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ABSTRACT

Introduction: Seasonal influenza is one of the acute respiratory
infections caused by influenza viruses. In addition to acute res-
piratory disease, it also causes complications of a patient's pre-
existing conditions with possible fatal consequences.

The aim: To verify whether influenza vaccination has an effect
on reducing seasonal mortality.

Methods: We conducted a Case-control Study. We used the ad-
ministrative data of the health insurance company Dévera (1.6
milion insured persons). We monitored the vaccination cover-
age of all Ddvera clients, vaccination coverage by gender, and
separately for persons 60 years of age and older. We compared
the all-cause mortality in the group of those vaccinated against
influenza with the all-cause mortality in the group of non-vac-
cinated. We created the group of unvaccinated by randomly
pairing 1:1 with the vaccinated based on age, sex, and the most
expensive diagnosis. We analyzed 5 influenza seasons —
2017/18, 2018/19, 2019/20, 2020/21 and 2021/22 (September —
April). We excluded the 2020/21 influenza season from the
mortality analysis, due to the increased mortality from COVID-
19.

Results: The vaccination coverage rate of persons aged 60 and
older was from 6.6 % in the 60 — 64-years-age group in the
2019/20 season to 23.8 % in the 80 — 84-years age group in the
2018/19 season. There were no significant differences between
the vaccination coverage rates of men and women. All-cause
mortality in the unvaccinated group was in the range
2.02 — 2.29 % in analysed seasons, in the vaccinated group
1.31 - 1.47 %, OR = 1.45 — 1.7. Significant differences were
found in older age groups, in people over 60 years, OR = 1.47
— 1.74. Results were statistically non-significant in the group
under 60 years old.

Conclusion: We consider influenza vaccination to be a suitable
tool for reducing the seasonal mortality.

Key words: Influenza. Influenza vaccination. All-cause mor-
tality.

ABSTRAKT
Vychodiska: Sezonna chripka patri medzi akuatne respiracné in-
fekcie sposobené virusmi chripky. Okrem akdtneho

respiraéného ochorenia sposobuje pacientovi aj komplikacie uz
existujucich stavov s moznymi smrtelnymi nasledkami.

Ciel’ Overit’, ¢i ma ockovanie proti chripke vplyv na zniZenie
sezdnnej umrtnosti.

Metody: Uskutocnili sme §tudiu pripad-kontrola. Vyuzili sme
administrativne udaje zdravotnej poistovne Ddvera (1,6
miliéna poistencov). Sledovali sme zaockovanost' vsetkych
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klientov Dévery, zao¢kovanost’ podl'a pohlavia a zv1ast u osob
nad 60 rokov. Porovnali sme celkovii umrtnost’ v skupine
ockovanych proti chripke s celkovou umrtnost'ou v skupine
neockovanych. Skupinu neockovanych sme vytvorili nahod-
nym parovanim 1:1 s o¢kovanymi na zéklade veku, pohlavia
a najdrahSej diagnozy. Analyzovali sme 5 chripkovych sezén —
2017/18, 2018/19, 2019/20, 2020/21 a 2021/22 (september —
april). Z analyzy tmrtnosti sme vylucili chripkovil sezoénu
2020/21 z dovodu zvysenej umrtnosti na COVID-19.

Vysledky: Zackovanost osob starSich ako 60 rokov bola od
6,6 % v skupine 60 — 64-ro¢nych v sezéne 2019/20, do 23,8 %
v skupine 80 — 84-ro¢nych v sezone 2018/19. Medzi
zaockovanost'ou muzov a zien neboli ziadne vyznamné roz-
diely. Celkova umrtnost'v skupine neockovanych bola v analy-
zovanych sezénach od 2,02 - 2,29 %, v skupine o¢kovanych
1,31-147%,0R=145-1,7. Statisticky vyznamné rozdiely
boli zistené v starSich vekovych skupinach, u oséb nad 60
rokov, OR = 1,47 — 1,74. Vysledky boli $tatisticky nevyznamné
v skupine do 60 rokov.

Zaver: Ockovanie proti chripke povazujeme za vhodny nastroj
znizenia sezonnej umrtnosti.

KPiacové slova: Chripka. Ockovanie proti chripke. Celkova
umrtnost’.

INTRODUCTION

Influenza vaccination is an important tool for
preventing this respiratory disease, which has the
potential to cause serious complications and even
death. Due to several factors, vaccination has a pos-
itive effect on both individuals and the entire popu-
lation. Vaccination stimulates the immune system to
produce antibodies against influenza viruses. These
antibodies reduce the likelihood of infection [1]. In-
fluenza can cause serious health problems, espe-
cially for people with weakened immune systems,
the elderly and the chronically ill. Vaccination re-
duces the risk of complications such as pneumonia,
exacerbation of chronic diseases and even death in
these risk groups [2, 3].

There is a wealth of evidence on the effective-
ness of influenza vaccination and its importance for
individuals and the population as a whole: Among
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adults hospitalized with influenza, vaccinated
patients had a 26 % lower risk of admission to the
intensive care unit (ICU) and a 31 % lower risk of
death from influenza compared with those, who
were not vaccinated [4]. Another study showed sim-
ilar results. Among adults hospitalized with the in-
fluenza, vaccinated patients were 59 % less likely to
be admitted to the ICU than those who were not vac-
cinated. Vaccinated adult patients spent an average
of four days less in the ICU than non-vaccinated pa-
tients [5].

The influenza vaccine has been shown to reduce
the risk of illness in healthy adults [6], and effective
in preventing hospitalization and complications in
children and adults [7].

The effectiveness of vaccination has also been
investigated in vulnerable groups. A study in US
children found that vaccine protects against life-
threatening influenza symptoms in children [8]. An
additional study from Valencia found the effective-
ness of vaccination in preventing hospitalizations
among children during the influenza season [9].

The effectiveness of seasonal influenza vaccines
is influenced by the match of the circulating sub-
types of the influenza virus with the vaccine, but
also by other factors, causing a documented varia-
bility in the effectiveness of the vaccine [10]. These
studies show that inflenza vaccination brings a sig-
nificant benefit and therefore support the position
that it is subsequently important to constantly mon-
itor influenza developments and adapt vaccines ac-
cording to the circulating strains of the influenza vi-
rus.

AIM

The aim of our study was to verify whether in-
fluenza vaccination has an effect on reducing sea-
sonal mortality, therefore to assess the benefits of
vaccination against influenza by age, gender, and
the analysed influenza seasons.

METHODS

To assess the effect of influenza vaccination by
age, gender, and season, we performed a Case-con-
trol Study [11]. We tracked 5 influenza seasons:

2017/18, 2018/19, 2019/20, 2020/21 and 2021/22
(September — April). We used the anonymized ad-
ministrative data of the health insurance company
Dovera, which provided data on age, sex, the most
expensive diagnosis, and residence of the monitored
persons. The anonymized data were available to one
of the co-authors based on a contract with Ddvera.
The population of Slovakia was approximately
5.4 million in 2021, of which 1.6 million were in-
sured in the Dévera Health insurance company. We
found out the vaccination coverage rate among cli-
ents of the Dovera, compared the vaccination cov-
erage rate between men and women, and the vac-
cination coverage rate among persons according to
5-years age groups. We created a control group of
unvaccinated persons by randomly pairing them
with vaccinated persons 1:1 based on age, gender,
and the most expensive diagnosis. The numbers are
listed in Table 1.

We excluded the 2020/21 influenza season from
the mortality analyses, due to the increased mortal-
ity from COVID-19. We considered every person
who had a death from any cause in the records of the
health insurance company to be deceased. We com-
pared the total mortality in the group of persons who
were vaccinated against influenza with the total
mortality in the group of unvaccinated persons. We
calculated the higher chance of dying the unvac-
cinated compared to the vaccinated in the observed
seasons and according to 5-years age groups.

We did not evaluate the influence of the level of
health care on mortality by residence, due to the po-
tential emergence of disparities that we are not
equipped to interpret accurately. This caution arises
from the likelihood of varying influenza incidence
across different regions.

We used the Chi-square test to compare occur-
rence of deaths in the vaccinated and non-vac-
cinated groups. We calculated the odds ratio (OR)
in the groups. We used the R programs for working
with data and statistical calculations. We tested the
results statistically at the set significance level of
p=<0.05.

Table 1 The set of persons included in the study according to the analysed seasons

Season 2017/18 2018/19 2019/20 2020/21 2021/22
Vaccinated 50 453 51554 45 468 69 601 63 386
Unvaccinated 50 453 51 554 45 468 69 601 63 386
Total 100 906 103 108 90 936 139 202 126 772
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RESULTS

Influenza vaccination of Dévera clients (for all
ages) in the five monitored seasons ranged from 3.2
to 4.6 % overall; the highest vaccination coverage
rate 4.6 % was observed in the 2020/21 season. In
the 2017/18 season, the vaccination coverage rate
was 3.8 %, in the 2019/20 season it fell to 3.2 %,
and after the COVID-19 pandemic it rose to 4 % in
the 2021/22 season (Table 2).

There were no significant differences between
the vaccination coverage rates of men and women
in the observed seasons (Table 3).

Vaccination coverage rates were found to be low
in younger age groups, with vaccination among
those up to 40 reaching only 2 % maximum, rising
only during the 2020/21 season to 2,6 % in the

35 — 39 age group (this is likely result of the
COVID-19 pandemic). The vaccination coverage
rate rises with age, reaching maximum in the 80 —
89 age group (Table 4). The highest vaccination
coverage rate (23.8 %) was among people aged 80
— 84 in the 2018/19 season.

We analyzed mortality in four influenza seasons.
We excluded the 2020/21 influenza season, due to
the increased mortality from COVID-19 in Slo-
vakia. The highest mortality rate of unvaccinated
persons was in the 2021/22 season — 2.29/100. The
lowest was 1.31/100 in the 2019/20 season for vac-
cinated persons. In each of the analyzed seasons,
mortality was lower in vaccinated persons com-
pared to non-vaccinated ones. In the last monitored
season 2021/22, the chance of death in the group of

Table 2 Influenza vaccination coverage rate (%) of Dovera clients in influenza seasons 2017/18 — 2021/22, Slovakia

Season 2017/18 2018/19 2019/20 2020/21 2021/22
Number of vaccinated 50 453 51 554 45 468 69 601 63 386
% of vaccinated 3.8 3.7 3.2 4.6 4.0

Table 3 Influenza vaccination coverage rate (%) of Dovera clients by gender in influenza seasons 2017/18 — 2021/22,

Slovakia
Season 2017/18 2018/19 2019/20 2020/21 2021/22
females 3.8 3.8 3.2 4.7 4.0
males 3.8 3.7 3.2 4.4 4.0

Table 4 Influenza vaccination coverage rate (%) of Dovera clients by age groups in influenza seasons 2017/18 —

2021/22, Slovakia

Age group Season
2017/18 2018/19 2019/20 2020/21 2021/22

00-04 0.4 0.4 0.4 0.9 0.7
05-09 1.3 1.2 1.0 1.8 1.4
10-14 1.8 1.8 1.3 2.0 1.4
15-19 1.5 1.6 1.2 1.9 1.3
20 - 24 0.8 0.8 0.7 15 1.1
25-29 0.8 0.9 0.8 1.6 1.2
30-34 1.1 1.1 1.0 2.0 1.6
35-39 1.3 1.4 1.2 2.6 2.0
40 - 44 1.8 1.7 1.5 3.1 2.4
45 - 49 2.3 2.3 2.0 3.6 2.8
50 - 54 3.5 3.2 2.6 4.4 3.7
55 - 59 4.9 4.7 3.8 6.0 5.0
60 — 64 7.7 7.2 6.6 8.8 7.7
65 — 69 12.1 11.6 9.6 12.4 11.7
70 - 74 15.9 15.4 12.9 15.5 15.1
7579 20.1 18.9 16.8 18.3 17.6
80 -84 22.2 23.8 19.6 19.3 19.6
85 -89 23.2 23.1 20.7 21.1 21.7
90 - 94 21.7 21.6 19.2 20.9 21.8

95 + 16.2 20.9 19.4 19.1 16.3
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unvaccinated people was 1.74 times higher com-  cinated were statistically significant in each season
pared to the vaccinated group. In previous seasons,  (Table 5).

the chance of dying was 1.45 — 1.57 times higher for We also analysed the mortality differences in
non-vaccinated compared to vaccinated. The differ-  vaccinated and unvaccinated according the age
ences in mortality between vaccinated and non-vac-  groups. Vaccination did not have significant effect

Table 5 Comparison of mortality for vaccinated and unvaccinated Dévera clients in the analysed seasons 2017/18,
2018/19, 2019/20, 2021/22, Slovakia

Vaccinated Unvaccinated
e deceased sur- mortality | deceased |survived| mortality | OR 95% CI p-value
season vived
(n) (n) per 100 (n) (n) per 100
2017/18 735 49718 1.46 1143 49 310 2.27 157 | 1.43| 1.72 | <0.001
2018/19 758 50 796 1.47 1090 50 464 2.11 1.45 | 1.32 | 1.59 | <0.001
2019/20 595 44 873 1.31 917 44 551 2.02 155 | 1.4 | 1.72 | <0.001
2021/22 865 62 521 1.36 1453 61 933 2.29 1.74 | 156 | 1.85 | <0.001

Table 6 Comparison of mortality for vaccinated and unvaccinated Dovera clients in the analysed seasons 2017/18,
2018/19, 2019/20, 2021/22 and age groups, Slovakia

Influenza| Age Unvaccinated_ Vaccinated _
Deceased | Survived | Deceased Survived OR 95% ClI p-value
season | group
(n) (n) (n) (n)

<55 27 14 880 30 14 877 0.90 0.53 151 0.690

55 -59 30 4104 25 4109 1.20 0.71 2.5 0.499

© 60 — 64 68 6 403 52 6419 1.31 0.91 1.88 0.143

= 65— 69 108 7911 77 7942 1.41 1.5 1.89 0.022
= 70-74 159 6 368 103 6 424 1.56 1.21 2.00 <0.001
o 75-79 206 4 976 125 5 057 1.67 1.34 2.10 <0.001
80 -85 272 2939 122 3089 2.34 1.88 2.92 <0.001

85+ 273 1729 201 1801 1.41 1.17 1.72 <0.001

< 55 29 15353 30 15 328 0.97 0.58 1.61 0.891

55 -59 34 4 059 22 4074 1.55 0.91 2.66 0.109

o 60 — 64 83 6 168 43 6211 1.94 1.34 2.81 <0.001
S 65— 69 121 7975 64 8 035 1.90 1.40 2.58 <0.001

= 70-74 129 6730 106 6 756 1.22 0.94 1.58 0.129
o 75-179 194 5128 132 5193 1.49 1.19 1.86 <0.001

80 -85 212 3161 155 3221 1.39 1.13 1.72 0.002

85+ 288 1890 206 1978 1.46 1.21 1.77 <0.001

<55 19 13187 15 13191 1.27 0.64 2.49 0.493

55 -59 21 3356 17 3360 1.24 0.65 2.35 0.516

o 60 — 64 70 5 287 44 5313 1.60 1.9 2.34 0.015
S 65— 69 104 7195 55 7244 1.90 1.37 2.64 <0.001
3 70— 74 121 6 137 71 6 187 1.72 1.28 2.31 <0.001
o 75-79 169 4 765 109 4 825 1.57 1.23 2.00 <0.001
80 -85 183 2884 114 2 953 1.64 1.29 2.9 <0.001

85+ 230 1740 170 1800 1.40 1.14 1.72 0.001

<55 31 21436 35 21432 0.89 0.55 1.44 0.622

5559 37 4 699 22 4714 1.69 0.99 2.86 0.052

«~ 60 — 64 91 6 755 41 6 805 2.24 1.54 3.24 <0.001
g 65 — 69 168 9514 99 9583 1.71 1.33 2.19 <0.001
S 70 - 74 247 8 752 125 8874 2.00 1.61 2.49 <0.001
N 75-79 259 5 557 149 5667 1.77 1.44 2.18 <0.001
80 -85 282 3303 155 3430 1.89 1.54 2.31 <0.001

85+ 338 1917 239 2016 1.49 1.25 1.78 <0.001
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Table 7 Comparison of mortality for vaccinated and unvaccinated Dovera clients in the analysed seasons 2017/18,

2018/19, 2019/20, 2021/22 in two age groups, Slovakia

Influenza Unvaccinated_ Vaccinated :
Age group | Deceased | Survived | Deceased | Survived | OR 95% CI p-value
season
(n) (n) (n) (n)
2017/18 <59 57 18 984 55 18 986 1.04 | 0.72 1.50 0.849
> 60 1086 30 326 680 30732 1.62 1.47 1.78 <0.001
2018/19 <59 63 19412 52 19 402 1.21 | 0.84 1.75 0.307
> 60 1027 31 052 706 313% 1.47 1.33 1.62 <0.001
2019/20 <59 40 16 543 32 16 551 1.25 | 0.79 1.99 0.346
> 60 877 28 008 563 28 322 1.58 1.42 1.75 <0.001
2021/22 <59 68 26 135 57 26 146 1.19 | 0.84 1.70 0.325
> 60 1385 35 798 808 36 375 1.74 | 160 1.90 <0.001

on mortality in age groups under 60. However, we
found that in all seasons in the age groups 60 years
and over, or 65 years and over, there was a signifi-
cant difference in mortality between vaccinated and
unvaccinated (Table 6). The exception was the age
group 70 — 74 years in the 2018/19 season. The
chance of unvaccinated people dying was highest in
the 2017/18 season in the 80 — 85 years age group
(OR =2.34).

In Slovakia, vaccination against the influenza is
recommended for seniors aged 59 and over [12]. We
therefore focused on the analysis of all-caused sea-
sonal mortality in all persons aged 60 and over. In
each influenza season, we found a statistically sig-
nificant difference in mortality between vaccinated
and unvaccinated persons in this age category, with
the chance of dying among unvaccinated individu-
als being 1.47 — 1.74 times higher compared to vac-
cinated individuals (Table 7). The highest differ-
ence between vaccinated and unvaccinated mortal-
ity was in the 2021/22 season, when the chance of
death in the group of unvaccinated persons aged 60
and over was 1.74 times higher compared to the vac-
cinated group.

DISCUSSION

The relationship between an increase in mortal-
ity and the severity of the influenza season was con-
firmed by several studies. Studies [13-15] high-
lighted the major public health burden of influenza
and its severe complications, including death. The
studies referred to clinical burden of severe influ-
enza, influenza-associated all-cause mortality, the
modelling of influenza-attributable contribution to
excess hospitalization and mortality during the
influenza seasons.
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Another study measured the effect of state-level
hospital worker influenza vaccination laws on pneu-
monia and influenza mortality in hospitals. Imple-
mentation of state laws requiring hospitals to offer
influenza vaccination to their employees was asso-
ciated with a 2.5 % reduction in the monthly pneu-
monia and influenza mortality rate [16].

In France, during eight consecutive influenza
seasons (2010 — 2018) more than 90 % of excess
mortality was in the group of 65+ year-olds [17].
A study that described the impact of exposure to in-
fluenza virus on hospitalization and death in the el-
derly residence of long term care facilities in the
2004/05 season confirmed that exposure to influ-
enza increased the all-cause risk of hospitalization
and the all-cause risk death [18].

Based on these results we assumed, that influ-
enza vaccination could have an effect on reducing
seasonal mortality. We confirmed that there was
a significantly higher seasonal mortality between
unvaccinated clients of Ddvera Health insurance
company compared to vaccinated in all analysed
seasons in the age group 60 years old and over.

Our results are also confirmed by the study [19]
in wich influenza vaccine prevented hospital admis-
sion for influenza and pneumonia and all-cause
mortality in individuals aged 65 years or older.

In another study with similar methodology to the
present study, researchers conducted a prospective
cohort study in a population aged over 80 years.
They compared all-cause mortality in vaccinated
and unvaccinated subjects after propensity score
matching to control for age, sex, and comorbidities.
After propensity score matching, mortality was as-
sessed at 20.9 % in the vaccinated group and 23.9%
in the unvaccinated group (OR = 0.84 [0.75 - 0.93],
p = 0.001) [20].
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A similar study [21] confirmed the effect of in-
fluenza vaccination on the reduction in risk of death
from all causes, with the effect increasing with age
and comorbidity.

Based on the results of our analysis, we con-
firmed that influenza vaccination was protective, re-
duced the seasonal mortality. It was protective in the
group of 60 years and older, which correlates with
the recommendations for vaccination against influ-
enza in Slovakia [12].

In our study vaccination did not have significant
effect on mortality in age groups under 60. It could
be for two reasons: either influenza is not life-threat-
ening for younger age groups, or this is a result of
very low vaccination coverage in these groups. It is
possible, that if the vaccination coverage rates in the
groups under 60 years of age were higher, the effect
of vaccination on mortality would be revealed.

The benefit of this work is also the fact that the
sample of processed data consisted of 90 — 139
thousand people in individual seasons. A total of
560,000 people were included in our sample. We are
aware that vaccination coverage rate against the in-
fluenza is very low in Slovakia. Therefore, we feel
the need to bring evidence to the inhabitants of Slo-
vakia about the benefits of vaccination against the
influenza, namely protecting the health and life of
every vaccinated person in Slovakia. Support for
vaccination is also important in view of the pre-
sented results. We feel the need to improve patient
access to vaccination, e.g., by introducing vaccina-
tion in pharmacies, or by setting up vaccination cen-
ters similar to these during the COVID-19 period,
since the vaccination is seasonal. Vaccination cen-
ters could also help in view of the shortage and high
average age of general practitioners, who are cur-
rently the only ones authorized to vaccinate against
the influenza in Slovakia. We consider the fact that
the parliament approved a law in 2023, based on
which it will be possible to introduce vaccinations
in pharmacies, a success. This will be preceded by
the accreditation of a study program aimed at edu-
cating pharmacists on this issue.

The limitation of this study is not considering the
regionality of the monitored persons. Another pos-
sible limitation was that only one insurance com-
pany was used. Additionally, it is worth noting that
other vaccinations in older adults, such as those
against COVID-19 and pneumococcal disease, may
have contributed to a lower mortality rate. Further-
more, it's possible that those who were vaccinated
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were more motivated to prevent illness compared to
those who were not vaccinated.

CONCLUSION

We found that the influenza vaccination cover-
age rate of the Dovera Health insurance company
clients in the five analysed seasons 2017/18 —
2021/22 was in the range of 3.2 — 4.6 %. Vaccina-
tion of older adults increased with age, with a max-
imum of 80 — 89 years. The highest vaccination cov-
erage rate, 23.8 %, was among persons aged 80 — 84
in the 2018/19 season. There were no significant
differences between the vaccination coverage rates
of men and women in the observed seasons.

In each of the four analysed influenza seasons,
2017/18, 2018/19, 2019/20 and 2021/22, all-caused
seasonal mortality was lower in vaccinated individ-
uals compared to unvaccinated. This difference was
statistically significant. Analyzing mortality rates
by age group, we did not find significant effect of
vaccination on seasonal mortality among age groups
under 60. However, the effect of vaccination on sea-
sonal mortality was found in the age groups over 60.
Namely, we found statistically significant differ-
ences in favor of the vaccinated in all four analysed
seasons and 5-years age groups over 65, except for
the 70 — 74-yearsage group in the 2018/19 season.
The results showed that the differences in mortality
among vaccinated and unvaccinated clients of the
Health insurance company Dovera in the age group
of 60 and over are also statistically significant.

We consider vaccination against influenza to be
a suitable tool in the prevention of the influenza and
its complications, including death, particularly in
the elderly aged 60 and over and reduce the seasonal
mortality.
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