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COVID-19: Global
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COVID-19: Taiwan
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Disease severity

Non-severe Severe Critical

Absence of signs Sp0,<90% Requires life
of severe or on room air sustaining treatment
critical disease
Respiratory rate Acute respiratory
>30 in adults distress syndrome
Raised rIE.-snir-zltn::urj»,r0 Sepsis

rate in children
Septic shock
Signs of severe

respiratory distress

Infographic co-produced by BMJ and MAGIC; designer Will Stahl-Timmins (see BMJ Rapid Recommendations).
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Mild disease

Symptomatic patients (Table 6.1) meeting the case definition for COVID-19
without evidence of viral pneumonia or hypoxia.

See the WHO website for most up-to-date case definitions (7).

Moderate
disease

Pneumonia

Adolescent or adult with clinical signs of pneumonia (fever, cough,
dyspnoea, fast breathing) but no signs of severe pneumaonia, including SpO-
= 90% on room air {(86).

Child with clinical signs of non-severe pneumonia (cough or difficulty
breathing + fast breathing and/or chest indrawing) and no signs of severe
pneumonia.

Fast breathing (in breaths/min). < 2 months: = 60; 2—11 months: = 50;
1-5 years: = 40 (87).

While the diagnosis can be made on clinical grounds; chest imaging
(radiograph, CT scan, ultrasound) may assist in diagnosis and identify or
exclude pulmonary complications.

Caution: The oxygen saturation threshold of 90% to define severe
COVID-19 was arbitrary and should be interpreted cautiously. For example,
clinicians must use their judgment to determine whether a low oxygen

COVID 19 Clinical management, Living guidance 25 January 2021, WHO



The spectrum of COVID-19 iliness (Gupta A, Nature Med 2020)
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The NEW ENGLAND JOURNAL of MEDICINE

Severe Covid-19

Incubation Period Fever
Coggh Critical illness in 5%
Fatigue of symptomatic patients
Anorexia
Myalgias
Diarrhea
Dyspnea in 40% of symptomatic patients
1 1 1 1 1 1 | | | | | 1 1 1 1 1 1 1 I -
s 4 -3 _3 _] 1 2 3 4 S 6 7 & 9 10 11 12 13 14
Median Days from Median Days to Onset after Development of Initial Symptoms
Infection to Onset
of Symptoms
Onset of
Symptoms

Figure 1. Timeline of Symptoms of Severe Coronavirus Disease 2019 (Covid-19).

The left border of the colored boxes shows the median time to onset of symptoms and complications. There is wide
variation in the duration of symptoms and complications. Adapted from Zhou et al.? and the Centers for Disease
Control and Prevention.!

JAMA. 2020:324(8):782-793.
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Case 1: 45 y/o male
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Case 2: 38 y/o male

* Nationality: Vietnam; Occupation: worker

— TOCC history: colleagues usually went to &%=

* Presentillness
— PCR (+) on 5/14
o After then, symptoms began; sent to our hospital (5/19)
* Fever, chills
* Muscle soreness

e Loss of smell and taste
* No dyspnea



Course and Treatment (1)
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Course and Treatment (2)
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Low Pa02 stimulate medulla to
increase ventilation

Schematic 1llustration showing how a low PaO, stimulates the
respiratory components of the medulla to increase alveolar ventilation.




Pa02 and PaCO2

The effect of low Pao, level on ventilation
The effect of Pao, on ventilation at three different Pao, values.

Note that as the Pao, value increases, the sensitivity of the periphej;
chemoreceptors increases




Silent hypoxia (1)

* Clinical screening and management based on
3 symptoms: Fever, Cough and Dyspnea

* Dyspnea:
— 1/3 of patients without dyspnea

— Dyspnea reported in 18.7% of 1099 hospitalized
with COVID, many of whom showed abnormal CT
scan (86%) and need O2 therapy (41%)

— In patients with abnormal radiologic finding
consistent with COVID pneumonia, only 50%
report dyspnea

Guan W], Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical characteristics of
coronavirus disease 2019 in China. N Engl ] Med 2020;382(April (18)):1708-20.
Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al. Clinical features of patients infected

with 2019 novel coronavirus in Wuhan, China. Lancet 2020;395(February
(10223)):497-506.



Silent hypoxia (2)

 Some patients deteriorate rapidly and without
warning

— More than 2/3 patients hospitalized in ICU come
directly from home to ICU or admit to ICU after
less than 3 days of stand ward hospitalization

 Many patients who later develop respiratory
failure experienced hypoxemia and
hypocapnia without sign of respiratory
distress, particularly elderly patients

Xie ], Tong Z, Guan X, Du B, Qiu H. Clinical characteristics of patients who died of
coronavirus disease 2019 in China. JAMA Netw Open 2020;3(April (4))e205619.



Silent hypoxia (3)

* Mechanism: not yet clear

— Anosmia-hyposmia is a frequent clinical sign in
COVID; Whether the virus has access to the brain
and contribute to the association between
dyspnea and anosmia-hyposmia remain to be
determinated

— Thrombi within the pulmonary vasculature

. X
AnOsm l1a: DE_\.‘%‘[ %t\z“gi Boudjema S, Finance ], Coulibaly F, Meddeb L, Tissot-Dupont H, Michel M, et al.

Olfactory and gustative disorders for the diagnosis of COVID-19. Travel Med
Infect Dis 2020;(September): 101875.
Tobin MJ, Laghi F, Jubran A. Why COVID-19 silent hypoxemia is baffling to
physicians. Am | Respir Crit Care Med 2020;202{ August (3)):356-60.

Couzin-Frankel J. The mystery of the pandemic’'s ‘happy hypoxia’. Science 2020;368
(May (6490)):455-6.



Why COVID-19 Silent Hypoxemia Is Baffling to Physicians

Martin J. Tobin, Franco Laghi, and Amal Jubran

Division of Pulmonary and Critical Care Medicing, Hines Veterans Affairs Hospital and Loyola University of Chicago Stritch School of
Medicine, Hines, llinois

35 -
30 -
Figure 1. The ventilatory response to

25 A . progressive isocapnic hypoxia in a healthy
o : subject. Little change in Ve is noted until alveolar
&% 20 - N oxygen tension (Pag ) falls to 60 mm Hg, and

S E 5 thereafter the response is very steep. Each data

» 15 et DO Tepresents e mean vaie 10 '..'i
2 i " for three successive breaths. Adapted by

10 | AR T permission from Reference 11. STPD = standard

R P2 temperature and pressure dry.
5]

120 100 80 60 40
PAO, mm Hg

Am J Respir Crit Care Med Val 202, Iss 3, pp 356-360, Aug 1, 2020



Figure 2. Scatterplot of the relationship
pbetween estimated oxygen saturation from pulse
oximetry (Spp ) and Saq_from blood gas analysis
In healthy subjects exposed to profound
hypoxemia in a hypobaric chamber (Pag,,
21.6-27.8 mm Hg). Each subject is represented
Dy a different symbpol. The dashed line 1S the Tne
of identity, and the solid line is the regression
line. Adapted by permission from Reference 28.

Sp02 %

0 | I I I I I

40 50 60 70 80 90 100
8302 %

Am J Respir Crit Care Med Val 202, Iss 3, pp 356-360, Aug 1, 2020



100 ~

Figure 3. Relationship between arterial oxygen
tension (Pag) and percentage saturation of
hemoglobin with axygen (Sag ) at temperature

80

37 C (continuous line) and 40°C (dashed ling),
with a constant pH 7.40 and Pcos, of 40 mm Hg

60

(generated with digital subroutine of Kelman
[31]). At a Pag, of 80 mm Hg, Sag,_ is 91.1% at
37°C and decreases to 85.8% at 40°C. Ata Pag,
of 40 mm Hq, SEI.C,L is 74.1% at 37°C and ‘
decreases to 64.2% at 40°C.

-—-- T=40°C

Sa0, %

40 -

20

I
80 100

Pal,; mmHg

Am J Respir Crit Care Med Val 202, Iss 3, pp 356-360, Aug 1, 2020



First ultrastructural autoptic findings
of SARS-Cov-2 1 olfactory
pathwavs and bramstem

Figure 1 —Neurologic damage i SARS-CoV-2 infection.
Ultrastructure of the: medulla oblongata (A-C); gyvrus rectus
(D. E); olfactory nerve (F). A) Marked axonal damage at the
medulla oblongata, with irregular axonal swelling and disar-
rangement of the myelin sheath. The damage appears to be
widespread. B) A spherical particle with size suspicious for a
viral particle (box) 1s observed in the periaxonal matrix near
the outer surface of a myelin sheath. C) Magnification of the
box area in B: the sphenical particle (~98 nm) has a crown
shape with a dense inner core and electron-dense periphery
with small external projections. A small roundish electron-
dense structure 1s detected in the center of the particle. This
morphology is compatible to that of SARS-CoV-2. D) The
image shows a neuron of the gyrus rectus. as demonstrated
also by the presence of a nucleolus at the center of the eu-
chromatic nucleus; numerous phenomena of autophagy in
the cytoplasm (arrows) suggest cell damage. E) Magnifica-
tion of the box area in D, showing a viral-like particle of 160
nm (arrowhead). Black arrows indicate two well preserved
mitochondna; arrows show the typical double nuclear en-
velope of the neuron. The good ultrastructural preservation
of these organelles demonstrates adequate methods of col-
lection and fixation. and suggests that the tissue damage 1s
related to the viral infection. F) Severe tissue damage in the
olfactory nerve: the oval structure 1s difficult to identify, and
1s characterized by extensive phenomena of autophagy with
markedly electron-dense peripheral aggregates (arrows).
Images by Unitech NO LIMITS.

June 2020  MINEEVA ANESTESIOLOGICA




Neuropathogenesis and Neurologic Manifestations of the
Coronaviruses in the Age of Coronavirus Disease 2019 A Review

IR BRERL
Anosmia and Ageusia

The prevalence of anosnua and ageusia ranges widely in the literature. In a study of patients

hospitalized J_* Wiuhan, the prevalence of hypogeusia and hyposnua was 5.6% and 5.1%,

respectively,”” while 19.4% of patients in Italy had some form of chemosensory dysfunction.
66 Approximately 88.5% and 88.0% of patients in Germany reported olfactory and gustatory
dysfunction, respectively.®” Of patients without nasal congestion, 79.7% were hyposmic.%’

Anosmia has also been noted in other respiratory infections. such as influenza %958 In

COVID-19, anosmua 1s typically not accompanied by nasal swelling or rhinitis. |G1'ven the

reports of anosmia presenting as an early symptom of COVID-19, dedicated testing for
anosmia may offer the potential for early detection of COVID-19 infection.

JAMA Newrol 2020 August 01; 77(8): 1018-1027.



| A | Areas of the brain that express ACE2 receptors

8] cell types that express
T ACE2 receptors in the
central nervous system

Motor cortex

Neurons
Posterior
cingulate cortex
Ventricles Miomgta
-
Substantia nigra
Astrocytes
Olfactory bulb
Middle temporal ;
gyrus
Oligodendrocytes
Ventrolateral medulla \
Nucleus of tractus solitarius <
Dorsal motor nucleus of the vagus
\
E] SARS-CoV-2 binding to a neuron Figure 1. Angiotensin-Converting Enzyme 2 (ACE2) Expression in the Brain

Emerging data suggest that ACE2 receptors are expressed in multiple regions of the human

and mouse brain. including the motor cortex, posterior cingulate cortex. ventricles,
substantia nigra. olfactory bulb, middle temporal gyrus. ventrolateral medulla. nucleus of

’_ Neuron

,'E types that make up the cenfral nervous system. including neurons, microglia, astrocytes, and
)_

tractus solitarius, and dorsal motor nucleus of the vagus nerve (A) and on several key cell

ACE2 . .4
receptor oligodendrocytes (B).>>=7 C, ACE2 receptors on a medullary neuron binding to the SPIKE

protein on severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).

JAMA Neuwrel 2020 August 01; 77(8): 1018-1027.

Spike
protein




|A] Spread via the transcribrial route

Olfactory nerve

Olfactory bulb

Olfactory epithelium

Figure 2. Transsynaptic Viral Spread

A, Coronavirus (CoV) has been shown to spread via the transcribrial route from the
olfactory epithelium along the olfactory nerve fo the olfactory bulb within the central
nervous system. B, CoV has been shown to spread refrograde via transsynaptic transfer

Spread via transsynaptic transfer

using an endocytosis or exocytosis mechanism and a fast axonal transport (FAT) mechanism
of vesicle transport to move virus along microtubules back to neuronal cell bodies.

— Synaptic cleft —
*
/// 3 | \‘\'.f.
~" Endocytosis | g # ® * » (‘
— '\‘ * COV — ‘ .......
X ® 6
3 L _
) o . . T Exocytosis —— |
| * ‘ | S
k) Vi v
FAT * o © Vesicles
microtubules \ /
<
Retrograde spread

JAMA Neuwrel 2020 August 01; 77(8): 1018-1027.



A | Endothelial infection

CoV <4

Lumen ¢——

Vascular
endothelium

Astrocytes ¢——————

* ¥ ¥
L #*ﬂ #*

I\

Leukocyte infection

Figure 3. Mechanisms of Spread Across the Blood-Brain Barrier
A. Infected vascular endothelial cells have been shown to spread severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) to glial cells in the central nervous system. B.
Known as the Trojan horse mechanism. infected leukocytes can cross the blood-brain barrier
to infect the central nervous system. CoV indicates coronavirus.

0—»

Infected
leukocyte

Permeable
blood brain
barrier

JAMA Neuwrel 2020 August 01; 77(8): 1018-1027.



Dyspneic and non-dyspneic (silent) hypoxemia in COVID-19: Possible
neurological mechanism

ABSTRACT

SARS-CoV-2 mainly invades respiratory epithelial cells by adhesion to angiotensin-converting enzyme 2 (ACE-2)
and thus, infected patients may develop mild to severe inflammatory responses and acute lung injury. Afferent
impulses that result from the stimulation of pulmonary mechano-chemoreceptors, peripheral and central che-
moreceptors by inflammatory cytokines are conducted to the brainstem. Integration and processing of these
input signals occur within the central nervous system, especially in the limbic system and sensorimotor cortex,
and importantly feedback regulation exists between O,, CO5 and blood pH. Despite the intensity of hypoxemia in
COVID-19, the intensity of dyspnea sensation is inappropriate to the degree of hypoxemia in some patients (silent
hypoxemia). We hypothesize that SARS-CoV-2 may cause neuronal damage in the corticolimbic network and
subsequently alter the perception of dyspnea and the control of respiration. SARS-CoV-2 neuronal infection may
change the secretion of numerous endogenous neuropeptides or neurotransmitters that distribute through large
areas of the nervous system to produce cellular and perceptual effects. SARS-CoV-2 mainly enter to CNS via
direct (neuronal and hematologic route) and indirect route. We theorize that SARS-CoV-2 infection-induced
neuronal cell damage and may change the balance of endogenous neuropeptides or neurotransmitters that
distribute through large areas of the nervous system to produce cellular and perceptual effects. Thus, SARS-CoV-
2-associated neuronal damage may influence the control of respiration by interacting in neuromodulation. This
would open up possible lines of study for the progress in the central mechanism of COVID-19-induced hypoxia.
Future research is desirable to confirm or disprove such a hypothesis.

Clinical Neurology and Neurosurgery 198 (2020) 106217



SARS-CoV-2

T ACE-2 receptor
«—=p Afferent signals
< Efferent signals

IR systemic circulation

Clinical Neurology and Neurosurgery 198 (2020) 106217



Fig. 2. Potential mechanisms of central nervous system involvement by SARS-CoV-2.
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Fig. 2. Potential mechanisms of central nervous system involvement by SARS-CoV-2.
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Is "happy hypoxia’in COVID-19 a disorder of autonomic interoception?

A hypothesis

To the
J heart

Fig. 1 Meurophysiology of dyspnea. Main afferent (sensory) homeo-
static information arising from areas of the vasculature and lungs give
rise to the sensation of dyspnea. When stimulated, the chemorecep-
tive and mechanoreceptive signals are transmitted to the brainstem
via the glossopharyngeal and vagus nerves, converging at the nucleus
of the tractus solitarus (NTS). Subsequent projections continue to the

yspnea, snornesd uj
breath, air hunger

o T
e "1 INTEROCEPTION

cortex

Clinical Autonomic Research

https://doi.org/10.1007/510286-020-00715-z

somatosensory cortex and other higher brain regions. which provide
the interoceptive sense of the internal environment of the body. The
processing of these signals within the cortex gives rise to sensations
such as air hunger, dyspnea. or shortness of breath. This interceptive
processing appears to be abnormally blunted in patients with corona-
virus disease 2019



Relevance of carotid bodies in COVID-19: A hypothetical viewpoint

ABSTRACT

We have considered some of the available evidence to account for the impact of SARS-CoV on the regulatory
control of the autonomic nervous and respiratory systems. Apart from stimulating general interest in the subject,
our hope was to provide putative explanations for some of the patients’ symptoms based on described physio-
logical and pathophysiological mechanisms seen in other diseases. Herein, we have focused on the carotid
bodies. In this hypothetical viewpoint, we have discussed the plasticity of the carotid body chemoreflex and
made a comparison between acute and chronic exposures to high altitude with COVID-19. From these discus-
sions, we have postulated that the sensitivity of the hypoxic ventilatory response may well determine the
outcome of disease severity and those that live at high altitude may be more resistant. We have provided insight
into silent hypoxia and attempted to explain an absence of ventilatory drive and anxiety yet maintenance of
consciousness. In an attempt to discover more about the mysteries of COVID-19, we conclude with questions and
some hypothetical studies that may answer them.

Autonomic Neuroscience: Basic and Clinical 233 (2021) 102810



e BRAINSTEM | |

Ventrolateral Medulla
Autonomic and
Respiratory Networks

______ Petrosal
e Q| e i< S

2 " Type | cell g i
"""" "7 (Glomus cell) i g

3 -

Ventilatory drive

i = SARS-CoV-2 infection Sustained arteriolar & bronchiolar tone
‘ Cardiac protection
Posscnsssscdy Carotid Body Regulation of stress hormones
Glucose and blood volume
Carotid artery Inflammatory and behavioural responses

Fig. 1. Schematic drawing of the peripheral chemoreflex pathways in the brainstem and representing the different profile of caretid body in COVID-19 patients:
Carotid Body A) in the majority of patients the carotid body reflex responds very well to the hypoxic challenge and the glomus cells are not infected by SARS-CoV-2;
Carotid Body B) in a small percentage of patients the carotid bodies may be overactive even before the SARS5-CoV-2 infection or became overactive as consequence of
the acute phase of the infection; and Caretid Body C) in a smaller percentage of the population the carotid bedies are de-sensitized or non functional even before the
SARS-CoV-2 infection or glomus cells were killed after the infection (Villadiego et al., 2021). We also acknowledge infection of SARS-CoV-2 in the brainstem
(Bulfamante et al., 2020) and because of the loss of taste (ageusia), we cannot rule out within the petrozal ganglion (e.g. Gautier and Ravussin, 2020); both these loei

could affect chemoreflex function.
Autonomic Neuroscience: Basic and Clinical 233 (2021) 102810



Putative Mechanisms Explaining “Silent Hypoxia” in COVID-19 Patients

#nemmuhed
PERIPHERAL

V10,

DRIVE

severe CHEMORECEPTORS
SHAI.I.OW —
BREATHING
oedema; ground glass COZ redgmd ?E';lrﬁ'ﬁf
con m?idaﬁ :nr':;a Sub-normal e CHEMORECEPTORS

pulmonary shunt J - brain tissue PCO,

* Sub-optimal ventilation

* (Cyanosis

* Preserved brain blood flow
* No dyspnoea

* No anxiety

* No confusion

# = sites of SARS-CoV-2 infection

Fig. 2. Schematie to summarize the interactions of respiratory bloed gases and chemoreceptor (peripheral and central) ventilatory drive in the eondition of COVID-
19 indueced silent hypexia. For details see text. Note, the recent finding of Lambermont et al. (2021} is consistent with infection of the earotid body itself via ACE2,

which expression is high in the ecarotid body of humans (Villadiego et al., 2021).

Autonomic Neuroscience: Basic and Clinical 233 (2021) 102810



“Acute Vascular Distress Syndrome, AVDS” in COVID-19

* Hypocapnic hypoxia without dyspnea: R-to-L intrapulmonary shunt

— SARS-CoV-2 induce vascular proliferation in the lungs in
anatomic and radiologic studies

— R-to-L shunt by contrast echo without CXR lesions

e R-to-L shunt will induce hypoxia >> a normal increase in ventilation.
However, in face of a shunt, hyperventilation will not increase PaO2
but will decrease PaCO2, with CO2 being more diffusible than O2.

— Hypocapnia develop and abolish increasing ventilation and
explaining the absence of respiratory efforts and dyspnea.

* When lungs show GGO/consolidations, hypoxia could worsen but
hypocapnia would lessen, with the consequent normalization of
PaCO2 and the appearance of feelings of dyspnea

American Joumnal of Respiratory and Critical Care Medicine Volume 202 Number 11 | December 1 2020



The Pathophysiology and Dangers of Silent Hypoxemia in COVID-19 Lung Injury

Table 1. Purported mechanistic explanations for silent hypoxemia and associated reported
findings in COVID-19 lung injury and non-COVID-19 ARDS.

| COVID-19 Lung Injury | Non-COVID-19 ARDS

Vascular regulation

Proposed |VasoEIegia and HPV impaired I Intact vascular responsiveness

e Vascular imaging demonstrates vascular
engorgement and increased perfusion
in areas of diseased lung [21, 26]

e Lung vasculature expresses ACE-2 [52]

¢ Benefit from almitrine and inhaled

Observed pulmonary vasodilators argues against
global vasoplegia [59, 77]

e Mildly elevated PA pressure,
by echocardiography and PA
catheterization [44-46]

e No direct evidence of HPV impairment

* Hypoxemia in ARDS is responsive
to almitrine, inhaled pulmonary
vasodilators; worsened by
systemic vasodilators [57, 58]

e Mildly elevated PA pressure and
PVR, by PA catheterization [47,
48]

e Direct evidence of HPV
responsiveness [54]

Very limited data, with need for more investigation due to ACE-2 expression in the

Conclusion . .
pulmonary endothelium and arterial smooth muscle.

Lung compliance

Proposed [I Compliance minimally reduced Compliance greatly reduced
Observed e Cgrrange: 20-90 ml/emH,0 in newly e (Csrrange: 10-78 ml/emH,0 [32,
intubated patients [2, 4, 23, 24] 33]

Minimal and clinically non-significant differences in observed values, especially
given wide range of compliance seen in non-COVID-19 ARDS.
ANNALSATS Articles in Press. Published February 23, 2021 as 10.1513/AnnalsATS 202011-1376CME

Conclusion




Neural oxygen sensing and dyspnea perception

Preserved O, sensing at both
peripheral and central
chemoreceptors and intact dyspnea
perception

Impaired central and peripheral O, sensing
Proposed and dyspnea perception secondary to
direct viral effects

e Viral access in brainstem and cortex in
humans [68]
e Viral brainstem access in animals [67]

0-27% patients with ted
e (Carotid body & brain express ACE-2 [65, * o patients with no reporte

Observed 66] dyspnea in SARS and H1IN1
9-34% patients with ted influenza ARDS [11-14]
» -
o patients With no reporte * No direct HVR testing performed
dyspnea [1, 2, 4]
. Very limited data, with need for more investigation due to ACE-2 expression in the
Conclusion ) : : :
brain and chemoreceptors and documented viral presence in these sites.

ARDS: acute respiratory distress syndrome, HPV: hypoxic pulmonary vasoconstriction, ACE-2:
angiotensin-converting enzyme 2, PA: pulmonary artery, PVR: pulmonary vascular resistance, C
st static compliance, HVR: hypoxic ventilatory response, ALl: acute lung injury, SARS; severe
acute respiratory syndrome.

ANMNATSATS Articles in Press. Published Febmary 23, 2021 as 10.1513/AnnalsATS 20201 1-1376CME




The olfactory nerve is not a likely route to brain infection in COVID-19:
a critical review of data from humans and animal models

Abstract

One of the most frequent symptoms of COVID-19 is the loss of smell and taste. Based on the lack of expression of the virus
entry proteins in olfactory receptor neurons, it was originally assumed that the new coronavirus (severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2) does not infect olfactory neurons. Recent studies have reported otherwise, opening
the possibility that the virus can directly infect the brain by traveling along the olfactory nerve. Multiple animal models
have been employed to assess mechanisms and routes of brain infection of SARS-CoV-2, often with conflicting results. We
here review the current evidence for an olfactory route to brain infection and conclude that the case for infection of olfac-
tory neurons is weak, based on animal and human studies. Consistent brain infection after SARS-CoV-2 inoculation in
mouse models is only seen when the virus entry proteins are expressed abnormally, and the timeline and progression of rare
neuro-invasion in these and in other animal models points to alternative routes to the brain, other than along the olfactory
projections. COVID-19 patients can be assured that loss of smell does not necessarily mean that the SARS-CoV-2 virus has
gained access to and has infected their brains.

Acta Neuropathologica (2021) 141:809-822



Animal Models and Humans: Probability of

Masal Infection with SARS-CoV-2 Brain Infection
“older” hACE2 mouse models VERY HIGH
“newer” hACE2 mouse models LOW
non-transgenic animal models VERY LOW

human patients VERY LOW - LOW (?)

Fig. 2 Probability of brain infection after nasal inoculation in animal
models or in SARS-CoV-2 infected patients. Note that the probability
of brain infection in humans resembles that in non-transgenic animal
models and in the newer human ACE2 (hACE2) mouse models, but
not the infection probability in the older transgenic mouse models
that use the K18 cytokeratin promoter

Fig.1 SARS-CoV-2 nucleocapsid protein (red) immunolabeled in
the olfactory epithelium, double-labeled for olfactory marker pro-
tein (OMP, green) and stained with Hoechst nuclear stain (blue). a
The SARS-CoV-2 (red) is present in a sustentacular cell that par-
tially overlaps with an OMP-labeled olfactory receptor neuron. b
When in the same image the sustentacular cell body is invisible
(black ellipsoid shadow with white arrows), as it would be when the
plane of section is not entirely perpendicular to the epithelium, then
the SARS-CoV-2 protein would be erroneously interpreted to be co-
localized within the OMP-expressing olfactory receptor neuron. Scale

bar= 10 pum. Image is adapted from Bryche et al. [15] A{t-EI HE Lo pathﬂlﬂg|ca [2021 :| 1 '41 :BDQ—EEE



Silent hypoxaemia in COVID-19 patients
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Why COVID-19 Silent Hypoxemia Is Baffling to Physicians

Martin J. Tobin, Franco Laghi, and Amal Jubran

Division of Pulmonary and Critical Care Medicing, Hines Veterans Affairs Hospital and Loyola University of Chicago Stritch School of
Medicine, Hines, llinois

* Silent hypoxemia: Idiosyncratic action on receptors involved
in chemosensitivity to oxygen

e These mechanisms include:

— The way dyspnea and the respiratory centers respond to
low levels of oxygen

— The way the prevailing PaCO2 blunts the brain’s response
to hypoxia

— Effects of Disease and Age on control of breathing
— Inaccuracy of pulse oximetry at low oxygen saturations

— Temperature-induced shifts in the oxygen dissociation

curve
Am J Respir Crit Care Med Vol 202, Iss 3, pp 356-360, Aug 1, 2020
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Asymptomatic hypoxia in COVID-19 is associated with pooroutcome = )

Check for

Philippe Brouqui®™*, Sophie Amrane®®, Matthieu Million*®, Sébastien Cortaredona®,
Philippe Parola®€, Jean-Christophe Lagier®”, Didier Raoult*"

2 Arx Marseille Uriversite, IRD, MEPHI, Marseille, France
B [HU-Mediterranée Infection, Marseille, France
“Ax Marseille Université, IRD, AP-HM, 55A, VITROME, Marseille, France

Objectives: Describe and evaluate the outcome of a coronavirus disease-2019 (COVID-19) patient without
shortness of breath,

Design and methods: We retrospectively collected data from COVID-19 patients diagnosed and cared forin
Marseille, France. We selected data from patients who at admission, had a low dose CT scanner, dyspnea
status, and oxygen saturation available. Blood gas was analyzed in a sample subset of patients.
Results: Among 1712 patients with COVID-19, we report that 1107 (64.7%) do not complain of shortness of
breath at admission. The low-dose computed tomography (LDCT) scan showed signs compatible with
pneumoniain 757/1,107 (68.4%) of patients without dyspnea. In a subset of patients who had underwent
at least one blood gas analysis (n = 161) and presented without dyspnea at admission, 28.1% (27/96)
presented with a hypoxemia/hypocapnia syndrome. Asymptomatic hypoxia was associated with a very
poor outcome (33.3% were transferred to the ICU and 25.9% died).

Conclusion: The absence of shortness of breath in an old patient with comorbidity merit medical attention
and should not be considered as a good sign of well-being. The poor prognosis of asymptomatic hypoxia,
highlight the severity of this mild clinical presentation. In these patients, pulse oximetry is an important
mean to predict the outcome along with news score and LDCT scanner.

International Journal of Infectious Diseases 102 (2021) 233-238



Table 1
inical characteristics of patients according to dyspnea status (n = 1,712).

Mo dyspnea® Dwspnea” (n = 605, 35%) p-value® All (n=1712)
(n = 1107, 65%)
n x n x

Sex

Men 529 47.8 257 425 0035 786 4559
Age at inclusion

<45 y.0 361 326 203 336 0314 S64 3259

45-54 y.0 273 247 157 26.0 430 25.1

25-64 y.o 239 21.6 143 236 382 223

6574 y.0 122 110 53 2.8 175 10.2

=73 y.o 112 101 449 a1 161 9.4
Time from symptom onset to admission

<3 days {(or no symptom) 234 211 59 a8 <0001 293 17.1

3—5 days 324 293 177 293 S0 293

=5 days 549 496 369 B1.0 918 536
Risk factors

Hypertension 248 224 135 223 0966 383 224

Diabetes mellitus 152 13.7 73 12.1 0330 225 13.1

Cancer (515] 6.0 30 2.0 0388 96 5.6

Chronic respiratory disease 116 10.5 a3 154 0003 209 122

Chronic heart diseases 109 9.8 37 6.1 0,008 146 8.5

Obesity 164 14.8 112 185 0.047 276 16.1
Clinical symptoms

Fever 179 16.2 126 20.8 0016 305 17.8

Cough 553 500 400 B6.1 <0001 953 557

Anosmia 350 3.6 258 426 <0001 BO8 355

Ageusia 354 320 265 438 <0001 619 362
MNEWS score

0—4 991 295 502 23.0 <0001 1493 87.2

5-6 76 6.9 43 71 119 7.0

=6 40 3.6 B0 99 100 5.8
Clinical outcomes

Death 11 1.0 16 2.6 0009 27 1.6

Transfer to intensive care unit 16 1.4 31 5.1 <0001 47 2.7

Transfer to intensive care unit 23 21 44 73 <0001 67 3.9

and/or death

International Journal of Infectious Diseases 102 (2021) 233-238



Table 4
Qinical characteristics of patients according to hypoxemia/hypocapnia syndrome (n= 161).

Hy poxemia/ Hypoxemia/ Hyperxemia/ Hyperxemia/ All (n = 161)
hy pocapnia hypercapnia hypocapnia hypercapnia
No dyspnea (n = 49, 30%) (n =53, 33%) (n = 35, 22%) (n = 24, 15%)
n E4 n x n E4 n E4 n E4
Sex
Men 39 79.6° 27 509 13 EFA M 11 45.8 a0 5589
Age at incdusion
<45 y.0 2 41 24 453 12 34.3* 7 29.2 45 280
4554 y.o 3 b1 5 94 B 17.1 B 25 20 12.4
55-64 y.0 13 26.5 ] 15.1 11 314 3 125 35 21.7
65-74 y.0 9 18.4 5 94 4 11.4 4 16.7 22 13.7
EXERA] 22 449 11 208 2 5.7 4 16.7 39 2432

Time from symptom onset to admission

<3 days {or no symptom) Hypoxemia/ Hypoxemia/ Hyperxemia/ Hyperxemia/ All (n = 161)
3—?:]*331’5 hypocapnia hypercapnia hypocapnia hypercapnia
=5 days
(n = 49, 30%) (n = 53, 33%) (n = 35, 22%) (n = 24, 15%)
Risk factors

n % n % n % n %

pertension

Clinical outcomes
Death 10
Transfer to intensive care unit 21
Transfer to intensive care unit and/or death

EVET

Cough 28 27 509 24 GE.6 14 583 a3 578
Dyspnea 22 449 19 35.8 18 514 B 25.0 65 404
Anosmia ] 16.3 14 26.4 13 371 5 208 40 248
Aguesia 12 24.5 11 20.8 13 37.1 5 208 41 255
MNEWS score
0—4 8 16.3 39 73.6 22 62.9 14 583 83 51.6
5-6 14 28.6 B 1.3 7 20.0 3 12.5 30 186
=6 rr 55.1 8 15.1 ] 17.1 7 292 48 298
Clinical outcomes
Death 10 20,4 3 5.7 2 5.7 2 8.3 17 10.6
Transfer to intensive care unit 21 43 9° f 11.3* 7 20,0 4 16.7 38 236
Transfer to intensive care unit and/or death 26 53.1* 9 17.0* 8 X9 f 25 49 304

" p < 005 Fisher's exact test (

International Journal of Infectious Diseases 102 (2021) 233-238



Prevalence and outcome of silent
hypoxemia in COVID-19

Mattia BUSANA ! *, Alessio GASPERETTI 2. Lorenzo GIOSA 3,

Giovanni B. FORLEO 4, Marco SCHIAVONE 4. Gianfranco MITACCHIONE 5.
CeciliaBONINO4. Paolo VILLA4 Massimo GALLI4. Claudio TONDO 2, Ardan SAGUNER. 5,
Peter STEIGER 6, Antonio CURNIS 5, Antonio DELLO RUSSO 7. Francesco PUGLIESE &,

Massimo MANCONE °. John J. MARINI 19, Luciano GATTINONTI !

BACKGROUND: In the early stages of COVID-19 pneumonia, hypoxemia has been described in absence of dyspnea
(“silent” or “happy™ hypoxemia). Our aim was to report its prevalence and outcome in a series of hypoxemic patients
upon Emergency Department admission.

METHODS: In this retrospective observational cohort study we enrolled a study population consisting of 213 COVID-19
patients with{PaO,/FiO, ratio <300 mmHg|at hospital admission. Two groups (silent and dyspneic hypoxemia) were
defined. Symptoms, blood gas analysis, chest X-ray (CXR) severity, need for intensive care and outcome were recorded.
RESULTS:[Silent hypoxemic patients (68-31.9%)|compared to the dyspneic hypoxemic patients (145-68.1%) showed
greater frequency of extra respiratory symptoms (myalgia, diarrhea and nausea) and lower plasmatic LDH. PaO,/FiO,
ratio was 225£68 mmHg and 192+78 mmHg in silent and dyspneic hypoxemia respectively (P=0.002). Eighteen per-
cent of the patients with Pa0,/Fi0, from 50 to 150 mmHg presented silent hypoxemia. Silent and dyspneic hypoxemic
patients had similar PaCO, (34.2£6.8 mmHg vs. 33.5+5.7 mmHg. P=0.47) but different respiratory rates (24.6+5.9 bpm

vs. 28.6+11.3 bpm respectively, P=0.002)[ Even when CXR was severely abnormal, 25% of the population was silent hy-

poxemic. Twenty-six point five percent and 38.6% of silenf and dyspneic pafients were admified fo the ICU respectively
(P=0.082). Mortality rate was 17.6% and 29.7% (log-rank P=0.083) in silent and dyspneic patients.

CONCLUSIONS: Silent hypoxemia is remarkably present in COVID-19. The presence of dyspnea is associated with a
more severe clinical condition.

Minerva Anestesiologica 2021 March;87(3):325-33



TABLE I —Gas exchange variables upon admission.

Overall Silent hypoxemia Dyspneic hypoxemia

Gas exchange (N=213) (N =68) (N.=145) P value
F10, 0.2410.21-0.60] 0.21[0.21-0.41] 0.28 [0.21-0.60] 0.003*
Pa0, (mmHg) 68.9:29 4 65.923.0 704319 0.24
Pa0,/F10, (mmHg) 202=76 225468 192+78 0.002*
A-a02 183167 137+141 206174 0.003*
SatO, (%) 01.8£73 01964 91.8+7.68 0.97
PaCO, (mmHg) 34.0=6.5 34268 33557 0.47
Respiratory rate (bpm) 27.3=10.1 246=59 28.6+11.3 0.002*
pH 7.46=0.06 7.46=0.05 71.46=0.06 0.76
CXR seventy 3 [2-5] 3[2-4] 3 [2-3] 0.11
ROX Index 11.7 [6.1-17.7] 15.7[9.4-19.5] 9.0[5.0-15.7] =0.001

1.0

—— Silent hypoxemia
= Dyspneic hypoxemia

0.8 |
2
2 06
= Figure 3.—Survival probability of patients with silent hy-
=2 poxemia (light grey; blue in the online version) and patients
g 0.4 with dyspneic hypoxemia (dark grey: red in the online ver-
s sion).
7 Log-rank test P value =0.083.

02

%o 50 100 150 200 250 300 350 400

Time elapsed (days)

Minerva Anestesiologica 2021 March;87(3):325-33



Conclusions

* Around 30% of the hypoxic patients (P/F <300) coming
to ER due to COVID infection did not complain dyspnea

* The silent hypoxemic patients were characterized by a
higher incidence of extra-pulmonary symptoms (mainly
nausea and diarrhea) and , they were less severe than
the dyspneic patients

 We speculate that the presence of dyspnea reflects the
incipient development of edema within the lung and
should be considered an unfavorable symptom that
could trigger the decision to escalate the respiratory
support in COVID

Minerva Anestesiologica 2021 March;87(3):325-33
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Dilemma of countering happy hypoxaemia

COVID-19 patients

Keigo Kobayashi @, Hatsuyo Takaoka, Toshiyuki Hirano, Takashi Inoue

Figure 1  Chest CT images of the upper lobes of the
lungs (A) day O: there is no pneumonitis in upper lobes
on admission. (B) day 3: Ground glass opacities have
emerged. (C) day 10: the ground grass opacities have
progressed to organising pneumonia. (D) day 15: the
organising pneumonia has regressed but some ground
grass opacities remain.

» Happy hypoxaemia is not uncommon among
COVID-19 patients.

» Patients with happy hypoxaemia can worsen
and recover within a short period.

» |t is preferable for some patients with
happy hypoxaemia to remain in hospital for
monitoring of their response to medication and
to ensure the optimal use of oxygen therapy.

The large number of COVID-19 patients is over-
whelming hospitals and causing bed shortages.
Patients with_happv hypoxaemia mav request early

ischarge. However, physicians should be cautious
about early discharge of patients with happy hypox-
aemia because remaining in hospital enables their
herapy to be monitored, and they may make a
nore rapid recovery.

Kobayashi K, et al. BMJ Case Rep 2021;14:e241588.




(3) Modified 6 minute walking test
(Exercise test)

Silent hypoxia in patients with SARS CoV-2 infection before
hospital discharge

Objective: To assess the degree of hypoxia and subjective dyspnea elicited by a 6-minute walking test
(6MWT) in COVID-19 patients prior to discharge.

Methods: A 6MWT was performed in 26 discharge-ready COVID-19 patients without chronic pulmonary
disease or cardiac failure. Heart rate, oxyhemoglobin saturation (SpQ-), respiratory rate, and subjective
dyspnea measured on the Borg CR-10 scale were measured before and immediately after the 6MWT, with
continuous monitoring of SpO, and heart rate during the 6MWT. The 6MWT was terminated if SpO-
dropped below 90%. A historical cohort of 204 patients with idiopathic pulmonary fibrosis (IPF) was used
for comparison.

Results: 13 (50%) of the COVID-19 patients developed exercise-induced hypoxia (Sp0O2 < 90%) during the
6MWT, of which one third had pulmonary embolism. COVID-19 patients experienced less hypoxia-
related dyspnea during the 6MWT compared with patients with IPF,

Conclusion: The 6MWT is a potential tool in the diagnosis of asymptomatic exercise-induced hypoxia in
hospitalized COVID-19 patients prior to discharge. Due to important methodological limitations, further

studies are needed to confirm our findings and to investigate their clinical consequences.
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Proposed Modifications in the 6-Minute Walk Test
for Potential Application in Patients With Mild
COVID-19: A Step to Optimize Triage Guidelines

Table. Proposed Modifications in the 6-Min Walk Test for Potential Application in Patients With Mild

COVID-19

ltem

Timing

Additional contraindication specific to the
present context

Wearing a surgical mask

Definition of abnormality

Contraindication

The presence of a physician
Evaluation of dyspnea and fatigue?
Stoppage of test

Resumption of test

Existingl?®
Mot applicable
Mot applicable

Mot applicable
Distance walked compared with reference
standards?®

Room air Spo, at rest <85%
Mot mandatory

Optional

Saturation falling below 80%
When saturation improves

Suggested Modification

Fourth or fifth day of clinical illness
Patients aged =70 y or pregnant women

Mandatory

Single cutoff point for distance walked <0.26 mile
(<1400 feet)!?®

or

Spo, falling below 90%

Room air Spo; at rest <93%

Mandatory*

Mandatory

Saturation falling below 90%

Abandon the test and recommend higher level of care
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Safe Area
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Thank you for your attention |



