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Abstract: SARS-CoV-2 belongs to the group of RNA viruses with a pronounced tendency to mutate. 
Omicron BA.2.75 is a subvariant believed to be able to suppress the currently dominant BA.5. Omi-
cron BA.2.75 is characterized by a greater infectivity compared to earlier Omicron variants. How-
ever, Gibbs energy of biosynthesis of virus particles is slightly less negative compared to those of 
other variants. Thus, the multiplication rate of Omicron BA.2.75 is lower than that of other variants. 
This leads to slower accumulation of newly formed virions and less damage to host cells, indicating 
evolution of SARS-CoV-2 towards decreasing pathogenicity.  
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1. Introduction 
Multicellular organisms represent hosts for many viruses [Riedel et al., 2019]. They 

interact. Empirical formulas and thermodynamic properties are available in the literature 
for human host tissues [Popovic and Minceva, 2020c], plant host organisms [Popovic and 
Minceva, 2021b] and over 30 viruses [Popovic and Popovic, 2022; Popovic, 2022a, 2022b, 
2022d, 2022e, 2022f; Popovic and Minceva, 2021a; Şimşek et al., 2021]. These data are nec-
essary for research on biothermodynamic background of virus-host interactions.  

All animate matter represents open thermodynamic systems performing growth 
[von Bertalanffy, 1950; Balmer, 2010; Şimşek et al., 2021; Ozilgen and Sorgüven, 2017; Lu-
cia et al., 2021, 2020a; Lucia, 2015; von Stockar, 2013a, 2013b; Lucia & Grisolia, 2020; Schrö-
dinger, 1944; Morowitz, 1992, 1968; Popovic, 2018]. During growth and biosynthesis, the 
state of animate matter system changes. Consequently, thermodynamic properties of the 
organism change during biosynthesis [Popovic, 2019, 2017, 2014a, 2014b]. During evolu-
tion of viruses, mutations occur that change not only thermodynamic properties due to 
change in elemental composition, but also information content [Hansen et al., 2018]. In 
that way, the virus evolves.    

Infection represents a biological interaction of a multicellular host and microorgan-
isms [Riedel et al., 2019]. However, interactions of viruses with their hosts represent also 
a thermodynamic process and have been studied extensively using the approaches of bi-
othermodynamics and bioenergetics [Gale, 2021, 2020, 2019, 2018; Popovic and Minceva, 
2021a; Katen and Zlotnick, 2009; Ceres and Zlotnick, 2002; Casasnovas and Springer, 1995; 
Mahmoudabadi et al., 2017; Tzlil et al., 2004; Kaniadakis et al., 2020; Lucia et al., 2020b; 
Guosheng et al., 2003; Maskow et al., 2010b; Head et al., 2022]. Thus, biothermodynamics 
is used in analysis of interactions of organisms with their environment and with other 
organisms [von Stockar et all., 2013, 2006; Maskow et al., 2013, 2010a, 2005]. However, 
virus-host interactions have still not been explored for many viruses, first of all due to lack 
of data on elemental composition and thermodynamic properties. This is a consequence 
of a lack of adequate biosafety levels in most biothermodynamics and chemical analysis 
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laboratories, as well as difficulties with producing virus samples of adequate purity and 
in sufficient amount [Popovic, 2022c]. Thus, the atom counting method was developed for 
calculating elemental composition of various viruses [Popovic, 2022c]. The results of the 
atom counting method are in agreement with experimentally determined virus empirical 
formulas [Wimmer, 2006; Molla et al., 1991; Popovic, 2022c].  

Based on known empirical formulas of viruses and biosynthesis reactions, it is pos-
sible to find standard thermodynamic properties through the Battley, Roels and Sandler-
Orbey methods. In the Battley method, standard enthalpy of live matter is found through 
the Patel-Erickson equation [Patel and Erickson, 1981; Battley, 1998], while entropy is 
found using the Battley equation [Battley, 1999]. Enthalpy and entropy are then combined 
to find Gibbs energy. On the other hand, the Roels method uses the Roels equation to find 
Gibbs energy [Roels, 1982; von Stockar and Liu, 1999] and Patel-Erickson [Patel and Er-
ickson, 1981; Battley, 1998] equation to find enthalpy. Combining the Gibbs energy and 
enthalpy gives entropy. In the Sandler-Orbey method, enthalpy and Gibbs energy are cal-
culated using equations proposed by Sandler and Orbey [Sandler and Orbey, 1991; 
Sandler, 2017]. These are combined to find entropy.  

Virus-host interaction represents a chemical reaction [Du et al., 2016; Popovic, 2022c]. 
Antigen-receptor interaction is similar to protein-ligand interactions [Du et al., 2016; Po-
povic, 2022g]. The reactions of replication and translation represent processes of polymer-
ization of nucleotides and amino acids, respectively, catalyzed by enzymes [Dodd et al., 
2020; Johansson and Dixon, 2013; Lee et al., 2020]. The driving force for chemical reactions 
is Gibbs energy [von Stockar, 2013a, 2013b; von Stockar and Liu, 1999; Demirel, 2014]. 
Thus, it is necessary to know Gibbs energy of biosynthesis. Biosynthesis forms virus build-
ing blocks that undergo self-assembly, forming new virions [Buzón et al., 2020; Garmann 
et al., 2019]. Virions accumulate inside the cell and lead to its damage [Schmid et al., 2014]. 
Growth of viruses is reflected in the increase in the size of virus population [Popovic, 
2022f]. Gibbs energy of biosynthesis, ΔbsG, is proportional to biosynthesis rate, rbs, and 
thereby multiplication rate according to the phenomenological equation   

𝑟𝑟𝑏𝑏𝑏𝑏 = −
𝐿𝐿𝑏𝑏𝑏𝑏
𝑇𝑇
∆𝑏𝑏𝑏𝑏𝐺𝐺 (1) 

where Lbs is phenomenological coefficient for biosynthesis and T is temperature [Po-
povic, 2022b, 2022d]. Phenomenological equations belong to the domain of nonequilib-
rium thermodynamics, which was shown to be an excellent approach for analysis of life 
processes by Prigogine and coworkers [Prigogine, 1977, 1947; Prigogine and Wiame, 1946; 
Glansdorff and Prigogine, 1971].   

SARS-CoV-2 belongs to RNA viruses, which has entered the human population for 
the first time in December 2019 in Wuhan [Kumar et al., 2021]. Human to human trans-
mission was reported in January 2020 [Acuti Martellucci, 2020]. Shortly after in March 
2020, WHO has declared the COVID-19 a pandemic [Cucinotta and Vanelli, 2020]. Until 
today, 623 893 894 COVID-19 cases have been reported, 6 553 936 deaths were confirmed 
and 12 782 955 639 vaccine doses have been administered [WHO, 2022a]. Despite the large 
number of administered vaccines, the pandemic has not been suppressed, but only its 
intensity has been decreased [Worldometer, 2022a]. In Germany, in mid-October 2022, 
over 172 thousand new cases have been recorded daily [Worldometer, 2022b].  

RNA viruses exhibit a high tendency to mutate [Duffy, 2018]. In 2019, the wild type 
SARS-CoV-2 has been identified, later labeled Hu-1 variant. The Hu-1 variant has mutated 
several dozen times, which led to appearance of new variants: Alpha, Beta, Gamma, 
Delta… and Omicron, with several subvariants [Wang et al., 2021; Barton et al., 2021; 
Callaway, 2020]. The new subvariant BA.2.75 has appeared in India and spread to over 15 
countries throughout the world, but has not yet become the dominant variant [Sheward 
et al., 2022]. It seems that the sublineage BA.2.75 has the ability to evade the immune an-
swer [Sheward et al., 2022; Takashita et al., 2022]. Genetic sequence data for the Omicron 
BA.2.75 variant is available at GISAID, the global data science initiative [Khare et al., 2021; 
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Elbe and Buckland-Merrett, 2017; Shu & McCauley, 2017].  To determine the biological 
potential of the BA.2.75 subvariant for spreading through the population and pathogenic-
ity, it is necessary to estimate the susceptibility and permissiveness for this variant. In the 
literature, it has been reported that susceptibility for BA.2.75 is greater, since the antigen-
receptor binding reaction is characterized by a lower Gibbs energy of binding [Popovic, 
2022g]. The permissiveness that influences the virus multiplication rate is the subject of 
analysis in this paper.   

The Omicron BA.2.75 subvariant is characterized by a more negative Gibbs energy 
of binding than the competing BA.2 and BA.5 subvariants [Popovic, 2022g]. This leads to 
faster virus entry into host cells and more rapid spreading through the population, which 
is in accordance with the observations made in India [Callaway, 2022; Vogel, 2022]. 

The aim of this paper is to find empirical formulas, molar masses, as well as thermo-
dynamic properties of live matter and biosynthesis for the Omicron BA.2.75 subvariant. 
Based on this data, a biothermodynamic and bioenergetic analysis of evolution of SARS-
CoV-2 will be made from Hu-1, through Delta, to Omicron BA.2.75 subvariant.  

2. Methods 
The methods section begins with discussing sources from which starting data for this 

research were obtained. Next, the atom counting method is discussed, which was used 
for finding elemental compositions and molar masses of virus nucleocapsids. Then pre-
dictive thermodynamic models are presented, which were used to find standard thermo-
dynamic properties of nucleocapsid live matter. Finally, biosynthesis reactions are intro-
duced and equations used to find standard thermodynamic properties of biosynthesis of 
virus nucleocapsids.  

2.1. Data sources 
Genetic sequence data for the Omicron BA.2.75 variant has been taken from GISAID, 

the global data science initiative [Khare et al., 2021; Elbe and Buckland-Merrett, 2017; Shu 
& McCauley, 2017]. The genetic sequence of the Omicron BA.2.75 isolate from Germany 
can be found under the accession number EPI_ISL_13378924. It is labeled hCoV-19/Ger-
many/BW-RKI-I-863813/2022 and has been isolated in the state of Baden-Wurttemberg on 
June 3, 2022. The genetic sequence of the Omicron BA.2.75 isolate from India can be found 
under the accession number EPI_ISL_13804325. It is labeled hCoV-19/India/TN-CDFD-
E130377/2022 and has been isolated in the city of Vellore, state of Tamil Nadu, on January 
7, 2022. The sequence was submitted by CDFD-INSACOG on July 13, 2022. The genetic 
sequence of the Omicron BA.2.75 isolate from USA can be found under the accession num-
ber EPI_ISL_15421780. It is labeled hCoV-19/USA/OR-UW-22091225964/2022 and was iso-
lated in the state of Oregon on September 12, 2022. Thus, the findings of this study are 
based on metadata associated with 3 sequences available on GISAID up to October 22, 
2022, and accessible at https://doi.org/10.55876/gis8.221022gh (GISAID Identifier: 
EPI_SET_221022gh). More information about the genetic sequence data can be found in 
the Supplementary Material.    

Each of the analyzed BA.2.75 sequences contained a small unknown part. For the 
sequence originating from Germany, the unknown part occupied the positions from 21985 
to 22160. For the sequence originating from India, the unknown part occupied the posi-
tions from 26932 to 27153. For the sequence originating from USA, the unknown part oc-
cupied the positions from 26747 to 26958. The unknown sequences were filled using com-
plementary sequences of the Delta variant of SARS-CoV-2. The genetic sequence of the 
Delta variant was taken from the NCBI database [National Center for Biotechnology In-
formation, 2022], under the accession number OM471068.1. The genetic sequence of the 
Delta variant was aligned with each of the analyzed sequences of the Omicron BA.2.75 
variant. The alignment was done using the Needleman-Wunsch algorithm [Needleman 
and Wunsch, 1970]. For all three Omicron BA.2.75 sequences, the alignment in the area 
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surrounding the unknown parts was good. Then, the unknown parts of the Omicron 
BA.2.75 sequences were filled with the analogous parts of the Delta variant sequence, as 
described in [Popovic, 2022d].  

The nucleocapsid phosphoprotein sequence was taken from the NCBI database [Na-
tional Center for Biotechnology Information, 2022]. The accession number of the nucle-
ocapsid phosphoprotein is UKQ14424.1. The number of copies of the nucleocapsid phos-
phoprotein in virus particle was taken from [Neuman and Buchmeier, 2016; Neuman et 
al., 2011; Neuman et al., 2006].  

2.2. Elemental composition  
The virus genetic and protein sequences were used to find the elemental composition 

of the virus nucleocapsid, using the atom counting method [Popovic, 2022c]. The atom 
counting method was used to find nucleocapsid empirical formula, molar mass of the nu-
cleocapsid empirical formula and molar mass of the entire nucleocapsid. The atom count-
ing method has been described in [Popovic, 2022]. It calculates elemental composition of 
virus particles using widely available data on genetic sequences, protein sequences, pro-
tein copy numbers and virus size. The atom counting method is implemented using a 
computer program, which runs along nucleic acids and protein sequences and adds atoms 
coming from every residue. The contributions of proteins are multiplied by their copy 
numbers in the virus particle. Finally, the contributions of the nucleic acid and the proteins 
are summed to find the elemental composition of the virus particle. The atom counting 
method was found to give results in good agreement with experimentally determined 
elemental composition of viruses [Wimmer, 2006; Molla et al., 1991; Popovic, 2022c].   

2.3. Thermodynamic properties of live matter  
Nucleocapsid elemental compositions of the analyzed Omicron BA.2.75 isolates were 

used to find standard thermodynamic properties of their nucleocapsids. This was done 
using predictive biothermodynamic models, including the Patel-Erickson equation [Patel 
and Erickson, 1981; Battley, 1998] and Battley equation [Battley, 1999].  

Standard enthalpy of formation was calculated in two steps. First the Patel-Ericson 
equation [Patel and Erickson, 1981; Battley, 1998] was used to find standard enthalpy of 
combustion, which was then converted into standard enthalpy of formation using the 
Hess’s law [Atkins and de Paula, 2011, 2014]. The Patel-Erickson equation gives standard 
enthalpy of combustion of live matter, ΔCH⁰(bio), from the number of electrons transferred 
to oxygen during combustion, E [Patel and Erickson, 1981; Battley, 1998].  

∆𝐶𝐶𝐻𝐻0(𝑏𝑏𝑏𝑏𝑏𝑏) = −111.14
𝑘𝑘𝑘𝑘

𝐶𝐶 − 𝑚𝑚𝑚𝑚𝑚𝑚
∙ 𝐸𝐸 (1) 

E is calculated from the elemental composition, using the equation 

𝐸𝐸 = 4𝑛𝑛𝐶𝐶 + 𝑛𝑛𝐻𝐻 − 2𝑛𝑛𝑂𝑂 − 0𝑛𝑛𝑁𝑁 + 5𝑛𝑛𝑃𝑃 + 6𝑛𝑛𝑆𝑆 (2) 

where nJ is the number of atoms of element J in the empirical formula of live matter 
[Patel and Erickson, 1981; Battley, 1998]. ΔCH⁰(bio) can be converted into standard en-
thalpy of formation of live matter, ΔfH⁰(bio), using the equation [Popovic, 2022b] 

∆𝑓𝑓𝐻𝐻0(𝑏𝑏𝑏𝑏𝑏𝑏) = 𝑛𝑛𝐶𝐶  ∆𝑓𝑓𝐻𝐻0(𝐶𝐶𝑂𝑂2) +
𝑛𝑛𝐻𝐻
2

 ∆𝑓𝑓𝐻𝐻0(𝐻𝐻2𝑂𝑂) +
𝑛𝑛𝑃𝑃
4

 ∆𝑓𝑓𝐻𝐻0(𝑃𝑃4𝑂𝑂10)

+ 𝑛𝑛𝑆𝑆 ∆𝑓𝑓𝐻𝐻0(𝑆𝑆𝑂𝑂3) − ∆𝐶𝐶𝐻𝐻0(𝑏𝑏𝑏𝑏𝑏𝑏) 
(3) 

Like for ΔfH⁰(bio), entropy of live matter can also be calculate using predictive bio-
thermodynamic models. Elemental composition can also be used to find its standard mo-
lar entropy of live matter, S⁰m(bio), using the Battley equation 
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𝑆𝑆𝑚𝑚0 (𝑏𝑏𝑏𝑏𝑏𝑏) = 0.187 �
𝑆𝑆𝑚𝑚0 (𝐽𝐽)
𝑎𝑎𝐽𝐽

𝑛𝑛𝐽𝐽
𝐽𝐽

 (4) 

Where S⁰m(J) and aJ are the standard molar entropy and number of atoms of element 
J per formula unit in its standard state elemental form [Battley, 1999]. For example, the 
standard state elemental form of carbon is graphite represented by C, meaning that S⁰m(C) 
= 5.740 J/mol K and aC = 1 [Atkins and de Paula, 2011, 2014]. On the other hand, the stand-
ard state of hydrogen is gaseous H2, meaning that S⁰m(H2) = 130.684 and aH = 2 [Atkins and 
de Paula, 2011, 2014]. The Battley equation can be rearranged to give standard entropy of 
formation of live matter, ΔfS⁰(bio), by replacing the constant in from of the sum term with 
-0.813 [Battley, 1999]. 

∆𝑓𝑓𝑆𝑆0(𝑏𝑏𝑏𝑏𝑏𝑏) = −0.813 �
𝑆𝑆𝑚𝑚0 (𝐽𝐽)
𝑎𝑎𝐽𝐽

𝑛𝑛𝐽𝐽
𝐽𝐽

 (5) 

The changed constant from +0.187 to -0.817 comes from using a different reference 
state for measuring entropy [Battley, 1999]. The calculated ΔfS⁰(bio) and ΔfH⁰(bio) values 
are combined to find standard Gibbs energy of formation of live matter, ΔfG⁰(bio). 

∆𝑓𝑓𝐺𝐺0(𝑏𝑏𝑏𝑏𝑏𝑏) = ∆𝑓𝑓𝐻𝐻0(𝑏𝑏𝑏𝑏𝑏𝑏) − 𝑇𝑇∆𝑓𝑓𝑆𝑆0(𝑏𝑏𝑏𝑏𝑏𝑏) (6) 

Where T is temperature [Atkins and de Paula, 2011, 2014].  

2.4. Biosynthesis reactions and thermodynamic properties of biosynthesis 
Elemental composition of live matter can be used to construct macrochemical reac-

tions describing production of live matter from nutrients, known as biosynthesis reac-
tions. Stoichiometric coefficients in biosynthesis reactions depend on live matter ele-
mental composition, since the more of an element is present in live matter, the more nu-
trient that contains it will be needed for biosynthesis. Biosynthesis reactions of viruses can 
be described by the general reaction  

AA + O2 + HPO42- + HCO3- → (Bio) + SO42- + H2O + H2CO3 (7) 

Where AA denotes a mixture of amino acids and (bio) newly produced nucleocapsid 
live matter [Popovic, 2022b]. Standard thermodynamic properties of biosynthesis are 
found by applying the Hess’s law to biosynthesis reactions, through the equations 

∆𝑏𝑏𝑏𝑏𝐻𝐻0 = � 𝜈𝜈 ∆𝑓𝑓𝐻𝐻0

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑢𝑢𝑐𝑐𝑐𝑐𝑐𝑐

− � 𝜈𝜈 ∆𝑓𝑓𝐻𝐻0

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

 (8) 

∆𝑏𝑏𝑏𝑏𝑆𝑆0 = � 𝜈𝜈 𝑆𝑆𝑚𝑚𝑜𝑜
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

− � 𝜈𝜈  𝑆𝑆𝑚𝑚𝑜𝑜
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

 (9) 

∆𝑏𝑏𝑏𝑏𝐺𝐺0 = � 𝜈𝜈 ∆𝑓𝑓𝐺𝐺0
𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

− � 𝜈𝜈 ∆𝑓𝑓𝐺𝐺0
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

 (10) 

where ΔbsH⁰, ΔbsS⁰ and ΔbsG⁰ represent standard enthalpy, entropy and Gibbs energy 
of biosynthesis, respectively [Popovic, 2022b; Atkins and de Paula, 2011, 2014].  

3. Results 
The empirical formulas of the Omicron BA.2.75 nucleocapsids have been determined 

for the first time. They are presented in Table 1. For the Omicron BA.2.75 isolate from 
Germany the nucleocapsid empirical formula was found to be 
CH1.5736O0.3426N0.3124P0.00601S0.00336. The empirical formula of the Omicron BA.2.75 nucleocap-
sid for the isolate from India is CH1.5735O0.3427N0.3124P0.00603S0.00336. The empirical formula of 
the Omicron BA.2.75 nucleocapsid for the isolate from USA is 
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CH1.5737O0.3425N0.3123P0.00598S0.00336. Moreover, Table 1 gives molar mass (molar weight) data 
for the nucleocapsids for the three isolates, reported in two forms: for unit carbon formu-
las and for entire nucleocapsids. Molar masses of empirical formulas are 23.75 g/C-mol 
for the isolates from Germany and India, and 23.74 g/C-mol for the isolate from USA. The 
molar mass of entire nucleocapsid for the Omicron BA.2.75 isolates from Germany and 
USA are 117.2 MDa, while that of the isolate from India is 117.1 MDa.  

Table 1: Empirical formulas and molar masses of SARS-CoV-2 Omicron BA.2.75 nucleocapsids. 
Empirical formulas have the general form CnCHnHOnONnNPnPSnS. Molar masses are reported in two 
forms. The first form is the molar mass of the empirical formula of the virus particle, Mr, with the 
units in g/C-mol (Da). The second is molar mass of the entire nucleocapsid, Mr(nc), expressed in 
MDa.   . 

Origin nC nH nO nN nP nS   Mr (g/C-
mol) Mr(nc) (MDa) 

Germany 1 1.5736 0.3426 0.3124 0.00601 0.00336  23.75 117.2 
India 1 1.5735 0.3427 0.3124 0.00603 0.00336  23.75 117.2 
USA 1 1.5737 0.3425 0.3123 0.00598 0.00336   23.74 117.1 

Table 2 shows stoichiometry of biosynthesis for BA.2.75 subvariant, for all three iso-
lates. Table 3 gives standard thermodynamic properties of formation for the nucleocap-
sids of Omicron BA.2.75 subvariant. Table 4 presents data on standard thermodynamic 
properties of biosynthesis for the nucleocapsids of Omicron BA.2.75 subvariant, for all 
three isolates. Thermodynamic properties of biosynthesis refer to production of live mat-
ter from nutrients. Gibbs energies of biosynthesis for the nucleocapsids of the isolates from 
Germany, India and USA are -221.18 kJ/C-mol, -221.24 kJ/C-mol and -221.12 kJ/C-mol, 
respectively.  

Table 2: Stoichiometric coefficients for the biosynthesis reactions of the nucleocapsids of the 
Omicron BA.2.75 subvariant. (Bio) denotes the empirical formula of the nucleocapsid live matter 
(from Table 1). 

Name 
Reactants   Products 

Amino acid O2 HPO42- HCO3- → Bio SO42- H2O H2CO3 
Germany 1.3900 0.4911 0.0060 0.0437 → 1 0.0279 0.0538 0.4337 

India 1.3901 0.4913 0.0060 0.0437 → 1 0.0279 0.0538 0.4338 
USA 1.3899 0.4910 0.0060 0.0438 → 1 0.0279 0.0537 0.4337 

Table 3: Standard thermodynamic properties of nucleocapsid live matter of the Omicron BA.2.75 
subvariant. The table contains data on standard enthalpy of formation, ΔfH⁰, standard molar en-
tropy, S⁰m, and standard Gibbs energy of formation, ΔfG⁰. . 

Name ΔfH⁰ (kJ/C-mol) S⁰m (J/C-mol K) ΔfG⁰ (kJ/C-mol) 
Germany -75.37 32.49 -33.26 

India -75.40 32.49 -33.28 
USA -75.35 32.49 -33.23 

Table 4: Standard thermodynamic properties of biosynthesis of the Omicron BA.2.75 subvariant. 
The table gives data on standard enthalpy of biosynthesis, ΔbsH⁰, standard entropy of biosynthesis, 
ΔbsS⁰, and standard Gibbs energy of biosynthesis, ΔbsG⁰. 

Name ΔbsH⁰ (kJ/C-mol) ΔbsS⁰ (J/C-mol K) ΔbsG⁰ (kJ/C-mol) 
Germany -232.26 -37.33 -221.18 

India -232.34 -37.34 -221.24 
USA -232.20 -37.31 -221.12 

4. Discussion 
In 2019, the year when COVID-19 appeared and SARS-CoV-2 was identified as the 

cause of the disease, the entire empirical formula of only one virus was known – the po-
liovirus [Wimmer, 2006; Molla et al., 1991], as well as partial formulas of some bacterio-
phages [Jover, 2014]. Thermodynamic properties of human viruses were not available in 
the literature. Enthalpy change during the multiplication of the T4 phage in E. coli cells 
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was measured by Guosheng et al. [2003] and the transition from lysogenic into lytic cycle 
of the Lambda phage was studied by Maskow et al. [2010b] using calorimetry. This situa-
tion has made a need to determine the empirical formula and thermodynamic properties 
for SARS-CoV-2 and other viruses. The obstacle to determining the empirical formula of 
viruses is the fact that viruses are hard to obtain in sufficiently pure state and in amount 
required for analysis, as well as the fact that most thermodynamic laboratories do not 
possess an adequate biosafety level. Determining the empirical formula has become pos-
sible after development of the atom counting method [Popovic, 2022c]. Through applica-
tion of this method, elemental compositions of the poliovirus and some other viruses were 
determined [Popovic and Minceva, 2020a] and compared with the values obtained exper-
imentally [Wimmer, 2006; Molla et al., 1991]. It was found that the calculated results ob-
tained using the atom counting method are in good agreement with the experimentally 
determined values [Popovic, 2022c]. The empirical formula of SARS-CoV-2 wild type (Hu-
1) has been reported in [Popovic and Minceva, 2020b]. Degueldre [2021] has suggested a 
modified empirical formula of SARS-CoV-2 and an experimental method for accurate 
measurement of virus elemental composition using mass spectrometry. Şimşek et al. 
[2021] have computationally found the formula of the Hu-1 variant of SARS-CoV-2.  

The empirical formula of Hu-1 variant of SARS-CoV-2 nucleocapsid [Popovic and 
Minceva, 2020b] is CH1.5708O0.3452N0.3125P0.0060S0.0033. SARS-CoV-2 has during the last 3 years 
mutated multiple times. As a consequence of mutations, there were changes in elemental 
composition and thermodynamic properties. One of the goals of this paper is to find the 
empirical formula of the BA.2.75 subvariant. Using the atom counting method, the empir-
ical formula of Omicron BA.2.75 was calculated and are reported in Table 1. The empirical 
formula of the Omicron BA.2.75 nucleocapsid isolated in Germany is 
CH1.5736O0.3426N0.3124P0.00601S0.00336. The empirical formula of the Omicron BA.2.75 nucleocap-
sid isolated in India is CH1.5735O0.3427N0.3124P0.00603S0.00336. The empirical formula of the Omi-
cron BA.2.75 nucleocapsid isolated in USA is CH1.5737O0.3425N0.3123P0.00598S0.00336. As expected, 
since all three formulas are for the same BA.2.75 subvariant, the empirical formulas are 
almost identical for all three samples taken from different continents. Also, molar masses 
were determined, which are given in Table 1. The molar masses have been reported on 
two bases. First as the molar mass of empirical formula of the nucleocapsid in daltons 
(g/C-mol), Mr, while the second is the molar mass of the entire nucleocapsid in megadal-
tons, Mr(nc). Dividing Mr(nc) with Mr gives the number of empirical formulas (C-atoms) 
in the entire nucleocapsid. The molar masses are as expected almost identical for the three 
BA.2.75 isolates. The molar mass of the entire nucleocapsid for the Omicron BA.2.75 iso-
lates from Germany and USA are 117.2 MDa, while that of the isolate from India is 117.1 
MDa. However, if we compare the empirical formula of BA.2.75 with that of Hu-1, we can 
notice significant differences. The differences are the greatest in H and O content.  

Table 2 gives stoichiometric coefficients for the biosynthesis reactions of the nucle-
ocapsids of BA.2.75 subvariant. For the Hu-1 wild type, the biosynthesis reaction is 

1.3905 AA + 0.4937 O2 + 0.006 HPO42- + 0.0437 HCO3- → (Bio) + 0.0279 SO42- + 0.0551 
H2O + 0.4342 H2CO3 (X) 

Where AA denotes amino acids and (bio) denotes the empirical formula of the Hu-1 
variant (CH1.5708O0.3452N0.3125P0.0060S0.0033) [Popovic and Minceva, 2020b]. The stoichiometric 
coefficients are very similar to those of all three samples of the BA.2.75 subvariant (Table 
2).  

Table 3 gives standard thermodynamic properties of nucleocapsids of the 3 isolates 
of Omicron BA.2.75 subvariant. Standard enthalpies and Gibbs energies of formation of 
the 3 isolates are only slightly different. Standard entropies of formation are identical for 
all three samples. Thus, standard thermodynamic properties of formation are very similar 
for all 3 samples, since they belong to the same Omicron BA.2.75 subvariant.  

Table 4 shows standard thermodynamic properties of biosynthesis of nucleocapsids 
of Omicron BA.2.75 subvariant samples from Germany, India and USA. Standard ther-
modynamic properties of biosynthesis refer to production of nucleocapsid live matter 
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from nutrients [Popovic, 2022b]. Their values are very similar for all three BA.2.75 sam-
ples. However, for the Hu-1 variant ΔbsH⁰ = -233.4 kJ/C-mol, ΔbsS⁰ = -37.7 kJ/C-mol and 
ΔbsG⁰ = -222.2 kJ/C-mol. It can immediately be noticed that Gibbs energy of biosynthesis 
of the Omicron BA.2.75 subvariant (all three samples) is less negative than that of the Hu-
1 variant. According to the evolution theory, it is expected that the SARS-CoV-2 virus 
evolves towards an increased infectivity and decreased or constant pathogenicity. Indeed, 
Gibbs energy of antigen-receptor binding, of the Hu-1 variant is -43.4 kJ/mol [Popovic, 
2022f], while that of the Omicron BA.2.75 variant is -49.41 kJ/mol [Popovic, 2022g]. Gibbs 
energy of antigen-receptor binding is proportional to binding rate, according to the bind-
ing phenomenological equation [Popovic, 2022g]. This leads to the conclusion that the 
binding rate and thereby infectivity have increased during evolution from Hu-1 to 
BA.2.75. However, the expected decrease in pathogenicity would have to be caused by 
decreased rates of multiplication and biosynthesis of virus structural elements. The rates 
of multiplication and biosynthesis are proportional to Gibbs energy of biosynthesis. In 
that case, Gibbs energy of biosynthesis would have to be the same or less negative for 
BA.2.75 compared to Hu-1. Indeed, Gibbs energy of biosynthesis of the nucleocapsid for 
BA.2.75 is -221.2 kJ/C-mol, while that of Hu-1 is -222.2 kJ/C-mol. Thus, Gibbs energy of 
biosynthesis of BA.2.75 is slightly less negative, implying a lower rate of biosynthesis, 
multiplication, accumulation of viruses in host cells and damage to host cells. Thus, it 
seems that BA.2.75 subvariant has evolved exactly as expected by the theory of evolution, 
regarding the decrease in pathogenicity.  

Figure 1 shows standard Gibbs energies of biosynthesis of nucleocapsids and their 
dates of appearance of SARS-CoV-2 variants, including Hu-1 (Wild type), Delta B.1.617.2, 
Omicron B.1.1.529, Omicron BA.2 and Omicron BA.2.75. From the graph, it is possible to 
see the evolution of SARS-CoV-2 related to multiplication inside the host cells. The trend 
of evolution is given by the dotted line. The values for Omicron B.1.1.529, Omicron BA.2 
and Omicron BA.2.75 variants are very similar. This implies that the mutations have 
mostly occurred in the part of the nucleic acid related to the binding domain, rather than 
multiplication inside the host cell.  

 
Figure 1: Standard Gibbs energy of biosynthesis during evolution of SARS-CoV-2 variants. The 
graph shows standard Gibbs energy of biosynthesis, ΔbsG⁰, of SARS-CoV-2 variants versus the time 
they appeared. The dotted line shows the trend of evolution in multiplication rate of SARS-CoV-2 
variants. 

5. Conclusions 
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Empirical formulas of BA.2.75 subvariant nucleocapsid have been determined for 
three isolates from Germany, India and USA. The empirical formulas and thermodynamic 
properties are very similar for the three isolates. The empirical formula of the isolate from 
Germany is CH1.5736O0.3426N0.3124P0.00601S0.00336. For the isolate from India it is 
CH1.5735O0.3427N0.3124P0.00603S0.00336. Finally, for the isolate from USA it is 
CH1.5737O0.3425N0.3123P0.00598S0.00336. The similar empirical formulas can be explained by the 
three isolates belonging to the same BA.2.75 subvariant.  

Molar masses have been determined for the Omicron BA.2.75 subvariant nucleocap-
sids. Molar masses were reported on two bases, molar masses of empirical formulas and 
molar masses of entire nucleocapsids. Molar masses of empirical formulas are 23.75 g/C-
mol for the isolates from Germany and India, and 23.74 g/C-mol for the isolate from USA. 
The molar masses of the entire nucleocapsids for the isolates from Germany and India are 
117.2 MDa, while that of the isolate from USA is 117.1 MDa. Therefore, the molar masses 
are very similar for all three isolates of Omicron BA.2.75 subvariant. 

Gibbs energy of biosynthesis has been calculated for nucleocapsids of Omicron 
BA.2.75 subvariant. Gibbs energies of biosynthesis for the nucleocapsids of the isolates 
from Germany, India and USA are -221.18 kJ/C-mol, -221.24 kJ/C-mol and -221.12 kJ/C-
mol, respectively. The three values are very similar to each other. However, they are all 
slightly less negative compared to that of the Hu-1 wild type, which is -222.2 kJ/C-mol. 
Thus, even though there is a great homogeneity in elemental composition and thermody-
namic properties within the Omicron BA.2.75 subvariant, there is a difference compared 
to the Hu-1 wild type. 

Due to less negative Gibbs energy of nucleocapsid biosynthesis, the pathogenicity of 
the Omicron BA.2.75 subvariant should be slightly lower than that of Hu-1. This is in ac-
cordance with the predictions of the evolution theory. Mutations that appeared during 
evolution from Hu-1 to BA.2.75 variant have led to decrease in Gibbs energy of biosyn-
thesis and thereby decrease in rates of virion multiplication, virion accumulation inside 
the host cells and damage to host cells.  
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