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ABSTRACT

Aims: An observational study of a retrospective cohort was performed to assess the impact of influenza
vaccination (IV) on the risk of SARS-CoV-2 infection in a population of middle-aged people for 8 weeks

after IV and compared with an unvaccinated group.

Patients and methods: Data from 1098 middle-aged patients (53.7 + 4.7 years) after IV and 1205
unvaccinated patients (50.1 + 6.8 years) were analyzed based on medical documentation. The inclusion
criteria were age between 40 — 60 years and IV in the period from 1-30 September 2020. The incidence of
infection with SARS-CoV-2 was confirmed by PCR and the classification of ICD-10 (U07.1).
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Results and conclusions: After IV, patients had significantly fewer SARS-CoV-2 infections than the
unvaccinated patients (P = .017). The hazard ratio was 0.74 (95% Cl: 0.54—0.89). IV may partially reduce

the risk of SARS-CoV-2 infection.

Introduction

COVID-19 is an infectious disease caused by a newly discov-
ered coronavirus, SARS-CoV-2. The course of SARS-CoV-2
infections is diverse and ranges from asymptomatic, through
mild respiratory disease (similar to a cold), to severe pneumo-
nia with acute respiratory distress syndrome and/or multiple
organ fajlure. Approximately 80% of people with SARS-CoV-2
infection do not require treatment, and the disease clears up on
its own. However, one in six people had a more severe disease
course and breathing problems requiring treatment."?

Currently, some new vaccines against COVID-19 are com-
mercially available, and the process of vaccination has started
in many counties.” However, it will be probably take a long
time to complete vaccinations in the whole population, and the
longitudinal effectiveness of the available vaccines it is still an
open question. Regardless, there have been many observations
made with various known drugs regarding whether they pro-
tect or moderate the course of such an infection. An indirect
form of protection, recommended by the WHO, is the influ-
enza vaccination.” There are also different activities that can
protect people during the COVID-19 pandemic: for example,
the WHO recommended influenza vaccination (IV).
According to this recommendation, is unclear if simultaneous
infection with both influenza and SARS-CoV-2 viruses results
in a more severe disease.* However, such a procedure protects
against the overlap of both infections and facilitates easier
diagnosis of SARS-CoV-2 infection in patients with fever,
cough and other symptoms.

Despite the significant difference between influenza and
COVID-19, doubts could be raised about whether the use of
the IV may partially protects against SARS-CoV-2 infection. Is

the the importance of the nonspecific immune response
described by other authors may be significant in partial protec-
tion against COVID-19 ?

The aim of this study was to assess the impact of IV on the
risk of SARS-CoV-2 infection and to assess the number of
patients hospitalized due to SARS-CoV-2 in a population of
middle-aged people in the standard statistical model of age, sex
and comorbidities for the Polish population in 2020 and to
compare the group receiving IV to a similar middle-aged
population that did not receive IV.

Patients and methods
Study design

This study was a multicentre, observational study of
a retrospective, cohort performed between September and
November 2020 in Poland with the participation of 10 out-
patient clinics (in the southwest area). Patient data were
made available with the signed consent of these centers,
and the patients signed consent forms to be accepted when
publishing the data. The study was based on an 8-week
observation period following influenza vaccination.

Patients

The influenza-vaccinated group and unvaccinated patients were
randomly selected based on the use of computer software
(Allocation, Microsoft, Poland) as two-thirds of the analyzed
total from the starting groups, namely, 1679 patients for the
vaccinated group and 2197 patients for the unvaccinated group.
The randomization procedure allows verification and adjustment
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of the analyzed groups for the statistical model of a Polish middle-
aged inhabitant (age, sex, comorbidities) based on data from
a statistical year.” Subsequently, the data of 1108 vaccinated
patients and 1450 unvaccinated patients were analyzed based on
medical documentation. The inclusion criteria for the influenza
vaccinated group were as follows: age between 40 and 60 years and
influenza vaccination in the period from 1-30 September 2020.
The exclusion criteria were as follows: previous confirmed infec-
tion with SARS-CoV-2 (positive PCR and ICD confirmation for
SARS-CoV-2) until the time of influenza vaccination and the need
for any quarantine due to COVID-19.

The unvaccinated group consisted of similar participants
who had decided not to receive the flu vaccine. The inclusion
criteria are described as follows: age between 40 and 60 years
and no influenza vaccination for the 2020/2021 flu season. The
exclusion criteria were the same as those in the vaccinated
group. The characteristics of the groups are presented in
Table 1.

Data of all variables were obtained based on medical doc-
umentation (ICD codes, treatment). Vaccinated patients
received an IV with commercially available products during
September 2020 for the 2020/2021 influenza season using the
following: inactivated INFLUVAC® TETRA quadrivalent influ-
enza vaccine (BGP Pharma ULC, Ontario) or inactivated
VAXIGRIP®* TETRA quadrivalent influenza vaccine 2020
(Sanofi Aventis, New Zealand). The vaccines were adminis-
tered through intramuscular or subcutaneous injection after
examination by a doctor and according to the restrictions
indicated by the manufacturers. Patients with immunodefi-
ciencies or who had any adverse events after IV in the past
were excluded.

Outcomes

The incidence of SARS-CoV-2 infection, hospitalization due to
COVID-19 disease and the requirement of mechanical ventila-
tion were monitored.

Table 1. Characteristics of the study patients.

Vaccinated Unvaccinated
subjects subjects

n=1108 n = 1450 P value
Mean age 537 =47 50.1 £ 6.8 0.49
Female (%) 686 (63) 782 (54) 0.21
BMI 217 £45 23.1+£5.1 0.19
Active smokers 387 (35) 459 (32) 0.41
Presence of chronic 481 (43) 544 (38) 0.06

diseases

One 310 389
Two 116 109
More 55 46
Cardiovascular diseases* 281 (25) 315 (22) 0.13
COPD or asthma 178 (16) 185 (13) 0.09
Diabetes 107 (10) 124 (9) 0.28
Hyperlipidemia 113 (10) 100 (7) 0.17
Others 114 (10) 98 (7) 0.08
Rural living area 871 (79) 1090 (75) 0.44
BCG in childhood” 1073 (97) 1387 (96) 0.35

Legend: definition of chronic disease: confirmation by ICD-10 and a minimum of
6 months of documented treatment; * including arterial hypertension, heart
failure, arrhythmias, coronary diseases; A BCG — compulsory vaccination against
tuberculosis in early childhood.
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The incidence of SARS-CoV-2 infection was confirmed
simultaneously by positive PCR results and the presence of
ICD-10 as U07.1 diagnosis (‘COVID-19 virus identified’ is
assigned to a disease diagnosis of COVID-19 confirmed by
laboratory testing) during the 8 weeks after IV. The confirmed
hospitalizations for SARS-CoV-2 with the classification as
U 07.1 ICD-10 code were analyzed based on documentation.

All patients without positive PCR results and with a U07.2
diagnosis (‘COVID-19 virus not identified’ is assigned to
a clinical or epidemiological diagnosis of COVID-19 where
laboratory confirmation is inconclusive or not available) were
excluded from further analysis. Antigen tests or results of IgG
and IgM against SARS-CoV-2 were not analyzed.

The unvaccinated group was observed in the same period
(8 weeks) as the vaccinated group and observation was started
in September 2020. Observation was started during contact
with the health service at that time because prescriptions
were continued (without a new health problem) or the indivi-
duals were present as companions to other family members.
After 8 weeks, the telephone contact was performed and inde-
pendently analyzed data from the medical base were indepen-
dently analyzed in terms of eventually SARS-CoV-2 infection
according to the established criteria as above.

RT-PCR diagnosis

The SARS-CoV-2 RT-PCR test is a real-time reverse transcrip-
tion polymerase chain reaction test for the qualitative detection
of nucleic acids from SARS-CoV-2 in upper and lower respira-
tory specimens collected from suspected COVID-19-infected
individuals. Medical staff sampled patients by collecting a swab
from the throat and nasal vestibules. Total nucleic acids were
extracted from specimens using a MagNA Pure 96 system
(Roche, Basel, Switzerland). A real-time RT-PCR assay targeting
the RdRp/Hel gene of SARS-CoV-2 was conducted using the
Quanti Nova Probe RT-PCR Kit (QIAGEN, Germany) in a Light
Cycler 480 II Real-Time PCR (Roche, Basel, Switzerland) system
or using a virellaSARS-CoV-2 seqc rRT-PCR kit including pri-
mers and dual-labeled probes (Kornwestheim, Germany) and
the Applied Biosystem (Waltham, MA, USA) system.

Statistics

Baseline characteristics were analyzed using descriptive statis-
tics in Statistica software (Softpol, Cracow, Poland). The x” test
was used to compare categorical parameters between groups,
and an independent ¢-test was used for continuous parameters.
A P-value <0.05 was considered significant.

Cox proportional hazard models were used to assess
adjusted hazard ratios comparing vaccinated and unvaccinated
patients with respect to SARS-CoV-2 infection diagnosis
according inclusion criteria.

Additionally, we adjusted all confounders investigated in the
study that were evaluated by a multivariate Cox regression model
as follows: comorbidities, subgroup of age (40-50, 51-60), sex,
comorbidities mentioned in Table 1, high economic status as
additional health insurance, influenza infection in the last year,
influenza vaccination in the past (minimum in previous season),
pro-health behavior: preventive medical checkups in the last year)
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and BCG vaccination in the past. A hazard ratio of > 1 indicates
that adjustment led to a stronger effect on the final effect, which
was defined as protection against SARS-CoV-2 infection. The 95%
confidence interval was used according to Hrobjartsson.’

For a vaccine effectiveness, to exclude infection soon after
vaccination, secondary analysis with excluding the initial
2 weeks of observation after influenza vaccination and the
corresponding period of the unvaccinated group were per-
formed and are shown in Figure 1.

We presented a Kaplan-Meier curve by excluding new
SARS-CoV-2 infections within 2 weeks after influenza vaccina-
tion to show the trend in vaccinated and unvaccinated patients.

Therefore, the follow-up period for the vaccinated group
had two variants: 6 weeks (presented only in Figure 1) and
8 weeks (all other presented results).

Results

A total of 1098 patients who received influenza vaccination and
1205 unvaccinated patients were analyzed due to the presence
of their complete medical data. A total of 245 unvaccinated
patients were excluded due to lack of contact with them or
insufficient medical data in documentation after the whole
period of observation. The initial characteristics of the analyzed
patients are presented in Table 1.

SARS-CoV-2 infection

During the 8 week retrospective observation, 42 (3.8%) patients
after influenza vaccination and 87 (7.2%) unvaccinated had
confirmed SARS-CoV-2 infection based on PCR and ICD-10.
Vaccinated patients had significantly fewer SARS-CoV-2 infec-
tions in the studied age group (p = .017) than the unvaccinated
control group. The hazard ratio (HR) of SARS-CoV-2 infec-
tion in patients after influenza vaccination was 0.74 (95% CI:
0.54-0.89). The hazard ratios of all possible confounding fac-
tors revealed moderate importance on final observation, and
detailed results are presented in Table 2.

In the vaccinated group, 6 (14%) of 42 patients needed
hospitalization for to respiratory problems, due to a decrease
in oxygen saturation over the course of SARS-CoV-2 infection.

Effect of influenza vaccination on SARS-
CoV-2 infections in vaccinated and unvaccinated
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Figure 1. Effect of influenza vaccination on SARS-CoV-2 infections in vaccinated
and unvaccinated patients. Legend: blue curve - vaccinated patients, red curve-
unvaccinated; * excluded analysis of first two weeks to avoid SARS-CoV-2 infec-
tions just after IV.

A total of 4 patients exhibited comorbidities (all of them
cardiovascular and one cardiovascular and diabetes), but none
required mechanical ventilation. In the control group, 15 (17%)
patients were hospitalized due to the same symptoms of SARS-
CoV-2 infection, this accounted for statistically more patients in
comparison to those who were vaccinated (p = .013). Two
unvaccinated patients needed mechanical ventilation. The HR
of the hospitalization caused by SARS-CoV-2 for patients after
influenza vaccination was 0.48 (95% CI: 0.36—0.77). Detailed
information about hospitalized patients is included in Table 3.

Discussion

There is no consensus about the relationship between influenza
vaccination and the risk of SARS-CoV-2 infection. However,
there is evidence that vaccines may induce a positive nonspe-
cific immune response to other pathogens.' Generally, there is
an open discussion about the potential benefits or risks of
influenza vaccination on the risk of COVID-19.”'°

The data suggest that influenza vaccination could partially
protect against SARS-CoV-2 in middle-age patients with or with-
out comorbidities. The data are partially compatible with the
results of Ragni et al.'' In their study, influenza vaccination was
associated with a less frequent SARS-CoV-2 infection diagnosis.
A protective effect was seen in elderly individuals receiving the
influenza vaccination almost in parallel with the SARS-CoV-2
outbreak. However, the study design and the target group were
different than those in our study. Additionally, Noale et al. con-
firmed a decreased probability of a SARS-CoV-2- positive test in
people <65 years old who received vaccinated influenza and
pneumococcal vaccination.'? However, in each of these studies,
other factors may have influenced the final results.

We also analyzed confounding factors involved in our study
including sex, age, comorbidities, economic status, pro-health
behavior, influenza and BCG vaccination in the past which
were adjusted however their roles were not significant except
for the moderate importance of comorbidity as reported by
other authors in a similar study with IV but with different
analyzed endpoints."?

An explanation of the effect of vaccination is that the
cellular immune response against one virus may produce
unspecific protection against other infections, but this effect
has not been studied.” However, influenza hemagglutinin,
which is included in influenza vaccines, is not related to
any of the SARS-CoV-2 antigens. Therefore, cross-
immunity between specific antibodies against both viruses
is not expected.*’

Different observations were noted by Martinez-Baz I et a
They conducted an evaluation of whether influenza vaccina-
tion in the 2019-2020 season had any effect on the risk of
SARS-CoV-2 confirmed infection in a cohort of health work-
ers. The authors concluded that influenza vaccination did not
significantly modify the risk of SARS-CoV-2 infection.
However, these observations, which were similar to the present
study, were not performed in a sufficiently large populations to
draw a final conclusion.

Some experimental studies proposed reducing the impact
of COVID-19 by means of one other non-COVID-19
vaccine.”'® This method has been proposed for the bacillus

1.14
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Table 2. Hazard ratios (HRs) for protection against SARS-CoV-2 infection comparing vaccinated beneficiaries
with unvaccinated patients in relation to the analyzed confounding factors.

Factors HR 95% Cl

Age 0.55 0.47-0.59
40-50 0.49 0.42-0.53
51-60 0.61 0.58-0.71
Sex 0.37 0.29-0.41
Comorbidities® 0.83 0.68-0.78
High economic status® 0.54 0.52-0.66
SARS-CoV-2 infection 0.74 0.54-0.89
Influenza infection in last year 0.53 0.49-0.57
Influenza vaccination in the past (minimum in previous season) 0.69 0.58-0.74
Pro-health behaviour® 0.48 0.39-0.52
BCG vaccination 0.66 0.47-0.73

Legend: ®comorbidities listed in Tables 1; °to have additional health insurance; “preventive medical checkups

in the last year.

Table 3. Patients hospitalized due to SARS-CoV-2 based on PCR confirmation.

Vaccinated subjects Unvaccinated subjects

n =6 (9%) n=15(17%) P value
Mean oxygen saturation on the day of submission 926 +28 90.1 £43 >0.05
Patients who needed MV 0 2 0.06
Days of MV - 6 and 10
Average number of days of hospitalization (range) 16.3 (12-28) 17.5 (12-25) 0.08
Therapy:
Oxygen therapy 6 15
Remdesivir 1 6
Dexamethasone 2 12
Antibiotics 2 7
Low molecular weight heparin 6 15
The mean lowest oxygen saturation during hospitalization 89.3+ 1.1 863 +28 0.05
Heart failure during hospitalization 1 6 0.03
Death from SARS-CoV-2 infection 0 1 0.07

Calmette-Guérin (BCG) vaccine, the oral polio vaccine and
the measles, mumps and rubella vaccine.'®'” The proposed
mechanism is described as trained immunity, where expo-
sure to one agent alters the epigenetic profile of innate
immune cells, potentially increasing the production of
cytokines.’

There were some limitations of this study. First, this
study was only a retrospective observational study, and
many possible confounding factors could influence on the
final results, as it was described above. There was a small
group of patients under observation, and there was a lack
of a precise immunological and general health assessment
of the studied patients. However, this is only a preliminary
study, and the observed number of patients vaccinated in
this group and in other age groups is constantly being
increased.

Conclusion

Influenza vaccination may reduce the risk of SARS-CoV-2
infection and associated hospitalization in the middle-aged
portion of the standard population. Prospective studies on
a larger group are needed to confirm this conclusion.
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