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Abstract: RNA viruses exhibit a great tendency to mutate. Starting from 2019, the wild type that was
labeled Hu-1 has during the last 3 years evolved to produce several dozen new variants, as a consequence
of mutations. Mutations cause changes in empirical formulas of new virus strains, which lead to change in
thermodynamic properties of biosynthesis and binding. These changes cause changes in the rate of
reactions of binding of virus antigen to the host cell receptor and the rate of virus multiplication in the
host cell. Changes in thermodynamic and kinetic parameters lead to changes in biological parameters of
infectivity and pathogenicity. SARS-CoV-2 has starting from in 2019, until today, evolved towards increase
in infectivity and maintaining constant pathogenicity, or for some variants a slight decrease in
pathogenicity. In the case of Omicron BQ.1, BQ.1.1, XBB and XBB.1 variants pathogenicity is identical as in
the Omicron BA.2.75 variant. On the other hand, infectivity of the Omicron BQ.1, BQ.1.1, XBB and XBB.1
variants is greater than those of previous variants. This will most likely result in the phenomenon of
asymmetric coinfection, that is circulation of several variants in the population, some being dominant.

Keywords: COVID-19; Elemental composition; Gibbs energy of biosynthesis; Gibbs energy of binding;
Variant of concern (VOC)

1. Introduction

Viruses represent open thermodynamic systems [von Bertalanffy, 1950, 1971; Popovic and
Minceva, 2020a; Simsek et al., 2021]. Viruses have characteristic empirical formulas [Popovic and Minceva,
2020b; Degueldre, 2021], as well as thermodynamic properties of biosynthesis [Popovic, 2022a, 2022b,
2022c] and binding [Gale, 2022, 2021, 2020, 2019, 2018; Popovic and Popovic, 2022; Popovic, 2022d,
2022e, 2022f, 2022g]. Antigen-receptor binding represents a chemical reaction similar to protein-ligand
interaction [Du et al., 2016; Popovic and Popovic, 2020]. Life processes - replication, transcription and
translation represent chemical processes — polymerization of nucleotides into nucleic acid and amino acids
into proteins [Pinheiro et al., 2008; Johansson and Dixon, 2013; Dodd et al., 2020; Lee et al., 2020]. Driving
force for all chemical processes is Gibbs energy [Demirel, 2014; Balmer, 2010; Atkins and de Paula, 2011,
2014; von Stockar, 2013a, 2013b]. To understand biological processes, which have their chemical and
biothermodynamic side, it is necessary to know the driving forces for these processes.

RNA viruses, including SARS-CoV-2, exhibit a great tendency to mutate [Duffy, 2018]. All variants
of SARS-CoV-2, from Hu-1 to Omicron BA.2.75, have been chemically and thermodynamically
characterized [Popovic and Popovic, 2022; Popovic, 2022a, 2022b, 2022c, 2022d, 2022e, 2022f, 2022g,
Popovic and Minceva, 2021a, 2020b]. Change in thermodynamic properties of binding and biosynthesis
during the time evolution of SARS-CoV-2 has been reported in [Popovic, 2022f].
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During the last several months, the Omicron variant has developed new mutations, giving rise to
new variants, including BQ.1, BQ.1.1 and XBB. These were labeled variants of concern (VOC) by WHO
[2022]. The BA.2.75 and BQ.1 have been dominating lately [Zappa et al., 2022]. The question is raised
whether they are competitive [Zappa et al., 2022]. Various viruses compete “for soil” [Popovic and
Minceva, 2021a]. The result of this competition can be coinfection or interference [Popovic and Minceva,
2021a). Experience learns us that newer variants have caused successive pandemic waves, suppressing
the older variants [Popovic, 2022f].

The aim of this paper is to chemically and thermodynamically characterize the new BQ.1, BQ.1.1
and XBB variants and to compare their thermodynamic properties of biosynthesis and binding with other
SARS-CoV-2 variants.

2. Methods
2.1 Data sources

The genetic sequences of the BQ.1, BQ.1.1, XBB and XBB.1 variants of SARS-CoV-2 were taken from
GISAID, the global data science initiative [Khare et al., 2021; Elbe and Buckland-Merrett, 2017; Shu and
McCauley, 2017]. The BQ.1 genetic sequence can be found under the accession ID: EPI_ISL 15921176. It
is labeled as hCoV-19/Israel/ICH-741192169/2022. It has been collected on November 16, 2022 by a lab in
Tel Aviv, Israel. The BQ.1.1 genetic sequence can be found under the accession ID: EPI_ISL_15938021. It is
labeled hCoV-19/USA/MT-MTPHL-4070970/2022. It was isolated on November 23, 2022 by a lab in Helena,
Montana (USA). The XBB genetic sequence can be found under the accession ID: EPI_ISL_15936982. It is
labeled hCoV-19/Austria/LB-R00113-5S325/2022. It was isolated on November 23, 2022 by a lab in Vienna,
Austria. The XBB.1 genetic sequence can be found under the accession ID: EPI_ISL_15927855. It is labeled
hCoV-19/Turkey/KSS-UEAH4881829747/2022. It was isolated on November 7, 2022 by a lab in Istanbul,
Turkey. The findings of this study are based on metadata associated with 4 sequences available on GISAID
up to December 2, 2022, and accessible at https://doi.org/10.55876/gis8.221202be.

The sequence of the nucleocapsid phosphoprotein of SARS-CoV-2 was obtained from the NCBI
database [Sayers et al., 2022; National Center for Biotechnology Information, 2022], under the accession
ID: UKQ14424.1. The number of copies of the nucleocapsid phosphoprotein in virus particle was taken
from [Neuman and Buchmeier, 2016; Neuman et al., 2011; Neuman et al., 2006].

Dissociation equilibrium constants of the BQ.1, BQ.1.1, XBB, XBB.1, BA.2 and BA.4/5 variants were
taken from Wang et al. [2022]. They were measured using surface plasmon resonance at 25°C [Wang et
al., 2022; Rusnati et al., 2015].

Data on standard Gibbs energies of binding of the Wild type Hu-1, Alpha B.1.1.7, Beta B.1.351,
Gamma P.1, Delta B.1.617 and Omicron BA.1 variants of SARS-CoV-2 were taken from [Popovic, 2022b].
All the data are at 25°C.

Data on standard Gibbs energies of biosynthesis of biosynthesis of the Hu-1, Delta B.1.617.2,
Omicron BA.1.1.429, Omicron BA.2 and Omicron BA.2.75 variants of SARS-CoV-2 were taken from
[Popovic, 2022a, 2022b, 2022c].
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2.2 Empirical formulas and biosynthesis reactions

The genetic and protein sequences were used to find empirical formulas of nucleocapsids of the
BQ.1, BQ.1.1 and XBB variants of SARS-CoV-2. This was done using the atom counting method [Popovic,
2022h]. The atom counting method is implemented using a computer program [Popovic, 2022h]. The input
are genetic and protein sequences of the virus of interest, as well as the number of copies of proteins in
the virus particle and the virus particle size [Popovic, 2022h]. The program goes along the nucleic acid and
protein sequences and adds atoms coming from each residue in the sequence, to find the number of atoms
contributed by that macromolecule to the virus particle [Popovic, 2022h]. The contributions of viral
proteins are multiplied by their copy numbers, since proteins are present in multiple copies in virus
particles [Popovic, 2022h]. The output of the program is elemental composition of virus particles, in the
form of empirical formulas, and molar masses of virus particles [Popovic, 2022h]. The advantage of the
atom counting method is that it can provide the empirical formulas of virus particles, based on widely
available data on genetic and protein sequences [Popovic, 2022h]. The atom counting method was shown
to give results in good agreement with experimental results [Popovic, 2022h].

The empirical formulas of virus particles were used to construct biosynthesis reactions,
summarizing conversion of nutrients into new live matter [von Stockar, 2013a, 2013b; Battley, 1998]. The
biosynthesis reaction for virus particles has the general form

(Amino acid) + O, + HPO4% + HCOs  — (Bio) + SO4* + H,0 + H,COs (1)

where (Bio) represents new live matter, described by an empirical formula given by the atom counting
method [Popovic, 2022a, 2022b]. (Amino acid) represents a mixture of amino acids with the empirical
formula CH1.79800.4831N0.2247S0.022472 (expressed per mole of carbon), representing the source of energy,
carbon, nitrogen and sulfur [Popovic, 2022a, 2022b]. O is the electron acceptor [Popovic, 2022a, 2022b].
HPO,? is the source of phosphorus [Popovic, 2022a, 2022b]. HCOs™ is a part of the bicarbonate buffer that
takes excess H* ions that are generated during biosynthesis [Popovic, 2022a, 2022b]. SO4* is an additional
metabolic product that takes excess sulfur atoms [Popovic, 2022a, 2022b]. H,CO; takes the oxidized carbon
atoms and is also a part of the bicarbonate buffer [Popovic, 2022a, 2022b].

2.3 Thermodynamic properties of live matter and biosynthesis

Empirical formulas of virus nucleocapsids were used to find standard thermodynamic properties
of their live matter, using predictive biothermodynamic models: the Patel-Erickson and Battley equations
[Patel and Erickson, 1981; Battley, 1999, 1998, 1992]. The Patel-Erickson equation was used to find
enthalpy of live matter, based on its elemental composition. The Patel-Erickson equation gives standard
enthalpy of combustion, AcH?, of live matter

AcHO(bio) = —111.14—<— . F 2)

C—mol

where E is number of electrons transferred to oxygen during combustion [Patel and Erickson, 1981,
Battley, 1998, 1992; Popovic, 2019]. E can be calculated from the empirical formula of live matter

E=4n,+ny —2ny — 0ny + 5np + 614 (3)

where ng, ny, ne, Ny, np and ns represent the number of C, H, O, N, P and S atoms in the live matter empirical
formula, respectively [Patel and Erickson, 1981; Battley, 1998, 1992; Popovic, 2019]. Once calculated using
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the Patel-Erickson equation, AcH? can be converted into standard entropy of formation, A#H°, of live
matter. AcHC is the enthalpy change of the reaction of complete combustion of live matter.

CncHrHORoNANPpShs + (Nc+ Y4 Ny + 1% np + 1% ns - %5 no) O2 > nec CO2 + % np H,0 + % Ny Ny + % np P4Ogo +
ns SO3 (4)

This means that AcH? can be used to find A/H° of live matter using the equation, using the equation
[Popovic, 2022b; Atkins and de Paula, 2011, 2014; Popovic, 2019]

AHO(bio) = ne AHO(CO,) + "7” ArHO(H,0) + % ApHO(P,010) + ng ApHO(S03) — AcH®  (5)

The Battley equation gives standard molar entropy of live matter, S%,, based on its empirical
formula

0
s, (bio) = 0.187 3,5y, (6)
ajy

where n; is the number of atoms of element J in the empirical formula of live matter [Battley, 1999; Battley
and Stone, 2000; Popovic, 2019]. 5%, and a, are standard molar entropy and number of atoms per formula
unit of element J in its standard state elemental form [Battley, 1999; Battley and Stone, 2000; Popovic,
2019]. The Battley equation can be modified to give standard entropy of formation, AS®, of live matter
[Battley, 1999; Battley and Stone, 2000; Popovic, 2019]

0
$9,(bio) = —0.813 3,3y, (7)
ay

Finally, AsH? and AsS° are combined to give standard Gibbs energy of formation of live matter, A/G°.
AsGO(bio) = ArH®(bio) — TArS°(bio) (8)

Once live matter is characterized by finding its AH? S%, and A/G® these properties can be
combined with biosynthesis reactions to find standard thermodynamic properties of biosynthesis.
Standard thermodynamic properties of biosynthesis include standard enthalpy of biosynthesis, ApsH®,
standard entropy of biosynthesis, ApsS°, and standard Gibbs energy of biosynthesis, A,sG°. These properties
are found by applying the Hess’s law to biosynthesis reactions

AbsH0 = Zproducts v A]’HO - Zreactants v AfHO (9)
AbsSO = Zproducts v ST(;l - Zreactantsv Sﬂl (10)
AbsG0 = Zproducts v AfGO - Zreactants v AfGO (11)

where v represents a stoichiometric coefficient [Popovic, 2022b; Atkins and de Paula, 2011, 2014; von
Stockar, 2013a, 2013b; Battley, 1998]. The most important of these three properties is standard Gibbs
energy of biosynthesis, which represents the thermodynamic driving force for growth of all organisms [von
Stockar, 2013a, 2013b; von Stockar and Liu, 1999], including viruses [Popovic, 2022b].

2.4 Thermodynamic properties of antigen-receptor binding

In order to multiply inside the cytoplasm, a virus must first enter its host cell. The first step in this
process is binding of the virus antigen to the host cell receptor. The antigen of SARS-CoV-2 is the spike
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glycoprotein trimer (SGP) [Duan et al., 2020], while the host cell receptor is angiotensin-converting enzyme
2 (ACE2) [Scialo et al., 2020]. The process of antigen-receptor binding is, in its essence, a chemical reaction,
similar to protein-ligand interactions [Du et al., 2016; Popovic and Popovic, 2022]. Thus, the binding of SGP
to ACE2 can be described through the chemical reaction

(An) + (Re) = (An-Re)

Where (An) represents the virus antigen (SGP in the case of SARS-CoV-2), (Re) represents the host cell
receptor (ACE2 for SARS-CoV-2), while (An-Re) represents the antigen-receptor complex [Du et al., 2016;
Popovic and Popovic, 2022].

Like for all other chemical reactions, laws of chemical thermodynamics apply and the process of
antigen-receptor binding can be described through several thermodynamic parameters. The dissociation
equilibrium constant, Ky, is defined as

__ [An][Re]
- [An—Re]

d (12)
where [An] is the concentration of the virus antigen, [Re] the concentration of the host receptor and [An-
Re] the concentration of the antigen-receptor complex [Du et al., 2016; Popovic and Popovic, 2022]. The
reciprocal of Ky is the binding equilibrium constant, K5, [Du et al., 2016; Popovic and Popovic, 2022]

The binding equilibrium constant can be used to find standard Gibbs energy of binding, AsG°, through the
equation

ABGO = _RTanB (14)

Where T is temperature and R is the universal gas constant [Du et al., 2016; Popovic and Popovic, 2022].

3. Results

In this research, for the first time the empirical formula of BQ.1, BQ.1.1, XBB and XBB.1 variants of
SARS-CoV-2 were calculated. They are given in Table 1. The empirical formula of the nucleocapsid of the
BQ.1 variant is CH1.57400.3427N0.3124P0.00602750.00335s. The molar mass of the BQ.1 nucleocapsid empirical
formula is 23.749 g/C-mol, while the molar mass of the entire BQ.1 nucleocapsid is 117.22 MDa. The
empirical formula of nucleocapsid of the BQ.1.1 variant is CH1.57400.3426No0.3124P0.006006S0.003350. The molar
mass of the BQ.1.1 nucleocapsid empirical formula is 23.747 g/C-mol, while the molar mass of the entire
BQ.1.1 nucleocapsid is 117.28 MDa. The empirical formula of the nucleocapsid of the XBB variant is
CH1.57400.3427N0.3124P0.00602850.003358. The molar mass of the XBB nucleocapsid empirical formulais 23.749 g/C-
mol, while the molar mass of the entire XBB nucleocapsid is 117.22 MDa. The empirical formula of the
nucleocapsid of the XBB.1 variant is CH1.57400.3426N0.3124P0.00601250.003350. The molar mass of the XBB.1
nucleocapsid empirical formula is 23.748 g/C-mol, while the molar mass of the entire XBB.1 nucleocapsid
is 117.19 MDa.

Based on the empirical formulas of the SARS-CoV-2 variants, biosynthesis reactions were
formulated. They are presented in Table 2. The biosynthesis reaction of the BQ.1 nucleocapsid is
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1.3901 CH179800.4831N0.2247S0.022472 + 0.4913 0O, + 0.0060 HPO,> + 0.0437 HCO; —
CH1.57400.3227N0.3124P0.006027S0.003358 + 0.0279 SO4* + 0.0538 H,0 + 0.4338 H,CO; (1)

The biosynthesis reaction of the BQ.1.1 nucleocapsid is

1.3900 CH1,79800,4831N0,224750.022472 + 0.4911 Oz + 0.0060 HPO42' + 0.0437 HCO3_ —
CH1.57400.3226N0.3124P0.00600650.003359 + 0.0279 SO4* + 0.0538 H,0 + 0.4337 H,CO3 (2)

The biosynthesis reaction of the XBB nucleocapsid is

1.3901 CH1,79800,4831N0,224750.022472 + 0.4913 Oz + 0.0060 HPO42' + 0.0437 HCO3_ —
CH1.57400.3427N0.3124P0.00602850.003358 + 0.0279 SO4% + 0.0538 H,0 + 0.4338 H,CO3 (3)

The biosynthesis reaction of the XBB.1 nucleocapsid is

1.3900 CH1.79800.4831N0.224750.022472 + 0.4912 0O, + 0.0060 HPO42— + 0.0437 HCO; —
CH1.57400.3426N0.3124P0.00601250.003359 + 0.0279 5042_ + 0.0538 H,0 + 0.4337 H,CO3 (4)

Standard thermodynamic properties of live matter of nucleocapsids of the BQ.1, BQ.1.1, XBB and
XBB.1 variants were calculated and are shown in Table 3. Standard enthalpy of formation of the BQ.1
nucleocapsid is -75.40 klJ/C-mol, its standard molar entropy is 32.49 J/C-mol K, while its standard Gibbs
energy of formation is -33.28 klJ/C-mol. Standard enthalpy of formation of the BQ.1.1 nucleocapsid is -
75.38 kJ/C-mol, its standard molar entropy is 32.49 J/C-mol K, while its standard Gibbs energy of formation
is -33.26 kJ/C-mol. Standard enthalpy of formation of the XBB nucleocapsid is -75.40 kJ/C-mol|, its standard
molar entropy is 32.49 J/C-mol K, while its standard Gibbs energy of formation is -33.28 kJ/C-mol. Finally,
standard enthalpy of formation of the XBB.1 nucleocapsid is -75.38 kJ/C-mol, its standard molar entropy
is 32.49 J/C-mol K, while its standard Gibbs energy of formation is -33.26 kJ/C-mol.

In this research, for the first time the Gibbs energy of biosynthesis is calculated for BQ.1, BQ.1.1,
XBB and XBB.1 variants of SARS-CoV-2. They are presented in Table 4. Standard enthalpy of biosynthesis
of the BQ.1 nucleocapsid is -232.33 klJ/C-mol, its standard entropy of biosynthesis is -37.34 J/C-mol K, while
its standard Gibbs energy of biosynthesis is -221.24 kJ/C-mol. Standard enthalpy of biosynthesis of the
BQ.1.1 nucleocapsid is -232.27 kJ/C-mol, its standard entropy of biosynthesis is -37.33 J/C-mol K, while its
standard Gibbs energy of biosynthesis is -221.18 kJ/C-mol. Standard enthalpy of biosynthesis of the XBB
nucleocapsid is -232.34 kJ/C-mol, its standard entropy of biosynthesis is -37.34 J/C-mol K, while its
standard Gibbs energy of biosynthesis is -221.25 kJ/C-mol. Finally, standard enthalpy of biosynthesis of
the XBB.1 nucleocapsid is -232.28 kJ/C-mol, its standard entropy of biosynthesis is -37.33 J/C-mol K, while
its standard Gibbs energy of biosynthesis is -221.19 kJ/C-mol.

Based on Ky data reported in Wang et al. [2022], standard thermodynamic properties of antigen-
receptor binding have been determined for BQ.1, BQ.1.1, XBB, XBB.1, BA.2 and BA.4/5 variants of SARS-
CoV-2. They are given in Table 5 and include the binding equilibrium constant, Kz, and standard Gibbs
energy of binding, AsG°. For the BQ.1 variant, the binding equilibrium constant is Ks = 1.613 x 10° M,
while the standard Gibbs energy of antigen-receptor binding is AsG° = -52.55 kJ/mol. For the BQ.1.1
variant, the binding equilibrium constant is Kz = 1.786 x 10° M, while the standard Gibbs energy of
antigen-receptor binding is AsG?%=-52.81 kJ/mol. For the XBB variant, the binding equilibrium constant is
Kz =5.000 x 108 M2, while the standard Gibbs energy of antigen-receptor binding is AsG° = -49.65 kl/mol.
For the XBB.1 variant, the binding equilibrium constant is Kz = 4.854 x 108 M1, while the standard Gibbs
energy of antigen-receptor binding is AsG° = -49.58 kJ/mol. For the BA.2 variant, the binding equilibrium
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constant is Kz = 1.053 x 10° M}, while the standard Gibbs energy of antigen-receptor binding is AsG° = -
51.50 kJ/mol. For the BA.4/5 variants, the binding equilibrium constant is Kz = 1.639 x 10° M, while the
standard Gibbs energy of antigen-receptor binding is AsG° =-52.59 kJ/mol.

Table 1: Empirical formulas of nucleocapsids of the BQ.1, BQ.1.1, XBB and XBB.1 variants of SARS-CoV-2.
The empirical formulas have the general form CncHnnOnoNnnPnpSns. All formulas are expressed per mole of
carbon. Molar masses are provided in two forms. Mr denotes the molar mass of the empirical formula
and is expressed in g/C-mol (Daltons). Mr(nc) denotes the molar mass of the entire nucleocapsid (entire
viral genome and all nucleoprotein copies) and is expressed in MDa.

Variant C H (o] N P S Mr (g/C-mol) Mr(nc) (MDa)
BQ.1 nucleocapsid 1 1.574  0.3427 0.3124 0.006027 0.003358 23.749 117.22
BQ.1.1 nucleocapsid 1 1.574  0.3426 0.3124 0.006006 0.003359 23.747 117.18
XBB nucleocapsid 1 1.574  0.3427 0.3124 0.006028 0.003358 23.749 117.22
XBB.1 nucleocapsid 1 1.574  0.3426 0.3124 0.006012 0.003359 23.748 117.19

Table 2: Biosynthesis reactions of the BQ.1, BQ.1.1, XBB and XBB.1 variants of SARS-CoV-2.

Reactants Products
Variant Amino
acid 0, HPO,> HCO; — Bio SO0, H.O H.CO;
BQ.1 nucleocapsid 1.3901 0.4913 0.0060 0.0437 — 1 0.0279 0.0538 0.4338
BQ.1.1 nucleocapsid 1.3900 0.4911 0.0060 0.0437 — 1 0.0279 0.0538 0.4337
XBB nucleocapsid 1.3901 0.4913 0.0060 0.0437 — 1 0.0279 0.0538 0.4338
XBB.1 nucleocapsid 1.3900 0.4912 0.0060 0.0437 — 1 0.0279 0.0538 0.4337

Table 3: Standard thermodynamic properties of live matter for the analyzed SARS-CoV-2 variants. This
table presents standard enthalpy of formation, AsH?, standard molar entropy, S%», and standard Gibbs
energy of formation, A/G°, at 25°C (298.15 K).

Variant AHO (kJ/C-mol)  S°y (J/C-mol K)  A:G° (kJ/C-mol)

BQ.1 nucleocapsid -75.40 32.49 -33.28
BQ.1.1 nucleocapsid -75.38 32.49 -33.26
XBB nucleocapsid -75.40 32.49 -33.28
XBB.1 nucleocapsid -75.38 32.49 -33.26

Table 4: Standard thermodynamic properties of biosynthesis for the analyzed SARS-CoV-2 variants. This
table gives data on standard enthalpy of biosynthesis, AxsH®, standard entropy of biosynthesis, AyS?, and
standard Gibbs energy of biosynthesis, ApsG°, at 25°C (298.15 K).

Variant DpsHO (kJ/C-mol)  AwS° (J/C-mol K)  AwnG° (kJ/C-mol)

BQ.1 nucleocapsid -232.33 -37.34 -221.24
BQ.1.1 nucleocapsid -232.27 -37.33 -221.18
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XBB nucleocapsid -232.34 -37.34 -221.25
XBB.1 nucleocapsid -232.28 -37.33 -221.19

Table 5: Standard thermodynamic properties of antigen-receptor binding of SARS-CoV-2 variants. This
table shows data on dissociation equilibrium constants, Ky, binding equilibrium constants, Kz, and
standard Gibbs energies of binding, AsGP. All the data are at 25°C (298.15 K). The K, data were taken
from Wang et al. [2022].

Variant K4 (M) Ks (M?) 0GP (kJ/mol)
BQ.1 6.2E-10  1.613E+09 -52.55
BQ.1.1 5.6E-10  1.786E+09 -52.81
XBB 2E-09  5.000E+08 -49.65
XBB.1 2.06E-09 4.854E+08 -49.58
BA.2 9.5E-10  1.053E+09 -51.50
BA.4/5 6.1E-10 1.639E+09 -52.59

4. Discussion

Zappa et al. [2022] have asked an interesting question: will the new Omicron variants compete
with the currently dominant BA.2.75 variant. Having in mind that viruses are biological, chemical and
thermodynamic entities and that during their life cycle they perform chemical reactions (binding,
replication, transcription and translation), this means that they compete for resources. The rate of the
mentioned chemical reactions, according to the phenomenological equations, which belong to
nonequilibrium thermodynamics, directly depends on Gibbs energy of the process [Popovic and Popovic,
2022]. Indeed, the rate of binding, rs, is given by the phenomenological equation

TB = —L?BABG (4)

where AgG is the Gibbs energy of binding, T is temperature, while Lg is the binding phenomenological
coefficient [Popovic and Popovic, 2022; Popovic, 2022b, 2022g]. Furthermore, the rate of biosynthesis, rps,
of viral components is given by the biosynthesis phenomenological equation

Lps
Tps = _%ADSG (5)

where AyG is the Gibbs energy of biosynthesis, while Ly is the biosynthesis phenomenological coefficient
[Popovic, 2022a, 2022b, 2022c]. Through analysis of the two phenomenological equations, it is possible to
predict the outcome of competition of two viruses, if they appear at the same time in the same place and
compete for the same population. If Gibbs energies of binding are approximately same, then the result of
competition will be coinfection [Popovic and Minceva, 2021a). Furthermore, if Gibbs energies of
biosynthesis are similar, the result of competition will be coinfection [Popovic and Minceva, 2021a].
However, if Gibbs energies of binding and biosynthesis are slightly different, the result will be asymmetric
coinfection [Popovic and Minceva, 2021a]. Asymmetric coinfection means that both variants will appear
in the population, but one of them, the one characterized by a more negative Gibbs energy of binding and
biosynthesis, will dominate [Popovic and Minceva, 2021a]. A large difference in Gibbs energies of binding
and/or biosynthesis will lead to the phenomenon of interference [Popovic and Minceva, 2021a].
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In this paper, standard Gibbs energies of biosynthesis were determined for BQ.1 (-221.24 kJ/C-
mol), BQ.1.1 (-221.18 kJ/C-mol) and XBB (-221.25 kJ/C-mol). Gibbs energy of biosynthesis for the BA.2.75
subvariant is -221.18 kJ/C-mol [Popovic, 2022a]. From these data, we can conclude that in case of
competition there is no winner, that all the variants multiply at the same rate, leading to coinfection, since
they all have similar Gibbs energies of biosynthesis.

The next interesting question is related to pathogenicity of the new variants. Pathogenicity is
related to the rate of multiplication of viruses. Greater multiplication rate leads to greater damage to host
cells [Popovic, 2022f]. Greater damage to host cells is a good indicator of virus pathogenicity. Gibbs
energies of biosynthesis of viral components for the BA.2.75, BQ.1, BQ.1.1 and XBB variants are
approximate the same. Thus, the multiplication rate of the new variants is approximately equal to the
multiplication rate of BA.2.75, which leads to the conclusion that the pathogenicity of the new variants is
identical to that of BA.2.75. Figure 1 shows a graphical representation of time evolution of SARS-CoV-2,
including the new BQ.1, BQ.1.1 and XBB variants. The graph shows that Gibbs energies of biosynthesis of
BA.2.75 and the new variants differ on the second decimal. This difference is negligible and is not sufficient
to show the difference in pathogenicity. The Omicron variant has evolved towards maintaining constant
multiplication rate and pathogenicity.

Infectivity depends on the affinity of antigen-receptor binding, and the rate of virus binding and
entry into host cells, according to the binding phenomenological equation (4). Gibbs energy of binding is
the driving force for the reaction of antigen-receptor binding [Popovic and Popovic, 2022; Popovic, 2022b,
2022d]. Gibbs energy of binding for the Omicron BA.2.75 variant is -49.41 kJ/mol [Popovic, 2022g]. In this
research, standard Gibbs energies of binding were found to be: -52.55 for the BQ.1 variant, -52.81 kJ/mol
for the BQ.1.1 variant, -49.65 kJ/mol for the XBB variant and -49.58 kJ/mol for the XBB.1 variant. The XBB
and XBB.1 variants have very similar standard Gibbs energies of binding to BA.2.75, meaning that they will
have an almost identical entry rates. However, BQ.1 and BQ.1.1 have slightly more negative Gibbs energy
of binding that BA.2.75. This implies that the entry rates of BQ.1 and BQ.1.1 into host cells will be greater
than that of BA.2.75. Having in mind that the difference in Gibbs energies of binding is not great, in case
of simultaneous circulation of Omicron BA.2.75, BQ.1 and BQ.1.1 variants, in the population, there will be
asymmetric coinfection.

SARS-CoV-2 has continued to evolve in the direction it has taken since the beginning of the COVID-
19 pandemic, related to slight increase in infectivity with maintaining pathogenicity at a relatively constant
level. Thus, it is not possible to give a definite response to the question of the time of arrival of the
pandemic phase “game over”.

Figure 2 shows the time evolution of Gibbs energy of binding of SARS-CoV-2. From the graph, a
trend can be observed towards a more negative Gibbs energy of binding of new variants. As was
extrapolated in the paper [Popovic, 2022f], new mutations on the receptor binding domain (RBD) have
developed towards increase in binding affinity. The mutations have led to change in elemental
composition and empirical formulas, which characterize the new variants. Change in empirical formulas
have led to changes in thermodynamic properties of new variants, in the exact direction predicted by the
theory of evolution.
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Figure 1: Time evolution of SARS-CoV-2 variants through standard Gibbs energies of biosynthesis. This
time shows standard Gibbs energy of biosynthesis, A»GY, of various SARS-CoV-2 variants, which
appeared at different times.
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Figure 2: Time evolution of SARS-CoV-2 variants through standard Gibbs energies of binding. This time
shows standard Gibbs energy of binding, AsG°, of various SARS-CoV-2 variants, which appeared at
different times.

5. Conclusions
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Empirical formulas and molar masses have been determined for the nucleocapsids of BQ.1, BQ.1.1
and XBB virions. The empirical formula of the BQ.1 nucleocapsid is CH1.57400.3427N0.3124P0.00602750.003358. FOr
the BQ.1.1 nucleocapsid the empirical formula is CH1.57400.3226N0.3124P0.00600650.003350. FOr the XBB
nucleocapsid, the empirical formula is CH1.57400.3427No.3124P0.00602850.003358. The molar mass of the BQ.1
nucleocapsid empirical formula is 23.749 g/C-mol, while the molar mass of the entire BQ.1 nucleocapsid
is 117.22 MDa. The molar mass of the BQ.1.1 nucleocapsid empirical formula is 23.747 g/C-mol, while the
molar mass of the entire BQ.1.1 nucleocapsid is 117.28 MDa. The molar mass of the XBB nucleocapsid
empirical formula is 23.749 g/C-mol, while the molar mass of the entire XBB nucleocapsid is 117.22 MDa.

Thermodynamic properties of biosynthesis BQ.1, BQ.1.1 and XBB variants differ very little from
those of other Omicron variants. Thus, pathogenicity of new variants has not changed compared to
BA.2.75.

New variants that compete with BA.2.75 should exhibit the phenomenon of coinfection. Several
variants can simultaneously circulate in the population, causing a new wave of the pandemic.

The BQ.1, BQ.1.1 variants have evolved towards more negative standard Gibbs energy of binding,
leading to increase in infectivity. This is in agreement with the expectation of the evolution theory and
empirical observations.

Supplementary Materials: The following are available online.
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