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Aim. The aimis to study the correlation between the vaccination rate (VR) and mortality rate of patients with COVID-19
(MpCOQV).

Methods. The countries with gross domestic product per capita corrected for purchasing power parity (GDP PPP)
over $ 10,000 were selected for an ecologic study. The city-states and countries with a population of <1,000,000
were excluded. The number of patients who died from COVID-19 within a week was divided by the number of patients
diagnosed with COVID-19 within a week 20 days earlier to calculate MpCOV.

Results. We included 85 countries. VR (r = -0.604; p < 0.001) and GDPpcPPP level (r = -0.542; p < 0.001) sig-
nificantly correlate with MpCOV. Multivariate analysis showed that VR (p = 0.001), rather than GDPpcPPP level
(p=0.202), is an independent determinant of MpCOV. There was no significant difference in MpCOV between groups
of countries with VR <20 % and 20-39 % (1.96 [1.21; 4.67] vs. 1.96 [1.01; 3.36] %; p = 0.464). MpCQOV was higher
in countries where VR were lower when groups of countries with VR of 20-39 %, 40-59 %, 60-79 %, and >80 % were
compared (1.96 [1.01; 3.36] vs. 1.11 [0.76; 1.64] vs. 0.50 [0.39; 1.00] vs. 0.16 [0.10; 0.21]; p = 0.003; p = 0.020,
and p = 0.008).

Conclusions. An increase in VR correlates with a decrease in MpCOV.
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Llenb nuccnepoBanusd. M3yunTtb Koppensaumio mexay oxsatomMm BakuuHauyein ot COVID-19 n cMepTHOCTbIO 60/bHbIX
3TON NHPEKLMEN HA HALLMOHA/IbHOM YPOBHE.

Matepuanbl u MeTogbl. B jaHHOE 3Koornyeckoe nccnefoBaHue 6T BKIIOYEHbI CTPAHbl C BEJIMYMHOW BaslOBO-
ro BHYTPeHHero npoaykta (BBI1), paccyMTaHHOro no NnapuTeTy NokKynaTenbHOW CroCOOHOCTM Ha Ayllly HaceneHus
(BBIMaH) Bbitwe 10 000 $ Ha yenoseka. lopoaa-rocynapcTsa, a Takke Masible CTpaHbl C HaceneHnem MmeHee 1 MiiH
yenoBek Obin nckntoveHbl. CMepTHOCTb 60JbHLIX COVID-19 6bina paccynTaHa Kak OTHOLLEHWE KONnyecTBa naum-
eHTOoB, ymepLunx ot COVID-19 B TeyeHMe Hepenu, K KOJIMYeCTBY 3aPErMCTPUPOBAHHbIX Clly4aeB 3TOM UHDEKLMN
B TEYEHME Hepenu, kotopas Havyanach 3a 20 oHeln 00 NepBOro AHA Heenu y4eta CMepTeN.

Pe3ynbraTbl. bbino BkoueHo 85 ctpaH. OxeaT BakumHauvei (r = —0,604; p < 0,001) n yposeHnb BBI (r = -0,542;
p < 0,001) 3HAYMMO KOppeNMpoBann co 3Ha4EHUAMN CMEPTHOCTU 605bHbIX COVID-19. MHOrodakTopHbIi aHanmM3
rnokasaJi, 4To oxeat BakumHaumen (p =0,001), Ho He ypoBeHb BBI (p = 0,202) aBnseTcsa He3aBUCUMbIM MPESVKTOPOM
ncxoga COVID-19. He 6bino 3Ha4MMONM pasHuLbl B CMePTHOCTM 6onbHbix COVID-19 mexay rpynnamu cTpaH
C 0XBaTOM BakuuHaumen meHee 20 n 20-39 % (1,96 [1,21; 4,67] vs. 1,96 [1,01; 3,36] %; p = 0,464). CMepTHOCTM
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60nbHbIXx COVID-19 6bina Bbillle B Fpynmnax CTpaH ¢ MEHbLUMM OXBaTOM BaKLMHALMEN, KOrOa CpaBHMBaIM CTPaHbI
C 0xBaTOM BakLmHaumel B 20-39, 40-59, 60-79 1 >80 % (1,96 [1,01; 3,36] vs. 1,11 [0,76; 1,64] vs. 0,50 [0,39; 1,00] vs.

0,16 [0,10; 0,21]; p=0,003; p = 0,020 n p = 0,008).

BbiBoAbl. YBenyeHne oxsata BakumHaumein ot COVID-19 koppennpyet co CHUXEHUEM CMEPTHOCTU OOJIbHbIX

COVID-19 Ha HauMoHaIbHOM YPOBHE.

KnioueBble cnoBa: BakuuHaums, SARS-CoV-2, COVID-19, cMepTHOCTb, OXBaT BakLMHALMEN
KoHdNUKT MHTEepecoB: aBTopbl 3as9BASIOT 00 OTCYTCTBUN KOHMINKTA UHTEPECOB.

Ansa umtupoBanus: beHyHu H.A., KotycoB A.C., Apxmnesa @.C., Kysep A.E., Tonmauesa K.A., ywyk B.H., MacneHHukos P.B. BakupHa-
LSt 1 CMEPTHOCTb 60s1bHbIX COVID-19: rmobasbHbI noaxon,. Poccuiickunia XypHan racTposHTEpPOosIorim, renaTonorim, KoNonpoKToIo-
run. 2022;32(3):23-28. https://doi.org/10.22416/1382-4376-2022-32-3-23-28

Introduction

The new coronavirus infection (COVID-19) has
become a major global health challenge in the 21st
century. Despite the encouraging results obtained in
the initial clinical trials of vaccines against it [1—3],
the change of its dominant variant to the new strains
led to a decrease in the ability of currently used vac-
cines to prevent the development of COVID-19 [4].
However, experts continue to insist that vaccination
is useful and necessary, as it continues to protect
against severe forms of this infection and death [4].

There is a pronounced unevenness in the coverage
of vaccination among different countries: more than
80 % of the population is vaccinated in some of them
and less than 10 % of the population has got the
vaccine in others. If vaccination protects from severe
forms of COVID-19 and death, then mortality rate
of patients with COVID-19 (MpCOV) must be low-
er in countries with larger vaccination rate. Testing
this hypothesis was the aim of our study.

Methods

An ecologic study was conducted. We analyzed
the number of COVID-19 cases in a week (September
9—15, 2021) in different countries. Since, accord-
ing to our research, the median time from the on-
set of COVID-19 to death was 20 days [5, 6], we
also analyzed how many people in these countries
died from COVID-19 in a week from September 29
to October 5, 2021. Thus, we calculated MpCOV in
different countries by dividing the number of deaths
from COVID-19 in the period from September 29
to October 5, 2021 by the number of COVID-19
cases detected during the period from September 9
to 15, 2021.

We correlated the obtained MpCOV with the
percentage of vaccinated population (vaccination
rate) at the end of September 2021, as well as with
the level of country economic development (the level
of gross domestic product per capita calculated us-
ing purchasing power parity (GDPpcPPP) for 2020),
which can also influence in the effectiveness of
COVID-19 treatment and mortality from COVID-19.

As a source of information on the number
of COVID-19 cases, deaths and vaccinations, we used

Yandex service (https://yandex.ru/covid19/stat/),
which aggregates data from official sources in vari-
ous countries.

The data on the GDPpcPPP of states were tak-
en from the reference book of the International
Monetary Fund.

Low-income countries (GDPpcPPP less than
$10,000 per capita) were excluded, as the conditions
of their health systems more likely determined mor-
tality from COVID-19 than vaccination. We also ex-
cluded city-states and microstates (with a population
of less than 1 million people), as their health systems
also have features that can lead to biases.

We also excluded: countries with a pronounced
unevenness in data reporting (less than 3 reports
per week) in order to eliminate the associated bias;
countries for which data were not presented on the
analyzed service (Turkmenistan and Kosovo); and
countries that had less than 200 cases of COVID-19
and did not have deaths from COVID-19 during the
analyzed period, due to the impossibility of calculat-
ing MpCOV.

Results are presented as median [interquar-
tile range]. The groups were compared out using
Mann—Whitney test. Correlations between vari-
ables were computed using Spearman’s rank meth-
od. Multivariate linear regression analysis was per-
formed to estimate the effect of vaccination rate and
GDPpcPPP on MpCOV. A p < 0.050 value was tak-
en as the criterion for significance. Statistical calcu-
lations were performed using Statistica 10 (TIBCO
Software, Palo Alto, CA).

Results

We included 85 countries (Figure 1).

MpCOV, vaccination rate and GDPpcPPP of the
included countries were 1.08 [0.55; 2.08] %, 49.0
[28.5; 63.4] %, and $27,717 [14,916; 42,248] per
capita, respectively.

Univariate analysis showed that both vaccina-
tion rates (r = —0.604; p < 0.001; Figure 2A) and
GDPpcPPP levels (r = —0.542; p < 0.001; Figure
2B) significantly correlate with MpCOV. A signif-
icant correlation was also found between the vacci-
nation rate and the level of GDPpcPPP (r = 0.656;
p < 0.001; Figure 2C).
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Screened (n=190)

Excuded (n=105):

- GDPpcPPP < $ 10,000 per capita (n= 80);
- city-states (n= 4);

- population less than 1 million (n=17);

- unevenness in data reporting (n=1);

- it is not possible to estimate mortality (n=1);
- no data (n=2)

Included (n=85)

Fig. 1. Flowchart of the study. GDPpcPPP — gross domestic product per capita calculated using purchasing

power parity

However, multivariate analysis showed that vac-
cination rate (p = 0.001; beta= —0.426 [95 % CI:
(—0.188) — (—0.663)]), rather than GDPpcPPP
level (p = 0.202), is an independent determinant
of MpCOV.

There was no significant difference in MpCOV
between groups of countries in which less than 20 %
(n = 14) and 20—39 % (n = 18) of the population
were vaccinated. However, MpCOV was significant-
ly lower in the group of countries where 40—59 %
of the population were vaccinated (n = 26) com-
pared to countries where 20—39 % of the population
were vaccinated. The same was true for the groups
of countries where 60—79 % (n = 22) and 40—59 %
were vaccinated. The minimum MpCOV was in the
group of countries where >80 % of the population
was vaccinated (n = 5; Figure 3).

Among countries where less than 40 % of pop-
ulation were vaccinated (n = 32), there was no
significant correlation between vaccination rates
and MpCOV (p = 0.883). On the contrary, such
a correlation was observed among countries where
more than 40 % of the population were vaccinated
(r =-0.489; p < 0.001; n = 53).

In order to minimize the potential influence of eco-
nomic development on the mortality of COVID-19 pa-
tients, we divided the included countries into groups
with moderate (GDPpcPPP = $10,000—19,999; n =
32), high (GDPpcPPP = $20,000—39,999; n = 26)
and very high (GDPpcPPP > $40,000; n = 27) in-
comes. There were no significant correlations be-
tween the level of GDPpcPPP on the one hand and
MpCOV (p = 0.765, p = 0.996, p = 0.053, respec-
tively) and vaccination rates (p = 0.073, p = 0.657,
p = 0.143, respectively) on the other in all these
groups.

However, there was a significant correlation be-
tween MpCOV and vaccination rates in high- and

very high-income countries (» = -0.469, p = 0.016,
and » = —0.536, p = 0.004, respectively), but not
in moderate-income countries (p = 0.102).

Among moderate-, high- and very high-income
countries, ones with vaccination rate less than 40 %
of the population accounted for 71.9, 30.8 and 3.7 %,
respectively.

Discussion

The results of clinical trials of vaccines against
COVID-19 inspired optimism: the effectiveness was
more than 90 % [1—3]. However, the change of the
dominant strain to more contagious and associat-
ed with more severe forms delta variant disrupted
the plans for an early victory over COVID-19. This
strain was much less neutralized by antibodies that
were produced after vaccination [7, 8], which led
to a drop in vaccination efficiency [9]. In addition,
there is information about the dangerous side effects
of vaccines [10—15]. All this gave rise to a massive
campaign against vaccination. In response, support-
ers of vaccination said that although the vaccine be-
came to protect against infection less, it continues
to protect against death. The concept of population
(herd) immunity is also actively discussed. In this
regard, it becomes important to assess the impact
of vaccination on the MpCOV on a national level
in order to assess the effect of population immunity
on it.

MpCOV depends on many factors: the age and
comorbidity structure of the population, treatment
approaches, the condiciton of the health care system,
and, as was assumed, vaccination rate.

Since the condition of the health care system is
largely determined by the level of economic devel-
opment, we used the latter indicator as an indirect
substitute for the former.
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Fig. 2. Correlation between mortality rate (%)

of patients with COVID-19 and vaccination rate (%)
(A), between mortality rate (%) of patients with
COVID-19 and gross domestic product per capita,
adjusted for purchasing power parity (GDPpcPPP;
$ per capita) (B), and between vaccination rate (%)
and GDPpcPPP ($ per capita) (C)

In our study, we showed that MpCOV in differ-
ent countries is inversely correlated with the vacci-
nation rate in these countries. It was also shown that
the latter factor depends on the level of economic
development of countries. However, multivariate
regression showed that vaccination rate itself rath-
er than economic development is the main predictor
of mortality rate in these patients.

Very interesting results were obtained from the
analysis of subgroups. There was no significant ef-
fect of the vaccination rate on MpCOV in coun-
tries where less than 40 % of the population was

007 }
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Fig. 3. Mortality rate of patients with COVID-19
in groups of countries in which 0—19, 20—39, 40—59,
60—79 and 80—100 % of the population are vaccinated

vaccinated. After the vaccination rate reaches 40 %,
there is a progressive decrease in MpCOV with
an increase in former indicator. It seems that the
effect of population immunity on protection against
death of COVID-19 patients begins only with a vac-
cination rate of ~40 % and does not reach a plateau
with an increase in vaccination.

After analysis by subgroups depending on the in-
come level, it was shown that there is no depen-
dence MpCOV on the level of economic development
within these groups, but the dependence of MpCOV
on the vaccination rate was only in the groups
of countries with high and very high incomes. This
can be explained by the fact that most of countries
in the moderate-income group had less than 40 %
of the population vaccinated, and no effect of popu-
lation immunity, as shown above, is among the coun-
tries with such low vaccination rates.

The strength of our study is that it is the first
to describe the impact of vaccination on COVID-19
mortality at the national level and co-analysis of vac-
cination rate and GDPpcPPP was performed.

However, it has some limitations. We used sec-
ondary data provided by health authorities of dif-
ferent countries and which may be intentionally or
unintentionally distorted for political purposes, due
to the uneven availability of tests for COVID-19,
as well as different approaches to determining the
case of COVID-19 and death from COVID-19. Only
a symptomatic cases with a positive polymerase
chain reaction (PCR) to the causative agent of it are
considered cases of COVID-19 in many countries.
Asymptomatic carriers with positive PCR are also
included in these cases in other countries. The cases
of viral pneumonia with negative results PCR and
a high degree of suspicion of COVID-19 are also
included in COVID-19 cases in the third group
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of countries. Deaths from COVID-19 are considered
in all patients who died with a positive PCR in many
countries. However, the deaths from specific com-
plications of COVID-19 (“cytokine storm”, massive
lung damage, and others) are only counted for these
cases in other countries.

Another limitation is related to the fact that
we did not assess the age and comorbidity structure
of the population and the effect of revaccination due
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