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Abstract: Breaking news are usually disturbing. Natural disasters, wars, epi-
demics, efc., are reported as breaking news. This paper reports a decreased
danger of spreading of epidemics caused by the JN.I1 variant, since analyses
indicate that infectivity of the new variant is decreased compared to most ear-
lier variants, which is confirmed by the number of cases (7500 daily in USA).
Moreover, JN.1, despite the great number of mutations, has not been able to
achieve the values of Gibbs energy change of biosynthesis (and thus virus mul-
tiplication rate) of the Hu-1 wild type. The research shows that infectivity and
pathogenicity of the JN.1 variant has not reached worrying size, which means
that there is no reason to expect the epidemiologic situation getting worse.

Keywords: biothermodynamics; Gibbs energy; immune evasion; infectivity;
pathogenicity; virus time evolution.

INTRODUCTION

The year 2019 was at an end. On the social networks, several doctors from
Wuhan warned about the appearance of a large number of infected people. Later,
the new disease was named COVID-19. Breaking news in the media have alarmed
the general public long before governments and health authorities reacted in most
countries. After that, an overreaction occurred, with the enforcement of a lock-
down, which was in some cases extreme. Fortunately, the scientific community
reacted in a much more rational way. Very soon, it was discovered that the cause
of the future pandemic is a virus from the Coronaviridae family, named SARS-
-CoV-2 Hu-1 variant. Molecular biologists have very soon reported the nucleic
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306 POPOVIC, STEVANOVIC and MIHAILOVIC

acid sequences! and the protein sequences.2 The virus morphology was known
from before.3

SARS-CoV-2 belongs to RNA viruses. RNA viruses exhibit a significant
tendency towards mutation.> From 2019 to 2024, SARS-CoV-2 has mutated
several dozen times.® The new variants of SARS-CoV-2 have suppressed the
older variants and caused pandemic waves.” All the mutations of SARS-CoV-2
have been described and its genetic sequence, as well as the protein sequences of
all the variants, have been reported.8 As of January 4, 2024, during the COVID-
-19 pandemic, over 773 million cases have been reported with almost 7 million
deaths.?

Except for researchers in the fields of molecular biology, virology, clinical
medicine and immunology, the research was joined by scientists from the fields
of biothermodynamics, chemistry, biochemistry and biophysics. Before 2019, it
was known that a virus can be analysed as a chemical system!0 and processes
that viruses perform as chemical reactions.!! The empirical formula was known
only for the poliovirus.10

Antigen—receptor binding is a process very similar to the protein ligand int-
eractions.12:13 Furthermore, the process of virus multiplication consists of poly-
merization of nucleotides into viral nucleic acids!4!5 and amino acids into viral
proteins, 16 as well as self-assembly processes.!” The Gibbs energy change is a
measure of a driving force for these processes/reactions.18:19

The empirical formulas of SARS-CoV-2 variants have been reported in the
literature.20:21 The empirical formulas of viruses can be calculated with the atom
counting method, based on their genetic sequences, protein sequences and mor-
phology.22:23 The results obtained with the atom counting method are in good
agreement with experimental results.22:23

Based on the empirical formulas, it is possible to apply the Patel-Erickson
model (Thornton’s rule)?425 and Battley model26 to calculate thermodynamic
properties — enthalpy, entropy and Gibbs energy changes, including the driving
force for chemical reactions involving viruses.2’-3! Thermodynamic properties
of biosynthesis, including Gibbs energy change of biosynthesis — the driving
force of virus multiplication, has been reported for major variants of SARS-CoV-
-2.20.32 The biothermodynamic approach was also applied to study multiplication
of the Ebola virus,28 Mpox virus,2? West Nile virus,30 Rotavirus,>> etc.

The virus—host interaction begins at the cell membrane with antigen—rec-
eptor binding, which allows a virus to enter its host cell.!3:33 The driving force of
the antigen—receptor binding is related to Gibbs energy change of binding.27-34-36
Moreover, the thermodynamic approach has also been applied to study the anti-
gen—receptor binding of arboviruses,33 HIV,33 Ebola virus,28 SARS-CoV,13 etc.

Knowing the thermodynamic properties of virus particles and processes that
comprise the viral life cycle is very important.37 Based on the known thermos-
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dynamic properties, it is possible to draw conclusions about the pathogenesis of
viral infections!3-38:39 and epidemiology.*0

During the COVID-19 pandemic, the appearance of new variants has often
caused panic, first of all due to fear of change in infectivity and pathogenicity of
the virus. The goal of this paper is to perform chemical and thermodynamic
characterization of the new Omicron JN.1 variant, which has been spreading
during December 2023 and January 2024, mostly in USA and Europe. Moreover,
another goal is to predict the potential changes in the infectivity and the patho-
genicity of the JN.1 variant, before the epidemiologic data arrive, in the moment
when the epidemic wave reaches its maximum.

METHODS
Data sources

The genetic sequence of the Omicron JN.I variant of SARS-CoV-2 was taken from
GISAID, the global data science initiative.*! It is labelled hCoV-19/Canada/ON-KHS-09219-
-v1/2023 and can be found under the accession number EPI ISL. 18615181. It was isolated on
December 4, 2023, in the Canadian province Ontario. Thus, the findings of this study are
based on the metadata associated with one sequence available on GISAID up to January 9,
2024, and accessible at https://doi.org/10.55876/gis8.240109xh (please see the Supplementary
material for more details).

The protein sequences were taken from the NCBI database.*? The sequence of the nuc-
leocapsid phosphoprotein of SARS-CoV-2 was obtained under the accession number
QIKS50455.1. The sequence of the membrane protein of SARS-CoV-2 was obtained under the
accession number QHR63293.1. The sequence of the spike glycoprotein of SARS-CoV-2 was
obtained under the accession number QHR63290.2. The number of protein copies in the virus
particle was taken from Neuman et al. In a SARS-CoV-2 particle, there are 2368 copies of
the nucleocapsid phosphoprotein, 1184 copies of the membrane protein and 222 copies of the
spike glycoprotein.’

The dissociation equilibrium constant, K;, of the Omicron JN.1 variant of SARS-CoV-2
was taken from.*? It was measured by surface plasmon resonance at room temperature.*3

Atom counting method

The empirical formulas, chemical formulas and macromolecular composition of the
Omicron JN.1 variant of SARS-CoV-2 were obtained with the atom counting method, as
described in the previous paper.22 The atom counting method is a computational method for
the calculation of empirical formulas of macromolecules and macromolecular assemblies,
including virus particles.2? The input of the program are genetic sequences, protein sequences
and morphology.?

Patel-Erickson model

The Patel-Erickson model?*?> was used to find the enthalpy of live matter (virus par-
ticle, nucleocapsid and nucleic acid). The Patel-Erickson model gives enthalpy of live matter
based on its empirical formula.242> First, from the empirical formula, the degree of reduction,
E, is calculated:

E=4I’IC +nH—2nO—0nN +51’1P+6n5 (1)
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where nc, ny, ng, 1N, np and ng are numbers of C, H, O, N, P and S atoms in the emp-
irical formula, respectively.?#25 Then, the degree of reduction is used to find the standard
enthalpy change of combustion, AcH®, of live matter:2+23

AcH®(bio) = ~111.14 kJ mol-'xE )

After that, AcH® is used to find standard enthalpy change of formation, AHC, of live
matter, with Hess’s law:25

AfHe(bIO) = I’chfHe(COQ) + (nH/Z)AfHe(HZO) + (I’lp/4)AfHe(P4010) +
+ I’lsAfHe(SO3) - AcHe (3)
Battley model

The Battley model?® was used to find the entropy of live matter (virus particles, nucleo-
capsids and nucleic acids). The Battley model gives entropy of live matter based on its emp-
irical formula.2¢ Standard molar entropy, S,,©, of live matter is obtained from the equation:

S, (bio) = 0.187Z (S, () a)n, @)

where S,,©(J) is standard molar entropy of element J in its standard state elemental (pure)
form, a; number of atoms of element J in its standard state elemental form, and n; is the num-
ber of atoms of element J in the empirical formula of live matter.26 The standard entropy
change of formation, ApS®, can be found as:2°

AsS®(bio) = —0.813Z (S, S(J)/an; 5)
The standard Gibbs energy change of formation, A;G®, of live matter is found from
AdH® and AS®:

AsG®(bio) = AP (bio) — TAS®(bio) (6)
where T is temperature.**
Stoichiometry of biosynthesis reactions

Based on empirical formulas, the biosynthesis reactions were formulated with stoichio-
metry. The biosynthesis reactions are macrochemical equations that explain the conversion of
nutrients into new live matter in metabolism!® The general biosynthesis reaction of viruses has
the form:20-32:45

(Amino acid) + CH,0+ O, + HPO42_ + HCO3_ — (Bio) + SO42' +H,0 + H2C03 @)

The nutrients for biosynthesis of virus live matter include: amino acids with the emp-
irical formula CH; 79800 4831N0.224750.022472 (source of energy, carbon, nitrogen and sulphur),
carbohydrates with the empirical formula CH,O (additional carbon and energy source), O,
(electron acceptor), HPO42" (source of phosphorus).2032:45 The main products of biosynthesis
are new live matter (bio) with the empirical formula C,cH,50,0N,NPpSus, SO4% (excess
sulphur removal) and H,COj; (oxidized carbon removal).20324 Moreover, H" produced during
biosynthesis are absorbed by the bicarbonate buffer made of HCO5™ and HyCO5.20-32:45
Thermodynamic properties of biosynthesis

The thermodynamic properties of biosynthesis were calculated with Hess’s law.** They
were calculated by the application of Hess’s law to the biosynthesis reactions and thermos-
dynamic properties of live matter. Thermodynamic properties of biosynthesis include the stan-
dard enthalpy of biosynthesis, A °, the standard entropy of biosynthesis, ApS®, and the
standard Gibbs energy of biosynthesis, A,,G®.18 They were found with the equations:
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Abs]_le = ZProductsVAf[—Ie - ZReactantsVAf[—Ie (8)
AbsSe = z"ProductsVSme - ZReactantsVSme ©
AbsGe = z"ProductsVAfG S — z"ReactantsVAfGe (10)

where vrepresents a stoichiometric coefficient,!8:20-253245
Antigen—receptor binding

The interaction of a virus with its host cell begins at the host cell membrane.*® There, the
virus antigen binds to the host cell receptor.¢ The antigen—receptor binding is a chemical pro-

cess similar to protein ligand binding.!23* The antigen—receptor binding can be represented
with the chemical reaction:

(An) + (Re) 2 (An—Re) (11)
where (An) is the free virus antigen, (Re) free host receptor and (An—Re) the antigen-receptor
complex.!23* The dissociation equilibrium constant, Ky, is given by the equation:
_ [An][Re]

[An-Re] (12

d

where [An] is the concentration of the free virus antigen, [Re] the concentration of the free
host receptor and [An-Re] the concentration of the antigen—receptor complex.!?34 From Kj,
the binding equilibrium constant, K, can be determined:!2-34

1 _[An-Re]
o=, T [AnIRe] >

Based on Kp, it is possible to calculate standard Gibbs energy change of binding,
ABG6212’34
AgG® = -RTIn Ky (14)

RESULTS AND DISCUSSION

Table I gives the empirical formulas of the virus particle, nucleocapsid and
nucleic acid of the Omicron JN.1 variant of SARS-CoV-2, which were deter-
mined for the first time in this research. Table II gives chemical formulas of the
entire virus particle, nucleocapsid and nucleic acid of the Omicron JN.1 variant
of SARS-CoV-2. Table III gives the macromolecular composition of the virus
particle, nucleocapsid and nucleic acid of the Omicron JN.1 variant. Table IV
presents the thermodynamic properties of live matter of the virus particle, nucleo-
capsid and nucleic acid of the Omicron JN.1 variant of SARS-CoV-2. Table V
gives the biosynthesis stoichiometries of the virus particle, nucleocapsid and nuc-
leic acid of the Omicron JN.1 variant. Table VI presents the thermodynamic pro-
perties of biosynthesis of the virus particle, nucleocapsid and nucleic acid of the
Omicron JN.1 variant of SARS-CoV-2. Table VII shows the thermodynamic pro-
perties of antigen-receptor binding of the Omicron JN.1 variant of SARS-CoV-2.

In May 2023, WHO has declared the end of the COVID-19 pandemic.47
Unfortunately, SARS-CoV-2 has not understood that the pandemic is finished,
probably because it obeys the laws of biology, chemistry and physics, and not the
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laws of WHO. SARS-CoV-2 Omicron variant has continued its path as time goes
by, acquiring new mutations. Thus, in summer, autumn and winter, several new
variants have appeared, which were analysed in the literature.21:32 The laws of
biology, chemistry and physics have a supremacy over all other laws, while the
fight for survival is the most fundamental law of all living organisms. The newest
variant Omicron JN.1 began the development of its epidemic wave in the United
States (5000 to 15000 new cases daily) and Europe (3000 to 5000 new cases
daily), during the last several weeks. The epidemic wave from December 2023
and January 2024 is of much lower intensity than the pandemic waves caused by
the Hu-1, Delta and earlier Omicron variants.® The appearance of JN.1, like those
of previous variants have caused panic in the general population and the media.
The scientific community has reacted very soon, reporting the nucleic acid sequ-
ence of the new variant (GISAID ID: EPI _ISL 18615181).4! The published data
represent an excellent basis for the further research, but do not inform enough
about the changed infectivity, the pathogenicity and the immune evasion. To
obtain a quantitative picture of potential changes, it is necessary to have quan-
titative data, based on which it is possible to assess the changes in infectivity, the
pathogenicity and the potential immune evasion.

TABLE I. Empirical formulas and molar masses of empirical formulas of the virus particle,
nucleocapsid and nucleic acid of Omicron JN.1 variant of SARS-CoV-2. Empirical formulas
have the general form C,cH,yO,oNunPapSyns, Where nC, nH, nO, nN, nP and nS are numbers
of C, H, O, N, P and S atoms in the empirical formula, respectively

Name C H 0 N P S My / g C-mol'!
Virus particle 1 1.6390 0.2841 0.2300 0.006439 0.003765 21.75
Nucleocapsid 1 15710 0.3431 0.3124 0.006004 0.003349 23.75
Nucleic acid 1 1.2299 0.7397 0.3863 0.105318 0.000000 33.76

TABLE II. Chemical formulas and molar masses of entire virus particle, nucleocapsid and
nucleic acid of Omicron JN.1 variant of SARS-CoV-2. Chemical formulas have the general
form C,cHpnyOmoNmNPmpSms, where mC, mH, mO, mN, mP and mS are numbers of C, H, O,
N, P and S atoms in the chemical formula, respectively

Name C H (0] N P S Mr(tot) / MDa

Virus particle 1.01E+07 1.66E+07 2.87E+06 2.32E+06 6.51E+04 3.80E+04 219.7
Nucleocapsid 4.95E+06 7.78E+06 1.70E+06 1.55E+06 2.97E+04 1.66E+04 117.6
Nucleic acid  2.82E+05 3.47E+05 2.09E+05 1.09E+05 2.97E+04 0.00E+00 9.5

TABLE III. Macromolecular composition of the virus particle, nucleocapsid and nucleic acid
of Omicron JN.1 variant of SARS-CoV-2. Contents of all macromolecular constituents are
expressed as mass fractions in %

Name RNA DNA Proteins Lipids Carbohydrates
Virus particle 43 0.0 77.0 17.2 1.5
Nucleocapsid 8.1 0.0 91.9 0.0 0.0
Nucleic acid 100.0 0.0 0.0 0.0 0.0
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TABLE IV. Thermodynamic properties of live matter of virus particles, nucleocapsids and
nucleic acid of Omicron JN.1 variant of SARS-CoV-2

Name AdH® / kJ C-mol! S.,©/JC-mol'! K-! AsG® / kJ C-mol!
Virus particle —64.43 30.70 —24.63
Nucleocapsid —75.40 32.47 —33.31
Nucleic acid —173.12 37.98 —123.90

TABLE V. Biosynthesis stoichiometry of the virus particle, nucleocapsid and nucleic acid of
Omicron JN.1 variant of SARS-CoV-2. The general biosynthesis reaction has the form:
(Al’l’lil’lO acid) + CH20 + 02 + HPO42_ + HCO3_ g (BIO) + 8042_ + H20 + HCO3_ + H2CO3.
(Amino acid) denotes the empirical formula of amino acids and (Bio) denotes the empirical
formula of live matter

Reactants Products

Amino acid CH>O 0O, HPO4* HCOs3 - Bio SO+ H»O HCOs H.COs
Virus particle  1.0236  0.0105 0.0000 0.0064 0.0256 — 1 0.0192 0.0674 0.0000 0.0597
Jucleocapsid  1.3903  0.0000 0.4925 0.0060 0.0438 — 1 0.0279 0.0550 0.0000 0.4341
Nucleic acid 1.7190 0.0000 1.0650 0.1053 0.0000 — 1 0.0386 0.3306 0.1334 0.5856

Name

TABLE VI. Thermodynamic properties of biosynthesis of virus particles, nucleocapsids and
nucleic acids of Omicron JN.1 variant of SARS-CoV-2

Name ApsH1® / kI C-mol! ApsS® /T C-mol! K- ApsG® / kJ C-mol!
Virus particle —4.80 6.94 —6.94
Nucleocapsid —232.88 —37.48 —221.74
Nucleic acid —484.11 —98.20 —456.07

TABLE VII. Thermodynamic properties of antigen—receptor binding of Omicron JN.1 variant
of SARS-CoV-2; the K4 value was taken from literature*?
Virus Variant Interaction Ki/M  Kg/M! AgG®/klImol!
SARS-CoV-2 Omicron JN.1 RBD with ACE2 145E-08 6.90E+07 —44.74

The infectivity of any virus or virus variant depends on its antigen—receptor
binding affinity. In essence, the antigen receptor binding represents a purely
chemical interaction similar to protein—ligand interactions. The driving force for
this reaction is Gibbs energy change of binding.3# This is why in the essence of
affinity there is the value of Gibbs energy change of binding. The virus variant
characterized by a more negative Gibbs energy change exhibits a greater affinity.
Consequently, the increased affinity implies a greater infectivity, due to the
greater rate of antigen—receptor binding and the faster entry rate of viruses into
host cells. If in the same moment two virus variants appear in the same host, they
compete for the receptors and the variant characterized by a more negative Gibbs
energy change of binding will exclude the other variant or variants from the org-
anism/population.34:45

The changes of Gibbs energy (change in thermodynamic properties) appear
as a consequence of a change in chemical composition. The change in chemical
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composition appears as a consequence of mutations. During mutations, there is
the change in the sequence of nucleotides, which leads to the change in chemical
composition. The empirical formula of the Hu-1 wild type is
CH] 639000.2851N0.2301P0.006550.0038,*8 while the empirical formula of the
Omicron BA.1 variant is CHj 640400 2842N02299P0.006450.0038,+8 which is dif-
ferent from that of JN.1 CH{ 639000.2841N0.2300P0.00643950.003765 (Table I). The
hydrogen content of the JN.1 variant is similar to that of the Hu-1 wild type, both
of which are lower than that of the BA.1 variant. The oxygen content of the JN.1
variant is lower than those of Hu-1 and BA.1 variants. The nitrogen content of
the JN.1 variant is between those of the Hu-1 and BA.1 variants. The phosphorus
content of the JN.1 variant is similar to that of the BA.1 variant and lower than
that of the Hu-1 variant. The sulphur content is similar for all three variants.
Therefore, every variant of SARS-CoV-2 is characterized by a specific empirical
formula, which can be used to identify the variant. This is in agreement with the
result that the virus particles can be identified with single particle [CP-MS.49

Empirical formulas have been determined for other viruses: West Nile virus
CH1 .765100.2609N0.1469P0.01971250.0037453° and Poxviruses
CH] 587600.3008N0.2538P0.0022350.00554-2° The empirical formula of JN.1 variant
of SARS-CoV-2 is CH1.639000.2841N0.2300P0.006439S0.003765 (Table I). The hyd-
rogen content of the JN.1 variant is lower than that of the West Nile virus and
higher than that of the Poxviruses. The oxygen content of the JN.1 variant is
lower than that of poxviruses and higher than that of West Nile virus. The nit-
rogen content of the JN.1 variant is lower than that of Poxviruses and higher than
that of the West Nile virus. The phosphorus content of the JN.1 variant is lower
than that of West Nile virus and higher than that of Poxviruses. The sulphur
content of the JN.1 variant is higher than those of the West Nile virus and Pox-
viruses. Therefore, every virus species is characterized by a specific empirical
formula.

The chemical formula of the entire virus particle of the Omicron JN.1 variant
of SARS-CoV-2 is  Cp01x107H1.66x10702.87x106N2.32x106P6.51x10453.80x 104
which has a molar mass of 219.7 MDa (Table II). The chemical formula of the
West Nile virus is Cis54x106H2.71x10604.01x105N2.26x105P3.03x104S5.76x103,°°
while that of the poliovirus is C332652H4923880131196N98245P7501S2340.10 The
virus particle of the JN.1 variant is composed of a much larger number of atoms
than those of the West Nile virus and poliovirus. This is in agreement with the
larger size of the SARS-CoV-2 virus particle (90 nm)3 than those of the West
Nile virus (50 nm)3° and poliovirus (30 nm).3!

The biosynthesis reaction of the virus particle of Omicron JN.I variant is:

1.0236CH|.79800.4831N0.224750.022472 + 0.0105CH0 +
0.0064HPO42~ + 0.0256HCO3~ — CH} 639000.2841N0.2300P0.00643950.003765 +
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0.01928042~ + 0.0674H,0 + 0.0597H,CO; (15)

where CH1 79800.4831N0.2247S0.022472 is the empirical formula of amino acids
and CHJ 639000.2841N0.2300P0.00643950.003765 is the empirical formula of the
IN.1 virus particle. The biosynthesis reaction of the nucleocapsid of Omicron
JN.1 variant is

1.3903CH} 79800.4831N0.224750.022472 + 0.49250, + 0.0060HPO4>~ +

0.0438 HCO3~ — CH| 571000.3431N0.3124P0.00600450.003349 +
0.0279S042~ + 0.0550H,0 + 0.4341H,CO; (16)

where CH1 571000.3431N0.3124P0.00600450.003349 1s the empirical formula of the
JN.1 nucleocapsid. The biosynthesis reaction of the nucleic acid of Omicron JN.1
variant is:

1.7190CH; 79800.4831N0.2247S0.022472 + 1.06500, + 0.1053 HPO42_ -
CH229900.7397N0.3863P0.105315 + 0.0386 SO4* + 0.3306 H,O +
0.1334HCO5 + 0.5856 H,CO; a7

where CH1 229900.7397N0.3863P0.105318 1S the empirical formula of the JN.1 nuc-
leic acid.

Based on the empirical formulas, thermodynamic properties can be calcul-
ated, with the Patel-Erickson model2425 and Battley model.26 The Gibbs energy
change of biosynthesis of microorganisms represents the driving force for micro-
organism multiplication.18:19:34.45 By multiplying inside host cells, a virus leads
to its damage in several ways. One of them is the lytic cycle.4¢ Less obvious, but
still realistic way of damage of the host cells is competition for resources.
Namely, a virus hijacks the host cell metabolic machinery, making it function for
the virus multiplication completely, while the synthesis of host cell building
blocks is inhibited. Thus, since the reparatory mechanisms become ineffective,
with time there is damage of the host cell. According to the phenomenological
equations, the reaction rate (in this case rate of virus multiplication) depends on
the Gibbs energy change of biosynthesis. A greater multiplication rate leads to
greater damage of the host cell. Thus, virus pathogenicity is greater if Gibbs
energy change of biosynthesis of the virus is more negative.

It is obvious that the infectivity and the pathogenicity depend on thermodyn-
amic properties — Gibbs energy change of binding and Gibbs energy change of
biosynthesis, respectively. Furthermore, the binding of antibodies to virus anti-
gens also represents a chemical reaction, similar to protein—ligand interact-
ions.!2.34 Thus, the driving force for the antigen—antibody binding reaction is the
Gibbs energy change of the antigen—antibody binding and the antigen—antibody
binding rate, according to the phenomenological equations, depends on it. There-
fore, two different molecules — antibody and receptor — bind to the same substrate
— antigen — and the reactions are competitive. This means that the reaction char-
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acterized with a more negative Gibbs energy change will have an advantage.
Macroscopically, if the Gibbs energy change of the reaction of antigen—antibody
binding is more negative than the Gibbs energy change of the antigen—receptor
binding, then the virus will be inactivated and removed from the host organism
and will not lead to the development of a disease. On the other hand, if the Gibbs
energy change of antigen—receptor binding is more negative than the Gibbs
energy change of the antigen—antibody binding, then there will be immune evasion.

In this research, Gibbs energy change of binding was determined for the first
time for the Omicron JN.1 variant of SARS-CoV-2, which is given in Table VII.
Gibbs energy changes of binding have been determined for other variants of
SARS-CoV-2: Hu-1 wild type —43.43 kJ mol~1,48 Delta B.1.617 variant —43.38
kJ mol~1,48 and Omicron BA.2 variant —51.50 kJ mol~1.52 Gibbs energy changes
of binding of different variants of SARS-CoV-2 during its time evolution are
shown in Fig. 1. Please notice that the JN.1 variant originates from the Omicron
variant and has appeared by acquisition of mutations with the goal to survive.
Obviously, the JN.1 variant has evolved towards less negative Gibbs energy
change (which is not a rule observed during evolution of SARS-CoV-2). Indeed,
SARS-CoV-2 has exhibited a tendency to evolve towards increase in infectivity
and maintenance of pathogenicity.33 The evolution of the JN.1 variant towards
less negative Gibbs energy change of binding could be a consequence of exten-
sive immunization by natural means or by vaccines. The decrease in Gibbs
energy change of binding is a result of changed virus antigen structure. Since the
changed antigen structure of the virus is different than those of the previous
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Fig. 1. Gibbs energy change of binding of different SARS-CoV-2 variants during the time
evolution of the virus. AgG® represents standard Gibbs energy change of binding.
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variants, it also binds with a lower affinity to highly specific host antibodies. The
lower affinity of binding to antibodies provides immune evasion.

Development of vaccines based on virus variants in circulation is important
in order to achieve greater specificity of the response antibodies to the virus and
avoid antibody-dependent enhancement.>* During the pandemic, SARS-CoV-2
developed a great number of mutations. These mutations allow some variants to
avoid immune response. Thus, it is important for vaccines to follow the time
evolution of SARS-CoV-2.

Infectivity does not depend only on the rate of entry of virus particles into
host cells and immune response. The process of infection is much more complex
and includes concentration of viruses at the site of entry into host organism (inf-
ective inoculum) expressed in number of infectious particles per mL. The con-
centration of infectious particles is much lower in an open space. This is why the
possibility of infection in an open space is much lower. The lower the volume of
a closed space, the greater the concentration and the possibility of infection. Fur-
thermore, infectivity also depends on diffusion through nose mucosa and furin
cleavage.!3 Due to complexity of the process of infection and the arguments in
favour of a stronger immune response of the host organism, it seems that we can
be optimistic regarding the epidemic spreading of SARS-CoV-2 variants, with
the consciousness that the virus will continue to adapt during the evolution pro-
cess in the future.

Pathogenicity of viruses depends on the degree of damage that a virus causes
during infection. The degree of damage depends on the multiplication rate of the
virus. The multiplication rate is, according to the phenomenological equations,
dependent on the driving force of multiplication — Gibbs energy change of bio-
synthesis. Gibbs energy change of biosynthesis of the Omicron JN.1 variant is
—221.74 kJ C-mol~!. Gibbs energies changes of biosynthesis of different SARS-
-CoV-2 variants are given in Fig. 2. Gibbs energies change of biosynthesis of
other SARS-CoV-2 variants are: Hu-1 wild type —222.2 kJ C-mol-1,2! Omicron
BA.2 —221.22 kJ C-mol~1,52 Omicron XBB.1.5 Kraken —221.22 kJ C-mol-!,34
Omicron XBB.1.16 Arcturus —221.19 kJ C-mol~1,32 and Omicron EG.5 Eris
—221.75 kJ C-mol~1.2! From this we can conclude that Gibbs energy change of
biosynthesis has changed very little and that pathogenicity of SARS-CoV-2 vari-
ants has remained similar during evolution. This is in agreement with the predict-
ions of theory of evolution, that organisms will evolve towards maintenance of
the species. An increase in pathogenicity would lead to a greater number of lethal
cases, which would as a consequence lead to lower possibility for the virus to
survive.

In the basis of all biological processes performed by viruses, including the
life cycle, the infection and the damage to host cells, are physical and chemical
processes. This is why mechanistic models are useful for the better understanding
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of mechanisms through which biological, physical and chemical processes occur
and indicate the ways in which we can influence the course of the pandemic. At
the very beginning of the COVID-19 pandemic, there were many misleading
information. It was not clear what are the paths of the transmission of COVID-19
infection. Due to this, use of gloves was introduced, even though the primary
path of transmission is not fecal-oral, but respiratory. In some countries, money
was replaced by contactless payment, even though the transmission by indirect
contact is almost impossible. Moreover, the extensive lockdown was enforced in
almost all countries, even though it is clear that in the respiratory infections
maintenance of distance and avoidance of small closed spaces (e.g., elevators,
toilets) should be effective in the avoidance of infections like COVID-19,
especially with the extensive application of face masks. In the moment when the
mechanistic models were developed and in parallel epidemiological measures
and especially vaccines, the fight against the pandemic became much more
efficient. However, the damage to production and logistics that could have been
avoided has already been made. Moreover, a lot of time was needed for the
population to understand that the application of facial masks is a very effective
method for the suppression of pandemic, since it decreases the size of infectious
inoculum. However, first of all thanks to the scientific community, the number of
new cases of COVID-19 has been significantly decreased and the end of the
pandemic was declared.
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Fig. 2. Gibbs energies change of biosynthesis of different SARS-CoV-2 variants during the
time evolution of the virus. A, G® represents standard Gibbs energy change of biosynthesis.
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CONCLUSIONS

The COVID-19 pandemic might be over. However, the new variants of
SARS-CoV-2 are appearing quite frequently. Omicron JN.I is the last in a
sequence of variants. The mechanistic models allow the prediction that the Omic-
ron JN.1 variant can cause a new epidemic wave, with a lower amplitude in the
number of new infections (decreased infectivity) and a smaller number of casual-
ties. The smaller number of casualties is a consequence of a smaller number of
infected people with the unchanged pathogenicity of the Omicron JN.1 variant.
This process is also contributed by the process of immunization. It seems that the
need for the active immunization will be necessary for a long period. Moreover,
the development of new vaccines will be needed, which will be based on some of
the newer variants, due to the acquisition of a larger number of mutations in the
new variants.
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U3BOJ
YIOAPHE BECTH: EMITHUPHUJCKE ®OPMYVYJIE, MOJIAPHE MACE, PEAKITUJE
BUOCHHTE3E U TEPMOJWUHAMHWYKE OCOBMHE BUPYCHUX YECTHLIA:
BUOCHHTE3E U BESUBAIHA OMICRON JN.1 BAPUJAHTE SARS-COV-2

MAPKO E. [TOITOBUR', MAJA CTEBAHOBHR? 1 MAPUJA MUXAWJIOBUR'

"Ynueepsuiuein y Beoipagy, HHCIAUTGY T 30 XeMUjy, TEXHOLOTUfy u metianypiujy, Ebeiowesa 12, 11000
Beoipag u “Huosayuonu ueninap TexHOTOwWKo—Melllanypuxol paxynieiia, Yrnueep3uiieii y Beoipagy,
Kapnetujesa 4, 11120 Beoipag

YnapHe BecTu cy oduuHO y3Hemupyjyhe. O mpupoAHUM KaTacTpodama, paTOBUMa, €Mu-
IEMHjaMa, UTH. Ce U3BEIITaBa Kao O yJapHUM BECTHMaA. Y OBOM pafy je MPHUKa3aHO CMalkEeme
OTIACHOCTH OJ LIMpema enuieMuja u3a3BaHux Bapujantom JN.1, jep aHanuse moxasyjy na je
WH(QEKTUBHOCT HOBe BapHjaHTe ciladuja y ogHOCY Ha BehuHy paHMjUX BapHjaHTH, IITO MOTBP-
hyje n dpoj ciyuajeBa (7500 gHeBHO y CAJI). IlltaBuire, JN.1 ynpkoc Benukom Opojy myTa-
U¥ja HUje yCIeo Aa MOCTUIHe BPeAHOCTH npoMeHe 'mbcose eHepryje dvocuHTese (a caMUM
THUM U CTOIIE pa3MHOXKaBawa BUpyca) Aubmer Thna Hu.1. McTpaxuBamwe nokasyje na UHQEK-
THUBHOCT M naToreHoct Bapujante JN.1 Huje mocTturia 3adprmasajyhy BeJUYMHY, LITO 3HAYH
Ila HEMa pasjiora 3a 04YeKHBaibe Ioroplame enuaeMHoIoOLIKe CUTyaluje.

(ITpumibero 19. janyapa, pesuaupato 31. janyapa, npuxsaheno 20. dbedpyapa 2024)
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