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SUMMARY

Objective: to analyze the role of diet in the epidemiological parameters of the SARS-CoV-2 Coronavirus and identify factors that correlate with

the reduction in the severity of the consequences of COVID-19 disease, namely the rate of prevalence (RPr) and infection fatality rate (IFR) in

different regions.

Material and methods. The information and data required for this study were found in scientific publications and the media available on the

Internet, as well as obtained from statistical databases using specific keywords, both for a single tag and in various combinations of them.
Statistical samples were managed from sources and facts available on the Internet. Pearson correlation coefficient (r) was used to understand

a statistical relationship between two variables.

Results. The relationship between nutritional factors and the impact of the 15-month COVID-19 pandemic in different regions was investigated

using various available statistics for five continents and 47 countries. A clear relationship was found between the outcomes of the SARS-
CoV-2 epidemic (RPr and IFR) and the amount of consumed essential nutrients, with correlations in the negative range r=—0.98 and r=—0.66

for plant proteins and with correlation coefficients r=0.92 for animal proteins. Also, excessive sugar consumption increased the severity of

COVID-19 with correlation coefficients in the range of r=0.99-0.72 in the representative samples.

Conclusion. Statistical analysis presented that the number of diagnosed patients with SARS-CoV-2 (RPr) and deaths from COVID-19 (IFR) was

significantly lower in regions where more plant foods were consumed than animal products. A detailed study of the relationship between the

Coronavirus and the host as well as the metabolism of protein and sugar may reveal the diet factors responsible for resistance to the pathogen.
Edible plants can contain components responsible for suppressing the replication cycle of the SARS-CoV-2 virus. Biochemical investigation

of these components would help in the development of etiological oral administrated anti-COVID-9 medicine.
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PE3IOME

Llenp: npoaHan3npoBaTh pPONb paLyoHa NUTaHWUA B 3NMAEMUONOTNYECKMX napameTpax kopoHasmpyca SARS-CoV-2 n BbIsiBUTb (DAKTOPBI,
KOPPESMPYIOLLME CO CHUXKEHWEM TSXKeCTW nocnefdctuit 3a6onesaHus COVID-19, a umeHHO 4acToToM 3a60neBaemMocTi (aHrn. rate of
prevalence, RPr) n cmeptHocTm (aurn. infection fatality rate, IFR) B pasHbix pernoHax.

Marepuan n metogel. IHchopmauns v AaHHble, HEOOXOAUMbIE A7 3TOW PaboThl, ObINM HaAeHbl B HAYYHbIX MYEANKALMAX U CPEACTBAX
MaCCOBOW MH(DOPMALMK, [OCTYMHbIX B VIHTEPHETE, @ TaKkKe MoNMy4YeHbl U3 6a3 CTATUCTUYECKUX AaHHbIX C UCTOb30BAHNEM OMPELENeHHbIX
KMI0YeBbIX CI0B [/ OJHOrO Tera WK B PasinyHbIX X KOMOMHALMAX. CTAaTUCTUYECKME BbIGOPKN Obiv COPMUPOBAHBI U3 UCTOYHIKOB
1 (haKTOB, AOCTYMHbIX B VIHTepHeTe. Koppenauus Ans ABYX NepemMeHHbIX ONpeaensnach Kak KoaduumeHT Nupcona.

Pesynprarsl. B3aumocsasb Mexay haktopamu nutaHus 1 BnusHneM 15-mecsiqHoin naHaemun GOVID-19 B pasHbIx permoHax 6bina uccne-
[0BaHa C MCMONb30BAHNEM PA3NINYHbIX AOCTYMHbIX CTATUCTUYECKMX AAHHbIX N0 NATW KOHTMHEHTaM 1 47 cTpaHam. O6Hapy>KeHa YeTkas CBs3b
mexay nexopamu anuaemun SARS-CoV-2 (RPr u IFR) 1 konnyecTBOM NOTPe6IeHHbIX OCHOBHbIX HYTPUEHTOB C KOPPENALuUAMYU B OTpULa-
TenbHOM Anana3oHe r=-0,98 n r=-0,66 nna pactuTeNbHbIX 6€MKOB U KoapuumeHtom koppensuun r=0,92 nna 6enkoB >XUBOTHOMO
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NPOUCXOXAEHNSA. TakxKe 4pe3mepHoe NOTpe6ieHne caxapa yBenuumBano TskecTb TedeHus COVID-19 ¢ koadbdmumeHTamm Koppensaunm
B AnanasoHe r=0,99-0,72 B penpe3eHTaTUBHbIX BbIOOPKAX.

3aknoyenne. CTaTuCTMYECKNA aHANN3 NMOKa3an, YTO KOMMYECTBO AWArHOCTMPOBAHHbIX MaumeHToB ¢ SARS-CoV-2 (RPr) u cmeptein ot
COVID-19 (IFR) 6b1510 3HAYMTENIbHO HIXKE B PEroHax, rae notpebnsanock 60Mblue pacTUTeNbHON MMM, YeM NPOAYKTOB XUBOTHOMO MPOUC-
XOX[AeHNs. [leTanbHOe U3y4eHne B3aMMOCBA3M MeXy KOPOHABMPYCOM M XO35IMHOM, a Takxe MeTabonn3ma 6enkoB 1 CaxapoB MOMOXET
BbISIBUTb (DAKTOPbI NUTaHMs, OTBETCTBEHHbIE 3a YCTOMYNBOCTb K naToreHy. CbeJobHbIe pacTeHUss MOrYT COAepPXKaTb KOMMOHEHTbI, OTBET-
CTBEHHblE 3a NofasneHue Lukna penankauumn supyca SARS-CoV-2. buoxmmmndeckne nccnesoBaHns 3TUX KOMMNOHEHTOB MOMOrYT B pa3paboT-

Ke 3TOM0rn4ecknx nepopanbHbIx npenaparos npotus COVID-19.

KNHOYEBBIE CNOBA

KoHdhnukT untepecos

Ins uutupoBanusa

thapmakoakoHomuka u  ¢hapmakoanugemmonorns. 2022;
farmakoekonomika.2022.135.

KopoHasupyc SARS-CoV-2, naHaemus COVID-19, anngemus, natoreHes, aueta, hakTopbl pucKa.

Cratbs nocrynuna: 01.04.2022 r.; 8 gopa6oTtaHHom uae: 20.10.2022 r.; npuHsaTa K nevatn: 16.12.2022 r.

ABTOp 329B19€T 06 OTCYTCTBUN HEOOXOAMMOCTN PACKPHLITUA KOHAIIMKTA NHTEPECOB B OTHOLLEHUW JAHHOW ny6aukaumum.

MoHomapeHko C.B. [ueTtnyeckue dhaktopbl, BAusLMe Ha anuaemuyeckuii npouecc COVID-19. ®PAPMAKOSKOHOMUWKA. CospemeHHas
15 (4):

463-471 (Ha aHrn. 93). https://doi.org/10.17749/2070-4909/
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What is already known about the subject?

» Epidemiological data on morbidity and mortality from SARS-CoV-2
in different countries or regions may differ by 2-3 orders of magnitude,
i.e. there are populations more resistant to this infection

» To date, the availability of effective targeted anti-covid drugs has not been
confirmed. It is necessary to identify factors influencing resistance to
SARS-CoV-2 virus infection

» Type of diet is one of the factors affecting the development and outcome
of COVID-19

What are the new findings?

» An analysis of statistics from the COVID-19 pandemic shows that
populations consuming staple foods high in protease inhibitors have low
rates of virus infection and mortality from COVID-19

» The pathogenesis of the disease directly depends on the type of diet: in
populations resistant to SARS-CoV-2, people consume predominantly
plant-based, low-calorie, and low-protein foods

» The severity of COVID-19 development correlates with excessive
consumption of sugars and animal proteins. It is necessary to study the
anti-covid effect of some components in products of plant origin

How might it impact the clinical practice in the foreseeable future?

» To increase individual resistance to the SARS-CoV-2 virus, the type of
nutrition should be controlled at an early stage of infection

» A detailed study of the relationship between the SARS-CoV-2 pathogen
and the host as well as the biochemistry of protein and sugar metabolism,
will reveal the direct factors responsible for resistance to infection

» Analysis of natural molecules directly responsible for the suppression of

Coronavirus replication will help in the development of an etiological
therapeutic

INTRODUCTION / BBEJEHUE

The current COVID-19 pandemic was announced by World Health
Organization (WHO) on March 11, 2020 [1]. The disease was caused

by the highly transmitted from person to person SARS-CoV-2 coro-

Y10 yXe U3BECTHO 06 3TON Teme?

» 3nNuaMMMONOrnYecKIe flaHHbIe 0 3a6051EBAEMOCTYN 1 CMEPTHOCTU OT BU-
pyca SARS-CoV-2 B pa3HbIX CTpaHax UaN pernoHax MoryT 0TM4aThCs Ha
2-3 nopsfKa, T.e. CyLLECTBYHOT NOMynsumMn, 605ee Pe3NCTEHTHbIE K 3TON
MHEeKLMN

» K HacTosLLeMy BpeMeHU He NOATBEPKAEHO Hanyue aDheKTUBHbIX Tap-
FeTHbIX aHTUKOBUAHbIX MpenapatoB. Heo6X0AMMO BbISBUTb (HaKTOPbI,
BANSIOLLNE HA PE3UCTEHTHOCTb K MHAbeKLum Bupyca SARS-CoV-2

» Tun nuTaHus SBRAETCA OJHUM M3 (DAKTOPOB, BAUAKLLMX HA pasBuTUe
1 ucxog COVID-19

Y10 HOBOrO faeT cTaTbe?

> AHanu3 cTaTucTUYeCKIX AaHHbIX NOKA3bIBAET, Y4TO B MOMyNALMAX, NOTPE6-
NSOLWMX OCHOBHbIE MPOAYKTbI C BLICOKUM COLEPXXaHWeM WHrM61UTOpoB
npoTeas, 3aperncTpupoBaHbl HN3KMEe MoKasaTenu MHMULMPOBAHUS BI-
pycom u cmepTHocTu ot COVID-19

> [latoreHe3 3a60M1eBaHNA HANPAMYO 3aBUCUT OT TWNA ANETbI: B NOMyNsa-
UMsX, pesncTeHTHblX K SARS-CoV-2, ntogu noTpebnatoT npeumyLie-
CTBEHHO PACTUTENbHYI0, HU3KOKANOPWIAHYHO 11 HU3KOGENKOBYHO MUALLLY

» TsxecTb pa3sutusa COVID-19 KoppenupyeT ¢ 136bITO4HbIM NOTPEGIIEHNEM
CaxapoB U XMBOTHbIX 6eNkoB. CneayeT u3y4uTb aHTUKOBUAHOE [EACTBUE
HEKOTOPbIX KOMMOHEHTOB B MPOAYKTaX PacTUTENbHOTO NPOMXOXAEHNS

Kak 310 MOXET noBAMATb Ha KNMHMYECKYIO NPAKTUKY B 0603puMoM Gyayiem?

» [1ns NOBbILIEHNS NHAMBWAYANbHON PE3NCTEHTHOCTH K BUpYCcy SARS-CoV-2
CreayeT KOHTPONMPOBATH TUM MUTAHWS HA PaHHEl CTaauu MHAEKLMK

> [letanbHoe M3y4eHne 0CO6EHHOCTE B3aWMOTHOLLEHWS MeXAy natore-
HOM SARS-CoV-2 1 X0381HOM, a TaKXe 6UOXMMUN 06MeHa 6eNIKOB U ca-
XapoB MOXXET MO3BOSINTL HANTU HEMOCPELCTBEHHbIE (haKTOPbI, OTBEYAH)-
LLMe 32 YCTONYMBOCTb K MHADEKLMM

» AHanu3 npupoaHbIX MOMEKYN, HeMOCPEACTBEHHO OTBEYAOLLMX 3a NOAA-
BMEHWE penimKaLnn KOpoHaBmpyca, NOMOXeET B pa3paboTke TMONOrnY-
HOrO TepanesTuKa

navirus. COVID-19 (Corona Virus Infectious Disease) was detected
in China at the end of 2019, and a newly discovered coronavirus
was identified moreover, the genome of SARS-CoV-2 was rapidly
sequenced [2-4]. This is a very dangerous infectious disease that
affects a huge number of people on all continents and countries [5, 6].
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Epidemiologists and virologists have suggested that global infection
with the highly pathogenic SARS-CoV-2 virus will continue for more
than three years. The COVID-19 pandemic is a global health, medical,
social, and economic challenge now and as well as in the future. Many
diverse factors increasing the onset and course of COVID-19 disease
have been evaluated and analyzed [5, 7-17].

This review analyzes the influence of dietary factors on the develop-
ment of the SARS-CoV-2 epidemic process on five continents and in
some of their regions to assess the effectiveness of factors that can
reduce the consequences of severe infectious disease.

MATERIAL AND METHODS / MATEPWAI U METO/IbI

Expected information was methodically investigated on the Internet
using selected keywords. The keywords were managed as a single tag
or in tags compositions. The statistical population groups were made
from data from 47 countries. Most of the statistics were acquired from
the following special and reliable databanks: World Health Organiza-
tion', Worldometer?, Food and Agriculture Organization®, Our World
in Data“, The World Bank Open Data®, International Monetary Fund®.

The rate of prevalence (RPr) or infection fatality rate (IFR) of the virus
was calculated as a ratio between the quantities of all cases and the total
population. Case fatality rate (CFR) was the ratio between total COVID-19
deaths and the registered infection cases in %. The relationship between
statistical data was calculated as a Pearson correlation coefficient (r).

RESULTS AND DISCUSSION / PE3YJIbTATbI 1 ObCYXXAEHNE

Basic views about the etiology and pathogenesis of SARS-COV-2 /
OcHoBHbIE NpeacTaBneHus 06 3TMONOrMM U NaTOreHe3e Bupyca
SARS-COV-2

Discovered at the end of 2019, the new virus was announced by
the International Committee on Taxonomy of Viruses as SARS-CoV-2.
The large and combined RNA virus belongs to the genus Beta-coro-
navirus, the Coronaviridae family. Coronaviruses cause respiratory
tract infections in birds and mammals. Betacoronaviruses are highly
transmissible, enveloped, heavyweight, and complex RNA viruses that
cause several acute respiratory infections in humans [2-4, 18]. The
SARS-CoV-2 Beta-coronavirus is extremely contagious to humans,
and pathogen virions spread among people through aerosol-generated
particles and primarily enter type 2 pneumocytes attaching to the host
angiotensin-converting enzyme (ACE2) [2, 3, 19, 20].

Conventionally, the life cycle of pathogenic viruses transmitted by
airborne droplets is determined by the main stages: infection, rep-
lication, release, and transmission of virions. The stage of infection
includes the following phases: the presence of a sensitive object in the
environment; invasion of the respiratory tract; transport to sensitive
tissues and endocytosis into host cells. The replication stage consists
of the following phases: synthesis of viral polypeptides and RNA; the
formation of a protovirus; assembly of virion components. The third
stage is: the exit of daughter virions from the cell, departure from the
host, and spread. The genome of Coronaviruses encodes the structure
of several proteases that are important for the successful invasion and
productive pathogen replication [2—4].

COVID-19 is currently known as a very dangerous infectious
disease that causes fatal pathogenic symptoms. Five main variants

" https://www.who.int.

2 https://www.worldometers.info.
¢ http://www.fao.org.

4 https://ourworldindata.org.

® https://databank.worldbank.org.
8 https://www.imf.org.

of the severity of COVID-19 disease have been identified: asymp-
tomatic, subclinical, acute with convalescence, chronic, and lethal
[5, 7, 8]. The predominantly clinical manifestation of COVID-19 is
pneumonia, which can lead to SARS and critical lung damage in
a very short time. Moreover, the virus is toxic and destructive to
other human organs. The SARS-CoV-2 virus can destroy tissue and
cause multiple organ failure during infection [7, 8, 21, 22], as well
as cause a dangerous post-COVID syndrome called Long-COVID
[5, 7, 23, 24]. In the current conditions of a pandemic, it would be
very useful to find natural factors that prevent the development of
a serious illness.

Consequences of the pandemic: fifteen months later / MocneacTaus
nasaeMuu: nATHaaLUaTb MmecsileB cnycTa

On Thursday, June 10, 2021, 15 months have passed since the
WHO announced the COVID-19 pandemic [1], but no clear scientific
prediction of the end date has yet been made. By this time, cases of
infection have been confirmed in all countries and several thousand
circulating variants of the SARS-CoV-2 virus have been identified
[5-7]. New mutants with higher transmission rates are emerging in
different regions, indicating that, there are no signs of weakening of
the global pandemic. Most likely, the number of cases of infection will
continue to increase in the form of growing waves.

This review discusses the COVID-19 pandemic data collected
over the study period, March 11, 2020, to June 10, 2021. During
the 15 months of the study-period, about 175.6 thousand cases of
viral infection were confirmed globally, which is 2.25% of the world’s
population [5, 6]. The largest number of infected patients on this date
was observed in Europe and Asia, together lived on these continents
57% of global infected with the virus SARS-CoV-2 [6].

In North America (NA), the majority of those infected were in the
United States of America (USA), South America in Brazil, Europe in
France, Asia in India, and in Africa in South Africa [5, 6]. In these
five countries, almost 50% of the globally detected cases of the
SARS-CoV-2 virus with the spread of special variants [5-7] were
reported. However, the relative number of deaths in these countries
from different continents varies considerably [6].

On this date, about 4 million deaths were registered in the world,
which was 2.16% of all infected patients. Until June 10, 2021, data
on mortality from COVID-19 disease in the world grew in the form of
four growing waves [6]. As the number of people infected increases,
the number of deaths will rise on all continents. Reducing the number
of incidences and deaths from COVID-19 is an urgent task in the
fight against coronavirus. To do this, it is important to analyze the
epidemiological data and determine the factors that can reduce the
pathogenesis of the SARS-CoV-2 virus.

Infection or mortality rates vary greatly from region to region and
from country to country. These data may differ by a factor of a hun-
dred or a thousand, which is why some publications question the
fact that statistical information on epidemiological processes from
different countries was reliable [25]. Despite the opinion that the
analysis of a large database has its drawbacks, which are especially
evident with a heterogeneous sample [26], for greater reliability, the
influence of socio-economic factors on the course and outcomes of
the SARS-CoV-2 coronavirus was analyzed using a large number of
representative statistics and a long study period [27-29].
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Risk factors for the epidemic process COVID-19 / dakTopbl pucka
pa3suTua anuaemuyeckoro npouecca COVID-19

The pathogenic coronavirus SARS-CoV-2 has paralyzed all human
activities around the world, making it impossible to resolve the global
health and economic crisis. The number of confirmed infected cases
was growing every day and rising in the next fifth wave [6]. Decisions
about the course of each epidemic are based on an analysis of statis-
tics on circulating infection in the population over the period described.
Epidemiologists, infectious disease specialists, clinicians, and other
experts analyze primarily the risks of an epidemic (pandemic) and their
factors [5, 8—17, 27-29]. The following available sources differentiate
or assess risk factors for severity or mortality from COVID-19 [5, 7].

The elevated mortality rate among high-incomed patients suffering
from COVID-19 has been unexpectedly recognized [12, 29]. A similar
trend was found in statistical populations of continents [28].

Africa is characterized by a low standard of living: gross domestic
product is 32 times, consumption of high-calorie foods is 2.2 times,
protein intake is 1.6 times lower than in NA [30, 31]. In Africa the RPr
was 18 times and the IFR 22 times lower than in NA [6, 15, 28]. This
difference between NA and Asia was less contrasting (Fig. 1) but also
significant; accordingly, the infection fatality rate (IFR) and rate of
prevalence (RPr) were several times lower in Asia, than in NA [6, 28].

It was investigated the influence of socio-economic factors on the
pathogenesis of the virus and shown that the level of consumption of
fats and total protein could be a reliable factor influencing the patho-
genesis of the SARS-CoV-2 virus [28]. In the non-white (black and
South-Asian) groups in the USA or Great Britain population, the rates
of incidence and mortality were higher than in the white group [11, 12,
16]. These studies supported the idea that eating habits rather than
ethnicity were the risk factors for COVID-19.

120

100

South North Europe/  World / Asia/  Africa/
America/ America/ Espona  Becb mup A3ung Adbpuka
lOxHas  CeepHas
Awmepuka  Amepuka

Relation between dietary habits and progress of SARS-COV-2
infection / CBA3b MeXAY NMLLEBLIMU NPUBbIYKAMKU W Pa3BUTHEM
uHpekumn SARS-COV-2

Many publications and reviews have suggested that a person’s diet
plays an important role in the development of COVID-19 outcomes
[34-42]. For a long time, nutritionists believe that an optimal diet helps
in the fight against diseases, including infectious ones, since proper
nutrition improves the immune system and strengthens the body’s
defenses [34, 40-43]. Nutritional deficiencies and low metabolic rates
have been suggested to exacerbate the disease and increase mortality
[34, 36, 38, 44]. Therefore, patients with COVID-19 were recommend-
ed, an enriched diet with all essential nutrients, vitamins, and minerals
[5, 38, 40, 44, 45]. It was suggested, that a Mediterranean diet could
reduce the risk of severe SARS-CoV-2 disease and COVID-19 mortality
[46]. Several studies have shown that COVID-19 disease was worsen-
ing not only due to malnutrition, but also due to obesity [35-39]. To
combat the infectious COVID-19 disease, excessive consumption of
fatty and protein foods was recommended [40]. Opposite assumptions
were the following: a plant-based diet was beneficial for recovery from
COVID-19 [47] and the severity of the development of the epidemic
process of SARS-CoV-2 in humans directly depends on the amount
of fat and protein consumed, as has been shown for populations of
continents and different regions [28].

Proteins are vital macronutrients for the animal body. People get
animal and plant proteins from food. On the continents of Asia and
Africa, plant food (Fig. 1) predominates (66% and 76% of the total
protein, respectively). Nations in Europe and America consumed more
fat and protein than in Asia or Africa for decades (Fig. 1), and this is
also much more than the WHO recommendation [43, 48]. The diet
of Europeans and North Americans is dominated by animal proteins

Correlation coefficients (r) between COVID-19

outcomes and different factors of diet / Koachchuumentbl
Koppensuuu (r) mexay ucxogamu COVID-19 u pasnudHbiMmu
thakTopamu nuTaHus

—— RPr Factor/ ®aktop  RPr  IFR CFR

-~ IR IFR 097

——CFR  CFR 046 060

=< AP AP 092 080 017

wm w aw aw

—o— Sug wp 084 069 003
Sug 099 099 052

Figure 1. Relation between outcomes of the COVID-19 pandemic and diet factors on five continents (compiled by the author).
Correlation between rate of prevalence (RPr), infection fatality rate (IFR) or case fatality rate (CFR) of the SARS-CoV-2 infection and amount of consumed animal protein (AP), plant

protein (PP), whole protein (wP) or sugar (Sug).

AP, PP, wP —in protein g/day/person [31], Sugar — in Kg/year/capita [32], RPr —total amount infected/1000 population (as of June 10, 2021) [6], IFR —total amount

deaths/50 000 population (as of June 10, 2021), CFR — relative mortality in %.

World Health Organization recommendation: maximum 50 g sugar and its products per day per capita [33]

PucyHok 1. Ceasb Mexay nocnegcteuamu naHaemun COVID-19 u hakTopamu NnUTaHUA Ha NATU KOHTUHEHTAX (COCTABAEHO aBTOPOM).
Koppenauua mexay ypoBHem pacnpocTpaHeHHocTi (aHro. rate of prevalence, RPr) u cmepTHocTu (aHrn. infection fatality rate, IFR) unu oTHocuTensHow netansHOCTY (aHN. case
fatality rate, CFR) oT uHpekumn SARS-CoV-2 n konn4ecTBoM noTpe6asemMoro X1BoTHoro 6enka (aHrn. animal protein, AP), pactutenbHoro 6enka (aHrn. plant protein, PP),

o6uero 6enka (aHrn. whole protein, wP) unu caxapa (aHrn. sugar, Sug).

Benku —r/cyT Ha yenoseka [31], caxap — Kr/rog Ha aywy Hacenexus [32], RPr— o6Luee Konu4ecTBO MHULMPOBAHHBIX HA 1 Tbic. Hacenenus (Ha 10.06.2021) [6], IFR — obLuee
KOMM4ecTBO cMepTeii Ha 50 Tbic. HaceneHus (Ha 10.06.2021), CFR — oTHocUTeNbHAA N€TanbHOCTb B %.
Pekomenaaums BcemupHoli opraHn3auny 3apaBooxpaHenus: He 6onee 50 r caxapa v npoayKTOB ero nepepaboTKu B eHb Ha AyLly Hacenenus [33]

466

www.pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2022; Vol. 15 (4)


http://www.pharmacoeconomics.ru

OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

(58 and 68 g/person/day), namely 57% of the total protein consumed.
Inhabitants of Africa consume 4.2 times and Asia 2.6 times less ani-
mal protein than in NA. At the same time, the maximum difference in
the amount of vegetable protein consumed by a person on different
continents ranges from 25% to 30% (in NA 41, in Asia 51, and Africa
53 g/day). People in some Asian countries consume less fat, and in
Africa, much less protein than the WHO recommendation [43, 48]. The
inhabitants of these two continents consume significantly less animal
protein than the world average. Fig.1 shows a direct association be-
tween RPr or IFR on five continents and the amount of animal protein
consumed, with correlation coefficients r=0.92 for incidence or r=0.8
for mortality. These correlation coefficients for total protein were
smaller: 0.84 or 0.69, respectively, for the same continents (Fig. 1)
[28]. All indicators of SARS-CoV-2 for continents: RPr, IFR, and case
fatality rate (CFR) show a higher correlation for vegetable protein than
for animal protein with r=—0.98, r=—0.98, and r=-0.49. The correlation
between the severity of COVID-19 and the amount of plant or animal
proteins eaten is more pronounced (Fig. 1) than between total dietary
protein [28]. A direct correlation between the level of manifestation of

viral pathogenesis and the consumed quantity of plant proteins on the
continents was obtained for both RPr and IFR (Fig. 1).

A similar analysis was carried out for the selected groups of coun-
tries [28] on each continent. It was analyzed the epidemiological
data of grouped countries from each continent, and the relationship
presented for most of these countries: lower consumption of fat
and total protein correlates with less severe pathogenicity of the
SARS-CoV-2 [28, 47]. A side effect of COVID-19 is an increase in
plasma cholesterol in patients [49]. A diet rich in fat amplifies the
circulating ACE [50], which explains the positive correlation between
fat intake and RPr or IFR of COVID-19 [28, 51]. Here, the same groups
of countries [28] have used to analyze risk factors for infection with
SARS-CoV-2 (Fig. 2).

The tendency of the dependence of the severity of COVID-19 on
the amount of consumed animal proteins revealed for the continents
(Fig. 1) also manifests itself (Fig. 2) for the previously selected groups
of countries [28]. In Ethiopia and Nigeria, from ESE and BNN groups
(Fig. 2), the population consumes 12 and 10 times less animal-based
protein than in the USA, and, accordingly, the frequency of infection
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Figure 2. Relation between outcomes of the COVID-19 pandemic and diet factors in different country groups of five continents (compiled by the author).

Correlation between rate of prevalence (RPr), infection fatality rate (IFR) or case fatality rate (CFR) of the SARS-CoV-2 infection and amount of consumed animal protein (AP), plant
protein (PP), whole protein (wP) or sugar (Sug).

AP, PP, wP —in protein g/day/person, sugar — in Kcal/day/capita [31], RPr - total amount infected/1000 population (as of June 10, 2021) [6], IFR — total amount

deaths/50 000 population (as of June 10, 2021), CFR - relative mortality in %.

On abscissa axis are names of country groups taken from [28]: USA — United States of America; SIP — Spain, Italy, Portugal (Mediterranean Europe); WE — Western Europe (Austria,
Belgium, France, Germany, Netherlands, Switzerland); RUB - Russia, Ukraine, Belarus (Eastern Europe); BBP — Bolivia, Brasil, Paraquay (North-West of Southern America);

CEP - Colombia, Ecuador, Peru (South-East of Southern America); KUT — Kyrgyzstan, Uzbekistan, Tajikistan (Central Asia); CLTV — Cambodia, Laos, Thailand, Vietnam (Mainland
South-Estern Asia); MIP — Malaysia, Indonesia, Philippines (Maritimeland South-Estern Asia); BINP — Bangladesh, India, Nepal, Pakistan (South Asia); ESE - Egipt, Ethiopia, Sudan
(North Nile region); BNS — Botswana, Namibia, South Africa (Southern Africa); BNN — Benin, Niger, Nigeria (Eastern part of West Africa)

PucyHok 2. CBa3b Mexay nocneactauami navfemun COVID-19  chakTopamn nUTaHNs B pa3nmnyHbIX FPynnax CTpaH NATU KOHTUHEHTOB (COCTAB/EHO aBTOPOM).

Koppenauns mexay ypoBHem pacnpocTpaHeHHocTy (aHrn. rate of prevalence, RPr) u cmepTHocTh (aHrn. infection fatality rate, IFR) nnu oTHocuTenbHOM NeTanbHOCTL (HN. case
fatality rate, CFR) o1 uncbekummn SARS-CoV-2 n konn4ecTBom noTpe6naemoro )uBoTHOro 6enka (aHrn. animal protein, AP), pactutensHoro 6enka (aHrn. plant protein, PP), o6wiero
6enka (aHrn. whole protein, wP) unu caxapa (aurn. sugar, Sug).

Benku —r/cyT Ha YenoBeka, caxap — kkan/cyT Ha yenoseka [31], RPr— o6Luee konn4ecTso MHMULMPOBAHHbLIX HA 1 Tbic. HaceneHus (Ha 10.06.2021) [6], IFR — o6Luee konnyecTso
cmepTer Ha 50 Tbic. HaceneHuns (Ha 10.06.2021), CFR — oTHOCMTeNbHAs NeTanbHOCTb B %.

Mo ocu abeumcc npueefeHbl HazBakusa rpynn ctpaH [28]: CLUA — CoeamntenHble LLtatl Amepuku; SIP (anrn. Spain, Italy, Portugal) — Vicnanus, Utanus, Moptyranus
(CpeamsemHomopckas Eepona); WE (aHrn. Western Europe) — 3anazgHas Espona (Asctpus, benbrus, ®panums, lfepmanus, Hugepnauabl, Lseiiuapusa); RUB (aHrn. Russia, Ukraine,
Belarus) — Poccus, Ykpanna, benapycb (Boctounas Espona); BBP (anrn. Bolivia, Brasil, Paraquay) — bonusus, bpasunus, Maparsail (cesepo-3anag H0xHoi Amepuku); CEP (aHrn.
Colombia, Ecuador, Peru) — Konym6us, 3kBagop, Mepy (toro-Boctok KxxHot Amepukn); KUT (aurn. Kyrgyzstan, Uzbekistan, Tajikista) — KbipreiacTan, Y36ekucrtaH, Tafxukucrau
(LlenTpanbHas Asus); CLTV (anrn. Cambodia, Laos, Thailand, Vietnam) — Kam6opxa, Jlaoc, Taunanp, BoetHam (Matepukoas yacts KOro-Bocto4Hoii Asun); MIP (aHrn. Malaysia,
Indonesia, Philippines) — Manaiaus, Hgonesns, ®uaunnunsl (npumopckas vacTb HOro-Bocto4yroi Asun); BINP (aurn. Bangladesh, India, Nepal, Pakistan) — banrnagew, Nugus,
Henan, NaknctaH (H0xHas Asus); ESE (anrn. Egipt, Ethiopia, Sudan) — Erunet, 3duonns, CyaaH (pernox CesepHoro Huna); BNS (anrn. Botswana, Namibia, South Africa) —
Botcsana, Hamn6us, K0xnas Adpuka (tor Adpuku); BNN (aurn. Benin, Niger, Nigeria) — benn, Hurep, Hurepus (socto4Has 4acte 3anagroi Adpukm)
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with the virus was 44 and 129 times lower. In addition, inhabitants of
these two African countries consume 7.5 and 5.6 times less sugar than
residents of the USA (Fig. 2). In countries with low consumption of
sugar and its derivatives, the incidence of SARS-CoV-2 virus infection
was usually lower. The correlation coefficients of the dependence of
RPr or IFR on the amount of sugar eaten were for selected groups 0.8
or 0.7 respectively (Fig. 2). To reduce the risk of glucose in COVID-19
development, recommended the use of non-physiological glucose an-
alogues for therapy. A review by F. Paoli et al. suggested that elevated
blood glucose suppresses the antiviral response, and stimulates the
expression of ACE2 receptors in animal tissues, increasing the severity
of COVID-19 [52]. The trend in the severity of COVID-19 across coun-
try groups matches the consumption of both animal-based protein and
sugar with its derivatives (Fig. 2).

Although there may be exceptions in the correlation for some coun-
tries, in which, in the short period before the study day of the pandemic,
the number of infected patients increased sharply due to the penetra-
tion of new variants of the SARS-CoV-2 virus with very high infectivity.
So has happened in May and June of this year in Peru, Brazil, and India
[5-7]. At the end of April 2021, such a phenomenon was recorded in
a group of Central European countries (Czech, Poland, and Slovak Re-
publics) [6, 28], whose residents consume less fat, sugar, and animal
proteins [6, 48] but the data on infection and mortality rates (RPr and
IFR) were significantly higher than in neighboring West-Europe [6, 28].
In the South Africa Republic, also in the BBP and CEP groups from
Southern America, in contrast to other countries, mortality jumped out
of the trend of dependence on the amount of fat and protein consumed.
In these countries, the escalation of the pathogenic process of the
SARS-CoV-2 virus may be influenced by more contagious of the virus
variants (Beta- and Gamma) [5, 7]. The influence of dietary factors on
the number and rate of transmission of virions, or the basic reproduc-
tion number (Ro), should be principal minimal.

Regional diets and pathogenic effects of the SARS-COV-2
Coronavirus / PernoHanbHble gUETbl U NaToreHHble 3 HeKTbl
KopoHasupyca SARS-COV-2

The other two country groups, RUB (Russia, Ukraine, Belarus) and
CLTV (Cambodia, Laos, Thailand, Vietnam), were well outside the trend
line in terms of the rates of infections (RPr) or deaths (IFR) (Fig. 2). In

the countries of these two groups, people consume less protein and
fat than Europeans [28, 47]; moreover, the intervals between waves
of infection were much longer than the world average [6]. Thus, in the
RUB group, the numbers of RPr and IFR were 70% and 55% of the
average data for Europe.

In the GLTV region, RPr and IFR values were extremely lower than
the average for Asia (928 and 6 per million, respectively) [6], although
the inhabitants of this region consume fats and animal proteins, al-
most equal to the average for Asian continent [28, 48]. The consump-
tion of sugars in this group is not lower than [32, 33, 48] in other
regions of Asia (Fig. 2).

The diet in the CLTV region is plant-based with a high consumption
of soy products (Table 1). The average world consumption of soy-
beans is 0.77 g/day/person [48]. Thus, in Vietnam with a high popula-
tion density (314 people/sq. Km) [30, 31] the incidence of coronavirus
infection and mortality were among the lowest in the world (Fig. 1, 2;
Table 1). In this state, residents consume the largest amount of soy
protein per capita (9.14 g per day) [48]. Also, in Taiwan, with its very
high population density (673 persons/sq. Km [30, 31]), infection and
mortality rates were among the lowest in Asia [6, 28]. The inhabitants
of this island eat about 8 g of soy protein per day.

Despite the high heterogeneity of data in the group of Asian coun-
tries with high consumption of soybeans, the revealed relationship
between the consumption of plant proteins and RPr or IFR remains
higher than for fat, sugar, or animal proteins.

The Asian population, which consumes a lot of soy products, has the
lowest infection rate not only in the world but also in Asia (Fig. 1, 2),
even with high consumption of fatty or protein foods and a very high
population density [6, 28, 30, 48]. There was no relationship between
RPr or IFR and level of consumption of fat, sugar, and soy in these
countries (Table 2), which have been easy throughout the COVID-19
pandemic [6]. This reason for the very mild outcomes of the SARS-
CoV-2 coronavirus needs to investigate. Soybeans contain a wide
variety of serine and other proteases inhibitors, the activity of which
was minimally reduced after prolonged boiling [53-55]. Are soybeans
virucidal or food protease inhibitors able to disrupt the activity of viral
enzymes important for the infectious process? The question of wheth-
er soy products help to block the development of the SARS-CoV-2
virus can be resolved after serious research.

Table 1. Diet factors and the outcomes of COVID-19 in South- and South-East Asia countries (compiled by the author)

Tabnuua 1. ®akTopsl AneTsl 1 nocneacTeus COVID-19 B cTpanax HxHoi n KOro-BocTo4Hoit A3uin (CocTaBneHo aBTopom)

Factor / ®akTop
Country / Ctpana

RPr IFR Soy AP PP Soy/AP F Sug
Vietnam / BbeTHam 100 0.6 9.14 36.8 53.2 24.84 79.0 108
Taiwan / TaiiBaHb 512 15.0 8.70 425 43.3 20.47 127.0 275
Japan / finowus 6089 110.0 8.20 48.1 38.5 21.30 88.0 242
Cambodia / Kam6omxa 2165 18.0 4.42 19.2 46.2 23.02 34.0 216
Pakistan / Makucran 4021 90.0 255 27.9 38.4 9.14 72.0 238
Thailand / Tannanp 1890 12.0 1.90 26.2 34.8 7.25 64.0 387
Laos / Jlaoc 268 0.4 0.88 20.1 63.1 4.38 49.0 64
World average / B cpeaHem rno6anbHo | 22 529 486.0 0.77 321 49.1 2.40 82.8 136

Note. RPr - rate of prevalence, IFR — infection fatality rate; Soy — soy protein; AP — animal protein; PP — plant protein; F — fat; Sug — sugar. Soy, AP, PP, F — in g/day/person [31],
Soy/AP —in %, Sug - in Kg/year/capita [32]. RPr - total amount infected/1min population (as of June 10, 2021) [6]; IFR — total amount deaths/1min population (as of June 10, 2021).
Tpumeyanne. RPr (aHrm. rate of prevalence) — yposerb pacnpoctpaHeHHocTu; IFR (aurmn. infection fatality rate) — ypoBeHb cmepTHoCTH; S0y (aHri. Soy protein) — coeBbli 6enok; AP
(aHrn. animal protein) — xuBoTHble 6enku,; PP (aHrn. plant protein) — pactutensHbie 6eku; F (aHri. fat) — xupsl; Sug (aHr. sugar) — caxap. besmkun n xupsl — r/cyT Ha qenoseka [31],
Soy/AP — %, caxap — Kr/rog Ha ayLy Hacenenus [32]. RPr— o6L4ee KonmyecTBO UHGULMPOBaHHbIX Ha 1 Thic. Hacenenus (Ha 10.06.2021) [6]; o6Lyee konmyecTBo cmepTes Ha 50 Tbic.

Hacenenmnsa (Ha 10.06.2021).
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Table 2. Pearson correlation coefficients (r) between COVID-19 outcomes and different food components in South- and South-East Asia countries (compiled by the author)

Ta6nuua 2. KoathpuumeHTbl Koppensuuu NMiupcona (r) mexay nocneactsuamn COVID-19 n pasnuyHbiMu KOMNOHEHTaMU NuTaHus B cTpaHax HxHoi n Oro-Bocto4qHoin Asun

(cocTaBneHo aBTopoM)

Factor / ®akrtop wP AP PP F Sug Soy
Soy 0.69 0.83 -0.10 0.67 -0.05
RPr -0.18 0.35 -0.63 0.09 0.36 0.04
IFR -0.04 0.45 -0.56 0.18 0,24 0.12

Note. wP — whole protein; AP — animal protein; PP — plant protein; F — fat; Sug — sugar; Soy — soy protein; RPr — rate of prevalence; IFR — infection fatality rate. Correlation coefficients

were calculated from data in the Table 1.

Tpumeyanne. wP (axrn. whole protein) — o6wmii 6enok; AP (aHrn. animal protein) — xuBoTHble 6enku,; PP (aHr. plant protein) — pacTutenibHble 6enku; Sug (aHmn. sugar) — caxap;
Soy (aHrn. soy protein) — coesbiii 6enok; RPr (aurn. rate of prevalence) — yposeHb pacnpoctpaHeHHocTu; IFR (anrn. infection fatality rate) — ypoBeHb cmepTHOCTU. KO3GhhuLmeHTsI

Koppenaynn paccHntaHbl Ha 0CHOBE [JaHHbIX, MPUBEAEHHbIX B Tabmmuye 1.

The RUB group has the lowest population density in the selected
Europe clusters [6, 28, 30]. In the countries of this group, RPr was
much lower, and IFR was slighter than the European average (Fig. 1, 2).
In this RUB region, residents consume less fat and protein than other
Europeans [28, 48]; however, the largest amount of potatoes in the
world (6.17 g of protein per day per capita, or 13.4% of plant proteins
eaten). In Belarus, on average, each inhabitant intakes 8 g of potato
proteins per day, or 18.6% of all consumed vegetable proteins [28, 48].
This country had the lowest rates of both infection (RPr) and mortality
(IFR) from COVID-19, not only in Europe, but also in the group [6].
Potatoes and soy are similar in protease inhibitors producing and
digestion affecting, and uptake of nutrients in the gastrointestinal tract.
Potato tubers contain a wide range of different protease inhibitors with
mass variations of 5-160 KDa. Potatoes synthesize a large amount
of protease inhibitors which are relatively thermostable and have low
Ki [55-57]. Interested researchers should investigate whether potato
products can directly suppress infection or reduce the severity of
COVID-19 disease.

In traditional medicine, especially in Asian countries, numerous
herbs or natural remedies are widely used to fight various infections,
including Coronavirus [55, 58, 59]. The structure and mechanism of
action of different synthetic inhibitors of viral proteases are known [55,
58], and the role and anti-viral effect of other components have been
analyzed [49, 55, 60-63]. In light of these studies, the effect of plant
foods should be investigated.

CONCLUSION / 3AKNH4EHUE

After 15 months of the COVID-19 pandemic, the global community
has learned some key lessons. A quantitative analysis was carried
out, using large statistical samples, of the influence of the staple food
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