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To the Editor:

Seasonal influenza vaccination is established as important infection prevention measure, especially among
highly exposed healthcare workers (HCWSs) [1]. Coadministration with the third dose of COVID-19
vaccine could be an efficient strategy protecting HCWs from two major viral respiratory infections [2—4].
To date, the humoral immunogenicity and side-effects of a coadministered third COVID-19 and a seasonal
quadrivalent influenza vaccine are still unclear, and the available data is limited in transferability to the
general public [5-7]. This preference-based non-randomised controlled study examines the
antibody-mediated immunogenicity and vaccine-related side-effects of mRNA-based COVID-19 and
seasonal influenza vaccine coadministration in HCWs.

1231 participants of the CoVacSer study with two doses of BNT162b2mRNA (30 pg mRNA each) as
basic COVID-19 immunisation received a third dose of mRNA-based COVID-19 vaccine administering
BNT162b2mRNA (30 pg mRNA) or mRNA-1273 (50 pg mRNA) depending on age and vaccine
availability. HCWs could opt for a simultaneous influenza vaccine coadministration (Influvac Tetra vaccine
2021/2022) injected intramuscularly into the opposite arm. HCWs without coadministration received either
no seasonal influenza vaccination or at least 14 days apart from the COVID-19 booster. Convalescent
HCWs having passed a PCR-confirmed SARS-CoV-2 infection were excluded.

Pseudonymised serum blood samples combined with a questionnaire were collected from 1 October 2021
to 31 January 2022 between 14 and 90 days after the COVID-19 vaccination. Anti-SARS-CoV-2-spike
IgG levels were obtained using the SERION ELISA agile SARS-CoV-2 IgG (SERION diagnostics,
Wuerzburg, Germany) [8].

The statistical analyses were performed with R (version 3.1.2) on logarithmised anti-SARS-CoV-2-spike
IgG concentrations based on a multiple linear regression analysis. The parameters including potential
influencing factors were estimated using a generalised least squares fit (R package nlme) [9, 10]. Statistical
subgroup differences of the independent categorical variables were calculated with the estimated marginal
means. Using the Tukey test statistics, pairwise post hoc tests were performed to expose statistically
significant differences. The emmeans package was used to estimate marginal means and to calculate
pairwise differences [11]. Investigating the role of side-effects, pairwise Fisher exact tests were performed.
To correct against multiple testing, p-values were adjusted using the Benjamini—Yekutielie procedure [12].
Only adjusted p-values below a significance level of 0.05 were considered statistically significant.

The study protocol was approved by the ethics committee of the University of Wuerzburg in accordance
with the Declaration of Helsinki (file number 79/21).

20.2% (249/1231) of all participants opted for coadministration, whereas 90.4% (225/249) received
BNT162b2mRNA and 9.6% (24/249) mRNA-1273 as COVID-19 booster vaccine. 79.8% (982/1231) of
all participants were vaccinated with a mRNA-based COVID-19 vaccine only. Among them, 78.5% (771/
982) received BNT162b2mRNA, 21.5% (211/982) mRNA-1273. Except differences in the gender
distribution (24.0% male in the coadministration versus 15.7% male in the control group) no significant
differences could be assessed comparing the coadministration and the control group regarding age, weight,
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height, smoking, immune deficiency, interval between vaccine doses and sampling, and the median
baseline anti-SARS-CoV-2-spike IgG levels (coadministration group: 138.1 binding antibody units
(BAU)-mL ™}, control group: 133.1 BAU-mL™%).

Obtained anti-SARS-CoV-2-spike IgG levels ranged from 239.1 to 18 541.5 BAU-mL™" (median 1605.0
BAU-mL™"; interquartile range (IQR) 1078.0-2504.7 BAU-mL™") in the coadministration group. In the
control cohort, anti-SARS-CoV-2-spike IgG levels from 17.7 to 21287.9 BAU-mL™" were determined
(median 2150.2 BAU-mL™%; IQR 1341.1-3242.3 BAU-mL ™). Median anti-SARS-CoV-2-spike IgG levels
were 34.0% higher in the control group (p<0.01) (figure 1).

In the case of BNT162b2mRNA coadministration, the median anti-SARS-CoV-2-spike IgG was 1560.7
BAU'mL™" (IQR 1078.0-2493.6 BAU-mL™"), compared to 1955.1 BAU-mL™' (IQR 1234.6-3022.9
BAU-mL_l) in BNT162b2mRNA-only vaccinated. For mRNA-1273 coadministration, a median of
1891.1 BAU-mL™' (IQR 1068.2-3324.0 BAU-mL ') was observed, in contrast to 2709.8 BAU-mL™*
(IQR 1735.4-4001.2 BAU-mL™') for mRNA-1273-only vaccinated. Anti-SARS-CoV-2-spike IgG
concentrations were significantly higher without coadministration, for BNT162b2mRNA (+25.3%; p=0.02)
and mRNA-1273 (+43.3%; p=0.02).

Independent of influenza vaccine coadministration, mMRNA-1273 induced significantly higher
anti-SARS-CoV-2-spike IgG concentrations than BNT162b2mRNA (p<0.0001) (figure 1).

81.1% (202/249) of the coadministered participants reported vaccine-related side-effects compared to
87.3% (857/982) in the control cohort. 59.8% (149/249) of the coadministered participants suffered from
local reactions, 37.3% (93/249) from headache, 34.1% (85/249) from muscle pain, 26.1% (65/249) from
fever and/or chills, 47.8% (119/249) from fatigue, and 12.9% (32/249) from other complaints. Among the
control group, 62.0% (609/982) reported local reactions, 43.3% (425/982) headache, 41.8% (410/982)
muscle pain, 29.5% (290/982) fever and/or chills, 52.6% (517/982) fatigue, and 15.1% (148/982) other
complaints after vaccination. Numerically, all queried side-effects were less common in the
coadministration group without any statistical significance (p>0.05).

However, median anti-SARS-CoV-2-spike IgG levels were lower by more than 25% in the case of
coadministration for both mRNA-based vaccines, possibly due to parallel stimulation of the immune
system. These findings are in line with decreased anti-SARS-CoV-2 antibody titres observed in individuals
receiving a combined protein subunit COVID-19 and influenza vaccine compared to a protein subunit
COVID-19 vaccine without an influenza component [6]. The clinical consequences of the impaired
anti-SARS-CoV-2-spike IgG levels are still unclear, as the anti-SARS-CoV-2-spike IgG level required for
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FIGURE 1 Anti-SARS-CoV-2-spike IgG concentrations after third dose of COVID-19 vaccine with or without
influenza vaccine coadministration, separated for COVID-19 booster vaccine (BNT162b2mRNA or mRNA-1273),
logarithmically scaled. ****: p<0.0001 *: p<0.05. BAU: binding antibody units.
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reliable protection against SARS-CoV-2 infection and severe COVID-19 remains to be determined [13].
The limited immune response may explain the absence of increased side-effects despite the enhanced
immunisation stimulus also observed before [5-7].

It is possible that an adapted and augmented COVID-19 vaccine dosage in case of influenza vaccine
coadministration might compensate for the lower levels of anti-SARS-CoV-2-spike IgG after coadministration.
The comparison of the higher-dosed mRNA-1273 (50 pg) COVID-19 booster vaccine administration with
BNT162b2mRNA (30 pg) confirms this assumption, by displaying similar anti-SARS-CoV-2-spike IgG levels
in the BNT162b2mRNA-only vaccinated control cohort and the mRNA-1273 coadministered.

The limitations of the study were that data were collected as non-randomised preference-based controlled
trial without evaluation of the reasons for the individual decision. As the study was restricted to the third
COVID-19 vaccination and participants were excluded after a PCR-confirmed SARS-CoV-2 infection, the
data may differ in hybrid-immunised individuals and for coadministration with a fourth dose of COVID-19
vaccine. SARS-CoV-2 infections without diagnosis or merely diagnosed by lateral flow test may have
occurred and influenced antibody titres in the study population. The study population was predominantly
female (82.5%) reflecting the current gender distribution among HCWs in Germany (75.5% female) [14].
Male gender was slightly overrepresented in the coadministration group and previous work shows lower
anti-SARS-CoV-2-spike IgG levels in males [15]. However, the multiple regression analysis modelling
reveals that the group differences cannot be explained by gender distribution. Baseline
anti-SARS-CoV-2-spike IgG levels were available for 94.8% (1167/1231) of the participants, showing no
statistically significant differences between the groups. A subgroup analysis including these participants
confirmed the significant lower levels in the coadministration versus control group, as well as after the
booster vaccination with BNT162b2mRNA versus mRNA-1273. Antibody responses were assessed
quantitatively while neutralisation capacity was not examined. Vaccine-related side-effects were assessed
using self-report questionnaires. The influenza-specific humoral immune response was not assessed and
should be considered in future studies containing an “influenza-vaccinated only” group. Due to vaccine
availability and participants’ individual reasons, COVID-19 booster vaccinations were administered with
either BNT162b2mRNA or mRNA-1273 representing a point-of-care scenario.

In summary, coadministration significantly limits anti-SARS-CoV-2-spike IgG levels, in particular for
mRNA-1273 but also for BNT162b2mRNA, and will not jeopardise public healthcare capacities due to
increased sick leave. These aspects will support the development of public health recommendations for
coadministration of COVID-19 and influenza vaccines in anticipation of the imminent infection waves in
the coming winter season [1, 2, 4]. The possibility of coadministration could increase vaccination rates
among highly exposed HCWs [3].
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