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Articles

Immunogenicity of concomitant SARS-CoV-2 and influenza
vaccination in UK healthcare workers: a prospective
longitudinal observational study
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Summary

Background Co-administration of inactivated influenza vaccine (IIV) and SARS-CoV-2 vaccine may impact SARS-
CoV-2 vaccine induced humoral immune responses. We aimed to compare IIV and SARS-CoV-2 vaccine induced
cellular and humoral immune responses in those receiving concomitant vaccination to those receiving these
vaccines separately.

Methods We conducted a cohort study between 29th September 2021 and 5th August 2022 in healthcare workers who
worked at the local NHS trust and in the surrounding area that were vaccinated with a mRNA SARS-CoV-2 booster
and cell-based IIV. We measured haemagglutination inhibition assay (HAI) titres, SARS-CoV-2 anti-spike antibody
and SARS-CoV-2 ELISpot count pre-vaccination, 1-month and 6-months post-vaccination and evaluated differences
by vaccine strategy.

Findings We recruited 420 participants, 234/420 (56%) were vaccinated concomitantly and 186/420 (44%) separately.
The 1-month post-vaccination mean fold rise (MFR) in SARS-CoV-2 anti-spike antibodies was lower in those
vaccinated concomitantly compared to separately (MFR [95% confidence interval (CI)] 9.7 [8.3, 11.4] vs 12.8 [10.3,
15.9], p = 0.04). After adjustment for age and sex, the adjusted geometric mean ratio (aGMR) remained lower for
those vaccinated concomitantly compared to separately (aGMR [95% CI] 0.80 [0.70, 0.92], p = 0.001). At 6-months
post-vaccination, we found no statistically significant difference in SARS-CoV-2 anti-spike antibody titres (aGMR
[95% CI] 1.09 [0.87, 1.35], p = 0.45). We found no statistically significant correlation between vaccine strategy with
SARS-CoV-2 ELISpot count and influenza HAI titres at 1-month and 6-months post-vaccination.

*Corresponding author. Department of Respiratory Sciences, University of Leicester, Leicester, UK.
E-mail address: mp426@le.ac.uk (M. Pareek).
*Joint first authors.
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Interpretation Our study found that concomitant vaccination with SARS-CoV-2 and IIV has no statistically significant
impacts on long-term immunogenicity. Further research is required to understand the underlying mechanisms and
assess the clinical significance of reduced anti-spike antibodies in those vaccinated concomitantly.

Funding Research and Innovation (UKRI) through the COVID-19 National Core Studies Immunity (NCSi)

programme (MC_PC_20060).

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

Vaccination against influenza and SARS-CoV-2 reduces the
risk of developing severe disease from these infections. Co-
administrating both vaccines may increase vaccine uptake and
reduce logistical barriers to implementation. We searched
PubMed for research articles published from database
inception to August 1st 2023, with no language restrictions
using the terms “SARS-CoV-2" or “COVID-19”, “influenza”,
“vaccine”, “timing”, “co-administration” or “concomitant”,
and “immunogenicity”. We identified five randomised
controlled trials and two observational studies from the
existing literature that evaluated immunogenicity following
co-administration of a number of different SARS-CoV-2
vaccines (mRNA, subunit vaccines and inactivated) with cell-
grown and egg-grown inactivated influenza vaccines. Some
studies did not identify any differences between those
vaccinated concomitantly and separately and one found lower
influenza antibody titres in those vaccinated separately.
Several other studies have found lower SARS-CoV-2 antibody
titres in those vaccinated concomitantly. Of note, all these
studies evaluated serology outcomes and not cellular immune
responses. In addition, all studies only assessed antibody titres
in the four to six weeks following vaccination.

Introduction

Influenza and SARS-CoV-2 persist as significant sources
of global morbidity and mortality."” Vaccines have been
developed for both infections that prevent severe dis-
ease. Annual vaccination for influenza and SARS-CoV-2
is recommended for at-risk groups in many countries.
This is to ensure circulating viruses closely match those
contained in the vaccine, and due to waning of vaccine-
induced immunity.**

In temperate climates, the incidence of respiratory
virus infections peak during the winter months.’
Vaccination for both influenza and SARS-CoV-2 are
therefore offered in the autumn, prior to periods of
high respiratory virus circulation. When SARS-CoV-2
vaccines initially became available, national guide-
lines recommended against concomitant vaccination
with the inactivated influenza vaccine (IIV) to avoid

Added value of this study

Our study adds to the growing body of evidence that anti-
spike antibody titres to SARS-CoV-2 are lower in individuals
vaccinated concomitantly with the inactivated influenza
vaccine post-vaccination. In contrast, T cell responses to
SARS-CoV-2 and influenza antibody titres were unaffected by
vaccine strategy. To our knowledge this is the first study to
show that haemagglutination inhibition assay antibody titres,
SARS-CoV-2 cellular and humoral immune response are
unaffected by concomitant vaccination at 6-months post-
vaccination.

Implications of all the available evidence

Concomitant vaccination maximises vaccine uptake, without
any detrimental effects on cellular immune responses to
SARS-CoV-2 and serological responses to influenza. The
finding of a reduced SARS-CoV-2 humoral immune response
1-month after both vaccines are given concomitantly requires
further research to assess the impact this has on vaccine
effectiveness. The effect of vaccination at separate times in
relation to vaccine uptake should also be assessed to inform
potential changes to vaccine schedules.

difficulty in attributing side-effects to a specific vac-
cine.® Following the initial results of randomised
control trials investigating the impact of co-
administration on reactogenicity and immunogenicity
that showed no significant differences when the two
vaccines were given together,”® concomitant vaccina-
tion is now recommended and offered in many
countries to reduce the number of vaccine-related
visits, reduce pressure on healthcare services and in-
crease vaccine coverage.”'® As further data have accu-
mulated, it has become clear that co-administrating the
influenza vaccine with the SARS-CoV-2 vaccine can
have an impact on immunogenicity in the immediate
post-vaccination period.'"'* However, there is limited
evidence for the impact of concomitant vaccination on
the longer-term durability of antibodies and the
cellular immune response.

www.thelancet.com Vol 44 September, 2024
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We aimed to compare, in UK healthcare workers
(HCWs), SARS-CoV-2 anti-spike antibody titres, SARS-
CoV-2 ELISpot count and influenza haemagglutination
inhibition (HAI) assay titres at 1-month post-vaccination
in those vaccinated with the IIV and SARS-CoV-2 vac-
cine concomitantly and in those receiving the vaccines
separately. Our secondary aim was to compare these
same immune parameters at 6-months post-vaccination
in those vaccinated concomitantly and separately.

Methods

Study design

This study was conducted at University Hospitals of
Leicester NHS Trust (UHL) as part of an ongoing single-
centre prospective cohort study (see Supplementary Text
1 for further details). We conducted this component of
the prospective cohort study between 29th September
2021 and 5th August 2022. We recruited HCWs aged 16
years or over who worked at UHL and in the sur-
rounding area. HCWs could participate regardless of
previous influenza and SARS-CoV-2 infections or vac-
cinations. For the purpose of this study, we used the
term HCW to include any staff member with or without
direct patient contact, as well as healthcare students and
volunteers.

The study was advertised to HCWs that had taken
part in previous observational studies at the Trust,
including BELIEVE (Broadening our understanding of
Early vs Late InfluEnza Vaccine Effectiveness) and
DIRECT (Determining the Immune Response in Ethnic
minority healthcare workers to COVID-19 infecTion).
Additional details regarding recruitment to these studies
have been published elsewhere.””* The BE-DIRECT
study was also advertised in hospital-wide email com-
munications and on the staff intranet. This was sup-
plemented by direct recruitment from clinical and
non-clinical areas of the hospital. Sample size calcula-
tions were not performed for this observational study.

Study visits

After providing written informed consent, participants
provided information on demographic and occupational
characteristics. Blood samples were taken at the
following timepoints: 1) Pre-SARS-CoV-2 booster and
IIV; 2) 1-month post-SARS-CoV-2 booster; 3) 1-month
post-IIV; and 4) Approximately 6-months post-IIV and
SARS-CoV-2 booster (See Supplementary Figure S1 for
further details). We also asked participants to notify the
study team if they had a positive SARS-CoV-2 or influ-
enza test during the study period, but we did not
conduct active surveillance of the cohort.

Demographic and clinical data

We collected information on self-reported ethnicity as
defined by the Office National Statistics (ONS),'® age in
years, sex, dates of the two previous SARS-CoV-2

www.thelancet.com Vol 44 September, 2024

vaccine doses received and number of IIV doses
received in the last four years.

Vaccines

This was an observational study; participants were
free to decide if they wanted to receive the IIV and
SARS-CoV-2 vaccine separately or concomitantly. For
this study concomitant vaccination was defined as
vaccination on the same day; vaccination with a one
day or more separation was regarded as separate
vaccination. Participants were vaccinated with an
mRNA SARS-CoV-2 vaccine (BNT162b2/Comirnaty,
Pfizer-BioNTech). This was the third dose of SARS-
CoV-2 vaccine participants received and in this study
we have used the term SARS-CoV-2 booster to
describe this vaccine dose. Participants also received
cell-based quadrivalent IIV (Flucelvax Tetra; manu-
factured using a proprietary Madin Darby Canine
Kidney (MDCK) cell line, inactivated split virion,
containing 15 pg haemagglutinin for each influenza
antigen per 0.5 ml dose, Seqirus Vaccines Limited).
The 2021/2022 IIV included four influenza antigens
following WHO recommendations: A/Wisconsin/
588/2019 (H1N1)pdm09-like strain, A/Cambodia/
€0826360/2020 (H3N2)-like strain, B/Washington/
02/2019-like strain and B/Phuket/3073/2013-like
strain.”” The same vaccines were used in the rest of
the healthcare trust as part of the broader national
vaccination programme.

Laboratory methods

SARS-CoV-2 serology assay

Anti-spike and  anti-nucleocapsid = SARS-CoV-2
serology were performed at UKHSA Porton Down on
serum samples using the Roche Elecsys anti-SARS-
CoV-2 S (Product code: 09203079190) and Roche
Elecsys anti-SARS-CoV-2 (Product code: 09289275190)
assays (Supplementary Text 2), which utilise the
Wuhan receptor binding domain and so were homol-
ogous to the mRNA SARS-CoV-2 vaccine (BNT162b2/
Comirnaty, Pfizer-BioNTech). Samples were consid-
ered positive for anti-spike antibodies if >0.8 binding
antibody units per millilitre (BAU/ml), and positive
for anti-nucleocapsid antibodies if >1 cutoff index
(COI).

SARS-CoV-2 ELISpot assay

To quantify SARS-CoV-2 T cell responses, we used
T-SPOT® Discovery SARS-CoV-2 platform (Revvity),
which use ELISpot technology to detect IFN-y release
from immune cells after stimulation with SARS-CoV-2
peptides. Peripheral blood mononuclear cells were iso-
lated within 32 h of test performance. The T-SPOT
Discovery SARS-CoV-2 test was performed according to
the instructions of the kit and as described previously,”
and we present responses to the spike peptides Spike 1
(S1), Spike 2 (S2) and Spike (S1 + S2).
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Influenza haemagglutination inhibition (HAI) assay

The HAI assays were performed at the World Health
Organization (WHO) Collaborating Centre for Reference
and Research on Influenza, Melbourne, Australia ac-
cording to the WHO method (see Supplementary Text 3
for further details). Viruses used for the HAI assay were
identical to those used in the vaccine. The serum titre
was expressed as the reciprocal of the highest serum
dilution that caused complete inhibition of
hemagglutination.

Statistical analysis

We aimed to examine the immune responses to the
SARS-CoV-2 booster and IIV. We first excluded in-
dividuals from the analysis who did not receive both
these vaccinations during the study period and those
that had not previously received a primary course of two
doses of a SARS-CoV-2 vaccine. Secondly, since our
study focuses on the immune responses to vaccination
and not infection, we excluded participants that had
evidence of SARS-CoV-2 and/or influenza infection
from the respective analysis of SARS-CoV-2 and influ-
enza immune responses. As with previous influenza
longitudinal studies, we considered evidence of influ-
enza infection as a 4-fold or greater rise in HAI titre
between 1-month and 6-months post-vaccination sera
from the same individual,'® as well as self-reported PCR
positive test. We excluded HCWs who reported a posi-
tive SARS-CoV-2 test during the study period. Addi-
tionally, we defined evidence of SARS-CoV-2 infection
by changes in anti-nucleocapsid and ELISpot count (see
Supplementary Text 4 for further details).

We summarised categorical variables as frequency
and percent, normally distributed continuous variables
as mean and standard deviation (s.d.) and non-normally
distributed continuous variables as median and inter-
quartile range (IQR). Continuous variables were
assessed for normality of distribution by visual inspec-
tion. To compare differences in demographic and clin-
ical features between the two vaccine strategy groups we
used Student’s t test for parametric continuous vari-
ables, Wilcoxon rank-sum test for non-parametric
continuous variables and chi-squared tests for categori-
cal variables. The variables of interest in our study had
minimal missing data, eliminating the need for impu-
tation or additional strategies to address this issue.

HAI and anti-spike antibody titres were log, trans-
formed prior to analysis. Raw ELISpot counts were
transformed first by subtracting the count from a nil
control and then multiplied by four to give a value in
spot forming units (SFUs) per million peripheral blood
mononuclear cells (PBMCs) (See Supplementary text 5
for more details).”

To assess the initial boost in antibody titres following
vaccination we calculated the HAI and anti-spike anti-
body geometric mean fold rises (MFRs) with 95%

confidence intervals (ClIs). Similarly, to assess the
decline in antibody titres after vaccination we calculated
HAI and anti-spike antibody MFRs between 1-month
and 6-months post-vaccination. For unadjusted com-
parisons of immune parameters between those vacci-
nated separately and concomitantly, we used Student’s ¢
test to compare MFRs and Wilcoxon rank-sum test to
compare ELISpot counts.

We used multivariable linear regression to deter-
mine the effects of concomitant vaccination on HAI and
anti-spike antibody levels after adjustment for pre-
vaccination antibody titre and differences in baseline
characteristics that were statistically significant between
those vaccinated separately or at the same time. We also
used multivariable linear regression to determine the
effects of concomitant vaccination on HAI and anti-
spike antibody levels at 6-months post-vaccination after
adjustment for differences in baseline characteristics
and antibody titre 1-month post-vaccination. To calcu-
late adjusted geometric mean ratio (aGMR), the natural
logarithm of antibody titres was used in the multivari-
able models. Coefficients of vaccine titres used as in-
dependent variables were therefore presented as per e or
~2.72-fold increase.

In these multivariable linear regression models,
where vaccination strategy was a significant predictor of
either influenza or SARS-CoV-2 antibody titre, we con-
ducted further sub-group analyses. Firstly, we included
only those participants that were vaccinated separately,
and used the number of weeks between the influenza
and SARS-CoV-2 vaccines as a continuous predictor
variable to assess if the length of time between the two
vaccinations has an impact on post-vaccine antibody ti-
tres. Secondly, we performed a sub-group analysis using
separate linear regression models to compare those
vaccinated concomitantly with participants vaccinated
with the IIV before the SARS-CoV-2 booster and par-
ticipants that received the first SARS-CoV-2 booster
followed by the IIV to explore if the order of vaccinations
impacted on antibody titre. Thirdly, we performed a sub-
group analysis at 1-month post-booster restricted to
participants that did not become infected throughout
the duration of the six months follow-up.

As in our previous work, we used negative binomial
regression to investigate the impact of concomitant
vaccination on ELISpot count 1-month and 6-months
post-vaccination after adjustment for the same vari-
ables used in the linear regression models.” Results
were expressed as adjusted incidence rate ratios (aIRRs).

All analyses were performed using Stata 17 (Stata-
Corp. 2021. Stata Statistical Software: Release 17. Col-
lege Station, TX: StataCorp LLC.)" Figures were created
in GraphPad Prism version 9.4.1 for macOS (GraphPad
Software, San Diego, California USA, www.graphpad.
com). We considered p values < 0.05 to be statistically
significant.

www.thelancet.com Vol 44 September, 2024
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Ethical approval

BE-DIRECT was approved by the Health Research Au-
thority (Brighton and Sussex Research Ethics Commit-
tee; ethics reference: 20/HRA/4718). All participants
gave informed consent.

Role of the funding source

The study was funded by Research and Innovation
(UKRI) through the COVID-19 National Core Studies
Immunity (NCSi) programme (MC_PC_20060). The
funders had no role in study design, data collection, data
analysis, interpretation, writing of the report or decision
to submit the paper for publication.

Results

Description of the cohort

Fig. 1 shows the formation of the analysed cohort and
the number of participants included in each of the an-
alyses. Of the 420 participants included in the analysis
234 (56%) were vaccinated concomitantly and 186 (44%)
received the influenza and SARS-CoV-2 vaccination
separately. There was 62 (33%) of participants that
received the IIV before the SARS-CoV-2 booster, and
124 (67%) received the IIV after the SARS-CoV-2
booster. Participants received the vaccines between
29th September 2021 and 14th February 2022. Table 1
summarises the baseline characteristics of participants

n=525
Recruited to BE-DIRECT

n=15

No post-vaccination serum
samples collected

n=510
With SARS-CoV-2 and
influenza serology data

n=11

Did not receive a SARS- <
CoV-2 booster

n=499
Received a SARS-CoV-2
booster

n=79

Did not receive an
inactivated influenza vaccine

n=420
Received an inactivated
influenza vaccine

n=22
SARS-CoV-2 infection
between pre & 1-month post-
booster visit

n=398
No evidence of SARS-CoV-2
infection between pre & 1-
month post-booster visit

n=86
SARS-CoV-2 blood sample
missed appointment or taken
outside of time frame set out v

n=164
Influenza blood sample
missed appointment or taken
outside of time frame set out
in the protocol

in the protocol n=312

SARS-CoV-2 1-month post-
booster response analysis

n=256
Influenza 1-month post-
vaccine response analysis

n=216 n=7
SARS-CoV-2 infection Influenza infection between
between 1-month post- v vV 1-month post-vaccine & 6-

booster visit & 6-month

follow-up visit n=204

No evidence of SARS-CoV-2
infection between 1-month
post-booster visit & 6-month
follow-up visit

n=48

=413 month follow-up visit

No evidence of influenza
infection between 1-month
post-booster visit & 6-month
follow-up visit

n=96

SARS-CoV-2 blood sample

Influenza blood sample

missed appointment or taken
outside of time frame set out v

P missed appointment or taken
outside of time frame set out

in the protocol n=156

SARS-CoV-2 6-months post-
booster response analysis

in the protocol

n=317
Influenza 6-months post-

vaccine response analysis

Fig. 1: Flowchart illustrating the analysed cohort. Flowchart of study participants included in the analysed cohort: 1-month post-vaccine and
6-months postvaccine for influenza immune responses and 1-month post-booster and 6-months post-booster for SARS-CoV-2 immune

responses.
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Vaccinated concomitantly Vaccinated separately p Total Missing data
n =234 n =186 value n =420 (%)
Demographic details
Age in Years
Median (IQR) 42 (32, 51) 47 (35, 56) 0.002 44 (33,53) 0
Sex
Female 190 (81) 167 (90) 0.01 357 (85) 0
Male 44 (19) 19 (10) 63 (15)
Ethnicity
White 188 (80) 140 (75) 0.44 328 (78) 0
South Asian 33 (14) 35 (19) 68 (16)
Black/Mixed/Other 13 (6) 11 (6) 24 (6)
Clinical features
Patient Facing 117 (50) 107 (58) 0.13 224 (53) 0
Non-Patient Facing 117 (50) 79 (42) 196 (47)
Weeks between SAR-CoV-2 booster and influenza vaccination (IQR) 0 3.2 (1.7, 53) NA NA 0
Weeks between influenza vaccine and 1-month post-vaccine sample (IQR) 3.2 (3, 4) 333, 4) 0.46 33 @3 4) 0
Weeks between influenza vaccine and 6-months post-vaccine sample (IQR) 31 (29, 34) 31 (29, 35) 0.93 31(29,35) O
Weeks between SARS-CoV-2 booster and 1-month post-booster sample 3.4 (3, 4) 3.6 (3, 4) 0.76 3.4 (3, 4) 0
(IQR)
Weeks between SARS-CoV-2 booster and 6-months post-booster sample 31 (29, 37) 34 (29, 38) 0.90 32(29,37) ©
(IQR)
SARS-CoV-2 infection pre- to 1-month post-booster 14 (6) 8 (4) 0.43 22 (5) 0
SARS-CoV-2 infection 1-month post-booster to 6-month post-booster 123 (53) 93 (50) 0.12 216 (58) 0
follow-up
Influenza infection pre-booster to 6-month post-IIV 2 (1) 5Q3) 0.15 7 (2) 0
Number of influenza vaccines received in the previous 4 years
0 11 (6) 6 (4) 0.48 17 (5) 99 (24)
1 16 (9) 8 (5) 24 (7)
2 9 (5) 9 (6) 18 (6)
3 11 (6) 14 (9) 25 (8)
4 126 (73) 111 (75) 237 (74)
Baseline characteristics of the participants included in the analysis (n = 420) displayed for the overall group and for each vaccination strategy, influenza vaccine and SARS-CoV-2 booster administered
concomitantly or separately. All results are shown as n (%) unless otherwise stated with percentage being presented column-wise. Differences between the two vaccine strategy groups were compared
using Wilcoxon rank-sum tests and chi-squared tests for continuous and categorical variables respectively. Participants with missing samples in any of the analyses of interest were excluded, see
Supplementary Table S1 for details of participants included in each of the four analyses: 1-month post-vaccine and 6-months post-vaccine for influenza immune responses and 1-month post-booster and
6-months post-booster for SARS-CoV-2 immune responses. For the number of influenza vaccines received in the previous 4 years, participants were asked about their influenza vaccination status in each of
the last four years, any participant who responded ‘unsure’ in any of the previous four years was then defined as missing. IQR, Interquartile range; IV, inactivated influenza vaccine; NA, Not applicable.
Table 1: Baseline characteristics of the cohort.

for each vaccination strategy. Demographics reflected
that of UHL and the wider NHS workforce.”
Supplementary Table S1 shows baseline characteristics
for each of the four analyses: 1-month post-vaccine and
6-months post-vaccine for influenza immune responses
and 1-month post-booster and 6-months post-booster for
SARS-CoV-2 immune responses. Supplementary
Table S2 shows baseline characteristics of the partici-
pants included and excluded in each analysis.
Compared to those vaccinated separately, partici-
pants that received the vaccine concomitantly were
younger (median (IQR) 42 years (32-51), vs 47 years
(35-56) p = 0.002) and a greater proportion were males
(44/234 19% vs 19/186 10%, p = 0.01). For those
vaccinated separately, the median duration between
SARS-CoV-2 and influenza vaccination was 22 days

(IQR 11-37). Participants vaccinated with the IIV first
received the SARS-CoV-2 booster a median of 21 days
(IQR 11-38) after. Participants vaccinated with the
SARS-CoV-2 booster first received the IIV a median of
24 days (IQR 12-37) after. We found no difference in
the number of breakthrough SARS-CoV-2 and influenza
infections during the study period by vaccine strategy
(SARS-CoV-2 infection 1-month post-booster to 6-
month post-booster follow-up, concomitant 123/234
53% vs separate 93/186 50%, p = 0.12) (Table 1).

SARS-CoV-2 serology

The dot plot in Fig. 2 shows that SARS-CoV-2 anti-spike
antibody MFR between pre- and post-booster was lower
in those that received the vaccine concomitantly
compared to those that were vaccinated separately (pre-

www.thelancet.com Vol 44 September, 2024
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c Vaccinated concomitantly Vaccinated separately MFR  p value
MFR (95% CI) (95% CI)
Anti-spike antibody changes pre-to  9-7 (8-3, 11-4) 12-8 (10-3, 15-9) 0-04
post-booster
Anti-spike antibody changes 1- 0-20 (0-18, 0-24) 0-19 (0-16, 0-22) 0-32

month post- to 6-months post-
booster

Fig. 2: Comparison of mean fold rise in SARS-CoV-2 anti-spike antibody titres by vaccine strategy. Comparison of mean fold rise in SARS-
CoV-2 anti-spike antibody titres between (a) pre- and 1-month post-booster and (b) 1-month post-booster to 6-months post-booster with the
SARS-CoV-2 booster stratified by vaccine strategy. The table (c) shows the geometric mean fold rise and corresponding 95% confidence in-
tervals between pre- and 1-month post-booster and 1-month post-booster to 6-months post-booster SARS-CoV-2 antispike antibody titres
stratified by vaccine strategy. The two vaccine strategy groups were compared using an unpaired t test. MFR, mean fold rise; Cl, confidence

interval; *p value < 0.05.

to-1-month post-booster MFR [95% CI] 9.7 [8.3, 11.4] vs
12.8[10.3, 15.9] p = 0.04). There was no difference in the
MFR between the 1-month post and 6-months post
vaccination visits by vaccine strategy (MFR [95% CI]
0.20 [0.18, 0.24] vs 0.19 [0.16, 0.22] p = 0.32).

Fig. 3 and Supplementary Table S3 show results
from the multivariable linear regression model at 1-
month and 6-months post-booster for anti-spike anti-
body titres. Anti-spike titres at the 1-month post-booster
visit were reduced in participants that received the vac-
cines concomitantly, compared to those that received
the vaccine separately, after adjusting for age and sex
and pre-booster titre (aGMR [95% CI] 0.80 [0.70, 0.92]
p = 0.001, with the participants vaccinated separately
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serving as the reference group). In those vaccinated
separately, there was no association between the num-
ber of weeks between IIV and SARS-CoV-2 booster
administration and post-booster SARS-CoV-2 anti-spike
titre (aGMR per week increase [95% CI] 1.00 [0.96, 1.04]
p = 0.93) (Supplementary Table S4). There was no sig-
nificant difference in 6-months post-booster anti-spike
titre for those vaccinated concomitantly (aGMR [95% CI]
1.09 [0.87, 1.35] p = 0.45) (Fig. 3 and Supplementary
Table S3).

In the sub-group analysis SARS-CoV-2 anti-spike
antibody titres were lower in those vaccinated concom-
itantly compared to participants that received the IIV
before the SARS-CoV-2 booster (aGMR [95% CI] 0.74
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Outcome: 1-month post-booster In anti-spike antibody titre
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Female -
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Outcome: 6-months post-booster In anti-spike antibody titre
Vaccine strategy for s i
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SARS-CoV-2 booster P
and influenza vaccine
—
Concomitant q
Post-booster . —_—
Anti-spike titre per 2.72-fold increase
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Fig. 3: Linear regression models showing the association between vaccine strategy and other parameters with In SARS-CoV-2 post-
booster anti-spike antibody titre. Linear regression models showing the association between vaccine strategy, previous anti-spike antibody
titre, age and sex with natural logarithm (In) SARS-CoV-2 anti-spike 1-month and 6-months post-booster titres. Results are shown for a fully
adjusted model (red) which included all variables and a simplified model (blue) which just adjusted for vaccine strategy and previous anti-spike

titre.

[0.61, 0.90] p = 0.002) and were also lower compared to
participants that received the IIV after the SARS-CoV-2
booster (aGMR [95% CI] 0.83 [0.72, 0.97] p = 0.02). In
the sub-group analysis excluding participants that
become infected with SARS-CoV-2 during the six
months follow-up period, SARS-CoV-2 anti-spike anti-
body titres at 1-month post-booster were lower in those

vaccinated concomitantly
(aGMR  [95% CI] 0.80
(Supplementary Table S5).

compared to
[0.66, 0.96]

separately
p = 002

SARS-CoV-2 ELISpot
Table 2 shows the spot counts using ELISpot following
stimulation to S1 domain, S2 domain and total spike
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Vaccinated concomitantly median (IQR) Vaccinated separately median (IQR) p value

1-month post-booster n =193 n =119

T cell 51 12 (5, 25) 15 (5, 31) 0.23

T cell 52 8 (4, 17) 10 (4, 20) 0.33

T cell Spike 23 (10, 40) 26 (11, 54) 0.25
6-months post-booster n =90 n =66

T cell S1 4 (2, 10) 5 (2, 12) 0.43

T cell 52 31, 6) 3 (1, 10) 0.89

T cell Spike 9 (4, 19) 8 (3, 26) 0.63
Comparison of T cell responses using the ELISpot assay to SARS-CoV-2 S1, S2 and Spike (S1 + S2) epitopes by vaccine strategy. Median and interquartile range (IQR) spot
forming units (SFU) per 10° peripheral blood mononuclear cells (PBMCs) at 1-month post-booster and 6-months post-booster timepoints stratified by vaccine strategy. The
two vaccine strategy groups were compared using a Wilcoxon rank sum test. IQR, interquartile range.
Table 2: Comparison of T cell responses to SARS-CoV-2 S1, S2 and spike (S1 + S2) epitopes by vaccine strategy.

(S1 + S2) by vaccine strategy at the 1-month post-booster
visit and at the 6-months post-booster visit. Spot counts
to S1, S2 and spike did not differ by vaccination strategy
at 1-month or 6-months post-booster.

Fig. 4, Supplementary Tables S6 and S7 show
the results of the multivariable negative binomial

Outcome: 1-month post-booster ELISpot count

Panel 1 (S1 peptides)

Separate-{ q
Vaccine strategy for SARS-
CoV-2 booster and

o I G i

.

per 1 spot increase |

Pre-booster ELISpot

Panel 2 (S2 peptides)

regression analysis of ELISpot counts in response to
S1, S2 and spike peptides at both 1-month and
6-months respectively. There was no difference in
ELISpot count by vaccine strategy after adjustment
for age, sex and pre-booster or 1-month post-booster
spot counts.

Spike (S1 + S2)

Age per decade increase | - 1 L 1 [
Sex Male-| 1 1 _
Female 1 1
066 08 10 125 15 066 08 10 125 15 066 08 1.0 1.25 15
alRR alRR alRR
O 6- post-b ELISpot count
Panel 1 (S1 peptides) Panel 2 (S2 peptides) Spike (S1 + S2)
Separate | 1 1
Vaccine strategy for SARS-
CoV-2 booster and F . ] ] - .
Post-booster ELISpot Per 1 spotincrease | . 1 . 1
Age per decade increase | | 1 | 1 |
Sex Male i |
Female - b 1
O.éG 1.0 I.‘5 2‘.0 O.éG 1‘5 2‘.0 0. éG 1‘5 2‘0

alRR

alRR alRR

Fig. 4: Negative binomial regression model showing the association between vaccine strategy and other parameters with S1, S2 and
Spike specific T cell responses. Negative binomial regression models showing the association between vaccine strategy, previous ELISpot
count, age and sex with ELISpot count in response to peptides derived from SARS-CoV-2 S1, S2 and spike (S1 + S2) 1-month post-booster and
6-months post-booster. Results are shown for a fully adjusted model (red) which included all variables and a simplified model (blue) which just

adjusted for vaccine strategy and previous ELISpot count.
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Influenza serology

Dot plots showing the MFR by vaccination strategy be-
tween pre- and 1-month post-vaccination for each of the
four influenza strains are shown in Fig. 5(a). MFR and
statistical testing are summarised in Fig. 5. Fig. 5(b) also
shows the dot plots of MFR and 95% ClIs for changes
between HAI titre at 6-months post-vaccination
compared to the 1-month post-vaccination visit. There
was no difference in mean fold rise for any of the
influenza strains between those vaccinated concomi-
tantly and separately.

Fig. 6, Supplementary Tables S8 and S9 show the
results from the multivariable linear regression, again
showing no difference in 1-month and 6-months post-
vaccination HALI titre by vaccine strategy for all influ-
enza strains.

Discussion
We have shown that in a prospectively sampled, cohort
of 420 HCWs there are differences in anti-spike anti-
body titres 1-month after a Pfizer BNT162b2 mRNA
SARS-CoV-2 booster in those vaccinated concomitantly
with the IIV compared to those vaccinated separately.
After adjusting for age and sex we have shown that post-
booster anti-spike titres are 20% lower in those vacci-
nated concomitantly compared to when the SARS-CoV-2
booster is administered at a separate time to the IIV. We
have also shown that these differences in anti-spike
antibody titres are not present 6-months after
receiving the booster. Our analysis of ELISpot and
influenza serology data found that there are no differ-
ences in SARS-CoV-2 cellular response and influenza
HAI titres at 1-month and 6-months post-vaccinations.
These results are consistent with previous studies
that have shown decreased anti-spike titres post-
vaccination with the co-administration of IIV with the
first dose of the SARS-CoV-2 primary vaccination se-
ries,®"" and as a booster vaccination.'>'*?' Reduced anti-
body titres to vaccines given concomitantly with the ITV
have also been reported for pneumococcal and menin-
gococcal vaccines.”” Our results differ from initial
randomised control trials evaluating IIV  co-
administration, which found co-administration with
IIV had no impact on anti-spike titres when given with
the SARS-CoV-2 vaccine in the primary course,* and as
a booster.” It is unclear the reason for these differing
findings. They may be due to between-study variation
including the study population and the type of SARS-
CoV-2 vaccination used. In this study all participants
received the same Pfizer BNT162b2 mRNA booster so it
is not clear if the same differences would be seen for
other vaccine types. Other studies have seen a reduction
in the SARS-CoV-2 serology peak response when IIV is
administered with subunit vaccines (NVX-CoV2373),
and inactivated vaccines (CoronaVac)."! Of note there
are currently several influenza and SARS-CoV-2 vaccine

coformulations in development which will also need to
be evaluated to assess if immunogenicity is equivalent to
separate vaccination.

Several potential mechanisms have been suggested
to explain why concomitant vaccination may have an
impact on immunogenicity, including: the induction of
a type 1 interferon response by another vaccine leading
to suppression of the immune response to mRNA vac-
cines; redirected vaccine imprinting due to another
vaccine influencing the selection of B cell clones to other
related sequences; and vaccine interference whereby
there is an insufficient number of immune cells to elicit
an adequate response to both vaccines.”

The clinical impact of a reduced peak anti-spike titre,
of the magnitude seen in those vaccinated concomi-
tantly in this study, is unclear. We did not report neu-
tralising antibody titres against emerging variants,
which may more closely correlate with protection
against breakthrough infection,"*** however, there is an
established correlation between wild-type anti-spike
antibody titres and neutralising titres to other SARS-
CoV-2 variants.”” Dulfer and colleagues have also
shown that SARS-CoV-2 and influenza vaccine co-
administration has an impact on anti-spike antibodies
as well as neutralising antibody titres against D614G,
Delta and Omicron variants.”” Lower anti-spike titres,
and thus a lower neutralising capacity against SARS-
CoV-2, could potentially lead to more breakthrough in-
fections.” Despite our study not being powered to
estimate relative vaccine effectiveness, we observed no
differences in SARS-CoV-2 infections by vaccine strat-
egy in our cohort. Further randomised control trials are
needed for confirmation of non-inferior immunoge-
nicity following co-administration. The 20% reduction
in post-booster anti-spike titres seen in our study, if
observed in a randomised trial, would not meet the
preferred non-inferiority margin of 0.67 or 0.5 which is
often used for vaccine licensing.’"** If there is definitive
evidence of a reduction in vaccine effectiveness with
concomitant vaccination, the impact of the potential
reduced vaccine coverage that may result from changes
to the vaccine schedule would need to be evaluated. Co-
administration of vaccines has been an effective way of
increasing uptake of both SARS-CoV-2 booster and
influenza vaccinations.” Changing to separate admin-
istration, due to a small reduction in immunogenicity, is
unlikely to be beneficial if it results in reduced vaccine
uptake, and would need to be implemented with care
given the barriers to the delivery of vaccines, and the
hesitancy for regular SARS-CoV-2 vaccination amongst
subgroups of HCWs.*

To the best of our knowledge this is the first study to
show there is no difference in T cell response to SARS-
CoV-2 by vaccine strategy and this was observed
throughout the study period. Recent studies have shown
that the adaptive cellular immune response may play a
role in preventing initial infection.”*® There are no
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A/H3N2 0-46 (0-42,0-51) 0-54 (0-48,0-61) 0-05
B/Victoria 0-63 (0-58, 0-68) 0-67 (0-60, 0-73) 0-42
B/Yamagata 0-61 (0-57, 0-66) 0-66 (0-60, 0-72) 0-27

Fig. 5: Comparison of mean fold rise in HAI titres by vaccine strategy. Comparison of mean fold rise in Haemagglutinin inhibition assay (HAI)
titres between (a) pre- and 1- month post-vaccination and (b) 1-month and 6-months post-vaccination with the influenza vaccine stratified by
vaccine strategy for each strain of influenza contained in the vaccine. Bars indicate the 95% Cl, The table (c) shows the mean fold rise and
corresponding 95% confidence intervals between pre- and post-vaccination and post-vaccination to 6-months post-vaccination HAI titres
stratified by vaccine strategy for each strain of influenza. The two vaccine strategy groups were compared using an unpaired t test. MFR, mean
fold rise; Cl, confidence interval.

definitive antibody or cellular immune responses that
accurately correlates with protection against SARS-CoV-
2 and the modest reduction in peak antibody titre
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following concomitant vaccination may not have an
impact on vaccine effectiveness if the cellular immune
response can overcome this deficit. Of note, there were
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Fig. 6: Linear regression models showing the association between vaccine strategy and other parameters with In HAI post-vaccine titre.
Linear regression models showing the association between vaccine strategy, previous haemagglutinin inhibition assay (HAI) titre, age and sex
with natural logarithm (In) HAI 1-month and 6-months post-vaccine titres for each influenza strain. Results are shown for a fully adjusted
model (red) which included all variables and a simplified model (blue) which just adjusted for vaccine strategy and previous HAI titre.

no differences in influenza HAI titres by vaccination
strategy, which is consistent with previous studies."
Further research is required to examine if the cellular
response to IIV are impacted by concomitant vaccination.

Our study has limitations. Firstly, unlike a majority
of studies that have evaluated the impact of concomitant
vaccination, we conducted an observational study which
meant that there may be unmeasured differences be-
tween the two groups beyond age and sex. There were
differences in baseline characteristics of those included
and excluded from the analysis. This is likely due to the
exclusion of participants that did not receive the influ-
enza vaccine, healthcare workers not receiving the vac-
cine tend to be younger, from ethnic minority groups
and less likely to have received a previous influenza
vaccine. In addition, there was greater non-attendance at
the 1-month post-vaccine visit amongst those vaccinated
separately since this required an additional study visit
and blood test.

Secondly, our study follow-up period coincided with
a rapid increase in SARS-CoV-2 transmission due to the
emergence of the Omicron variant,” which resulted in
50% of participants becoming infected and therefore
being excluded from our 6-months post-booster anal-
ysis. By excluding those that became infected, we are
unable to examine whether these individuals would
have exhibited different immune responses at 6-months
post-vaccination had they not become infected. In
addition, due to the large number of exclusions our
study may have been underpowered to find differences
in immune responses at 6-months post-vaccination.

Lastly, our study was not designed to examine the
post-vaccination anti-spike antibody trajectory, since
we only sampled at two post-vaccination time points.
We were therefore unable to evaluate anti-spike anti-
body persistence or the exact timing of peak antibody
responses. It is possible that antibody responses
peaked to the same titre in the two vaccination groups,
but that these peaks occurred after different periods of
time post-vaccination. Further studies with more
frequent sampling in the first month and during the
6-months post-vaccination are required to better char-
acterise post-vaccination antibody kinetics and delin-
eate the impact vaccination strategy has on these
trajectories.

In conclusion, our study adds to the growing body of
evidence that suggests there is a difference in the peak
humoral response to the SARS-CoV-2 booster and pre-
served peak influenza HAI titres when given concomi-
tantly with the ITV. Further work is needed to establish
whether small differences in post-vaccination anti-
SARS-CoV-2 antibody titres translate to different clinical
outcomes. Encouragingly, this study is the first to show
that these differences do not persist, and there were no
significant differences in SARS-CoV-2 cellular immune
response by vaccination strategy. Our study has urgent
public health implications, in observing that concomi-
tant vaccination with SARS-CoV-2 and influenza vac-
cines has no significant impacts on long-term
immunogenicity. Further studies are needed to evaluate
anti-spike trajectories, the impact this would have on
vaccine effectiveness and determine if this would
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outweigh the reduced vaccine coverage that may result
from changes to the vaccine schedule.
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