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EDITORIAL

Pathophysiology of the COVID-19 – entry to the CNS through the nose

Introduction

During the recent weeks, anosmia without nasal or other
symptoms has been recognized as an alarming sign of early-
stage COVID-19 [1]. This might indicate that SARS-CoV-2,
when entering the body via the nose, may be neurotropic,
have affinity for the olfactory epithelium and advance along
the olfactory nerve into the CNS, causing early-stage CNS
infection. This route is a known shortcut for influenza and
other viral diseases into the CNS [1]. Viral infection of the
CNS can lead to damage from infection of the nerve cells,
from an immune response, or from combination of both.
Anosmia has also occurred in a few patients with SARS and
MERS and, during the 2002/2003 SARS epidemic, SARS-
CoV was reported in brain tissues in both patients and
experimental animals with a heavily infected brainstem.
Considering the great similarities between SARS-CoV and
SARS-CoV-2, it is likely that their infective characteristics
are highly comparable as well. The early CNS symptoms,
such as headache, nausea, and vomiting have also been
reported in patients with COVID-19, leading Li et al. (2020)
to conclude that coronaviruses are not confined to the
respiratory tract but may also invade the CNS and induce
neurological diseases [2].

Viral invasion to CNS

It is likely that the pathogenesis of SARS-CoV-2 mimics
that of other respiratory viruses. Therefore, it is not surpris-
ing that there are reports of COVID-19 cases with only
mild upper respiratory tract symptoms [3]. The virological
analysis by W€olfel et al. showed that the highest viral repli-
cation occurred in the upper respiratory tract at day 4. They
found no virus in circulation.

Convincing prior research using animal disease models
has shown, that not only is the olfactory nerve a shortcut
for several viral diseases into the CNS [4], but also that the
specific SARS-CoV-2 receptor, ACE2, is abundantly and
widely expressed in brain neurons, including olfactory and
motor cortical areas and also in the medullary vagal com-
plex both in normal healthy mice [5] and in mice and ham-
sters intranasally inoculated with SARS-CoV [6].
Furthermore, the extensive neuronal infection was the main
cause of death with only minor infection in the lungs [6].
These studies on mouse models revealed that intranasally
administered SARS-CoV enters the brain primarily via the
olfactory bulb, followed by rapid transneuronal spread to
connected areas, including the thalamus and the brainstem.

In humans, however, the mechanisms of possible viral
transport via the olfactory nerve and subsequent spread in
the CNS are poorly understood. The viruses could travel

within olfactory neurons by axonal flow, by travel within
axons ensheathing cells or transcellularly through the tight
junctions between ciliated epithelial (brush) cells. The brush
cells of the olfactory epithelium resemble the pseudostrati-
fied columnar respiratory epithelial cells of the nasal cavity.
Both types of cells are innervated by the anterior ethmoid
branch of the trigeminal nerve. Therefore, the trigeminal
pathway may form an alternative route for the transmission
of a virus from the nasal cavity into the CNS. The trigemi-
nal route is particularly interesting as it leads directly to the
caudal brain regions, to the trigeminal nuclei in the brain
stem, and thus to the vicinity of the respiratory nuclei. Prior
work utilizing radiolabeled proteins in rats and primates has
shown that intranasally applied macromolecules may be
transported via the olfactory pathway to the rostral brain
regions or via the trigeminal pathway to the trigeminal
nuclei and caudal brain regions within 30–60min of admin-
istration [7]. It was speculated that this rapid transport was
likely taking place along the perivascular or lymphatic paths.
It may be that the virus invades along the ‘higher’ olfactory
route that primarily leads to dysfunction of the central
autonomous network (CAN) and further to respiratory
problems. On the other hand, viral invasion along the
‘lower’ trigeminal pathway could directly affect the respira-
tory nuclei. It is to be noted that the CNS spread could also
result from the nasopharynx that is innervated by the
glossopharyngeal nerve (CN IX). A putative glossopharyn-
geal pathway would also lead directly to the brainstem –
and to the vicinity of respiratory nuclei.

Dysfunction of the Central autonomic network (CAN)

When causing anosmia SARS-CoV-2 might enter the CNS
via the olfactory or trigeminal route. Initially, the CNS
infection or inflammation could be relatively mild and cause
olfactory damage and imbalance of the autonomic nervous
system (ANS). It is known that the regulation of ANS
occurs via the interaction of various brain structures, which
contribute to CAN. It is now known that the parasympa-
thetic vagal system (through CAN) effectively regulates res-
piration and that the vagus nerve contains sensory neurons
that critically regulate respiration rate, the airway tone and
defense, and in some species, evokes cough [8]. Therefore,
all early-stage extrapulmonary symptoms in COVID-19
could be due to sympathetic dominance (and reduced para-
sympathetic function). Imbalance of CAN (with sympathetic
dominance, as detected by the heart rate variability (HRV)
test, has been seen in viral CNS infections, for example in
tick-borne encephalitis [9].
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Early respiratory distress and hypoxia may be of
Central origin

The most prominent symptom of hospitalized COVID-19
patients is dyspnea often associated with hypoxia. According
to published reports, most often the dyspnea presents as
‘difficult breathing’ or sensations of chest tightness and air
hunger, which are the classic definitions of dyspnea [10].
However, there are also reports of COVID-19 patients pre-
senting with asymptomatic hypoxia and many have
described early dyspnea as a ‘cessation of spontaneous
breathing’ [2]. These features may suggest a central apnea
or failure in the feedback loop from the pulmonary recep-
tors to the respiratory centers, mediated by the vagus nerve
[8]. Hypoxia may also result from a combination of these
two. Furthermore, patients experiencing dyspnea along with
high fever may, boosted by a fear of the corona infection,
be driven to experience stress, panic and forced breathing
(tachypnea > 30 cycles/min). Such stress may further reduce
parasympathetic activity, thus worsening the situation. In
addition, forced breathing or hyperpnea may lead to lesions
in the lungs (alveolar micromechanics), specifically to the
epithelium-endothelium barrier [11], and could ultimately
cause pulmonary damage. Alveoli are normally protected
from over-distention by a reflex (Hering–Breuer, which nor-
mally protects from overdistention but is now absent
because of non-functioning CAN/vagal system) and two sta-
bilizing factors: a connective tissue fiber network and the
surfactant system. The backbone of this stabilizing system is
the network of elastic fibers which become strained and
stressed at larger lung volumes. Increased strain at the cellu-
lar level particularly to the elastic components of this net-
work might occur even under physiological conditions, e.g.
upon deep inspirations, during physical exercise or sighs
[12]. It is to be noted that tolerance to stresses related to
the elastic recoil pressure has been shown to be significantly
reduced, not only in COPD, smokers and exercise but also
in aged individuals [12]. The damaged lungs are easily
infected by a virus descending to the lungs from the upper
airways, or by a virus simply penetrating the alveolar epithe-
lia in the same pattern as in the nose. It is this damage to
the alveolar micromechanics and barrier function that
makes some individuals (about 5%) vulnerable and spurs
the development of ARDS. Therefore, if lungs that are
already damaged are mechanically (invasively) ventilated,
the prognosis seems to be poor. It is well established that in
the pathogenesis of ARDS, a contribution of ventilator-asso-
ciated lung injury (VALI), even if ventilation is performed
in full accordance with current recommendations, may play
a role in vulnerable patients [11].

Nasal respiratory and olfactory epithelia have specific
receptors for SARS-CoV-2

The current novel COVID-19 pandemic has stimulated
numerous research groups to investigate the pathogenetic
features of the SARS-CoV- 2 spike (S)-protein that binds
ACE2 and, in concert with host proteases, principally
TMPRSS2, promotes cellular entry. The latest reports state

that ACE2 and TMPRSS2 are co-expressed cells in epithelial
type II pneumocytes in the lungs, but also in ciliated and
goblet cells of the nasal epithelium [13]. One study reported
that nasal respiratory epithelium has a higher expression of
CoV-2 entry genes than that of the lungs [14]. In addition,
Brann et al. [15] demonstrated that the CoV-2 receptor
ACE2 and the spike-protein protease TMPRSS2 are
expressed not in the olfactory sensory neurons but in sup-
port cells, stem cells, and perivascular cells of the olfac-
tory epithelium.

Many COVID-19 patients with early hypoxia and
neurological symptoms show normal CT scans

Several clinical and radiological studies report normal chest
imaging findings despite severe illness. Guan et al. [16]
reported >1000 COVID-19 patients requiring hospital care
or ICU admission, of whom up to 23% and 12% had a nor-
mal chest radiograph and CT scans, respectively. Similarly,
Goh et al. [17] described a patient with, despite rapid clin-
ical deterioration, only subtle chest CT changes. The ensu-
ing likely diagnosis was septic encephalopathy. Furthermore,
in reports from the 2002/2003 SARS epidemic, chest radiog-
raphy on admission was normal in approximately 25% of
individuals. This indicates that in about one quarter of
patients, early symptoms, including respiratory distress,
could not be explained by pulmonary changes.

Long-term outcome studies of many SARS survivors
show debilitating neurological sequelae but normal
lung function

Multiple studies report on the one-year and long-term out-
comes of SARS survivors in Toronto 2003, (where 273 peo-
ple were identified as being confirmed SARS cases, of which
44 died). Most had persistent functional disability due to
extrapulmonary conditions one year after discharge from
the intensive care unit. These patients were young (median
age 45 years) and their lung volume and spirometric meas-
urements were already normal within 6months. In a cohort
of 22 post-SARS patients (21 were hospital workers) who
remained disabled and unable to return to their work, the
long-term outcome (>1 year) showed persisting debilitating
physical symptoms including variable musculoskeletal pain,
profound weakness, easy fatigability, shortness of breath that
accompanied psychological distress and major sleep prob-
lems [18,19]. These neurological long-term sequelae strongly
suggest that they had been caused by an infection or inflam-
mation in the CNS, not in the lungs.

Discussion

It seems evident that the earliest COVID-19 symptoms,
including respiratory distress and hypoxia, are best
explained by primary replication of SARS-CoV-2 in the
nasal and/or olfactory epithelia, followed by invasion of the
virus into the CNS, and that the ARDS is a later complica-
tion. Our proposed theory differs from the predominant
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views of COVID-19 pathogenesis being primarily a pulmon-
ary one-organ disease, with pneumonia and bronchiolitis
leading to dyspnea, and in the most severe cases, to ARDS
and septic shock. According to our concept, the early dys-
pnea and/or hypoxia often, if not in most cases, are not of
pulmonary but of central origin.

It is well established that currently COVID-19 lacks cura-
tive therapy. However, if our concept holds and the early
dyspnea and hypoxia are due to a dysfunction of the central
regulatory mechanisms of respiration, it shifts the main
focus of therapeutic efforts to the stage of early hypoxia.
Our pathophysiological concept suggests that therapeutically
the most important step would be to use all possible means
to correct the hypoxemia by optimizing the efficacy of spon-
taneous breathing in affected individuals.

We also wish to stress, that the role of ANS and particu-
larly the CAN part of that in the disease process of COVID-
19, appears to be crucial from the first symptoms to the
final stage. Therefore, returning autonomic imbalance back
to normal might be important as part of the therapeutic
regimen. Such adjunctive treatment modalities might pro-
vide various means aimed for improving the parasympa-
thetic system activity. All the early extrapulmonary
symptoms of COVID-19 can be due to sympathetic domin-
ance (and reduced parasympathetic function). In addition,
both the CNS and pulmonary disease are probably caused,
and the pulmonary infection accentuated through inflamma-
tory reflex mechanism due to inadequate immunological
defense by the neuro-immune axis [20]. Excessive inflam-
mation plays an important role in the pathogenesis of com-
mon and debilitating diseases including septic shock.

In conclusion, as the COVID-19 lacks curative therapy,
we propose that the probable dysfunction of the central
regulation of respiration and the ensuing respiratory distress
should be considered in planning treatment strategies.
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