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Abstract: For the first time in history, we have witnessed the origin and development of a pandemic.
To handle the accelerated accumulation of viral mutations and to comprehend the virus' evolution-
ary adaptation in humans, an unparalleled program of genetic sequencing and monitoring of SARS-
CoV-2 variants has been undertaken. Several scientists have theorized that, with the Omicron surge
producing a more contagious but less severe disease, the end of COVID-19 is near. However, by
analyzing the behavior shown by this virus for 2 years, we have noted that pandemic viruses do not
always show a decreased virulence. Instead, it appears there is an evolutionary equilibrium between
transmissibility and virulence. We have termed this concept “intermittent virulence”. The present
work analyzes the temporal and epidemiological behavior of SARS-CoV-2 and suggests that there
is a high possibility that new virulent variants will arise in the near future, although it is improbable
that SARS-CoV-2's virulence will be the same as was seen during the pandemic phase.
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1. Introduction

The current pandemic has generated a unique opportunity to study SARS-CoV-2 in
real time. Several institutions have implemented online monitoring resources to track the
progress of the ongoing pandemic. Furthermore, specialized genomic sequencing tech-
nologies have contributed to our comprehension of its biology and evolution [1]. The evo-
lution of viral adaptability is the result of selective pressure acting across different mech-
anisms [2]. Purifying selection removes virus strains with unfavorable characteristics (e.g.,
disadvantageous conformational changes) within an infected organism, whereas positive
selection promotes strains with an evolutionary advantage (e.g., immune evasion) [3,4,5].
Natural selection can have a significant impact on virus binding proteins, which control
cell entrance and are the main objective for immune recognition [6]. Genetic changes in
the SARS-CoV-2 spike protein may affect the viral efficiency by promoting immune eva-
sion or increasing ACE2 receptor binding. Importantly, variant lineages that appeared at
the end of 2020 have numerous spike protein mutations in common, including K417N
(discovered in the beta and gamma variants), E484K, N501Y, and D614G (found in the
alpha, beta, and gamma variants) [5,7,8,9]. In vitro, both D614G and N501Y cause a struc-
tural rearrangement of the spike polypeptide chains, which enhances the probability of
attaching to ACE2, improves the infectivity of a cell, and uncovers the cleavage region
[8,9]. K417N reduces monoclonal antibody neutralization while moderately increasing
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ACE2 binding affinity. E484K binds to ACE2 with a higher affinity and has a lower mon-
oclonal antibody neutralizing efficacy [10].

The evolution of a pathogen should be towards a lesser virulence, according to clas-
sical evolutionary theory, because killing the host has a detrimental influence on the
pathogen's spread [11]. Several works published from 1980 to 1990 explained how a
pathogen's evolutionary route to intermediate virulence—rather than zero virulence—
might be generated by a positive relationship between disease transmission and virulence
[12-16]. Some researchers expect that, with the Omicron surge producing a more conta-
gious but less severe disease, the end of COVID-19 is near. Even though the threat of a
"super killer" virus is unfounded, the widespread belief that a virus will change to become
more lethal during an outbreak exemplifies this phenomenon [17].

Nevertheless, other experts believe that Omicron's lessened pathogenicity is coinci-
dental, and that continued fast antigenic evolution will certainly yield new variants that
will evade immunity and become more virulent. Furthermore, they also believe that one
of the most enduring misconceptions about pathogen evolution is that viruses will evolve
to become less pathogenic to preserve the life of their hosts [18]. Viruses mutate to max-
imize their propagation, which can potentially be associated with increased virulence,
such as when large viral loads promote transmission while also increasing morbidity. If
this is the case, pathogens may change to become more virulent. If higher pathogenicity
appears later in the disease, upon the canonical transmission window (as it does in influ-
enza virus, hepatitis C virus, HIV, SARS-CoV-2, and many other viruses) it has a minimal
impact on viral fitness, and natural selection will not act against it. Predicting virulence
evolution is complicated, and Omicron's decreased virulence isn't a strong forecaster re-
garding the appearance of new variants [18].

To date, it is very difficult to predict whether Omicron will define the end of the
pandemic or new more virulent variants will emerge and the pandemic will continue.
Therefore, in this work, we will compare the main genetic mutations in the Delta and
Omicron (BA.1, BA.2. BA 4, and BA.5) variants to unravel their relevance in transmission
and virulence, since the latest findings [19,20,21] reveal an enhanced Omicron BA.2, BA 4
and BA.5 pathogenicity in animal models that seems to confirm predictions for a higher
virulence [18]. However, animal models may not reflect the real situation in humans,
where previous exposure to the virus (via either the natural disease or vaccination) con-
fers an effective protection level and could explain why these new Omicron variants are
not causing high mortality compared, for example, with the Delta variant.

2. The Delta variant

The B.1.617.2 (Delta) variant was reported for the first time in India in December 2020,
and then in several other nations across the globe. Several variants in the Delta variant
spike protein have been recently found (L452R, tbl478K, D614G, tbl19R, 157-158, P681R,
and D950N) [22]. Due to the greater severity of clinical symptoms elicited by the Delta
variant, it quickly outperformed the other variants of concern (VOCs; i.e., variants for
which there is an evidence of diagnostic detection failures, or higher disease severity, as
evidenced by the increased hospitalizations or deaths, or an increase in the transmissibil-
ity, or significant reduction in the neutralization by antibodies generated during previous
infection or vaccination, or reduced effectiveness of treatments or vaccines) [23,24]. Delta
seems to have enhanced its ability to propagate in human cells as a result. Some hypoth-
eses have been presented to clarify its increased infectiousness, including receptor binding
domain (RBD) mutations that enhance its interaction with the receptor [25], a P681R mu-
tation near the S1-S2 zone that leads to more efficacious furin cleavage [25,27], and modi-
fications in its RNA polymerase that increase viral multiplication. In comparison to the
Wuhan strain, Delta is also more virulent and highly fusogenic, according to in vitro tests
[26]. The Delta variant is distinguished by the P681R mutation in the spike protein. Such
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change occurred near the SARS-CoV-2 S protein's furin cleavage site (FCS) and as a con-
sequence, a glycosylation site was lost, leaving the furin cleavage site uncovered, thus
promoting syncytia formation and greater pathogenicity [28].

Researchers also have discovered two features that are unique to the Delta variant
and could explain its infectiousness. Firstly, when the cell membrane has the highest level
of Delta spike protein expression, these cells show a greater capacity to fuse with targeted
cells that generate lower amounts of ACE2 compared with cells from other variants [29].
As the degree of ACE2 expression rises, the distinctions between the variations become
less pronounced. Second, pseudoviruses with the Delta spike design penetrate cells ex-
pressing the ACE2 receptor faster than other variants. These findings show that the Delta
spike protein has mutated to improve the merging process for penetrating cells that pro-
duce low amounts of ACE2 receptors. This advancement may help to explain why Delta
can quickly propagate after contact and infect more host cells, shortening the incubation
stage and increasing the viral load during disease [29].

SARS-CoV-2 infectiousness and virulence can be increased by genetic variations in
the spike-protein genetic code, which impact its configuration, stability, and functionality
[7,30]. SARS-CoV-2 infectiousness was discovered to be increased by the S-protein-D614G
mutation [31,32]. Moreover, the structural assessment revealed that changing aspartic
acid (D) to glycine (G) at location 614 of the S-protein modified its structure, facilitating
the furin site to be cleaved [32,33,34,35]. Patients with the D614G mutation G614 had re-
duced RT-PCR cycle thresholds, indicating a greater viral load in the upper respiratory
system [7]. A study comparing death rates across nations found a link between the G614
variant and greater mortality [36]. Compared to other SARS-CoV-2 strains, the Delta var-
iant has been linked to a 120% enhanced probability of hospitalization, a 287% enhanced
probability to be admitted to the intensive care unit, and a 137 % enhanced probability of
mortality [37].

3. The Omicron variant

In November 2021, Omicron was first discovered in South Africa [38]. Then, the BA.1
lineage of Omicron expanded quickly over the whole world, outcompeting other variants
such as Delta. Another Omicron variant, the BA.2 lineage, was discovered in numerous
nations, including Denmark and the United Kingdom, as of February 2022 [39]. BA.2 has
recently begun to surpass BA.1, suggesting that BA.2 has a higher transmission rate than
BA.1. [19]. Omicron has the same P681H mutation as the Alpha and Delta strains, but it
also harbors a new and unique glycosite, threonine (Thr376), that has only been found in
Omicron. This was placed close to a proline amino acid that controls O-glycosylation [40].
When compared with wild type or Delta, researchers noticed a notable rise in the use of
Core 2 type O-glycans for the Omicron variant, which is compatible with O-glycans” in-
sertion [41]. This discovery is groundbreaking as it was formerly reported that in vitro,
the impairment of GALNT1 glycosyltransferase function (which regulates the insertion
of O-glycans in the vicinity of the furin cleavage area) was caused by a mutation of proline
681 [28].

This means that Omicron's new Thr376 mutation recovered the ability to insert O-
glycans that cover the furin cleavage site. In conclusion, a mutation in p681 in the Delta
variant resulted in glycans loss (Figure 1), uncovering the furin cleavage site and making
this variant more pathogenic due to enhanced syncytia formation [28]. On the contrary, a
mutation in Thr376 in the Omicron variant induced the addition of O-glycans, thus cov-
ering the furin cleavage site [40]. As a result, this mutation has increased immune evasion
while decreasing pathogenicity. This phenomenon has been also documented by research
on the Nipah virus, where numerous N-glycans on the fusion protein were removed, re-
sulting in hyperfusogenic phenotypes but also showing an enhanced susceptibility to an-
tibody neutralization [41]. Although glycans are known to perform an important role in
immune evasion, they are also emerging as essential determinants of virulence [42,43].
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Figure 1. A) Spike protein from the Delta variant showing the glycan hole (an area without glycans
depicted with a red oval) where the furin cleavage site is located. In the original Wuhan strain, this
site was covered with glycans. However, the P681 mutation in the Delta variant resulted in the loss
of glycans, thus promoting a higher cell-to-cell fusion and syncytia formation, which traduced in
higher pathogenicity. B) In the Omicron variant, a mutation in Thr376 resulted in the addition of O-
glycans (depicted in red) that obstruct the furin cleavage site, and impede cell-to-cell fusion and
syncytia formation. This image is reproduced from an open-access article distributed under the
terms of the Creative Commons CC BY license, which permits unrestricted use, distribution, and
reproduction in any medium provided the original work is properly cited. Modified from [44]: Si-
kora, M.; von Biilow, S.; Blanc, FE.; Gecht, M.; Covino, R.; Hummer, G. Computational epitope map
of SARS-CoV-2 spike protein. PLoS Computational Biology 2021, 17, e1008790.

In a recent study, it was found that co-culturing spike-expressing cells with HEK293-
ACE2/TMPRSS2 cells dramatically increased the amount of syncytia formation caused by
BA.2 spike compared to BA.1 spike, but less than Delta (Figure 2) [19]. Since the efficiency
of 51/S2 dissociation has been related to cell fusion induced by SARS-CoV-2’s spike pro-
tein [26,45], it was proposed that BA.2 spike is cleaved in a more effective way than the
BA.1 spike. Nevertheless, a western blot test revealed that BA.2 S is cleaved less efficiently
than the BA.1 Spike, implying that BA.2 Spike produces more syncytia than the BA.1 spike
by using an S1/S2 cleavage-independent mechanism. To find out whether BA.2 S uses
TMPRSS2, 293-ACE2 cells with or without TMPRSS2 expression were used in a cell-based
fusion assay [19].

The findings demonstrated that BA.2's relatively greater fusogenic potential depends
on TMPRSS2 expression in target cells [19]. The Omicron BA.1 variant harbors O-glycans
in the FCS region (Figure 1B), thus blocking access to furin and limiting cell fusion and
syncytia formation [40]. It is highly likely that BA.2 also harbors O-glycans in the FCS
region, which could block cell fusion through this mechanism and produce a shift to
TMPRSS2-mediated syncytia formation.

It's worth noting that BA.1 makes inefficient use of TMPRSS2 during infection [46].
Thus, the new mutations found in BA.2 apparently restored its capacity to use TMPRSS2,
which has resulted in a higher fusogenicity and pathogenic potential compared with BA.1.
[19].
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Figure 2. BA.2 spike produced a greater (2.9-fold) syncytia formation than BA.1, but lesser than
Delta. Because syncytia generation has long been related to pathogenesis, these findings propose
that BA.2 could be more pathogenic than BA.1 but not as pathogenic as Delta. This image is repro-
duced from an open-access article distributed under the terms of the Creative Commons CC BY
license, which permits unrestricted use, distribution, and reproduction in any medium provided the
original work is properly cited. Source [19]: Yamasoba, D.; Kimura, I.; Nasser, H.; Morioka, Y.; Nao,
N.; Ito, J.; Uriu, K,; Tsuda, M.; Zahradnik, ].; Shirakawa, K. Viro-logical characteristics of SARS-CoV-
2 BA. 2 variant. Cell 2022, 185, 2103-2115.

Analyses of these genomic differences between Delta and Omicron variants allow us
to understand the relevance of glycans for virulence. Notably, Delta showed a greater
fusogenicity due to the p681 mutation that eliminated an O-glycan molecule from the
furin cleavage site [28], and also the D614G mutation increased syncytia creation and viral
load through enhanced furin-induced spike cleavage [47]. Interestingly, a similar muta-
tion occurred with the Influenza virus. When virulence of H3N2 strains in mice was com-
pared, it was discovered that viruses isolated after 1980 had a high glycans number and
caused mild disease in mice. An N-linked glycan from the hemagglutinin receptor of in-
fluenza virus was lost due to a mutation in the gene codifying for such receptor in Bei-
jing/89 strain, which was linked to enhanced virulence in mice [48]. The virulence of the
2009 HINT1 virus also was driven by a sudden glycan loss near the receptor binding site
[49]. A subsequent study in mice confirmed this discovery, providing evidence that a com-
parable mutation increased the virulence of the 1918 HIN1 pandemic virus [50]. The 1918
H1NT1 virus contained fewer glycosylation sites on the hemagglutinin motif than seasonal
influenza viruses with lower virulence. Utilizing site-directed mutagenesis, it was discov-
ered that by incorporating 2 extra glycosylation domains (asparagine Asn71 and Asn286)
on 1 flank of the hemagglutinin receptor, a highly virulent 1918 HA chimeric virus was
considerably attenuated in mice [50].

Similarly, the Omicron variant BA.1 developed a mutation in Thr376, which is lo-
cated near the FCS and consisted of the addition of O-glycan molecules, thus covering the
FCS (Figure 1). That interference was traduced in a lower fusogenicity and pathogenicity
[40,45]. This is also consistent with the clinical symptomatology being milder, as a signif-
icantly reduced Omicron reproduction velocity was recently detected in lung epithelial
cells [51,52]. In vitro experiments imply that the Omicron variant BA.1 is less likely to
disseminate by cell merging than other variants, adding to proof that the virus on its own
may cause less severe illness [46,51].

All these data may clarify why Omicron-BA.1-infected individuals suffer fewer seri-
ous complications [53,54]. Regarding the pathogenicity of BA.2 in humans, the risk of hos-
pitalization in Germany after a BA.1 or BA.2 Omicron variant infection was approximately
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80% lower than after a Delta variant infection, especially in people under 35 years old [55].
Both BA.1 and BA.2 showed a similar impact on hospitalization or intensive care unit
(ICU) admission, implying that, despite evidence of greater transmissibility for BA.2 [19],
this variant is pathogenically equivalent to BA.1 [55]. Confirming these results, no clinical
differences among individuals infected with BA.1 and BA.2 were detected in Denmark
[56] and South Africa [57]. In a study carried out in France, the first 207 Omicron BA.2
cases were recorded, and it was discovered that severe Omicron BA.2 infections were ex-
clusively seen in individuals over the age of 80. Three patients (1.5%) died at the ages of
80, 97, and 99, and two of them had diabetes. Two people (ages 80 and 97) received the
COVID-19 vaccine (three doses). Individuals who passed away from Omicron BA.2 infec-
tions were much older than those who passed away from Omicron BA.1 infection [58].

The latest research findings showed that a genetic mutation in the E protein from
Omicron also contributes to its reduced pathogenic potential. The SARS-CoV-2 envelope
protein (2- E) creates a homopentameric cation channel that is essential for virulence.
SARS-CoV-2 does not travel through the traditional biosynthetic secretory channel; in-
stead, it enters lysosomes and exits via lysosomal deacidification (alkalization). The lyso-
somes are where coronaviruses' envelope (E) protein channels are found. The E protein is
therefore in charge of calcium outflow to achieve an alkaline pH since otherwise the virus
would be destroyed by the lysosome's acidic pH. While mutated T9I channels had less of
an impact on the luminal pH, the expression of wild-type channels significantly alkalized
the lysosomal pH. Viral load was decreased as a result of decreased lysosomal deacidifi-
cation. T9I's cytotoxic potential and cytokine production were both roughly 150-fold
lower than those of wild type, which could further diminish the virulence of Omicron
variants [59].

4. Discussion

Our proposal of an “intermittent virulence” reconciles two contrary hypotheses. The
first claims that the Omicron variant will define the end of the current pandemic, whereas
the other suggests that new virulent variants will arise in the future. We propose that in
order to survive, viruses may develop what we have termed “intermittent virulence”. This
concept implies that when the virus has become more contagious but less virulent, natural
selection could create new variants with a higher pathogenic capacity; otherwise, the
dominant variant could disappear or become endemic due to the community having
reached herd immunity through natural immunity or to global vaccination programs. In
fact, during the ongoing pandemic, SARS-CoV-2-associated mortality has shown interest-
ing fluctuations. For example, on 20 January 2021, the highest mortality was reached with
18,144 deaths (Figure 3). Afterward, a significant decrease in mortality was observed
worldwide. Such behavior has been repeated several times, giving rise to the so-called
“waves”. By April 28, the third wave reached its peak level with 15,978 deaths. After a
peak there is a sharp decrease in mortality; that could be because the population has
reached herd immunity.

However, a new rise in mortality numbers occurred by August 23, 2021, and again
by February 09, 2022 (Figure 3) which contradicts the idea that the population reached
herd immunity. If it were true, the number of infections or deaths would decrease, which
is not the case. The Omicron variant was first discovered in South Africa in November
2021 [38]. This variant rapidly outcompeted Delta, and by February 2022 it was the dom-
inant variant. Although it has been demonstrated that Omicron is less pathogenic than
Delta, the mortality peak shown in Figure 3 by February 2022 could be due to the fact that
at that time both variants were co-circulating or because the global population had no
immunity against Omicron. After the February peak, there has been a consistent decrease
in mortality worldwide, leading some experts to ask that “public health officials need to
declare the end of the pandemic” [60].
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Figure 3. Graph showing global mortality numbers and the so-called “pandemic waves”. Source:
https://www.worldometers.info/coronavirus/.

Nevertheless, the recently reported virological characteristics of the new Omicron
variant BA.2 suggested a return to a higher virulence than its previous antecessor, BA.1.
[19]. This variant rapidly displaced Delta around the world, showing remarkable trans-
missibility but with lower pathogenicity. Compared to BA.1 and Delta, BA.2 is approxi-
mately 1.5 and 4.2 times more infectious, respectively [61,62]. In vitro studies have shown
BA.2 has a higher fusogenicity, and histological studies demonstrated that BA.2 replicates
faster and more efficiently in hamsters” lungs, and causes greater damage to this organ
than BA.1 [19]. Interestingly, BA.2 showed a lower fusogenic capacity compared with
Delta (Figure 2). This result suggests that BA.2 could produce a less severe clinical symp-
tomatology in humans than the Delta variant, but higher than BA.1. As of May 2022, Omi-
cron sub-variants harboring a mutation at the L452 residue of the spike (S) protein, in-
cluding BA.4 and BA.5, have been frequently discovered [63,64].

Neutralization studies demonstrated that the immunity conferred by BA.1 and BA.2
outbreaks is less effective against BA.4/5, according to a preprint paper [20]. Cell culture
investigations demonstrated that BA.2.12.1 and BA.4/5 propagate more effectively in hu-
man alveolar epithelial cells than BA.2, and specifically, BA.4/5 produces more syncytia
than BA.2. In addition, hamster infection tests revealed that BA.4/5 is more virulent than
BA.2, “and could represent a greater threat to world health than the original BA.2 because
SARS-CoV-2 does not necessarily evolve to attenuate its pathogenicity” [20]. However, as
we mentioned before, there is an important difference between these in vitro studies, in
vivo investigations using animal models, and our species. In contrast to animals, humans
have received different COVID-19 vaccines which have induced artificial immunity, and
that could explain why mortality continues to decline. Epidemiological surveillance or-
ganizations like Worldometer (worldometers.info), or Our World in Data provide infor-
mation in near real-time regarding the number of cases and deaths.

It is possible that the pandemic phase of COVID-19 is about to end, but the virus is
not going to disappear and an endemic phase will begin, where intermittent virulence
could guarantee the survival of this pathogen. Recent findings show that it is not a rule
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that viruses become less virulent over time. A particularly aggressive variant of the hu-
man immunodeficiency virus (HIV) has been discovered in the Netherlands, where it has
been circulating for some years. More than 100 individuals with HIV-1 subtype B infection
experienced a twofold decline in CD4+ cell numbers than predicted. These people were
already at risk of having AIDS within two to three years of being diagnosed. This virus
lineage, which appears to have emerged de novo around the 1990s, has undergone con-
siderable changes in its genes, changing almost 300 amino acids, making it difficult to
determine the reason for the increased virulence [65].

Because it is known that genetic recombination can result in the appearance of new
extremely pathogenic variants, the most concerning evolutionary aspect of SARS-CoV-2
is that it could experiment with widespread recombination [66,67]. Simultaneous infection
with various subtypes of the same virus might cause this outcome. The activity of the
protein Nsp14 regulates this mechanism in SARS-CoV-2 [68]. In February 2022, for exam-
ple, evidence of Deltacron XD recombinant SARS-CoV-2 transmission and circulation in
northwest France was reported. Following virological and epidemiological studies, 17
cases of this recombinant SARS-CoV-2 were validated by genotyping or inferred due to
epidemiological relationships, indicating an extensive propagation incident and transmis-
sion of this virus, but not showing evidence of severe clinical symptoms [69]. Another
contemporary research discovered a Delta variant sub-lineage spreading throughout the
United States, particularly in Colorado (CO), Texas (TX), and Wyoming (WY). This sub-
lineage is characterized by a spike protein mutation at position 112 that has been found in
low-prevalence lineages around the world, as well as in circulating U.S. isolates since the
end of April 2021. Two unique mutations are found in this Delta S: S112L sublineage
group: ORF1b: V2354F, which corresponds to nonstructural protein NSP15 at position 303
(NSP15:V303F), and a premature stop codon (Q94*) that truncates ORF7a [70]. Unfortu-
nately, the clinical characteristics of people infected with this sublineage were not exam-
ined in this investigation.

To predict the epidemic's future, researchers must accurately investigate how the vi-
rus' tropism evolves. A respiratory tropism is prevalent at this time, but it is known from
other coronaviruses that this can evolve very quickly [71]. The avian coronavirus spike
protein, for example, had three amino acid modifications that enabled the virus to attach
to kidney cells [72]. Coronaviruses also are neurotropic in mice [73] and SARS-CoV-2 also
shows neurotropism [74,75,76]. The changing structure of the spike protein is significantly
related to natural selection on cell ingress and fusion. SARS-CoV-2 was able to swap host
and adapt to the human receptor ACE2 [77] after the acquisition of a furin cleavage site.
At least in vitro, the virus has encountered another receptor for entry, specifically the
CD147 receptor, a protein present in several tissues, which include epithelial and neural
cells [78]. This is significant because using a variety of receptors allows for switching be-
tween different cell types and, thus, different entry gateways [71]. Notably, SARS-CoV-2
can infect non-permissive cells (which do not harbor ACE2 receptors) by using an inno-
vative intra-cytoplasmic connection mechanism that could serve as an alternative viral
transmission pathway, independent of the canonical extra-cytoplasmic ACE2 binding
mechanism [79].

We conclude that the end of the current pandemic is near and the disease will enter
the endemic phase, and the virus will continue to cause a low mortality rate between the
non-vaccinated, old people and those with co-morbidities. An increased virulence pro-
duced by new variants could guarantee the survival of this pathogen, thus confirming the
validity of the term “intermittent virulence”. However, it is improbable that SARS-CoV-
2’s virulence will be the same as was seen during the pandemic phase.
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