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Abstract

Background: Vaccine-induced immunity is at present the main strat-
egy to stop the spread of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). Recent evidences suggested a protective effect
of influenza vaccination against coronavirus disease 2019 (COV-
ID-19) severity, while impact on the immune response to BNT162b2
messenger RNA (mRNA) vaccine is under investigation.

Methods: We aimed to evaluate this aspect in a cohort of 297 health-
care workers (108 males, 189 females) after seasonal influenza vac-
cination compared to no-flu-vaccination. VAX+ (165 individuals; 63
males and 102 females) had tetravalent influenza vaccine, and VAX-
(132 individuals; 45 males and 87 females) had no flu vaccination.
Anti-spike-receptor binding domain (RBD) level was tested 15 - 70
days after BNT162b2 second inoculum.

Results: Increased antibody response was observed in total VAX+
compared to VAX- (2,047.4 vs. 1,494.2 binding antibody unit (BAU)/
mL, P = 0.0039), independently from gender and body mass index
(BMI). Younger total individuals (< 35 years) showed significant in-
crease of the level of binding antibodies (2,184.8 vs. 1,590.9 BAU/
mL, P = 0.0038) compared to > 35 years; young/old difference was
lost restricting to VAX+ subgroup. Flu vaccinations appear associated
to better antibody response in older individuals (P =0.027, > 35 years
VAX+ vs. VAX-). A decreasing trend during time was observed for
both VAX+ and VAX-, except for < 35 years VAX- individuals. Early
response was higher in VAX+ compared to VAX-; however a more
rapid waning was observed in VAX+ subjects.

Conclusions: Our data showed better antibody response to SARS-
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CoV-2 vaccine in subjects already vaccinated against seasonal in-
fluenza; this may represent one of the mechanisms underlying the
cross-protective effects of influenza vaccination against heterologous
infections reported in recent epidemiological studies.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection responsible of coronavirus disease 2019
(COVID-19) disease pandemic represents the most important
public health issue from December 2019 as of July 2021, and
is responsible of more than 4 million deaths [1].

Vaccine-induced population immunity is at present the
main strategy of primary prevention adopted to stop the spread
of SARS-CoV-2.

BNT162b2 (Pfizer-BioNTech, Comirnaty) is a COVID-19
vaccine containing nucleoside-modified messenger RNA
(mRNA) encoding the SARS-CoV-2 spike (S) glycoprotein.
In healthy adults, two 30-pug doses of BNT162b2 elicited
high neutralizing antibodies titers and robust antigen-specific
cluster of differentiation (CD)4* and CD8* T-cell responses
against spike protein antigen of SARS-CoV-2 [2, 3]. Several
routine immunoassay methods have been validated for meas-
uring antibodies to the SARS-CoV-2 spike protein receptor
binding domain (RBD) (generally defined as neutralizing an-
tibody, although serum neutralization activity assay should be
performed by replication competent virus requiring a biosafety
level 3 laboratory or by alternative surrogate methods [4]).

BNT162b2 vaccine is reported to be 95% effective in
preventing COVID-19 disease from 7 days after the second
dose [5]. Recent evidence suggests a relationship between in-
fluenza vaccine coverage and COVID-19 mortality with an
inverse correlation between higher influenza vaccination rate
and deaths from COVID-19 [6, 7]. Jehi et al [8] developed and
validated a COVID-19 infection prediction model, in which
influenza vaccinated subjects had a reduced COVID-19 infec-
tion risk.

Vaccination against influenza is encouraged to facilitate
the management of respiratory outbreaks coinciding with the
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peak flu season, helps in the differential diagnosis of viral-me-
diated adult respiratory distress and reduces hospitalization,
thus allowing a more efficient use of healthcare resources [9].
There are many possible explanations for benefits of influenza
vaccination in SARS-CoV-2 infection.

One possible explanation for the potential protective ef-
fect of influenza vaccination against COVID-19 is trained in-
nate immune memory that would prime the local lung immune
system for a rapid response, and that could impact acquisition
of SARS-CoV-2 infection or COVID-19 disease course. As re-
ported by Mantovani et al [10], exposure to selected vaccines,
such as bacille Calmette-Guerin (BCG) or microbial compo-
nents, can determine a training of innate immunity due to an in-
crease of its baseline tone and the triggering pathogen-agnostic
antimicrobial resistance. Such training appears directly related
to resistance against infectious diseases, including COVID-19.
Recently, Laval et al [11] drew attention to the role of durable
innate immune memory conferred by myeloid cells (monocytes,
macrophages and neutrophils) after the immune challenge, able
to establish cryptic chromatin marks in gene regulatory regions
for myeloid lineage commitment and innate immunity that be-
came more highly expressed upon a secondary bacterial chal-
lenge thus conferring protection to the host.

A recent study [12] evaluated the impact of prior influenza
and pneumococcal vaccines on humoral and cellular response
to SARS-CoV-2 (BNT162b2 vaccination on 710 health care
workers); at multivariable analysis a significant increase in mi-
cro-neutralization titer against SARS-CoV-2 was observed in
workers receiving a concomitant influenza and pneumococcal
vaccination or only influenza vaccine; female workers showed
a higher increase in serum levels of anti-spike-RBD antibodies
compared to male workers. Although the molecular basis of
this and others results [13, 14] are yet unexplained, influenza/
pneumococcal vaccination seems to have a substantial impact
on immunity against SARS-CoV-2 and on severity and mortal-
ity of COVID-19.

In the present study we evaluated antibody response to
BNT162b2 mRNA COVID-19 vaccine in a cohort of health-
care workers (HCWs), negative for actual or previous SARS-
CoV-2 infection, who underwent seasonal influenza vaccina-
tion (VAX+) compared to subjects not immunized for seasonal
influenza (VAX-). The aim of the study was to investigate dif-
ferences in vaccine response between VAX+ and VAX- in indi-
viduals undergoing BNT162b2 mRNA COVID-19 vaccination.

Materials and Methods

This study included a series of 297 HCWs of the Vito Fazzi
Hospital of Lecce, Italy, who underwent complete vaccina-
tion with both doses of BNT162b2 vaccine (Pfizer-BioNTech,
Comirnaty) between the end of December 2020 and April 2021;
all subjects underwent the second vaccine administration after
21 days from the first dose. All subjects underwent periodical
nasopharyngeal swab testing (every 2 - 3 weeks) to exclude
SARS-CoV-2 infection. Average age of analyzed individuals
was 42 £ 0.8 years old, 108 males and 189 females, all enrolled
individuals were healthy, non-smokers/non-drinkers, and did
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not display any concomitant relevant or severe comorbidity (in-
cluding diabetes, hypertension, dyslipidemia, kidney disease or
cancer). Subjects with relevant or severe comorbidity have been
excluded; anthropometric parameters were collected for body
mass index (BMI) evaluation (Table 1). A total of 165 subjects
were vaccinated between October and November 2020 for sea-
sonal influenza with tetravalent cell-based inactivated influenza
vaccine (Flucelvax (Seqirus, Inc., Maidenhead, UK)).

Serum level of total antibodies (including immunoglobu-
lin G (IgG)) against the RBD of the spike protein of the SARS-
CoV-2 was quantified by validated electrochemiluminescence
immunoassay (ECLIA, Elecsys, Roche Diagnostics GmbH,
Mannheim, Germany) according to manufacturer directions.
Analyses were performed on Roche Cobas C8000 and results
expressed as binding antibody unit (BAU)/mL), referred to the
World Health Organization (WHO) International Standard for
anti-SARS-CoV-2 immunoglobulin [15] certificated by WHO
Expert Committee on Biological Standardization (ECBS).

The Elecsys anti-SARS-CoV-2 spike-RBD showed
99.98% (95% confidence interval (CI): 99.91-100%) specific-
ity on 5,991 samples and 98.8% (95% CI: 98.1-99.3%) sensi-
tivity on 1,423 samples obtained 14 days or later after SARS-
CoV-2 polymerase chain reaction (PCR) confirmation [16];
this method showed also good concordance (92.3%) of results
with direct or surrogate test of virus neutralization. The estab-
lished cut-off value is 0.8 BAU/mL. Manufacturer reported a
100% correlation of SARS-CoV-2 binding antibodies quantifi-
cation and in vitro neutralization test for titers equal or higher
than 15 BAU/mL.

All procedures undertaken in this study were in accordance
with the ethical standards of the institutional and national re-
search committee as well as the Declaration of Helsinki, and its
later amendments and other comparable ethical standards; in-
formed consent was obtained from all participants to the study.
During COVID-19 pandemic and during the vaccination cam-
paign, the Institutional Review Board of the Vito Fazzi Hospital
authorized all research studies on this topic to give insight on
this rapidly evolving disease. HCWs were requested to give pre-
liminary informed consent for studies conducted in this context.

Statistics

Results are reported as means with standard deviation. The
Student’s #-test was used for comparison between patients and
controls; statistically significant differences were established ac-
cording to P value (< 0.05). Simple regression analysis was used
for describing the relationship between variables. Statistical
analysis was performed by MedCalc v19.9.1 statistical software.

Results

Serum samples of 297 HCWs (108 males, 189 females) im-
munized with BNT162b2 mRNA COVID-19 vaccine were
analyzed from 14 to > 60 days after second inoculum to evalu-
ate anti-spike-RBD level; a subgroup of 165 individuals were
vaccinated for seasonal influenza (subgroup VAX+: 63 males

www.jocmr.org



Greco et al

J Clin Med Res. 2021;13(12):549-555

Table 1. Characteristic of Individuals Analyzed and Total Antibodies to the SARS-CoV-2 Spike (S) Protein Receptor Binding Domain
(RBD) Response After Complete BNT162b2 Vaccination

Total Males Females <3S years > 35 years
N
All 297 108 189 108 189
VAX+/- 165/132 63/45 102/87 65/43 100/89
Age
All 42+£0.8 44 +£1.5 40+1.0 25+0.5 50+0.6
P 0.014
VAX+/- 41+£1.1/42£1.1 44 +£2.1/44+1.9 39+1.3/41+x14 24+0.5/26 £ 0.7 51+£0.8/49+0.8
R 0.473 0.791 0.382 0.027 0.130
BMI
All 242 +0.2 252+0.3 23.8+0.3 229+0.3 25.1+0.3
P 0.005 <0.001
VAX+/- 23.84+0.3/249+04 24.8+0.3/257+0.5 232+0.4/244+0.5 225+0.3/23.1£0.5 24.7+0.4/25.6+0.5
P 0.0257 0.0925 0.0831 0.1692 0.1436
Anti-spike-RBD (BAU/mL)
All 1795.5+97.6 1,727.7+159.3 1,834.6 £ 124.0 2,184.8+152.7 1,590.9 £ 124.6
P 0.598 0.0038
VAX+/- 2,047.4 +139.9/ 2,090.8 +249.8/ 2,041.1 +£168.5/ 2,339.6 +190.4/ 1,874.6 = 196.1/
1,494.2 +129.6 1,304.1 +148.2 1,592.5+181.6 1,959.7 +253.9 1,261.5+142.9
P 0.0039 0.0144 0.0705 0.2479 0.0124

Patients with relevant comorbidity (including diabetes, hypertension, dyslipidemia, kidney disease or cancer) as well as smokers/drinkers subjects
have been excluded. SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; VAX+: individuals vaccinated for seasonal influenza; VAX-:
individuals not vaccinated for seasonal influenza; BMI: body mass index; RBD: receptor binding domain; BAU: binding antibody unit.

and 102 females immunized by tetravalent influenza vaccine),
and 132 had no flu vaccination (VAX-: 45 males, 87 females;
Tablel). Average age of analyzed individuals was 42 + 0.8
years old; all individuals were healthy and did not display any
concomitant relevant or severe comorbidity. BMI was evalu-
ated in all subjects; we found that subjects not vaccinated for
influenza had higher BMI than vaccinated ones; it was high-
er in males compared to females and in elderly compared to
younger, independently from flu vaccination (Table 1).

We found a significant increase of total antibodies (in-
cluding IgG) to the SARS-CoV-2 spike protein RBD response
in VAX+ individuals compared to VAX- (2,047.4 vs. 1,494.2
BAU/mL, with P = 0.0039; Table 1). Similar values were ob-
served by separate analysis of VAX+/- males and females, al-
though it showed statistical significance only in males (VAX+
vs. VAX- was 2,090.8 vs. 1,304.1 with P=0.014 in males and
2,041.1 vs. 1,592.5 with P = 0.07 in females). No significant
difference was observed between total males and females
(male to female (M/F), P =0.598; M/F VAX+, P=0.863; M/F
VAX-, P=0.291).

Antibody response showed a trend of inverse correlation
with BMI only in VAX- individuals, independently from gen-
der, but not in VAX+; in total males it showed a trend of inverse
correlation with BMI, not observed for total females (Fig. 1).

Average level of anti-spike-RBD antibodies was 27%
higher in younger individuals. In fact, significant increased
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level was detected in individuals < 35 years old compared to
> 35 (2,184.8 vs. 1,590.9 BAU/mL, P = 0.0038; Table 1). In
accordance with literature evidences [17] we classified sub-
jects in two groups with the criteria of 35 years old because
we found significant different anti-spike-RBD antibody level
between the group of age < 35 years and both the group of 35
- 50 years old (with P =0.026) and > 50 years old (P = 0.006),
whereas no significant difference was found between 35 - 50
and > 50 years old (P = 0.810).

Among VAX+, > 35 years individuals had significantly
higher (32%) antibody level compared to same age range
VAX- (VAX- young/old, P = 0.027), while no significant dif-
ference was observed in VAX+/- young individuals (Fig. 2).

Moreover, analyzing by age, younger VAX- individuals
showed a higher antibody average level compared to older (P =
0.024), while no significant difference was observed between
VAX+ young/old individuals.

Antibody level showed a decreasing trend during time
(Fig. 3). In VAX+ individuals this trend was evident, while in
VAX- < 35 years old individuals it was very slight; however,
at the last time of observation similar values were reached in
both groups. In fact, earlier immune response (i.e., antibody
level measured within 20 days from complete BNT162b2 vac-
cination) was higher in VAX+ compared to VAX- individuals
(Fig. 3c), independently from age, while later response (i.e.,
antibody level measured after 30 - 70days) was appreciably
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Figure 1. Correlation of total antibodies to the SARS-CoV-2 spike (S) protein receptor binding domain (RBD) and body mass in-
dex (BMI) after complete BNT162b2 vaccination in (a), all analyzed HCWs (males and females) vaccinated for seasonal influen-
za (VAX+) compared to not vaccinated for seasonal influenza (VAX-), the black dotted trend line indicates regression between all
analyzed subjects; and in (b), VAX+ and (c), VAX- individuals. Simple regression analysis with P = 0.054 and 0.484 for total males
and females, respectively (a); P = 0.356 and 0.560 for VAX- males/females (b); P = 0.148 and 0.973 for VAX+ males/females
(c). SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; HCWs: healthcare workers; BAU: binding antibody unit.

decreased in VAX+ subjects compared to the initial average
value, thus attaining, after 2 months from BNT162b2 vaccina-
tion, an antibody level similar to that of VAX- individuals.

Discussion

Results obtained in the present study showed the effect of in-
fluenza vaccination in a cohort of 297 healthy HCWs after
double dose of BNT162b2 (Pfizer-BioNTech, Comirnaty) vac-
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<35 VAX+ 235 VAX- W >35 VAX+

Figure 2. Total antibodies to the SARS-CoV-2 spike (S) protein receptor
binding domain (RBD) response after complete BNT162b2 vaccination
in individuals < 35 years old, vaccinated for seasonal influenza (VAX+)
and not vaccinated (VAX-), and individuals = 35 years old, vaccinated
for seasonal influenza (VAX+) and not vaccinated (VAX-). Asterisks in-
dicate statistical significance (*P < 0.05). SARS-CoV-2: severe acute
respiratory syndrome coronavirus 2; BAU: binding antibody unit.
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cine on serum level of binding antibodies to the SARS-CoV-2
spike-RBD. As we known, exposure to selected vaccines (i.e.,
BCG or microbial components) determines the training of
innate immunity (by epigenetic reshaping of the chromatin)
which, upon secondary infection, determines more efficient
response of myeloid enhancers, and better bacterial clearance
and survival, including upon SARS-CoV-2 infection [10, 11,
18]. Moreover, trained myeloid cells appear more efficient to
triggering adaptive immune responses. Mantovani et al [10]
suggested that it would be important to ascertain whether the
administration of influenza vaccine, and possibly an adjuvant,
confers a heterologous mechanism of protection.

In the present study, we observed a significant differ-
ence in antibody levels between influenza VAX+/- individuals
(2,047.4 + 139.9/1,494.2 + 129.6 BAU/mL, P = 0.0039, Ta-
ble 1), and no significant difference for gender. Previous data
showed the association of different vaccines, including influ-
enza vaccine, with decreased SARS-CoV-2 infection rates,
severity and mortality of the disease [13, 14, 19-24], while
the possibility of further potentiating the vaccine-induced im-
mune response is still under debate. Puro et al [12] observed
a substantial impact of earlier influenza and pneumococcal
vaccines on the short-term neutralization response elicited by
SARS-CoV-2 BNT162b2 vaccine in 710 HCWs who complet-
ed vaccination. A significant increase in micro-neutralization
titer against SARS-CoV-2, but not on the anti-spike-RBD and
interferon (INF)-gamma response, was observed at multivari-
able analysis. This apparent discordance has been discussed
by authors as possibly ascribed to the aged population, usu-
ally undergoing influenza and/or pneumococcal vaccines,
known to have a reduced immune response. HCWs population
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Figure 3. Serum level of total antibodies anti SARS-CoV-2 spike receptor binding domain (RBD) during time after complete
BNT162b2 vaccination 15 - 70 days after second dose) in (a) individuals vaccinated for seasonal influenza (VAX+) < 35 and =
35 years old, simple regression analysis with P = 0.001 and 0.0004, respectively; (b) individuals not vaccinated (VAX-) < 35 and
> 35 years old, simple regression analysis with P = 0.0003 and 0.003, respectively; and (c) earlier and later immune response,
measured within 20 days from complete BNT162b2 vaccination and after 30 - 70days. Asterisks indicate statistical significance

(*P < 0.05; **P < 0.01). BAU: binding antibody unit.

analyzed in the present study had lower average age (42 = 0.8
years old), and not surprising, showed a significant anti-spike-
RBD increase among VAX+ individuals. We confidently as-
sumed that the measured antibodies titers resembled the neu-
tralization capacity because of the excellent correlation of the
assay used for SARS-CoV-2 binding antibodies quantification
with the in vitro neutralization test (100% for > 15 BAU/mL
according to the manufacturer).

Moreover, we found that total younger individuals had a
27% higher level of anti-sipke-RBD binding antibodies than
elderly (2,184.8 £ 152.7 vs. 1,590.9 + 124.6 BAU/mL, P =
0.0038, Table 1), independently from influenza vaccination,
which conversely conferred 32% increased antibodies level in
individuals older than 35 years compared to VAX- (1,874.6 +
196.1 vs. 1,261.5 + 142.9 BAU/mL, P = 0.0124; Table 1 and
Fig. 2).

SARS-CoV-2 IgG antibodies has been negatively associ-
ated to BMI [25]; according to our results, it can be argued that
flu vaccination reverses the decrease of SARS-CoV-2 binding
antibodies level expected from increase of BMI (Tablel). BMI
appears to affect anti-spike-RBD levels only in VAX- popula-
tion, who showed significant reduced antibody levels in indi-
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viduals with BMI > 25 (P = 0.0293); contrarily from VAX+
individuals (P = 0.1887).

Due to the small dimension of the studied population, the
result has to be confirmed in a larger population in order to
have statistical significance. Among older individuals, who
had significant increased BMI (25.1) than younger (22.9), we
found that VAX+ individuals had significant increase of anti-
spike-RBD than VAX- (Table 1).

We speculate that the expected reduced immune response
to COVID-19 vaccine observed in older persons, who natu-
rally have a reduced activity of the immune system, compared
to young individuals, might be enhanced in presence of previ-
ous influenza vaccination in a context of antigen-nonspecific
immune enhancement working in concert with, and augment,
specific T- and B-cell responses. The observed increased im-
munologic response of younger individuals compared to el-
derly could be possibly ascribed to the beneficial nonspecific
effects of increased immune responses towards unrelated
pathogens and to the improved vaccination program to which
younger individuals has been subjected from infancy by a va-
riety of vaccines [26].

VAX+ showed, on the short term (i.e., up to the 20th day
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after), an antibody level significantly higher than VAX- (Fig.
3); after 30 - 70 days, it rapidly decreased to similar levels
in both subgroups. This unexpected or rapid waning of anti-
body level in VAX+ individuals has to be further evaluated in a
larger cohort of individuals due to the small number of subject
so far analyzed.

In conclusion, the present study evidenced an improved
humoral immune response after double dose BNT162b2 vac-
cine following seasonal influenza vaccination in a cohort of
HCWs negative for SARS-CoV-2 infection.

Our results are in accordance with the hypothesis of a
cross-protective effect of influenza vaccination against heter-
ologous infections reported in recent epidemiological studies; a
mechanism of enhanced immunization for COVID-19 vaccina-
tion could represent a benefit for some categories of patients,
such as elderly adults, who lack strong immunologic responses
also responsible of decreased response to immunization [18].
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