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Summary

Aim. To identify: a risk factor influencing the development of COVID-19 disease. Compare the
amino acid composition of animal and plant proteins with non-structural polyproteins of the
SARS-CoV-2 virus. To analyze: the impact of dietary essential amino acids (EAAS) on the
development of infectious disease COVID-19.

Materials and methods. The scientific data and information needed for this analysis was found in
publications and media available on the Internet, as well as taken from statistical databases, using
the necessary keywords for a single tag or in various combinations of them. Statistical samples
were formed from sources and facts available on the Internet. Amino acid sequences of proteins
were obtained from databases (https://www.ncbi.nlm.nih.gov/, https://www.uniprot.org/uniprot/).
Results and discussion. Analysis of statistical data and assessment of nutritional factors during
the development of the 22-month pandemic in different countries indicated that the outcome of
COVID-19 disease was aggravated by excessive consumption of animal proteins. The number of
reported cases of SARS-CoV-2 virus (RPr) infection and deaths (IFR) from COVID-19 disease
per one thousand inhabitants was significantly lower in regions that consumed predominantly
plant-based foods minimal in EAAS. A positive relationship was found between the pathogenicity
of SARS-CoV-2 and the amount of animal proteins ingested, with correlation coefficients r = 0.83
for RPrand r = 0.61 for IFR. Human coronaviruses contain much more EAAs than cellular
organisms. Edible plant proteins contain 2-3 times less leucine, lysine, and especially threonine
and valine (LKTV) than SARS-CoV-2 polypeptides. Optimal synthesis of the SARS-CoV-2 virus
Ppla polyprotein requires timely a large amount of these four EAAS.

Conclusions. The limit of EAAs in food can be a competitive metabolic factor that reduces or
inhibits the rate of intracellular synthesis of nonstructural polyproteins of SARS-CoV-2 virions.
Deficiency of EAAs, especially free valine and threonine, can suppress the early translation of
SARS-CoV-2 virus proteins. A diet low in EAAs and especially LKTV may prevent rapid, highly
productive viral replication and pathogenic development of COVID-109.
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1. Introduction

Coronavirus SARS-CoV-2 was discovered two years ago and the COVID-19 pandemic caused by
it blocks almost all aspects of human activity [1-2]. Unfortunately, there is no etiotropic or highly
effective drug blocking the replication cycle of the SARS-CoV-2 virus yet, and a radical decrease
in infection dynamics has not been observed globally [1-5]. Humanity will fight the SARS-CoV-2
virus infection and the consequences of the pandemic for another year or more in various ways.
Numerous studies have shown that social isolation, sanitary measures and vaccination help fight
the virus. Comorbidities, advanced age, obesity or dangerous malnutrition are risk factors for the
severity of COVID-19 [1-2].

The importance of nutrition in the outcome of COVID-19 has been explored in dozens of research
programs across countries and populations. Numerous studies on the effect of diet on COVID-19
outcomes have been published in more than two thousand articles, which allowed data to be
processed and analyzed in systematic and other reviews [6-13]. Diet type has also been shown to
be one of the important socio-economic factors for the development of the pathogenic process of
the virus, and it has been demonstrated that the consumption of excess fat, sugar and protein is
linearly correlated with the severity of COVID-19 disease and mortality [14-15]. Excessive
consumption of animal proteins is a serious factor in many health problems [16] and a risk of
severe development of SARS-CoV-2 as well [14-15]. It has been shown that adequate
consumption of plant proteins correlates with a low incidence of negative manifestations of the
infectious pathogenesis of the SARS-CoV-2 virus [15,17].

Optimal interaction with its host is fundamental to a successful viral replication cycle. The
development of COVID-19 infection depends on the level of biochemical interaction between the
virus and the host. The pathogen has been shown to destabilize proteostasis and amino acid
homeostasis [18-23]. Viruses use intracellular mechanisms and building resources for productive
replication. When the body is unable to supply enough nutrients to synthesize the necessary viral
proteins, pathogen replication slows down or is interrupted. Therefore, the type of diet is one of
the key factors in the development and outcome of the infectious disease COVID-19.

The amount of the synthesized viral protein after the invasion of the pathogen into the cell
increases successively passing through the lag phase, the rapid growth phase, and the exponential
phase [19,23-25]. In the rapid growth phase and especially in the exponential phase, viral
replication requires a high availability of substrates for biosynthetic reactions. For such a high rate
of protein synthesis of the SARS-CoV-2 virus, the concentration of limiting amino acids (LAAS)
should be much higher than Km.

To elucidate the mechanism of the influence of dietary proteins on the development of SARS-
CoV-2 virus pathogenesis, it is necessary to analyze the biochemical and molecular biological
aspects of metabolism during the host/pathogen interaction. The ability to influence the
development of the epidemic process of SARS-CoV-2 with the help of diet is a very applicable,
easily accessible and cheap method of combating the current pandemic of COVID-109.

2.Results and discussion

Characteristics of the development of the COVID-19 pandemic over 2 years

The pathogenic SARS-CoV-2 virus was discovered two years ago. In around 700 days (Monday,
January 31, 2022), after the announcement of the COVID-19 pandemic by WHO [1], there were
about 380 million patients globally infected with the SARS-CoV-2 virus, which amounted to
approximately 5% of the world's population. By this time, the current COVID-19 pandemic had
entered its sixth wave of infections and deaths [3]. WHO experts have identified three groups of
patients infected with the virus, depending on the development of the disease [1-2]. Patients in the
largest group had the infection with mild or no symptoms; the next group includes patients with
severe disease, and 5% of COVID-19 disease developed to a critical phase with a high mortality
rate. To date, about 300 mio people (79% of infected people) have recovered from the disease,
approximately 5.7 mio infected (1.5%) died [3].



Data on the consequences of the infectious disease COVID-19 vary significantly between
different continents, states and even distinct regions in the same country (1-3,14). Three countries:
the United States of America (USA), India and Brazil have recorded the most infections and
deaths from COVID-19. These three countries were home to 38% of the globally infected and
37% of all deaths. More than one-fifth of those infected, with a death rate 16% of all global cases,
were registered in the USA.

North America has the highest number of registered infections per capita (RPr) about 22.8% and
number of registered COVID-19 deaths (IRF) 0.27% in the USA. On the other hand, in some
European countries, RPr exceeded 35%, which is 6-7 times higher than the global average. In
Peru, the IRF was over 0.6%, roughly an order of magnitude higher than the global average
(0.07%). China has the lowest infection and mortality data from COVID-19 in Asia. There, the
RPr indicator is 3 thousand times, and the IRF is 240 times lower than the world average. Since
the emergence of new variants of the virus remains a potential cause for the further development
of the epidemic, a dangerous increase in COVID-19 cases and deaths is possible in the coming
months if drastic measures are not taken to combat the SARS-CoV-2 virus.

Related molecular biological characteristics of the SARS-CoV-2 virus

The SARS-CoV-2 virus belongs to the Coronaviridae family, the Betacoronavirus genus and the
Sarbecovirus subgenus. Betacoronaviruses are the largest and most developed RNA viruses; their
genome type is designated NSss + RNA, since they have an unsegmented single-stranded
positive-sense RNA. Coronaviruses that cause disease in humans are referred to as HCoV. The
linear genomic RNA (gRNA) of coronaviruses is about 30 kb in size and protected by a developed
spiral capsid [26-31].

Infection with the SARS-CoV-2 virus causes acute respiratory syndrome (SARS) in humans, and
the WHO has named this disease COVID-19 [1]. The SARS-CoV-2 virus has been systematically
studied using genetic, biochemical, molecular biological and other methods [26-29]. This virus
has molecular genetics and biological characteristics similar to other coronaviruses, namely, it is
narrowly specific, has a spherical shape about 100 nm, is complexly organized and is surrounded
by a bilayer lipid membrane [26-30]. One of the earliest published genomes of the null variant of
the hCoV-19 / Wuhan / IVDC-HB-01/2019 virus has a genome size of 29.9 thousand nucleotides
[28]. As an obligatory parasite, the virus uses an intracellular apparatus for the synthesis and post-
translational modifications of all the necessary polypeptides, as well as RNA molecules. The
remaining components that make up the structure of pathogenic virions are taken from the host
cell [26-30].

The genetics, structure, and function of SARS-CoV-2 proteins are well studied and discussed in
numerous publications, as well as detailed in several reviews [27-31]. Large databases of the
sequence, structure and function of coronavirus proteins have been created [32-33]. It is believed
that few of the viral proteins can be the subject of vaccines or targeted inhibitors [30-31]. Epitopes
of surface proteins are the first objects in the immunological response of the body, and potential
candidates for the design of vaccines.

The virus has no storage proteins, so all proteins are needed for its rapid reproduction. The
genome of coronaviruses encodes the synthesis of structural and functional polypeptides [27-31].
The functional open reading frame ORF1ab is located in the 5'-genomic region from 268 to 21555
nucleotides of the SARS-CoV-2 virus [29-33] and contains 16 nsp genes encoding 16 non-
structural proteins (NSPs). This ORF makes up approximately two-thirds of the viral genome. It
encodes the production of two, primarily and rapidly translated, polyproteins Ppla and Pplab [29-
34]. These two polypeptides are synthesized directly upon invasion from using gRNA as template.
The Ppla polypeptide is expressed 1.4-2.2 times faster than Pplab [29-30]. This is a co-
translational result of a programmed -1 ribosome frameshift common to coronaviruses [35].
Eleven NSPs, from the nspl to nspl1 genes, are released from the Ppla polyprotein, and fifteen
protein types: nspl-10 plus nsp12-16 are released from Pplab after post-translational proteolytic
cleavage [29, 31-33].



As in other HCoVs, four genes encoding structural proteins: spike (S), envelope (E), membrane
(M), and nucleocapsid (N) are located in the 5' to 3" direction of the remaining third of the SARS-
CoV-2 genome. These genes border on a variable number of accessory proteins (ORFs) [27-31].
The intensively studied spike protein is the largest structural polypeptide containing 1273 amino
acid residues [30-33]. The spike protein consists of two subunits S1 and S2 and is responsible for
precise attachment, fusion of SARS-CoV-2 with host cell membranes, and endocytosis. This
glycoprotein forms spikes on the membrane surface about 10 nm in size [36]. The S, E, and M
proteins associated with the viral membrane provide the structural and functional properties of the
viral envelope. The nucleocapsid protein N is synthesized in the cytoplasm and, together with the
gRNA molecule of the SARS-CoV-2 virus, forms a capsid with a helical symmetry type. The
three structural polypeptides S, E and M are overexpressed on rER and, after translation, are
folded and processed in these organelles. Accessory polypeptides are not structural; they are
synthesized and processed in the cytoplasm [30-31].

Spike polypeptides are synthesized at a higher rate than other structural proteins [34] and form
glycosylated trimers after folding. They, in combination with the M and E proteins, are released
from rER and then form a specific protein-lipid complex (cSME) with the membranes of the
Golgi apparatus [30-31]. N-proteins associate with newly synthesized gRNAs in the cytoplasm
forming many densely condensed nucleocapsids (protovirions). Protovirions bind to membrane
cSME secreted from the Golgi apparatus to form self-organized virion progeny [27-29]. Mature
progeny virions attach to the cell membrane and are released during exocytosis, their number can
reach 10° per cell [36].

Viruses, as obligate parasites, exist in two forms: extracellular and vegetative. The complete
productive cycle of a virus consists of the main phases: infection, replication, release and
transmission of virions. Replication of the SARS-CoV2 virus, after its endocytosis and fusion
with the cell, occurs in several stages, namely: the formation of uncoated and protected
replication-transcriptional complexes (RTCs); biosynthesis of structural and non-structural viral
components (proteins and RNA); the formation of protovirions; maturation and assembly of
progeny virions for their release from the cell [27-29].Viral gRNA should primarily translate the
non-structural polypeptides Ppla and Pplab using cellular ribosomes. Since these polypeptides
produce the enzymes necessary for replication and transcription of the genomic and subgenomic
RNA of the coronavirus [30-31]. The total length of Pplab in the SARS-CoV2 virus is 7096
amino acid residues, and the ppla polypeptide consists of 4455 amino acid residues [32-33].
About 85% of the virus gRNA nucleotides encode Pplab and the spike protein.

Type of diet influences the development of COVID-19 disease

Animals need essential macronutrients (proteins, carbohydrates and lipids) to sustain their life,
health and reproduction. The WHO has long promoted recommendations for healthy eating.
Human food must contain the required quantity and quality of basic products and additional
nutrients [1,16,37]. The most commonly used staples are: rice, wheat, corn, beans. However,
plants are incomplete sources of protein due to their low content of one or more essential amino
acids (EAASs). To achieve the optimal EAAs combination, vegans are advised to consume
additional sources of protein. The diet of many people in some countries or regions is low in
calories, uniform, and does not contain the recommended complete protein [1,14-15,38-39].
WHO and the Food and Agriculture Organization (FAQO) of the United Nations have
recommended the optimal amount of dietary protein and the correct ratio of EAAs [37] to
maintain quality of life and good health. Protein bioavailability is a criterion for determining the
nutritional value of foods [37].

As noted above, diet can significantly influence the development of COVID-19 [6-15]. In large
statistical samples, it has been shown that the severity of COVID-19 was worsened by the
consumption of animal proteins in excess of the WHO recommendations [14-15]. In contrast, a
plant-based diet is directly correlated with mild SARS-CoV-2 infection process [15,17].



These data were confirmed when comparing the statistical sample for the top 20 countries in
terms of the number of infected people (Table S1). The correlation coefficients between animal
protein intake and pathogenicity of SARS-CoV-2 vary between 0.83 for infection rate and 0.61
for specific mortality (Table S1). The correlation coefficients between the development of
COVID-19 and the consumption of plant foods are lower than in studies conducted before the
fifth global wave of the pandemic [14-15], which analyzed epidemiological data from a different
type of statistical samples. The resulting correlation coefficients (Table S1) confirm that
overconsumption of animal proteins correlates with the severity of COVID-19. It can be assumed,
that certain components of dietary animal proteins are critical factors to the development and
outcome of COVID-19 disease.

Comparison of the amino acid composition of proteins from animals, plants and viruses

Proteins and their AAs are essential for the structure and function of living cells and viruses.

The building blocks of proteins are amino acid residues. Therefore, it is logical to study the
dependence of the severity of COVID-19 on the AAs amount and composition of proteins
consumed. The significance of viruses” amino acid profile is analyzed here.

Biochemists divide the 20 standard proteinogenic AAs into two groups depending on the ability of
the human body to synthesize them: non-essential (NEAAS) and essential. The nine EAASs must
come from food, the rest are synthesized in various cells of the body.

Edible products differ in content of NEAAs and EAAs. Animal products contain more EAAS than
plants [40-42]. Fish and eggs on average contain about 44% EAAS, milk and meat - 43% (Tab. 1,
Fig. 1). In the proteins of the main products produced from plants: rice, wheat, potatoes and
soybeans, the proportion of EAAS is 37%, 30%, 35% and 38%, respectively (Fig. 1, Table 1). An
adult should consume 0.8-1 g of protein per kg of body weight daily [1,37] and 0.2 g/kg BW/day
EAAs [43]. In Europe and America, people consume much more total and animal protein
(Western diet) (Table 2, Fig. 2) than the WHO recommends [1,14-15,38-39]. More than half of
the EAASs consumed are represented by four amino acids: leucine, lysine, threonine and valine
(LKTV). Their content in food varies greatly depending on the diet. Plant proteins contain much
less EAAs (Fig. 1-3, Tables 1-2) and have a particularly low content of lysine [40-42]. Therefore,
vegan diets contain much less EAAs and LKTYV than meat eaters or the USA standard diet [44]
(Table 2., Fig. 2). The proteins of the standard American diet contain almost twice as many LKTV
amino acids [44-46] as in the vegan diet (Table 2.). Children generally require more dietary
protein per kg of body weight than adults, and the elderly get by with less. WHO recommends the
amount of total protein and AAs required per day (Table 2, Fig. 2) for optimal body functioning in
children and adults (1,37). However, residents of many countries in Africa and Asia consume
much less total protein, and especially little animal protein [1,14-15,38-39].

Table 1. Ratio of total EAAs and LKTYV of animal or vegetable based proteins in staple food
Amount of total EAAs and LKTV in % in meat (from beef, chicken and pork), egg-milk products and diet
plants [40].

Amino acid Meat Egg-milk Salmon Wheat Rice Potato  Soybeans
Leucine 8,0-8,2 8,5-8,8 8,6 6,7 8,28 6 7,7
Lysine 8,8-9,1 7,2-7,8 9,4 2,2 3,66 6 6,2
Threonine 4.2-46 4,0-4,8 4.4 3 3,59 3,6 4.2
Valine 5,2-5,4 6,0 5,2 4,4 6,14 55 4,6
Sum LKTV 31,0-33,0 30,5-32,8 32,4 19,8 25,97 25,3 27,3
Total EAAS 41,8-44,3 42,9-43,7 43,8 30,2 37 35 38,5
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Fig.1. Content of total EAAs and LKTV in animal or vegetable dietary proteins

Ratio of total EAAs and LKTV (red), % of total protein, in egg, meat (mean from beef, chicken and pork),
milk products, rice, potato and wheat [40]. On the ordinate axis indicated amount of AAs as percentage of
the total protein.

The concentration of amino acids in the blood

Amino acids from hydrolyzed dietary proteins are absorbed in the intestine and transported into
the bloodstream [47-50]. The concentration of each AA in the blood plasma varies widely both in
normal conditions (Table 3) and in various pathologies [43,45,47,51-54]. Their concentration in
the blood and other tissues may depend on many factors, but is successfully regulated in a healthy
body [37]. The content of free AAs in the bloodstream changes during the day and can
significantly increase after a meal [37,48-50]. Free amino acid (FAA) homeostasis is maintained
through synthesis/degradation of polypeptides and amino acids, protein proteolysis, AAs uptake
from the gut into the bloodstream, and their utilization in various tissues [37,47,50,53-56].
Baseline (fasting) plasma concentrations of some FAASs are lower in vegans [45,55] than those
who consume animal products (Table 3). The content of EAAs in human muscles is lower than in
the proteins of other mammals (Fig. 3). The level of all FAAs and especially EAAs in plasma
increases 2-3 times after a meal [44,48-50,55,57-58], therefore their transport to organs and
tissues rises [48,58]. This leads to an intensification in the rate of protein synthesis [48-49,57,59]
and is used by athletes to build muscle mass. An adult synthesizes 3 g of protein per 1 kg of body
weight per day [37].

The SARS-CoV-2 virus modifies the consumption profile and distribution of proteins and AAs in
host cells. The pathogen alters central cellular pathways such as translation, splicing, carbon
metabolism, protein homeostasis (proteostasis) and nucleic acid metabolism [19,60]. The serum
metabolome of COVID-19 patients is distinctive and has important value in investigating
pathogenesis, determining a diagnosis, predicting severe cases, and improving treatment [61].
The development of a viral infection leads to an imbalance in the metabolism of AAs in the body
[21,23,37,43,51,54]. Composition of AAs in patients’ plasma can vary significantly depending on
the severity of COVID-19 [20-23,51,62]. About 70% of the three BCAAS: leucine, isoleucine and
valine are transported from the bloodstream to peripheral tissues [52] and their metabolism is
regulated coordinately. BCAAs are essential for the regulation of anabolic process; their transport
is interdependent with other AAs [22]. Leucine rapidly accelerates protein synthesis [48,57-
58,63].

Peculiarity of AAs composition of virus polypeptides

Virus polypeptides are very different from human proteins, other animals or plants in terms of the
amount of EAASs and their proportion in the total protein. Edible parts of plants contain much less
EAAs than animals (Table 1., Fig. 2-3). The proportion of EAAs in human Betacoronavirus
(HCoV) proteins is much higher than in mammalian tissues (Fig. 1-3). The proteins of the HCoV-
HKUL1 coronavirus contain the highest amount of EAAs, and the SARS-CoV2 virus contains
more of the four amino acids LKTV compared to other HCoVs (Fig. 2-3). Nutrient plant proteins
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contain much less of both EAAs and LKTV than coronaviruses or human and animal proteins
(Figures 2-3).

Table 2. Four EAAs content (g) in 100 g of total protein from different diets compared with
recommended dietary allowance by WHO

Amino acid WIS Hrlrjlrirl]lin 221?21:3 VIS ek
Leucine 59 9,6 6,13 4,33 7,75
Lysine 45 6,9 5,01 2,82 6,69
Threonine 2,3 4,4 2,99 2,19 3,84
Valine 3,9 55 4,14 2,95 5,07
Sum LKTV 16,6 26,4 18,27 12,29 23,35
Ref. [37] [37] [45] [45] [44]

AD* =Standard American Diet,

The spike protein and other structural polypeptides of coronaviruses contain a lot of leucine,
threonine and valine [64], but less than the nonstructural polyproteins. Polyproteins of
coronaviruses are synthesized at first [29-30] and are more than 45% composed of EAAs (Fig. 4).
The Ppla polyprotein of HCoV-0OC43 and HCoV-HKUL1 viruses contains much more EAAS than
the homologous protein of SARS-CoV-2, SARS-CoV1 and MERS-CoV viruses (Fig. 4). The
Ppla polyprotein of the HCoV-HKUL virus is almost half composed of EAAS residues. Another
feature of the proteins of HCoV viruses is the high content of four LKTV amino acid residues,
almost 1/3 of all AAs (Fig. 2-3). SARS-CoV-2 coronavirus proteins contain more valine and
threonine than alveolar cells [65] and other structural HCoV proteins (Fig. 5). The content of
EAA:s is highest in the Ppla polyprotein (Fig. 4).
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Fig. 2. Amount of EAAs in proteins from human beta-coronaviruses, animal and plants
Red: LKTV, light blue: total EAAs. AD: standard American Diet [44]. Animal: mean from meat, milk and

egg products [40]. Plant: mean from rice, wheat, potato and soya [40]. Req: amount of EAAS required
per day [1,37]. For HCoV protein sequences used means of Pplab+Spike which UniProtkKB-ID listed in
Table S2. On the ordinate axis indicated amount of EAAS as percentage of the total protein.

Vegans consume only half as much lysine as meat eaters (Table 2) [37]. The SARS-CoV-2 virus
Ppla polyprotein contains 2-3 times more threonine or valine than consumed proteins (Fig. 5).
The Ppla proteins of HCoV-OC43 and HCoV-HKUL1 contain twice as much valine as mammalian
tissues (Fig. 5). The highest content of threonine is in Ppla of the SARS-CoV-2 virus (Fig. 5). A
significant amount of leucine (more than 9%) is found in all five pathogenic HCoV viruses. The
proteinogenic amino acid leucine has been noted to increase protein synthesis [48,56,66]. The
SARS-CoV-2 virus causes metabolic reprogramming of the AAs profile, and competition between
host and pathogen for EAAs is not excluded [21,23,62,67]. AAs deficiency inhibits translation
[56], leucine deficiency inhibits the formation of intracellular polysomes [66].



Table 3. Content of selected EAAs in blood plasma, human tissues and diet proteins

Meat and Plant: average composition (%) of EAAs in ingested 100 g dietary meat and plant products

(Table 1).
Plasma AAs [umol/L] % of total protein
Reference Meat- Human Human
Amino acid intervals eaters Vegan body muscle MEE Flent
Leucine 66-170 205 191 7.5 7,6 8,1 7,2
Lysine 150-220 241 210 7,3 7,8 9,0 45
Threonine 92-240 164 165 4,2 34 4.4 3,6
Valine 150-310 230 217 49 5,1 5,3 5,2
Ref. * [45] [45] [37] [41] [40-41] | [40-41]
*https://www.ucsfhealth.org/
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Fig. 3. Amount of EAAs in proteins from human beta-coronaviruses, animal and plants

Red: LKTV, light blue: the rest EAAs of total protein. For HCoV proteins used means of Pplab+Spike
which UniProtKB-ID listed in Table S2. Human muscle: ratio EAAS, % of total protein in human muscle
[41]. On the ordinate axis indicated amount of AAs as percentage of the total protein.

SARS-CoV-2 reproduction and translation Kinetics

The kinetics of reproduction of viruses, as well as other microorganisms, obeys the Monod
equation, which is similar to the dependence of Michaelis-Menten on the concentration of the
substrate for the enzymatic reaction [24-25]. Both of these equations describe the reaction rate as
a function of substrate concentration. At a saturated concentration of translation substrates
sufficient for the optimal rate of pathogen protein synthesis, virion replication passes through the
lag phase and the fast phase into the exponential growth phase [24-25]. The doubling time of the
SARS-CoV-2 virus is 6-10 hours [24,36]. Each pneumocyte can produce about a thousand new
virions [36]. At the peak of infection in the body of an infected patient, the total number of viral
particles reaches 10”-10" with a mass greater than 100 g [36]. As a result of successful
reproduction of the SARS-CoV-2 virus, lung weight increases, but the total body weight of
animals [68] or humans [7] decreases.

The expression rate of viral polypeptides rapidly increases after the lag phase [18,24-25]. The
polypeptides of the SARS-CoV-2 virus are elongated by 6 amino acid residues per second [36].
For the log phase of protein synthesis, it is necessary that the concentration of free and
transportable AAs significantly exceed Km [69]. More than 60 mutations were found in Omicron
variant B.1.1.529 (GSAI ID: R40B60_BHP_3321001247/2021) of the SARS-CoV-2 virus, as a
result of which the content of EAAs changed. This led to an alteration in the development
dynamics of this pathogen [70].
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The huge difference between the need and availability of LKTV makes them the first limiting
substrates in the polymerization reaction of HCoV polypeptides. A reasonably high concentration
of LAAs is required to enter the exponential phase of the synthetic reaction. A lack of even one
amino acid can slow down or interrupt the translation of coronavirus polyproteins [43] and,
therefore, a low concentration of LAAs blocks the synthesis of nonstructural polyproteins.
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Fig. 4. Ratio of total EAAs in five HCoV proteins
Total amount of EAASs in proteins (%) of Ppla, Pplab and Spike protein of HCoV, which UniProtKB-ID
listed in Table S2. On the ordinate axis indicated amount of AAs as percentage of the total protein.

Factors affecting the rate of translation of SARS-CoV-2 polypeptides

The HCoV-HKUL virus contains more EAAS than the three SARS-causing pathogens and has
more than 10% valine in its Ppla polypeptide (Fig. 2-3,5). The lack of EAAs will lead to the
interruption of the Ppla translation, which is known to be synthesized as the first in HCov [29-
30]. Inhibition of translation of functional Ppla and Pplab polypeptides can consequently lead to
a radical decrease in the rate of synthesis of coronavirus gRNA and subgenomic RNA and the
polypeptides they encode. Such a decrease in the rate of synthesis of Ppla molecules or abortive
translation can prevent the development of the log phase of replication, reduce the pathogenic
effect of the virus, and prevent cytokine storm in COVID-19 patients.

The high concentration of EAAs in the polyproteins Ppla and Pplab and, especially, the high
requirement for valine, may explain the less severe outcome of infection with the two human
coronaviruses HCoV-0C43 and HCoV-HKU1 compared to COVID-19.
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Fig. 5. Content of selected EAAS as percentage of total protein

Human: % of EAAs in whole body [37]. Meat-eaters and VVegans: composition (%) of EAA in ingested
100 g food proteins by meat-eaters or vegans [45]. For HCoV used sequence of polyprotein Ppla which
UniProtKB-ID listed in Table S2. On the ordinate axis indicated amount of AAs as percentage of the total
protein.



Table 4. Conditions for fast replication of SARS-CoV-2 virus in pneumocytes

Intracellular structures and
mechanisms providing a high
rate of viral protein synthesis.

The ability of PT2 to form transcriptional-translational complexes inside
membrane vesicles supplies a high rate of synthesis of gRNA and
subgenomic RNAs of the SARS-CoV-2 virus [36,73-74].

The ability of PT2 to a high rate of protein synthesis provides a highly
developed rER and amino acid transport ATPases [69,73-76].

A large number of mitochondria and a saturated oxygen concentration in
PT2 create good conditions for enhanced oxidative phosphorylation and
ensure high production of nucleoside triphosphates (NTP) and other
energy-rich molecules required for high-speed synthesis of RNA and
polypeptides increasing virus titer and lungs mass [7,68].

SARS-CoV-2 virus alters and
suppresses host protein synthesis

Viral proteins inhibit the synthesis of host cell polypeptides. The SARS-
CoV-2 virus changes the properties of the synthesized host proteins, that
leads to an alteration in the cell cycle and RNA splicing [34,60,67].

Timely sufficient and,
significantly higher than Km,
concentrations of necessary
FAA:s in cells at a low rate of
their degradation.

Prolonged high concentration of
EAA:s in plasma and their active
transport into the cell.

Deficiency of AAs in contrast to their excess amount causes inhibition of
intracellular translation and decreases of protein synthesis [47].

In the cytosol of cells, the concentration of AAs is higher than in plasma

[47,52,71-72].

The content of threonine and valine in lung cells is lower than in SARS-

CoV-2 proteins [65].

Metabolic mechanisms capable
of accelerating translation on the
ribosomes of the cell

It is known that leucine induces translation [56,66]. A high concentration
of FAAs in plasma activates the activity of anabolic hormones. Animal
proteins are more anabolic than ones of plant origin [43].

The intake of AAs from the
intestine and from the
breakdown products of host own
proteins. Anabolic hormones
inhibit the breakdown of
proteins in the body; therefore,
in the postprandial period, the
role of eaten proteins for the
transport of AAs in the tissue
increases.

AAs are accumulated in plasma and most of FAAs are transported to
tissues [48,50].

The postprandial plasma concentration of AAs, including leucine,
increase for 2-5 hours [48-49], depending on the composition of the food.
After a peak, they decrease back to base levels [45,47]. Anabolic
hormones not only stimulate protein synthesis, they inhibit protein
breakdown as well [59,63].

Consumption of a large amount
of highly bioavailable foods
with a high content of
proteinogenic AAs.

In the process of enzymatic digestion, a pool of FAAs is formed in the
blood stream, and the concentration of EEAs increases significantly with
a sufficient level of nutrition. A high concentration of FAAS is required
for accelerated synthesis of viral proteins [54].

The basic concentration of
FAA:s is clearly regulated by
complex systems, both at the
level of cell and total organism

The bioavailability of AAs from animal proteins is higher than that from
plant proteins. Consumption of large amounts of animal proteins provides
a high content of EAAs, which leads to a high rate of polypeptide
synthesis in animal tissues. Plant based food contains minor amount of
EAAs and gives less postprandial increase of FAAs [45,55].
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In the Table 4 are structured the data, from which it follows that optimal conditions are created in
pneumocytes type 2 (PT2) for the synthesis of proteins of the SARS-CoV-2 virus. In the cells of
the alveoli, a high level of protein expression was observed. The interaction of the synthesizing
systems of the cell and the virus can provide high-speed translation on host ribosomes (Table 4).
A high rate of viral protein synthesis is necessary for a short replication cycle and efficient
production of a large population of progeny virions. The amount of LKTV may be the immediate
primary limiting factor in the rate of translation of polypeptides, and hence the replication of the
SARS-CoV-2 virus. The high requirement of Ppla coronavirus proteins for EAAs makes their
replication very sensitive, especially to the lack of LKTV. Such lack of LAAs leads to inhibition
of SARS-CoV-2 virus replication or even to unproductive infection.

3.Conclusions

By the end of 2021, the COVID-19 pandemic had gone through five global waves of infection and
has entered the sixth one [1-3]. The number of registered infected patients in the world exceeded
378 million, with more than 5.7 million deaths [1-3]. In 20% of those who have been infected,
long-term post-COVID complications developed [1-2,5].

SARS-CoV-2 is a large, highly organized coronavirus that is transmitted from person to person by
airborne droplets and causes COVID-19 disease [1-2, 5]. So far, no reliable data have been
obtained on the effective use of an etiological drug that suppresses the early translation of the
proteins of this pathogenic virus [4-5,30-31].

For the successful reproduction of viruses, an optimal pathogen-host relationship is required. The
virus, as an obligate parasite, uses various cellular machinery and building elements to synthesize
its structural and functional components. For the synthesis of viral proteins, a pool of free amino
acids of the cell is used.

Homeostasis of AAs in mammalian cells and organisms have been skillfully investigated
[37,47,66]. In cells and organisms well-organized regulatory mechanisms to maintain a
homeostatic intracellular and extracellular FAAs composition were created during evolution. AAs
homeostasis in mammal’s body or cells is controlled through regulation of protein intake,
absorption, transport and utilization of AAs and proteins biosynthesis, reprocessing and
degradation. Entry and metabolism pathways of AAs are directed by the CNS and metabolic
hormones. There are many AAS transporters, anti-porters and symporters assisting to entry into
cells or exit them [47]. AAs are accumulated in the cytosol with concentration higher than
concentration of plasma FAA [47,71-72].

Diet is one of the important factors in the development of infectious pathogenesis [6-13]. In a
large statistical sample (Table S1), as in other types of representative samples [15], high animal
protein intake has been shown to be directly correlated with dangerous COVID-19 disease
outcomes. The predominant consumption of plant products reduces the risks of the damaging
pathogenesis process of this infectious disease [15,17]. Plants due high presence of anti-nutritional
factors are less bioavailable or anabolic than animal proteins [43,45,55]. Some food plants
produce a large number of protease inhibitors, that are capable to reduce the postprandial intake of
free amino acids in the blood plasma [15,58,77-79].

Animal dietary proteins contain much more EAASs than plant proteins (Table 1, Figs. 1-3) [40-41].
People who consume a predominantly plant-based products have less EAAs in their plasma
compared to meat-eaters [45-46,55]. Part of the EAAs stimulates anabolic processes, and leucine
directly increases the synthesis of proteins in cells [56-57,59].

During the infectious process, the metabolism of the host cells changes. Apparently, the high need
of SAR-CoV-2 virions for some EAASs leads to the detected imbalance of the amino acid profile
not only in cells, but throughout the host organism [18-23]. The SARS-CoV-2 pathogen changes
the profile and competes for EAASs fluxes, and also suppresses the synthesis of the host cell's
proteins [5,34,60-62,67]. Metabolic data of infected patients are unique and are a vital help to
investigate the dynamics of pathogenesis, to forecast severe cases, and to adapt therapy [61].
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The SARS-2 virus contains many more EAAs than animal tissue (Fig. 2-3). Plant staple foods
contain two to three times less of some EAAs than coronavirus proteins (Table 1-2, Fig. 5).
Analysis of the molecular structure of coronaviruses showed a high requirement of these
pathogens for the four dietary EAAs namely LKTV (Fig. 2-5). From this it follows that a
deficiency of LKTV can lead to a significant decrease in the rate of early polypeptide synthesis or
to terminate translation of polyproteins. The highest content of these four EAAs is in the non-
structural polyprotein Ppla of coronaviruses (Fig. 4). This polypeptide contains several
tripeptidyls and dozens of dipeptidyls of LKTV amino acid residues [32-33]. The polyproteins
Ppla and Pplab contain more of these four amino acids than the structural proteins of HCoV (Fig.
4) [32,65]. The content of threonine and valine in SARS-CoV-2 virus proteins is higher than in
lung cells [65]. A radical decrease in the rate of early translation of polypeptides will slow down
the rate of virus replication, which can lead to abortive reproduction, as well as a timely and
successful physiological response of the immune system. The SARS-CoV-2 mutant Omicron
B.1.1.529 contains more essential amino acids than the null variant [32-33,70], which changed the
pathogenicity of the virus.

The concentration of free EAAs in the bloodstream is increased due to their high bioavailability.
An increased concentration of EAASs is an important positive factor for the rate of protein
synthesis and non-stop replication of the SARS-CoV-2 virus. This may explain the very high rates
of COVID-19 morbidity and mortality in regions with excess consumption of animal proteins
(Table S1) [14-15].

Protein synthesis is regulated by a cascade of enzymatic reactions, whose rate is determined by
the Michaelis-Menten equation. The coefficient Km is defined as the concentration of substrate at
half maximal velocity (Vmax) of the enzymatic reaction. A great quantity of FAAs in contrast to
their reduction presents a molecular mechanism of intracellular fast translation [47]. Biochemical
analysis showed that optimal conditions were created in human pneumocytes for the rapid
production of a huge amount of SARS-CoV-2 virions (Table 4). For pneumocytes, high Km for
AAs transport ATPases were established [69]. Table 4 analyzes the factors that provide a high rate
of protein synthesis of the SARS-CoV-2 virus. It follows from the analysis that intracellular
mechanisms and conditions, as well as the high availability of dietary EAAs, can ensure the
translation rate into the exponential phase. Therefore, in order to inhibit the viral replication cycle
at an early stage of infection, an infected person needs to consume foods that contain much fewer
limiting amino acids compared to the proteins of the SARS-CoV-2 virus.

The conducted analysis (Table S1, 4) answers the question: why in some low-income countries in
Africa and Asia are minimal COVID-19 burden despite substantial global circulation of the
SARS-CoV-2 virus [14-15,80].

That is, diet can reduce the replication rate of the SARS-CoV-2 virus and its cytopathic effect;
contribute to the inhibition of pathogenesis at an early stage of infection, thereby reducing the
destructive effect of COVID-19 and moderate mortality. Therefore, in the initial stage of infection
with the pathogenic SARS-CoV-2 virus, the amount of food consumed should be limited, since it
is important to eat and absorb sugars, fats and animal proteins in an amount and proportion not
exceeding the vital volume (Table2, Fig. 2).

Resolutions
SARS-CoV-2 coronavirus causes COVID-19 disease in humans. The pandemic of this infectious
disease has been depressing the vital activity of all mankind for almost two years. Effective
methods are urgently needed to combat COVID-19.
The relationship between diet type and the impact of the COVID-19 pandemic in the top 20
countries by number of infections has been explored using numerous available statistics. A
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positive correlation between the severity of COVID-19 outcome and animal protein intake has
been identified previously for many countries and regions and confirmed by the latest analysis.
The SARS-CoV-2 virus interacts with human ACE2 receptors, multiplies rapidly in affected cells,
and critically alters proteinostasis and amino acid homeostasis in the host organism.
Coronaviruses, after invasion into the cell, must first of all translate the polyproteins Ppla and
Pplab. These polypeptides of coronaviruses, unlike the proteins of the human body, other animals
and plants, contain a very high amount of EAAs. The proportion of EAASs is the highest in the
Ppla polyprotein, namely 47% in the SARS-CoV-2 virus. Almost one third of the total amino
acid composition of Ppla is represented by four EAAS: leucine; lysine; threonine and valine. The
limited availability of one of these substrate elements can lead to a disruption in the
polymerization rate of the Ppla and Pplab polypeptide chains and, subsequently, to inhibition of
SARS-CoV-2 virus early stage of replication.

EAAs are not synthesized de novo in the human body. The most of EAAs enters all tissues of the
body from food. With a low-calorie diet, and a predominantly plant-based diet, a small amount of
EAAs enters the bloodstream. Such a deficiency of four limiting EAASs can block the transition to
the exponential phase of the rate of early viral protein synthesis, which leads to a slowdown in the
reproduction of the pathogen or to an abortive SARS-CoV-2 infection.

It should be noted that protein intake below the WHO recommendation does not protect against
the spread or infection and invasion of viral particles. In regions where diets are predominantly
low in these LAAs, infected patients may have asymptomatic or mild COVID-19 disease, without
post-COVID syndrome.

Comparison of the AAs composition of the SARS-CoV-2 pathogen and the host showed that
LKTV are limiting for the synthesis of Ppla and Pplab virus polyproteins. This analysis explains
the statistically low rates of COVID-19 cases, as well as ease of outcomes, in countries with lower
recommended intakes of total protein and, especially, foods deficient in these EAAS.
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Supplement Material

Table S1. Relation between outcomes of the COVID-19 and diet factors in countries Top-20 infection
cases from different continents, January 31, 2022

Cases Consumed protein g/ person/day
Cases/ 1T Deaths/1T
Total Cases population  population

Country (min) (RPr) (IFR) TP AP PP

World 378,903 48,6 0,73 81,2 32,1 49,1
USA 76,222 228,1 2,72 113,7 73,9 39,9
India 41,469 29,6 0,35 65,3 14,7 50,6
Brazil 25,454 118,4 2,92 90,9 52,8 38,1
France 19,140 292,2 2,00 112,1 69,7 42,4
UK 17,315 253,0 2,28 104,0 58,5 45,6
Russia 11,861 81,2 2,27 101,9 55,8 46,1
Turkey 11,619 1355 1,02 101,2 35,8 65,4
Italy 10,983 182,1 2,43 106,8 57,0 49,7
Spain 9,961 2129 2,00 107,1 66,5 40,6
Germany 9,896 117,5 1,41 104,2 63,1 41,1
Argentina 8,378 182,7 2,64 106,1 65,7 40,4
Iran 6,373 74,4 1,55 87,6 25,3 62,3
Colombia 5,887 113,8 2,60 72,4 37,2 35,2
Mexico 4,930 37,6 2,33 93,4 43,8 49,6
Poland 4,886 129,3 2,78 103,1 55,4 47,7
Netherlands 4,432 257,8 1,24 104,6 68,4 36,2
Indonesia 4,353 15,7 0,52 68,6 22,2 46,4
Ukraine 4,064 93,8 2,31 86,2 37,4 48,8
South Africa 3,605 59,6 1,57 83,4 34,9 48,8
Philippines 3,560 31,8 0,48 62,7 25,7 37,0

Correlation coefficients

(r)
Factors RPr IFR
IFR 0,41
TP 0,79 0,57
AP 0,83 0,61
PP -0,30 -0,24

Correlation between rate of prevalence (RPr) or infection fatality rate (IFR) of the SARS-CoV-2 infection
and amount of consumed animal protein (AP), plant protein (PP), total protein (TP). AP, PP, TP in
g/day/person [38-39].

RPr = amount registered infected persons/1000 population (31.01.2022) [3], IFR= amount registered
COVID-19 deaths/1000 population (31.01.2022).

Below is a table with correlation coefficients (r) between COVID-19 outcomes and consumed diet
proteins.
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Table S2. ID of HCoV Proteins from UniProtKB data base [33]

Proteins
Ppla Pplab Spike
Virus
SARS-CoV-2 PODTC1 PODTD1 PODTC2
SARS-CoV POC6U2 POC6X7-1 P59594
MERS-CoV K9N638-1 K9N7C7 R9UQ53
HCoV-0C43 POC6U7 POC6X6 P36334

HCoV-HKU1  POC6U3 AOA3G2KXK3 QO0ZME7
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