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Abstract

It has been proposed that vaccines may exert an unspecific protective effect against infectious agents, different than expected.
Coronavirus disease 2019 (COVID-19) is a pandemic infection with high mortality in older patients due to severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). The high number of vaccinations may be one of the reasons why children
show a lower susceptibility to SARS-CoV-2 infection and milder severity when compared to adults. We have designed a study
aimed at investigating whether the influenza vaccine may reduce the susceptibility and severity of SARS-CoV-2 infection.
We retrospectively enrolled 635 patients who accessed our Emergency Department from March 1st to June 30th, 2020, and
were diagnosed with COVID-19 infection confirmed by an RT-PCR on an oropharyngeal swab. Clinical data, outcomes, and
influenza vaccination status were collected from the electronic medical records of our Hospital. We also used data from the
Italian Health Ministry to compare the prevalence of flu vaccination among the general population of the Lazio Region and
our enrolled patients. We then compared clinical outcomes between vaccinated and non-vaccinated patients, by univariate and
multivariate analysis. COVID-19-positive patients older than 65 years reported a lower prevalence of flu vaccination when
compared to the general population residing in the Lazio (p =0.004). After correction for gender, age, and comorbidities, we
found a lower risk of death at 60 days in patients with flu vaccination than in not vaccinated patients (p =0.001). Our study
shows that flu vaccination could reduce the mortality of COVID-19. Prospective studies are needed to confirm this result.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is a recently isolated virus that causes the cor-
onavirus disease 2019 (COVID-19), a pathology with
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extremely variable clinical expression, going from asymp-
tomaticity to severe respiratory failure [1]. Older age is an
independent risk factor for the susceptibility and mortality
of COVID-19 even after correction for comorbidity and
gender [1]. Interestingly, children generally show particu-
larly mild clinical manifestations and very low mortality
[2]. Among all possible factors able to explain a lower
severity of COVID-19 in children, there is a non-specific
response of the immune system due to previous vaccina-
tions to other pathogens [3], especially respiratory viruses
[4]. The theory is that the administration of a vaccine
could lead to an increased or reduced risk to acquire infec-
tions caused by other pathogens [5, 6]. The hypothesized
pathophysiological mechanisms underlying the interaction
between influenza vaccine and coronavirus infection are
structural similarities in ligands for cell receptors, anti-
body cross-reactivity, and a non-specific cell-mediated
response [4, 7-9]. Several authors have studied the effect
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of influenza (flu) and pneumococcal vaccination on the
susceptibility and mortality of COVID-19, with conflict-
ing results [10, 11].

This is why we have designed a study aimed at verify-
ing whether influenza vaccination may influence the clinical
course of COVID-19.

Methods

We retrospectively enrolled 635 consecutive patients who
resulted positive to SARS-CoV-2 in our emergency depart-
ment (ED), Fondazione Policlinico Gemelli—IRCCS of
Rome, from March 1st, 2020 to June 30th, 2020. COVID-19
diagnosis was confirmed by a real-time reverse transcriptase
polymerase-chain-reaction (RT-PCR) on nasopharyngeal
and oropharyngeal swabs.

Five patients were excluded by the study because they
denied their consensus on data treatment, while 28 patients
were excluded because it was not possible to collect data
on influenza vaccination status. For all other 602 partici-
pants, we collected demographic data. Clinical information,
epidemiological data, comorbidities, radiological images,
laboratory findings, and clinical outcomes (mortality at
60 days, length of hospitalization, days spent in Intensive
Care Unit (ICU) and need for admission in ICU, need for
endotracheal intubation (ETI) were also collected from the
electronic medical records of our hospital. We then used data
on vaccination status to create two groups, such as previ-
ously vaccinated and unvaccinated patients and performed
a statistical analysis to investigate all factors associated with
different outcomes.

This study was approved by the Ethical Committee of the
Catholic University of Rome (protocol number 3327) and
has been conducted following the declaration of Helsinki.

Statistical analysis

Statistical analysis was performed using IBM SPSS 20 soft-
ware. Data were expressed as mean + standard deviation.
Prevalence was expressed as a percentage. The comparison
between groups was performed by Mann—Whitney U test for
non-parametric data; a comparison between categorical vari-
ables was performed using the Chi-square test or the Fisher’s
exact test as appropriate. A multivariate analysis with logis-
tic regression was performed to correct for the main con-
founding factors. We performed two models with death at
60 days and ETI as the outcomes and flu vaccination status
as the independent variable together with other demographic
and clinical covariates (gender, age, and comorbidities). Val-
ues of p <0.05 were considered statistically significant.
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Results

We finally enrolled 602 patients (390 males and 215
females, mean age: 60.6 + 16.3 years) with a diagnosis
of COVID-19 infection confirmed by RT-PCR on an oro-
pharyngeal and nasopharyngeal swab. In Table 1 were
described the main laboratory values at admission in the
ED. Two hundred and sixty-two patients did not show any
investigated chronic comorbidity. On the other hand, 340
patients presented one or more comorbidities (Table 2).
Among patients affected by hypertension or chronic heart
disease, 194 were using inhibitors of angiotensin-convert-
ing enzyme (ACEi) or angiotensin II receptor blockers
(ARBs).

Ninth-two (15.3%) patients were admitted for at least
24 h in an Intensive Care Unit (ICU) during hospitaliza-
tion. After a 60-day follow-up period, 44 (7.3%) patients
were deceased. The average length of hospitalization was
19.0 + 15 days. The average length of stay in ICU was
12.0+ 11 days.

The most common referred symptoms during the dis-
ease were fever (570/602, 94.7%), dry cough (450/602,
74.7%), dyspnea (390/602, 64.8%), and weakness
(340/602, 56.5%), while the mean value of PaO2/FiO2 in
the emergency room was 339 + 115.

Pneumonia was diagnosed by chest X-ray in 419,
(69.6%) patients. In 302 (50.2%) patients, we observed
the involvement of both lungs. In Table 3 is described the
need for oxygen supplementation and ventilation.

Vaccinated versus unvaccinated COVID-19 patients

The prevalence of influenza vaccination was 24.9%
(150/602) in COVID-19 patients. No difference in gen-
der was observed between vaccinated and not vaccinated
patients: male patients were 88/150 (58.7%) vs 302/452
(66.8%), respectively (p=0.07). The mean age of vacci-
nated patients resulted significantly higher when compared
to unvaccinated patients (70.4+16 vs 57.3+ 15 years;
p <0.0001). Vaccinated patients showed a higher preva-
lence of at least one chronic disease (110/150, 73.3%) than
controls (230/452, 50.9%; p <0.0001; OR 2.65; IC 95%
1.768-3.984). In particular, we found a higher prevalence in
vaccinated people of hypertension, type 2 diabetes, chronic
heart disease, chronic congestive cardiac failure, COPD, and
neoplasms (13.3 vs 6.2%, p=0.005; Table 2). Twenty-eight
(18.7%) vaccinated patients need of admission in ICU versus
64 (14.2%) of unvaccinated COVID-19 patients (p =0.18).
No difference in the number of patients deceased at 60 days
from diagnosis (8/150, 5.3% vs 36/416, 8%; p=0.28) was
found. We found that vaccinated patients had a significantly
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Table 1 COVID-19 patient’s laboratory characteristics and comparison between vaccinated and not vaccinated COVID-19 patients

Enrolled patients Normal values Vaccinated patients Unvaccinated patients p
BUN (mg/dL) 19+15 10-23 219+16 18.5+15 <0.0001
Creatinin (mg/dL) 1.5+£59 0.67-1.17 1.1+1 1.2+1 0.266
Sodium (mmol/L) 138 +8 135-145 138+4 138+9 0.203
Potassium (mmol/L) 4.0+0.5 3.5-5 39+0.5 4.0+0.5 0.572
CPK (UI/L) 35+34 7-45 151+142 187+333 0.567
LDH (UI/L) 178 +298 30-170 339+198 309+123 0.525
CRP (mg/L) 316+ 146 <250 86+87 66+67 0.882
Procalcitonin (ng/mL) T1+£73 <5 03+1 2+19 0.306
Hb (g/dL) 1.6+16 <0.5 13.6+2 143+2 0.823
PLT (x 1079/L) 14+1 13-17 217+85 208 +81 0.252
Leukocytes (x 10"9/L) 210+82 150450 7.260+4.330 8.501+2.847 0.159
Neutrophils (x 10"9/L) 8.190+2475 4.000-10.000 5.291+£3.642 4.893+2.766 0.298
Neutrophils % 4993 +3011 2.000-7.000 72.5+14 71.5+13 0.229
Lymphocytes (x 1079/L) 72+13 40-80 1.447 +£2.331 1.228+0.790 0.549
Lymphocytes % 1.282+1.390 1.000-3.000 20.3+13 20.1£10 0.320
p-Dimer (ng/mL) 2011 20-40 2016 +3484 2137+5046 0.226
Fibrinogen (mg/dL) 2106 +4690 <500 515188 497+ 170 0.331
Troponin (ng/dL) 501+174 200400 18+23 28 +205 0.015
NTproBNP (pg/mL) 26177 <57 1449 +3600 393+771 <0.0001

BUN blood urea nitrogen, ALT alanine transferase, CPK creatine phosphokinase, LDH lactic dehydrogenase, CRP c-reactive protein Hb hemo-

globin, PLT platelets, NTproBNP N-terminal pro brain natriuretic peptide

Table 2 Comparison of

o . Comorbidity N (%) Enrolled patients Vaccinated patients Unvaccinated patient P

comorbidities prevalence in

vaccinated and not vaccinated Hypertension 248 (41.2) 96 (64.0) 152 (33.6) <0.0001

patients with COVID-19 Obesity 80 18 (12.0) 62 (13.7) 0.6
Diabetes 66 (11) 26 (17.3) 40 (8.8) 0.004
CHD 50 24 (16.0) 26 (5.7) <0.0001
CND 48 9 (6.0) 39(8.3) 0.35
Neoplasms 48 20 (13.3) 28 (6.2) 0.005
COPD 46 22 (14.7) 24 (5.3) 0.0002
CCF 36 20 (13.3) 16 (3.5) <0.0001
AF 28 10 (6.7) 18 (4.0) 0.18
OPD 14 4(2.7) 10 (2.2) 0.75
Renal failure 13 2 (1.3) 11 (2.4) 0.53

Chronic heart disease (CHD), Chronic congestive heart failure (CCF), Chronic obstructive pulmonary dis-
ease (COPD), Atrial fibrillation (AF), Other chronic pulmonary disease (OPD), Chronic neurological dis-

ease (CND)

higher length of hospitalization than patients not vacci-
nated (21.4+ 16 vs 18.2 + 14 days; p=0.04). No difference
between vaccinated and non-vaccinated patients was found
in days spent in ICU (11.9+10 vs 12.7 + 12 days; p=0.73).
Table 1 describes the results of the comparison of laboratory
data between the groups. No difference was found between
the groups in PaO2/FiO2 ratio: 332 + 108 in vaccinated
patients vs 342+ 116 in not vaccinated patients (p =0.325).
Moreover, the prevalence of a PaO2/FiO2 ratio less than

300 was similar between vaccinated vs not vaccinated sub-
jects (33 vs 29%; p=10.34). No difference in the incidence of
pneumonia at chest X-ray was found in vaccinated patients
when compared to patients in the other group (113/150,
75.3% vs 306/452, 67.7%; p=0.08). Table 3 shows the
number of patients needing oxygen or ventilation between
the studied groups. No difference in the number of patients
who need high oxygen flux, non-invasive ventilation (NIV),
or ETI was found.

@ Springer



1852

Internal and Emergency Medicine (2021) 16:1849-1855

Table3 Maximal need for oxygen supplementation, not invasive,
and invasive ventilation in vaccinated and not vaccinated COVID-19
patients

Maximal need for Vaccinated N (%) Unvaccinated N (%) p

oxygen
No oxygen 53 (35) 193 (43) 0.11
Nasal high flux 73 (49) 183 (40) 0.08
oXygen or venture
mask
NIV 12 (8) 38 (8.4) 0.89
ETI 12 (8) 38 (8.4) 0.89

NIV non-invasive ventilation (Helmet or facial mask), ETI endotra-
cheal intubation

To investigate whether the high difference between
groups in age, gender, and comorbidity could occult an
association between the previous flu vaccine and prognosis
in COVID-19 patients, we perform a multinomial logistic
regression analysis in which we evaluated death at 60 days
from diagnosis and the need for ETI as outcomes and vac-
cination status, gender, age, and comorbidities found sig-
nificantly different between groups at univariate analysis as
independent variables and covariates. After correction for
gender, age, and comorbidities (chronic ischemic heart dis-
ease, chronic congestive heart failure, chronic obstructive
pulmonary disease, neoplasms), we found that flu vaccina-
tion was independently associated with a lower risk of death
at 60 days (p <0.001; OR 0.2; IC 95% 0.082-0.510), but not
to the need for ETT in COVID-19 patients (Table 4).

Discussion

Several studies investigating the correlation among influenza
vaccination, susceptibility, and outcomes of COVID-19 were
recently published with discordant results. Even if the sus-
ceptibility to SARS-CoV-2 was not the aim of our study, we
can use data from the Italian Health Ministry and from the
Italian National Institute of Statistic (Istat) to compare the
prevalence of flu vaccination among the general population
and patients enrolled in our study [12—-14].

When we compared data between the population residing
in Lazio and COVID-19 patients, we found a significant dif-
ference among the vaccinated and unvaccinated subjects. In
younger people (18—65 years old), flu vaccination seems to
increase susceptibility to COVID-19 infection; on the con-
trary, when analyzing data from older people (> 65 years
old), we found a protective effect of vaccination on acquiring
COVID-19 infection (Table 5). However, these data are not
corrected for gender and comorbidities. Moreover, in Italy,
flu vaccination is free of charge for people with diabetes,
cardiovascular, pulmonary, and other chronic diseases, even
in those less than 64 years old. These patients could be at
higher risk of infection because they spend more time in the
hospital than healthy people and may have an immune sys-
tem lesser responsive to infections and with a lower ability to
clear off the viral particles from the respiratory tree. Finally,
they were at higher risk of complications, and a higher num-
ber of young not vaccinated subjects could be asymptomatic
or mildly symptomatic and did not access our ED. Our study
population is extremely selected (we enrolled only patients

Table 4 Need for ETI in vaccinated vs unvaccinated patients at multivariate analysis with correction for gender, age, and comorbidities

Need for ETI (50) No need for ETI (552) p OR 95% 1IC limits
Vaccination N (%) 12 (24) 138 (25) 0.42 0.73 0.346-1.559

Patients dead at 60 days (44) Patients alive at 60 days (558) p OR 95% IC limits
Vaccination N (%) 8(18.2) 142 (25.4) 0.001 0.20 0.082-0.510

ETI endotracheal intubation. Comorbidities evaluated for analysis: congestive chronic heart failure, Chronic obstructive pulmonary disease, Car-

diac heart disease, Diabetes, hypertension, and neoplasms

Table 5 Prevalence of 2019—
2020 flu vaccination in patients
with confirmed COVID-19 and
the general population of the
Lazio by age

Age (years)

People resident in Lazio N
Vaccinated N (%)

COVID-19 patients N
COVID-19 vaccinated N (%)
p

OR

IC 95%

>18 18-64 >64 >0

4,929,397 3,628,643 1,291,754 5,865,544
937,931 (19) 257,177 (7) 680,754 (52.7) 950,218 (16.2)
602 358 244 602

150 (24.9) 44 (12.3) 106 (43.4) 150 (24.9)
0.002 0.0001 0.004 <0.0001

1.40 1.83 0.69 1.72
1.17-1.69 1.34-2.51 0.53-0.89 1.43-2.06

OR odds ratio, IC 95% confidence interval
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who need admission to ED) and does not include patients
with mild or absent symptoms. Moreover, age, gender, and
other chronic diseases are risk factors for severe disease
and not for infection. For all these reasons, the result of a
comparison between the general population and enrolled
patients cannot be used to evaluate the difference in suscep-
tibility but shows the different distribution of vaccination
status between the general population and patients affected
by more severe disease.

When we analyzed data between COVID-19 vaccinated
and unvaccinated patients with univariate analysis, we did
not found a significant difference in gender prevalence. On
the contrary, the mean age was significantly higher in vac-
cinated patients than in not vaccinated. This finding is not
surprising, since the rate of influenza vaccination in Italy
increases with age, particularly after 65 years, and the phe-
nomenon is also reflected in our population. The higher
prevalence of comorbidity in vaccinated patients was,
also, not surprising, since in Italy flu vaccination is free of
charge and strongly recommended by public health authori-
ties in patients with chronic diseases, while the prevalence
of comorbidities increases with age. The older age and the
higher number of comorbidities (cardiac diseases, neo-
plasms, and chronic diseases in general) may also explain
the longer length of hospitalization and the significant dif-
ference for PCR, hemoglobin, and NTproBNP blood levels
observed in vaccinated patients. We did not find a difference
in the prevalence of pneumonia at a chest X-ray. On the
contrary, we were surprised by the absence, at univariate
analysis, of increased death rate and greater need for oxygen
supplementation in vaccinated patients than we expected,
considering the higher mean age and the higher prevalence
of severe comorbidities. Surprisingly, when we performed
a multivariate logistic regression to correct for confounding
factors (age, gender, and all comorbidities), we found that flu
vaccination was associated with lower mortality at 60 days.

An unspecific effect of infection and vaccination on the
immune system and susceptibility to other infections has
been previously described, even though data are discordant.
In a recent study, the influenza vaccine slightly reduces the
odds to be infected by other respiratory diseases [5], while an
older study found an increase of other respiratory viral infec-
tions in vaccinated children [6]. Moreover, other research-
ers did not found any effect of vaccination on the incidence
of other respiratory illnesses [15]. As regards susceptibility
to acquiring COVID-19 infection, it was described that flu
vaccination was associated with a reduced risk of infec-
tion and it was estimated a 28% reduction in death rate in
older people with a 10% increase in vaccination coverage
[16, 17]. Large population studies have shown conflicting
results [18-21]. Jehi et al. correlated flu vaccination to an
increased rate of hospitalization. However, in this study, no
correction for age, comorbidities, and gender was performed

and the mean age between hospitalized and not hospitalized
patients was different (64 vs 51 years in the study cohort
and 65 vs 46 years in validation one) [17]. Murillo-Zamora
et al. did not find a correlation between the severity of dis-
ease (evaluated as hospitalization for pneumonia needing
oxygen) and previous flu vaccination. These authors also
did not correct data for gender and age, factors that were
found to be significantly different between vaccinated and
not vaccinated patients in their study [18]. Ortiz-Prado et al.
did not observe a correlation between mortality and flu vac-
cination in COVID-19 patients but once again, data were not
corrected for confounding factors and the very low number
of vaccinated patients (< 1% of enrolled) did not allow to
draw any significant conclusions [19]. Pobadour-Plou et al.
did not find a correlation between flu vaccination and mor-
tality after correction for age in both men and women but
they did not correct data for comorbidities [20]. In a very
large Brazilian study, after correction for age, gender, and
comorbidities, a protective effect of flu vaccination on the
severity, evaluated as needing ICU admission or respiratory
support, and mortality was described. However, in this study,
only 84% of enrolled patients received a molecularly con-
firmed diagnosis of COVID-19, and about 8% of patients
were vaccinated after the onset of COVID-19 symptoms
[21]. In our study, we corrected our data for comorbidity,
gender, and age. All patients received the flu shot weeks
before the onset of COVID-19 symptoms and all diagnoses
were performed through nasopharyngeal and oropharyngeal
swabs. Interestingly, in an epidemiological study performed
on an Italian population, the flu vaccine was associated with
reduced susceptibility to COVID-19. However, in this study,
the death rate was affected by flu vaccination only in a small
group of patients who received the vaccine in the period
immediately preceding the onset of the outbreak [11]. In
our study, we only included symptomatic patients who pre-
sented themselves to the Emergency Department. Ragni P
et al., unlike us, enrolled all swab-positive patients, both
symptomatic and asymptomatic of an entire Italian province.
The differences in results with our study can be explained by
the different enrollment criteria. Finally, another Italian epi-
demiological study found a negative correlation in patients
older than 65 years between the flu shot and death related
to COVID-19 [22]. This finding is similar to the results of
our study. Despite our study is retrospective and bias cannot
be completely excluded, we may speculate that the positive
effect of influenza vaccination is related to protection for
flu disease. Flu induces an increased expression of ACE2
receptors in pulmonary alveolar cells and may increase the
severity of a subsequent SARS-CoV-2 infection [23], while
preventing influenza utilizing vaccine may reduce the viral
load and the severity of the COVID-19-related disease. On
the other hand, the flu vaccine activates the Toll-Like Recep-
tor 7 (TLR7) on the surface of macrophages, dendritic cells,
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and neutrophils and induces, via NFKB, a faster response
to the virus in case of infection, improving both innate and
adaptive immunity [24].

Conclusion

Flu vaccine seems to decrease mortality of COVID-19 at
60 days of all ages. Further prospective studies are needed
to confirm our data and explain the molecular bases of those
results. Meanwhile, we recommended flu vaccination in
all patients especially those older than 65 years and with
chronic comorbidities.
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