 2a study showing acceptable safety and 
immunogenicity of a single booster 50 µg dose of 
mRNA-1273 in participants who received a two-dose 
primary series of the COVID-19 vaccine mRNA-1273 
around 6 months earlier.14

A 2021 study in the UK, involving 679 participants aged 
18 years and older (randomly assigned to 12 study groups), 
showed that the coadministration of a second dose of the 
SARS-CoV-2 mRNA vaccine BNT162b2 (Pfizer-BioNTech) 
with one of three seasonal inactivated influenza vaccines 
had acceptable reactogenicity and tolerability, with no 
evidence of negative immune interference compared 
with administration of each vaccine alone.46 Based on 
those preliminary data, the UK Government updated 
their guidance to support concomitant administration of 
the BNT162b2 vaccine with influenza vaccines (in 
separate arms)47 and encouraged concomitant adminis-
tration of the influenza vaccine with COVID-19 booster 
vaccination, where practical to do so.34 An exploratory 
substudy of a phase 3 trial also reported no overall effect 
of coadministration of a first dose of COVID-19 protein-
based vaccine NVX-CoV2373 coadministered with 
licensed seasonal quadrivalent (18–64 years old) or 
trivalent (≥65 years old) influenza vaccine on the safety 
and efficacy of either vaccine alone.48

To our knowledge, this study provides the first data 
supporting concomitant administration of QIV-HD with 
a COVID-19 booster vaccine dose in older adults. Our 
data thus provide additional insights to support current 
public health recommendations to implement seasonal 
influenza vaccination concomitantly with COVID-19 
booster vaccination. Concomitant implementation of 
these vaccination campaigns could help avoid potential 
delays in influenza vaccination during the northern 
hemisphere influenza season due to prioritisation of 
COVID-19 booster vaccination, which is particularly 
important among individuals at increased risk of severe 
illness and hospitalisation from both COVID-19 and 
influenza infection. Therefore, concomitant vaccination 
might be needed to reduce morbidity and mortality due 
to these infectious diseases as much as possible. This 
strategy could also have broader public health 
implications by easing growing pressure on health 
systems across affected countries.

This study used previously validated assays to measure 
haemagglutination inhibition antibody responses37 and 
SARS-CoV-2 pre-spike IgG antibody responses.38 High 
influenza haemagglutination inhibition antibody titres 
were observed before vaccination, especially for the 
influenza B strains, which could be due to the fact that 
this study population was vaccinated very early in the 
influenza season (July–August) and that the same B 
strains were used in the 2020–21 and 2021–22 vaccine 
compositions. Moreover, more than 90% of the study 
population had received influenza vaccine in the 
previous season. Although we included around 
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100 participants in each intervention group, this study 
was not powered for statistical comparisons between 
study groups. Furthermore, the dose of mRNA-1273 
(100 µg) was greater than the dose (50 µg) that has been 
authorised for a booster. We used the 100 µg dose in the 
current study since this was the authorised dose for 
primary vaccination with mRNA-1273 at the time of 
study design, and ACIP had not yet provided guidance 
for a booster (third) dose of the mRNA-1273 vaccine. In 
the absence of an increase in incidence or severity of 
adverse events and adverse reactions and without 
evidence of interference in the immune response, the 
results of this study should enable extrapolation to 
coadministration of lower doses with longer intervals 
between the second and third dose. Notably, the study 
population did not sufficiently represent the ethnic and 
racial diversity of the US population, which was in part 
due to the very short time window for enrolment of 
study participants (around 2 weeks), which should be 
prioritised and improved in future studies.

In conclusion, our findings suggest that QIV-HD and 
the mRNA-1273 vaccine can be administered together 
without any safety concerns or interference in the immune 
response, thus supporting existing guidance on the 
implementation of concomitant vaccination campaigns 
against both influenza disease and SARS-CoV-2.
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