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In next fall and winter, SARS-CoV-2 could circulate in parallel with seasonal influenza. The dual
epidemics will result in considerable morbidity and mortality; therefore, influenza vaccination may
be essential. Recent studies found increased risk of coronavirus in individuals receiving influenza

Our aim is to analyse the association between influenza vaccination and COVID-19 in a population

IgG antibodies against SARS-CoV-2 were detected in 3520 HCWs at a large hospital in Northern
Italy. For each participant, we collected data on flu immunization status for the last five flu seasons.
Logistic regression was used to test associations between seasonal flu vaccination status and a posi-

During the last five flu seasons, 2492 vaccinations were administered. Serology tests were negative
for 3196 (91%) HCWSs and residents and only 21 (1%) people had an equivocal test (12.0-15.0
AU/mL). Only 128 (4%) people received a diagnosis of COVID-19, with a positive swab test. No flu
vaccinations for the last five flu seasons were specifically associated with diagnosis of COVID-19 or

Flu vaccinations did not appear to be associated with SARS-CoV-2 infection. Influenza vaccination
should continue to be recommended for HCWs and for individuals at increased risk for severe illness
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Introduction

COVID-19 (Coronavirus Disease-2019), caused by the
coronavirus SARS-CoV-2 (Severe Acute Respiratory
Syndrome-Coronavirus-2), is an emerging infec-
tious disease, declared pandemic by World Health
Organization (WHO). On 11 October 2020, there were
>37 000 000 confirmed cases and >1 000 000 death
from COVID-19 worldwide. In Europe, Northern Italy
was severely affected early on, particularly in Lombardy,
the most populous, richest and most productive region
in the country. Clinical manifestations of COVID-19
varied; most infected persons have only mild symptoms
or even no symptoms, while some patients suffer from
severe respiratory failure that requires early and pro-
longed support by mechanical ventilation. Scientists

around the world are working on several vaccines and
treatments for COVID-19. Unless a new treatment is
discovered, developing a vaccine is crucial to control-
ling this infection. In the absence of a vaccine, in fall and
winter, SARS-CoV-2 will also circulate in parallel with
seasonal influenza [1]. The dual epidemics of COVID-
19 and seasonal influenza will result in considerable
morbidity and mortality [2]. The confluence of these
infectious diseases could have important repercus-
sions for national health systems. For this reason, influ-
enza vaccination could be essential in the next months
during the COVID-19 pandemic. According to CDC
Vaccination Guidance, healthcare providers should
‘use every opportunity during the influenza vaccination
season to administer influenza vaccines to all eligible
persons’. In particular, essential workers, individuals at
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Key learning points

What is already known about this subject:

What this study adds:

against SARS-CoV-2.

e COVID-19 is an emerging infectious disease, declared pandemic by World Health Organization.
e Previous studies were conducted only on benign coronaviruses, and no specific studies on the association
between influenza vaccination and COVID-19 have been published.

* Flu vaccination in the last five flu seasons was not associated with the presence or absence of IgG antibodies

* The uptake of flu vaccination in the last five flu seasons was not a protective or risk factor for COVID-19.

What impact this may have on practice or policy:
e Although no association was found, flu vaccination is highly recommended for healthcare workers and for
at-risk groups, in order to reduce hospitalization and to help in the differential diagnosis with COVID-19.

increased risk for severe illness from COVID-19 (those
65 years and older, nursing home residents, those with
underlying medical conditions), and other individuals
at high risk of influenza complications should receive
the flu vaccine [3]. In the last few months, the relation-
ship between influenza vaccination and coronavirus in-
fections has been discussed, based on the phenomenon
of vaccine-associated virus interference; that is, vac-
cinated individuals may be at increased risk for other
respiratory viruses because they do not receive the
non-specific immunity associated with natural infection
[4]. In particular, natural infection activates the innate
immune response that could temporarily reduce the
risk of infection for other respiratory viruses. Flu vac-
cines reduce the probability of contracting flu infection
and then avoid the activation of the innate immune re-
sponse [4]. Studies have so far only been conducted on
benign coronaviruses. In particular, in 2013, Sundaram
et al. did not show an association between influenza
vaccination and detection of coronavirus [5]. More re-
cently, a study conducted by Wolff found increased risk
of coronavirus in individuals receiving influenza vac-
cination. In this study, virus interference trends were
found for coronavirus, thus reopening the international
debate [6]. These studies were conducted only on be-
nign coronaviruses, and no specific researches on asso-
ciation between influenza vaccination and COVID-19
were published. Recently, Marin-Hernandez er al
found an association between the higher uptake of in-
fluenza vaccination and lower deaths from COVID-19
in Italy [7]. This association was found, studying the re-
lationship between the percentage of vaccinated adults
>65 years old and the percentage of COVID-19 deaths
from each region in Italy. Thus, the authors concluded
that further epidemiological, observational and vaccin-
ation studies are needed. Our aim is to analyse the as-
sociation between influenza vaccination and infection
by SARS-CoV-2 in a population of healthcare workers
(HCWs) in a hospital in Lombardy, the epicentre of
Italy’s coronavirus outbreak.

Methods

The study included 3520 HCWs and medical residents
at a large university hospital located in Northern Italy.
All the participants were tested for IgG antibodies against
SARS-CoV-2, as part of a screening promoted by the re-
gional health authority. The test used was the LIAISON®
SARS-CoV-2 S1/82, which uses chemiluminescence im-
munoassay (CLIA) technology to quantitatively deter-
mine the anti-S1- and anti-S2-specific IgG antibodies in
human serum or plasma samples [8]. Serology tests have
been performed in May 2020. The database with serology
data also included information on a previous diagnosis of
COVID-19, performed with the polymerase chain reac-
tion (PCR) diagnostic test on nasal swabs.

Every year, all HCWs were invited to get vaccinated by
the Occupational Medicine (OM) service of the hospital.
For each participant, we collected data on the flu immun-
ization status of the last five flu seasons (2015/16,2016/17,
2017/18, 2018/19 and 2019/20), from the immunization
record of the OM service. Flu vaccines administered
were quadrivalent vaccines and complied with the re-
commended compositions of influenza virus vaccines for
use in the Northern hemisphere, in each influenza season
[9-12]. In particular, the quadrivalent vaccine of the last
flu season contained the following: an A/Brisbane/02/2018
(HIN1)pdmO09-like  virus, an  A/Kansas/14/2017
(H3N2)-like virus, a B/Colorado/06/2017-like virus (B/
Victoria/2/87 lineage) and a B/Phuket/3073/2013-like
virus (B/Yamagata/16/88 lineage) [13].

Our database, which included both serology and flu
status information, was anonymized. We also included
data on age and gender, as possible confounders.

Data were analysed using SAS (SAS institute, Cary,
NC, USA) statistical software. The age was tested both
as a continuous variable and as a categorical variable,
grouping it in different age ranges.

For the descriptive analysis, we used Wilcoxon—
Mann-Whitney test for age since it is a continuous vari-
able and does not follow normal distribution. We used
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Table 1. Characteristics distribution of the overall population (7 = 3520)

Variables Total Serology test results (IgG ab SARS-CoV-2) COVID-19 diagnosis (with swab test)
>15.0 AU/mL <15.0 AU/mL P-value Yes No P-value
Age
Median (interquartile 47 (35-55) 48 (36-55) 47 (35-55) NS 49 (39-55) 47 (35-55) NS
range)
Age > 60 years old
Yes 381 (11) 32 (11) 349 (11) NS 13 (10) 368 (11) NS
No 3139 (89) 271 (89) 2868 (89) 115 (90) 3024 (89)
Gender
Male 986 (28) 90 (30) 896 (28) NS 38 (30) 948 (28) NS
Female 2534 (72) 213 (70) 2321 (72) 90 (70) 2444 (72)
Number of flu vaccinations per season
2015/16 212 (9) 21 (7) 191 (6) NS 10 (8) 202 (6) NS
2016/17 284 (11) 25 (8) 259 (8) NS 13 (10) 271 (8) NS
2017/18 429 (17) 33 (11) 396 (12) NS 16 (13) 413 (12) NS
2018/19 750 (30) 63 (21) 687 (21) NS 30 (23) 720 (21) NS
2019/20 817 (33) 61 (20) 756 (24) NS 28 (22) 789 (23) NS
Number of flu vaccination uptakes (seasons 2015/16 to 2019/20)
None (never vaccinated) 2399 (68) 215 (71) 2184 (68) NS 84 (66) 2315 (68) NS
One 426 (12) 31 (10) 395 (12) 18 (14) 408 (12)
Two 317 (9) 23 (8) 294 (9) 10 (8) 307 (9)
Three 175 (5) 18 (6) 157 (5) 9 (7) 166 (5)
Four 108 (3) 8 (3) 100 (3) 3 (2) 105 (3)
Five (always vaccinated) 95 (3) 8 (3) 87 (3) 4 (3) 91 (3)

The data represent n (%). NS, not significant.

a chi-square test for the categorical variables, such as
gender, age >60 years old, number of flu vaccinations per
season and number of flu vaccination uptakes (from sea-
sons 2015/16 to 2019/20). Results with P-values > 0.05
were considered not to be statistically significant.

Logistic regression was used in both univariable and
multivariable models, to test associations between (i) sea-
sonal flu vaccination status and a positive serology tests
(>15.0 AU/mL), and (ii) seasonal flu vaccination status
and COVID-19. Odds ratio (OR) and 95% confidence
interval (CI) were reported. We tested associations be-
tween serology tests and flu vaccination in season 2015/16,
flu vaccination in season 2016/17, flu vaccination in season
2017/18, flu vaccination in season 2018/19, flu vaccination
in season 2019/20 and number of vaccinations in the last
5 years (regardless the specific flu season). The variables
included in multivariable model were age, gender and an
interaction term between age and the vaccination intake in
the last flu vaccination season 2019/20. The same associ-
ations were tested for COVID-19 diagnosis.

Results

A total of 3520 people were included and tested to detect
IgG antibodies against SARS-CoV-2. The main charac-
teristics of the study population are presented in Table 1.

Table 2. Positive serology test and COVID-19 diagnosis per
1000 people, by number of flu vaccination uptakes

Number of flu Positive serology COVID-19
vaccination uptakes test (IgG ab diagnosis (with
(seasons 2015/16 to SARS-CoV-2) swab test)
2019/20)
n per 1000 P-value n per 1000 P-value
people people
None (never 90 35
vaccinated)
One 73 42
Two 73 NS 32 NS
Three 102 51
Four 74 28
Five (always 84 42
vaccinated)

NS, not significant.

The median age was 47 years old (interquartile range
35-55); 381 (11%) participants were aged 60 years or
older; and 72% of participants were female. No differ-
ence in terms of age or gender was found between people
with a positive serology test and people with negative
serology test (P-value > 0.05), as well as no difference
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was found between people with COVID-19 and people
without COVID-19 (P-value > 0.05).

During the last five flu seasons, 2492 vaccinations
were administered; and 1121 (32%) people were vaccin-
ated at least once. Table 1 reports the number of vac-
cinations per year. In details, 2399 (68%) participants
refused flu vaccinations, so they were not vaccinated in
the last 5 years; 426 (12%) people were vaccinated during
only one flu season; 317 (9%) were vaccinated during
two flu seasons; 175 (5%) during three flu seasons; 108
(3%) during four flu seasons; and 95 (3%) were vaccin-
ated in all the five flu seasons considered in the study.
Serology tests were negative for 3196 (91%) HCWs and
residents and only 21 (1%) people had an equivocal test
(12.0-15.0 AU/mL). Only 128 (4%) people received a
diagnosis of COVID-19, with a positive swab test. No

difference was found considering different serology test
results or diagnosis of COVID-19 (P-value > 0.05).
Table 2 reported the prevalence of positive serology
test per 1000 people by the number of flu vaccination up-
takes. No difference was found between the group who
never received flu vaccines and the groups who received
one or more flu vaccines in the last flu seasons. Table 2
also showed the prevalence of COVID-19 diagnosis per
1000 people by flu vaccination uptakes. Similar to pre-
vious data, no difference was found into those groups.
The association between a positive serology test and
seasonal flu vaccination is reported in Table 3. The flu
vaccination in the last flu season 2019/20 was not asso-
ciated with the serology test result (OR 0.82, 95% CI:
0.61-1.10). Similarly, no flu vaccines of the last five flu
seasons were associated with the presence or absence of

Table 3. Logistic regression results showing the ORs for the association between seasonal flu vaccination and positive results to serology

test

Variables Univariate model Multivariate model
OR 95% CI OR 95% CI
Age
1.01 0.99 1.02 1.00 0.99 1.02
Age > 60 years old
Yes Ref - -
No 1.03 0.70 1.51
Gender
Male Ref - - Ref - -
Female 0.91 0.71 1.18 0.91 0.70 1.17
Flu vaccination in season 2019/20
No Ref - - Ref - -
Yes 0.82 0.61 1.10 0.89 0.29 2.79
Flu vaccination in season 2018/19
No Ref - -
Yes 0.97 0.72 1.29
Flu vaccination in season 2017/18
No Ref - —
Yes 0.87 0.60 1.27
Flu vaccination in season 2016/17
No Ref - -
Yes 1.03 0.67 1.58
Flu vaccination in season 2015/16
No Ref - -
Yes 1.18 0.74 1.88
Number of flu vaccination uptakes
None (never vaccinated) Ref - -
One 0.80 0.54 1.18
Two 0.80 0.51 1.24
Three 1.17 0.70 1.94
Four 0.81 0.39 1.69
Five (always vaccinated) 0.93 0.45 1.95
Interaction term (Age * Flu vaccination 2019/20)
1.00 0.97 1.02

The multivariate model includes age, gender, flu vaccination in season 2019/20, and the interaction term between age and vaccination uptake in the last flu season 2019/20.
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IgG antibodies against SARS-CoV-2. Furthermore, no
associations were found between the number of flu vac-
cinations and the serology test result. In details, no dif-
ference was found between people who always received
flu vaccines and people who have never been vaccinated.
Age and gender seem to be not associated with a dif-
ferent immune response against coronavirus. Table 3 also
showed the multivariable model results that included the
interaction term between age and the last flu vaccination
(season 2019/20). As well as for the univariable logistic
regression, we did not find any association between flu
vaccination and the serology test result.

Furthermore, we assessed the association between a
diagnosis of COVID-19 and seasonal flu vaccination.
Results of the logistic regression are reported in Table 4.
The uptake of flu vaccination in the last flu season was not

found as a protective or risk factor for COVID-19 since no
association was reported (OR 0.92, 95% CI: 0.60-1.42).
Correspondingly, no flu vaccinations of the last five flu
seasons were specifically associated with COVID-19. We
did not find any association with the number of flu vaccin-
ations and the diagnosis of COVID-19. Finally, as well as
for serology test, we did not find any association between
age or gender and COVID-19. No association was found
using the same multivariable logistic regression model
that we used to assess associations between flu vaccination
and serology test results. Data are shown in Table 4.

Discussion

Our study aimed to assess the possible associ-
ation between influenza vaccination and infection by

Table 4. Logistic regression results showing the ORs for the association between seasonal flu vaccination and diagnosis of COVID-19

Variables Univariate model Multivariate model
OR 95% CI OR 95% CI
Age
1.01 0.99 1.03 1.01 0.99 1.03
Age > 60 years old
Yes Ref - -
No 1.08 0.60 1.93
Gender
Male Ref - - Ref - -
Female 0.92 0.62 1.35 0.93 0.63 1.37
Flu vaccination in season 2019/20
No Ref - - Ref - -
Yes 0.92 0.60 1.42 0.41 0.07 2.39
Flu vaccination in season 2018/19
No Ref - -
Yes 1.14 0.75 1.72
Flu vaccination in season 2017/18
No Ref - -
Yes 1.03 0.60 1.76
Flu vaccination in season 2016/17
No Ref - -
Yes 1.30 0.72 2.34
Flu vaccination in season 2015/16
No Ref - -
Yes 1.34 0.69 2.59
Number of flu vaccination uptakes
None (never vaccinated) Ref - -
One 1.22 0.72 2.05
Two 0.90 0.46 1.75
Three 1.49 0.74 3.03
Four 0.79 0.25 2.53
Five (always vaccinated) 1.21 0.44 3.38
Interaction term (Age * Flu vaccination 2019/20)
1.02 0.98 1.06

The multivariate model includes age, gender, flu vaccination in season 2019/20, and the interaction term between age and vaccination uptake in the last flu season 2019/20.
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SARS-CoV-2. We used a population of HCWs, since flu
vaccination is highly recommended in HCWs and, at the
same time, they have an increased risk of contracting
COVID-19 [14-17].

As far as we know, this is the first study that examined
the association between influenza vaccination and SARS-
CoV-2 infection, considering flu vaccination status, ser-
ology test result and diagnosis of COVID-19. Although
Marin-Hernandez ez al. have already studied the relation-
ship between flu vaccination and COVID-19, actually
they only considered the percentage of vaccinated adults
(>65 years old) and the percentage of COVID-19 deaths
by region in Italy [7]. Our study is the first that considered
the flu vaccination status of the last five influenza sea-
sons and examined the association between novel cor-
onavirus and previous vaccination uptakes. We considered
two different variables as outcomes: the result of the ser-
ology test to detect IgG antibodies and the diagnosis of
COVID-19 with PCR on swab samples. Our analysis did
not show any association between flu vaccination in the
last 5 years and serology test results. Similarly, we did
not find any association between vaccines and diagnosis
of COVID-19, probably because there is no interference
in immunological mechanisms between flu vaccines and
other respiratory viruses. It was not possible to compare
our results with other studies since there are not similar
investigations. However, our findings were consistent with
previous studies that showed a non-association among flu
vaccination and other coronavirus [5]. Although we did
not find any association, influenza vaccination should be
highly recommended for HCWs and for individuals at in-
creased risk for severe illness from respiratory illness, es-
pecially during the outbreak of COVID-19. Indeed, flu
vaccination may reduce the number of people who need
hospitalization and may help in the differential diagnosis
in case of fewer and other flu-like symptoms.

It is important not to underestimate the role of flu vac-
cination and the important disease burden. Indeed, sea-
sonal influenza results in ~3—5 million cases of severe illness
and up to 650 000 respiratory deaths worldwide [18].

The main limit of this study is that participants might
have been vaccinated in other settings other than the OM
service. However, this is unlikely as the OM service pro-
vided vaccination in the workplace, free of charge and
without any loss of time.

In conclusion, we found no association between flu
vaccination and infection by SARS-CoV-2, both con-
sidering serology antibodies and confirmed diagnosis of
COVID-19. Flu vaccination is highly recommended for
HCWs and for at-risk groups to reduce hospitalization
and to help in the differential diagnosis with COVID-19.
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