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Might Explain Different Clinical Outcomes
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ABSTRACT

Globally, SARS CoV-2 omicron variant has led to a notable
increase of COVID-19 diagnoses, although with less severe
clinical manifestations and decreased hospitalizations. The
omicron wave swelled faster than previous waves, completely
displacing the delta variant within weeks, and creating world-
wide concern about final, successful pandemic control. Some
authors contend that symptoms associated to omicron differ
from ‘traditional’ symptoms and more closely resemble those
of the common cold.

One major COVID-19 symptom frequent with other variants—
loss of taste and smell—is rarely present with omicron. This
may be of interest, since it has also been suggested that direct
SARS-CoV-2 invasion into the brainstem through the olfactory
nerves by transsynaptic pathways could provide one explana-
tion for the acute respiratory distress syndrome refractory to

INTRODUCTION

Globally, the SARS CoV-2 omicron variant has led to a significant
increase of COVID-19 diagnoses with less severe clinical mani-
festations and decreased hospitalizations. The omicron wave has
swelled faster than previous waves, completely displacing delta
variant within weeks, and creating new worldwide concern about
the ability to achieve final pandemic control.[1]

Omicron is the fifth variant to be named as a variant of concern by
WHO and the third (after alpha and delta) to achieve global domi-
nance.[2] Omicron was first documented in the city of Tshwane,
Gauteng Province, South Africa, on November 9, 2021, in travel-
ers from Hong Kong who were quarantined.[1] At the time of this
writing, it had split into three divergent sublineages (BA.1, BA.2,
and BA.3), of which BA.1 spread rapidly around the world.[1,2]

Several initial reports suggested a less severe disease, includ-
ing from researchers in South Africa, where the variant spread
quickly.[1] In young people, omicron is 40%—70% less severe
than delta variant. Chen studied omicron variant infectivity, vac-
cine breakthrough, and antibody resistance. The author con-
cluded that omicron variant infects and replicates 70 times faster
in the human bronchi than delta variant and the original SARS-

IMPORTANCE The SARS-CoV-2 omicron variant’s cell
entry pathway differs from that of earlier variants and could
explain the lower prevalence of acute respiratory distress,
due to diminished invasion of the brainstem through the
olfactory nerve. This change could have implications in
patient management, as intractable respiratory distress
syndrome is less likely to occur.

treatment. Brainstem infection by SARS-CoV-2 can severely
damage the respiratory center, triggering functional deviations
that affect involuntary respiration, leading to acute respiratory
distress syndrome refractory to treatment, the main cause
of death in COVID-19 patients. A shift in the omicron SARS-
CoV-2 entry pathway from cell-surface fusion, triggered by
TMPRSS2, to cathepsin-dependent fusion within the endo-
some, may affect transmission, cellular tropism and patho-
genesis. Therefore, we can hypothesize that this entrance
modification may impact transmission from the olfactory nerve
to the brainstem through transsynaptic pathways. A decrement
of the virus’s direct invasion into the brainstem could diminish
respiratory center dysfunction, reducing acute respiratory dis-
tress syndrome and the need for mechanical ventilation.
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CoV-2 virus, which may explain why omicron is more transmis-
sible than previous variants.[3] A recently published study from
Hong Kong found that omicron replicates faster in bronchi than all
other SARS-COV-2 variants, although less efficiently in the lung
parenchyma. This could explain its increased transmissibility, but
reduced severity.[4]

Some authors have emphasized that symptoms associated with
omicron differ from ‘traditional’ COVID-19 symptoms, more close-
ly resembling those of the common cold.[5] One major COVID-19
symptom is rare in omicron patients: loss of taste and smell.[6,7]
Some research suggests that 48% of people carrying the original
mutation of the novel coronavirus lost smell, and 41% had a loss
of taste; these numbers decreased to 23% for loss of taste and
12% for loss of smell among omicron-infected patients.[8] Con-
sequently, many people may not realize they have contracted
COVID-19, since fewer experience cough, fever, or loss of taste
or smell. A virus in the upper respiratory tract is associated with
increased transmissibility, but with a less severe disease, exhibit-
ing similarities with flu strains.[9]

The most deadly syndrome in COVID-19 patients is acute respira-
tory distress syndrome (ARDS), leading to severe respiratory fail-
ure and the need for mechanical ventilation in intensive care units
(ICUs). Initial reports from Wuhan hospitals in China revealed that
11.1% received high—flow oxygen therapy, 41.7% received nonin-
vasive ventilation, and 47.2% received invasive ventilation. These
data suggest that most COVID-19 ICU patients (about 89%) could
not breathe on their own.[10,11]

One explanation for ARDS resistance to treatment could be
SARS-CoV-2 direct invasion into the brainstem. Such an invasion
can severely damage the respiratory center, triggering functional
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deviations that affect involuntary respiration, leading to ARDS
refractory to treatment, the main cause of death in COVID-19
patients. Evidence accumulated to date has led to a much wider
acceptance of the neuroinvasive potential of SARS-CoV-2 for
inducing respiratory failure in some patients.[11-13,15,16]

Nevertheless, there have been conflicting hypotheses, based on
the fact that brain damage leading to respiratory failure is usually
accompanied by other signs of brain dysfunction, not reported in
any of the initial Chinese case series.[14]

It is suspected that cranial nerves (CNs), particularly the olfac-
tory nerve, contribute to the neuroinvasiveness of SARS-CoV-2.
[17] The virus has been found in the olfactory mucous membrane,
signaling involvement of the olfactory neuroepithelium. It can
reach the olfactory bulb through anterograde axonal transport and
can subsequently gain access to other neuroanatomical areas,
such as the respiratory and cardiovascular centers of the medulla
oblongata, via endocytosis and exocytosis for transsynaptic trans-
fers. Numerous neurotropic agents, including parasites, bacteria
and viruses, can reach the CNs via the olfactory nerve.[8,11]
Other possibilities for neuroinvasion of SARS-CoV-2 are through
hematogenous spread via either the blood—brain barrier (BBB) or
the blood—cerebrospinal fluid barrier (B-CSFB).[18]

Coronaviruses cell entry depends on the viral spike (S) protein
binding to cellular receptors and its priming by host cell proteases.
SARS-CoV-2 uses the angiotensin-converting enzyme 2 (ACE2)
receptor for entry and the plasma membrane serine protease 2
(TMPRSS2) for protein S priming.[19,20] The virus enters the
nasal and mouth tissues through the ACE2 receptor and the pro-
teolytic activation of the spike protein by TMPRSS2 in olfactory
epithelia;[21] ACE2 is also expressed in brain locations (choroid
plexus and olfactory bulb). Cell types expressing ACE2 include
excitatory and inhibitory neurons, and some non-neuronal cells
(astrocytes, oligodendrocytes and endothelia). Viral colonization
of nose and mouth may cause temporary damage to smell and
taste nerves; this damage tends to disappear within one to two
weeks after disease onset.[22]

Recently, an alternate mechanism for central nervous system (CNS)
entry of SARS-CoV-2 has been proposed, where neurons of the
nervus terminalis—also known as cranial nerve ‘0’ at the olfactory
epithelium in the nasal cavity—would be the carrier, rather than the
olfactory nerve. Nervus terminalis neurons project directly to the hypo-
thalamus in the brain, bypassing the olfactory bulb. Once the hypo-
thalamus is reached, SARS-CoV-2 can cross the blood—brain barrier
and reach neural circuits connected to the hypothalamus, including
brainstem nuclei involved in respiration. As other cell types in the
brain, the nervus terminalis expresses ACE2 but not TMPRSS2. This
would favor the omicron variant's preferential pathway for entering
the cells, making this nerve a prime target for brain entry.[23]

SARS-CoV-2 spreads to the brainstem in the area of the medullar
respiratory control centers and may produce discoordination of
the inspiration—expiration sequence, explaining the appearance
of other abnormal respiratory patterns: hyperpnea, tachypnea,
hyperventilation, hypoventilation and not necessarily dyspnea.
[11-13] The omicron variant’s spike protein exhibits a series of
mutations that affect affinity for the ACE2 receptor. It has been
suggested that omicron switched its entry route into human cells,
from cell surface fusion to cathepsin-dependent fusion within the

endosome.[24] This fundamental shift is likely to influence omi-
cron spread and the types of cells it can hijack. These changes
may also affect the pathogenesis and severity of disease, and
require further evaluation in population-based studies.[20,24]

The entry of SARS-CoV-2 and related coronaviruses can proceed

via two routes[24] (Figure 1):

1. Cell surface fusion following proteolysis by TMPRSS2

2. Fusion in the endosome after endocytosis and activation by
the endosomal proteases cathepsin B or L (independent of
TMPRSS2).

Figure 1: The entry of SARS-CoV-2 and related coronaviruses can
proceed via two routes
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1A. a) Binding of the S1 subunit of the viral S protein to the ACE2 recep-
tor at the cell membrane surface and proteolytic activation of the spike
by the transmembrane protease serine 2 (TMPRSS2); b) conformational
change in the S2 subunit and large-scale rearrangements of the S protein,
resulting in virus—cell membrane fusion; c) uncoating and release of viral
nucleocapsid into host-cell cytoplasm.

1B. a) Binding of the S1 subunit of the viral S protein to the ACE2 receptor
at the cell membrane surface; b) endocytosis of the viral particle; c) activa-
tion by the endosomal proteases cathepsin B or L, which leads to fusion
within the endosome; d) uncoating and release of viral nucleocapsid into
host-cell cytoplasm.

The ability of SARS-CoV-2 to achieve cell-surface fusion is depen-
dent on its S1/S2 polybasic cleavage site; this is absent from most
closely related sarbecoviruses, which are confined to endosomal
fusion.[24] Omicron, like pangolin CoV, has optimal properties for
endosomal entry. Therefore, while delta entrance is improved for
fusion at the cell surface (Figure 1A), omicron preferentially enters
through endosomal fusion (Figure 1B). The previously mentioned
modification in omicron’s entry mechanism could impact transmis-
sion, cellular tropism and pathogenesis, and offers an explanation
for reduced cell fusion or syncytia formation by omicron-infected
cells. Syncytia have been reported on autopsy in COVID-19 cas-
es, and the efficient cleavage at the furin site underlying syncytia
formation has been associated with enhanced disease severity
in animal models.[25] This may explain the decreased disease
severity, since these properties can substantially change the
virus’s cellular tropism and disease pathogenesis.[24]

Concerning the neuroinvasive potential of SARS-CoV-2, modifica-
tion of omicron’s biological properties might result in less effective
transmission along the olfactory nerve and its projection to the
brainstem, reflected clinically in less frequent impairment of smell
and taste. We hypothesize that it could preferentially direct trans-
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mission from the olfactory nerve to the brainstem through trans-
synaptic pathways. Hence, decreased viral invasion directly into
the brainstem would diminish respiratory center dysfunction, while
reducing ARDS complication and the need for mechanical ventila-
tion. Evidence strongly supports the association of neurological
involvement with the lethality of SARS-CoV-2 infection, and omi-
cron’s severity and lethality are much lower than those of other
previous variants.[26]

Other causes may explain why the omicron variant is related to a
milder symptomatology and a reduced viral access to the CNS:
1) omicron infection in the lung is significantly less frequent than
that of the original SARS-CoV-2, thus leading to lower severity
and, subsequently, lower prevalence of respiratory distress; 2)
lower pathogenic effect could generate a lower viral load and less
local or systemic inflammation; 3) acquired immunity (by previous
infection or vaccination) during more than two years of pandemic.

The possible interpretations proposed here should be reviewed
cautiously. Understanding SARS-CoV-2’s entry mechanisms into
the CNS is still challenging, despite intense research on this topic.
Two years of investigation are insufficient to arrive at definitive

conclusions in any area of biological research. In the case of the
omicron variant, this is especially so. More studies are required to
establish the exact mechanisms of how the SARS-CoV-2 variants
reach the brain stem, and to what extent this phenomenon can
contribute to inducing ARDS resistant to treatment. We must keep
in mind that the route and molecular mechanisms of neuroinva-
sion are not the only factors involved in ARDS development in
COVID-19 patients. Other processes must be considered, such
as previous specific immunity and disregulated innate immune
responses leading to neuroinflammation.

CONCLUSIONS

A shift in the omicron SARS-CoV-2 entry pathway from cell-
surface fusion, triggered by TMPRSS2, to cathepsin-dependent
fusion within the endosome, may affect transmission, cellular
tropism and pathogenesis. Therefore, we can hypothesize that
this entrance modification may impact transmission from the
olfactory nerve to the brainstem through transsynaptic pathways.
Decreased direct viral invasion of the brainstem could diminish
respiratory center dysfunction, reducing acute respiratory distress
syndrome and the need for mechanical ventilation. _ .-
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