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Abstract

The COVID-19 outbreak caused by the SARS-CoV-2 virus became a pandemic, and since the first cases reported in De-
cember 2019 to 28 October 2020, more than 44 million positive cases have been recorded with an accumulated fatality of
1,172,086 people due to the complication of mild infection of the upper airway to a severe disease of the lower airway, such
as the acute respiratory distress syndrome, and death from multiple organ failure. Comorbidities such as age over 40 years,
obesity, and diabetes mellitus play an important role in the response inflammatory and immunological that can accelerate
the production of pro-inflammatory cytokines causing endothelial dysfunction that produces endotheliitis, hypercoagulability,
and fibrinolysis not only at lung level but also in other organs such as the heart and central nervous system. Obstructive
sleep apnea (OSA), which has a high prevalence in older adults with obesity, is a risk factor for endothelial dysfunction due
to hypoxia that may favor hyper inflammation in response to SARS-CoV-2 and therefore OSA should be considered serious
comorbidity for COVID-19 fatality. A review of the pathophysiology of SARS-CoV-2, obesity, and OSA may contribute to have
more tools in the prevention and treatment of serious complications of COVID-19.
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La apnea obstructiva del sueno es una comorbilidad de riesgo para la letalidad de
COVID-19. Revision. Parte |

Resumen

El brote de COVID-19 causado por el virus SARS-CoV-2 se convirtié en una pandemia y desde los primeros casos repor-
tados en diciembre de 2019 hasta el 28 de octubre de 2020, se han reportado mds de 44 millones de casos positivos con
una fatalidad acumulada de 1,172,086 personas debido a la complicacion de una infeccion leve de las vias respiratorias
Superiores, a una enfermedad grave de las vias respiratorias inferiores, como el Sindrome de dificultad respiratoria aguda y
muerte por insuficiencia organica multiple. Comorbilidades como la edad mayor de 40 afos, la obesidad y la diabetes
mellitus juegan un papel importante en la respuesta inflamatoria e inmunoldgica que puede acelerar la produccidn de cito-
sinas proinflamatorias provocando disfuncion endotelial que produce endotelitis, hipercoagulabilidad y fibrindlisis, no solo a
nivel pulmonar sino también en otros drganos como el corazdn y el sistema nervioso central. La apnea obstructiva del
suefio (AOS), que tiene una alta prevalencia en adultos mayores con obesidad, es un factor de riesgo de disfuncion endo-
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telial por la hipoxia que puede favorecer la hiperinflamacion en respuesta al SARS-CoV-2 y, por tanto, la AOS debe consi-
derarse una comorbilidad grave para la letalidad de COVID-19. Una revisidn de la fisiopatologia del SARS-CoV-2, la obesi-
dad y la AOS puede contribuir a tener mas herramientas en la prevencion y el tratamiento de las complicaciones graves

del COVID-19.

Palabras clave: COVID-19. AOS. Comorbilidades. Factores de riesgo.

Introduction

Obstructive sleep apnea syndrome (OSAS) is char-
acterized by excessive daytime sleepiness, reporting
frequent awakenings due to choking sensations and the
sleep companion reports habitual snoring with breath-
ing pauses by the patient during sleep. OSAS is more
frequent in men than in women with an increased prev-
alence between 50 and 70 years of age, particularly in
overweight subjects, and is exacerbated by the intake
of alcohol or by the use of sedatives before sleep. The
most frequent comorbidities related to OSAS are obe-
sity, systemic arterial hypertension, atrial fibrillation,
type 2 diabetes mellitus, and a high risk of myocardial
infarction or cerebral infarction due to endothelial
dysfunction.

The severe acute respiratory syndrome (SARS) pan-
demic called coronavirus disease (COVID)-19 originat-
ed from the infection of a new coronavirus, SARS-coro-
navirus 2 (SARS-CoV-2), which began as an epidemic
outbreak in the province of Wuhan in Hubei, China, with
41 cases between December 08, 2019, and January 02,
2020, and that as of March 11, 2020, is considered a
Pandemic by the WHO. It is predominant in the male
gender, particularly in adults over 60 years of age, and
has an average mortality rate of 6.87% with a death
rate per million inhabitants of 11.5 related to comorbid-
ities that generate endothelial dysfunction such as obe-
sity, arterial hypertension, type 2 diabetes mellitus,
chronic respiratory diseases, pathological immunosup-
pression, or by drugs. However, adult obstructive sleep
apnea (OSA) or sleep-related hypoventilation syn-
dromes have not been considered as serious risk fac-
tors for the complication of acute respiratory distress
syndrome (ARDS) and death.

The COVID-19

Etiology

COVID-19 is an infection caused by a new virus,
SARS-CoV-2.

Table 1. Baltimore classification of viruses by type of
genome

DNA virus
Group | Viruses possess double-stranded DNA
Group Il Viruses possess single-stranded DNA
RNA virus
Group IlI Viruses possess double-stranded RNA
genomes
Group IV Viruses possess positive-sense single-
stranded RNA genomes
Group V Viruses possess negative-sense

single-stranded RNA genomes

DNA or RNA virus

Group VI Viruses possess single-stranded RNA
genomes that replicate through a DNA
intermediate

Group VII Viruses possess double-stranded DNA

genomes and replicate using reverse
transcriptase

Baltimore David. Expression of Animal Virus Genome. Bacteriological Reviews,
1971. DNA: (deoxyribonucleic acid); RNA: ribonucleic acid; (ss) single-stranded:
single chain of DNA or RNA; (ds) double-stranded: two chains of DNA o RNA.

Background

The SARS-CoV-2 virus belongs to group IV (viral
messenger RNA type) because of its genome, accord-
ing to the Baltimore Classification (Table 1).

SARS-CoV-2 is a virus of the order Nidovirales, of
the family Coronoviridae, subfamily Orthocoronavirinae
and of the genus Betacoranavirus, to which belongs
the SARS-CoV responsible for the severe acute respi-
ratory syndrome in 2003, and the SARS-Middle East
respiratory syndrome (MERS) responsible for the Mid-
dle Eastern respiratory syndrome in 2012, according to
the International Committee on Taxonomy of Viruses
(Fig. 1).

- Human coronaviruses (HCoV)-229E. Discovered in
1966. It causes a flu-like respiratory illness in
humans.

— HCoV-0C43. Discovered in 1967. It also causes a
flu-like respiratory illness in humans.

- SARS-CoV. Caused the severe acute respiratory syn-
drome epidemic. It was discovered in November
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Subfamily
Orthocoronavirinae

Family
Coronaviridae

Order
Nidovirales

Realm
Riboviria

Group IV
viruses possess positive-sense
single-stranded RNA genomes

Génus

- Alphacoronavirus

- Betacoronavirus

- Deltacoronavirus

- Gammacoronavirus

HCoV -229E (1966)
HCoV -NL63 (2003)

HCoV-0C43
HCoV-HKU1

A strain: (1967)

(2005)

SARS CoV
SARS CoV-2

B strain: (2002)

(2019)
MERS-CoV

C strain: (2013)

D strain: BtCoV-HKU11

Figure 1. SARS-CoV-2 taxonomy responsible for the 2019 coronavirus disease, called COVID-19.

2002, in the province of Canton, China. It spread to
several countries with 8403 cases and 775 deaths
reported as of June 5, 2003".

— HCoV-NL63. It was identified in the Netherlands in
2003 in a child with bronchiolitis.

- HCoV-HKU1. Discovered in 2005 in two patients in
the Chinese city of Hong Kong.

- MERS coronavirus (MERS-CoV). Causes Middle
Eastern Respiratory Syndrome, an infectious disease
first identified in 2012 in Saudi Arabia.

- SARS-CoV-2 was recognized in January 2020 as
responsible for a severe acute respiratory syndrome
that started in December 2019 in the province of Wu-
han, China, and became a pandemic and now an
endemic called COVID-192,

Structure of the SARS-CoV-2 virus

As in all coronaviruses, the nucleocapsid and the
envelope form the general structure. The nucleocapsid
is made up of a nucleus of RNA (short for ribonucleic
acid, the genetic material of the virus) with its capsid
which is a protein (N) structure either icosahedral or
helical formed by a series of monomers called cap-
someres, an outer shell of the protein or polyprotein
that protects the genetic material of the virus. In the

envelope (E) of coronaviruses, there is a membrane
glycoprotein (M) of 20-35 kDa, which forms a matrix in
contact with the nucleocapsid. In addition, in the enve-
lope (E), there is a 180-220 kDa glycoprotein (S), which
forms the spikes or peplomers responsible for adhesion
to the host cell and other short projections formed by
dimers of the hemagglutinin-esterase (Fig. 2)°.

In the specific case of SARS-CoV-2 coronavirus in
its spicules, a receptor-binding domain directs the ad-
hesion of the virus to its cellular receptor, the angioten-
sin-converting enzyme 2 (ACE2). In addition, entry re-
quires preparation of the S-protein by the transmembrane
protease, serine 2 (TMPRSS2), which involves excision
of the S-protein at the S1/S2 and S2’ site allowing the
fusion of the viral and cell membranes, a process driv-
en by the S2’ subunit (Fig. 3)*®.

Mechanisms of infection of the
SARS-CoV-2

It has been proven that the mechanism of transmis-
sion is person to person, mainly by the respiratory
route, through airborne transmission (droplets) which,
when coughing, sneezing, or speaking in close proxim-
ity to another person, puts the virus in contact with the
mucous membranes of the mouth, nose or eyes. The
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Figure 2. Molecular structure of SARS-CoV-2.

SARS-CoV-2
Glycoprotein spike (S)

TMPRSS2

Glycoprotein spike (S) with its RBD binding domain

Open and closed ACE 2 receptor in the host cell membrane

Figure 3. The S glycoprotein adheres to a specific ACE-2 receptor.

range of the droplets when expelled by coughing or
sneezing is < 2 m, usually no more than one meter, and
they do not persist in the air.

Transmission can also occur by touching surfaces
contaminated by the droplets with the hands and then
touching the person’s eyes, nose, or mouth. Transmis-
sion by fomites is also possible. The exact survival time
of the virus in the environment is not known, but it is
estimated that it may be active on inanimate surfaces

for 9 days, with the length of time-varying according to
climatic conditions and type of surface. The perma-
nence of viable SARS-CoV-2 on copper, cardboard,
stainless steel, and plastic surfaces has been 4, 24, 48,
and 72 h, respectively, under experimental conditions
at 21-23°C and relative humidity of 65%. HCoV is effi-
ciently inactivated in the presence of 62-71% ethanol,
0.1-0.5% sodium hypochlorite, and 2% glutaraldehyde,
with a reduction of 2-4 log 10 after 1 min of exposure.
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It has recently been demonstrated that SARS-Cov-2
remains in aerosols under experimental conditions at
21-23°C and relative humidity of 65% with an average
half-life of 2.7 h. Airborne or aerosol transmission (ca-
pable of transmission over a distance of more than 2 m)
could not be demonstrated in the SARS-CoV-2 out-
break in China. However, it is believed that it could
occur during the performance of invasive medical
procedures of the respiratory tract. Although the virus
has been isolated in human feces, the hypothesis of
fecal-oral transmission has not been demonstrated”.

Capacity for contagion

It seems that the possibility of contagion is greater in
the 15t days with symptoms and is reduced in the later
days, although it is a hypothesis that needs more test-
ing. The infection rates caused by each infected person
are highly variable, depending on the geographical lo-
cation and the control measures in place, ranging from
0.45% to 5% of contacts. In public health, the basic
reproductive number (Ro) is calculated, by which the
speed with which a disease can spread in a population
is estimated. SARS-CoV-2 is the causative agent of the
ongoing co COVID pandemic. In the case of
SARS-CoV-2, initial estimates of the early dynamics of
the outbreak in Wuhan, China, suggested a doubling
time of the number of infected persons of 6-7 days and
a basic reproductive number (Ro) of 2.2-2.7. Recently
assuming a serial interval of 6-9 days, Sanche et al.,
calculated a median Ro value of 5.7 (95% confidence
interval [CI] 3.8-8.9)8°.

SARS-CoV-2 replication mechanisms

The coronavirus replication cycle is divided into sev-
eral steps: fixation and entry, translation of viral repli-
case, transcription, and replication of the genome,
translation of structural proteins with assembly and re-
lease of virions'?:

1. It is initiated by the binding of the S-protein to a spe-
cific receptor on the host cell membrane. MERS-CoV
uses dipeptidyl peptidase 4 as a receptor, unlike the
SARS CoV and SARS-CoV-2 viruses which specifi-
cally target the ACE2 receptor and through the in-
volvement of the TMPRSS2 the excision of the
S1/S2 and S2’ subunits of the S-glycoprotein is
achieved, leading to the fusion of the viral membrane
with the host cell membrane achieving the endostosis
of the coronavirus.

The receptors for ACE2 and TMPRSS2 are widely
distributed in different tissues, mainly to respiratory
tract epithelial cells, alveolar epithelial cells, vascular
endothelial cells, and macrophages in the lung. How-
ever, the presence of ACE2 and TMPRSS2 receptors
has been recently reported in the mouth, and in the
gastrointestinal tract, in the myocardium in the kidney,
and in other epithelia'. SARS-CoV-2 infection reduces
the expression of ACE2 in lung cells. Since loss of
ACE-2 lung function is associated with acute lung inju-
ry, virus-induced down-regulation of ACE-2 may be
important for the pathology of the disease. ACE2 has
been shown to regulate the renin-angiotensin system
(RAS). Therefore, a reduction in ACE2 function after a
SARS-CoV-2 viral infection could lead to RAS dysfunc-
tion, with elevated angiotensin Il levels and increased
activity of angiotensin 1-7 receptors, influencing blood
pressure and fluid/electrolyte balance, inflammation
and vascular permeability in the airways, vasoconstric-
tion with increased reactive species (reactive oxygen
species [ROS]), and cytokines' 13,

COVID-19 shows a difference in the mortality rate
between men (2.8%) and women (1.7%). Since ACE2
is on the X chromosome, there may be alleles that
confer resistance to COVID-19, which explains the low-
er death rate in women. One study reports lower ex-
pression of ACE-2 in the nasal mucosa of children 0.30
(95% CI 0.01-0.59) versus 0.52 (95% CI 0.09-0.94) in
adults over 25 years of age'. Alternatively, the sex
hormones estrogen and testosterone have different im-
munoregulatory functions, which may influence the im-
munological protection or disease severity.
2.Replication of coronaviruses begins with the entry

into the cell, at which point it loses its envelope, and

the RNA genome is released into the cytoplasm.
3.The coronavirus genome has a methylated cap at the

5 end (cap’ end) and a polyadenylated (poly A) tail

at the 3’ end, giving it a strong resemblance to the

eukaryotic messenger RNA. This allows the
RNA to be attached to cytoplasmic ribosomes for
translation.
4.Coronaviruses also have a replicase protein encoded
in their genetic code, which allows them to generate
new copies of their RNA without the need to be tran-
scribed into DNA, using the resources of the host
cell.

5.This replicase is the first protein to be synthesized
because once the gene that encodes the replicase
is translated (protein synthesis), the process is
stopped by a stop codon. This is known as a nested
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transcript. When the mRNA transcript only encodes

one gene, it is known as a monocistronic.

6.The RNA genome replicates to a negative chain,
from which positive copies are formed and a long
polyprotein is translated, which must be split into the
various functional proteins of the virus. The corona-
viruses have a protease called Mpro or 3CLpro that
cuts the polyprotein to produce the viral proteins
(polyprotein maturation).

7. This is a viral strategy for genetic economics since it
allows you to code a good number of proteins with a
small number of transcripts while improving the fail-
ure rate during the execution of RNA polymerase. In
a normal way, in the ribosomes, the RNA is read and
transformed into a sequence of amino acids that end
up forming the proteins. This is where the “confusion”
occurs. The human cell interprets the viral RNA as
its own and follows the instructions to replicate the
viral RNA as if it were its own.

8.0nce the viral genetic material has multiplied, the
human cell also produces the proteins that will com-
plement the viral structure until the formation of new
viruses is completed.

9.The mature virus wrapped in a protein capsule from
the Golgi apparatus migrates to the cell membrane
for exocytosis's.

Each coronavirus is capable of creating up to 100,000
replicates, which multiply exponentially initially in the
epithelium of the upper airway: nostrils, pharynx, and
larynx; subsequently, in the lower airway of the host:
trachea, bronchi, and alveolar sacs.

Incubation period

The incubation period is long and varies from 0 to 14
days, with an average of 3 to 7 days. 97.5% of symp-
tomatic COVID-19 cases will develop within 11.5 days
after exposure to SARS-CoV-2. The 97.5% of the symp-
tomatic cases develop in the 11.5 days after
exposure'®,

Clinical manifestations, laboratory
findings, and imaging studies

The upper airway is covered by a pseudo-layered
ciliated cylindrical epithelium alternating with goblet
cells, also known as the respiratory epithelium, a prop-
er sheet of lax connective tissue with abundant vascu-
larity, in addition to a large number of plasma cells,
mast cells, macrophages, and lymphocytes. The respi-
ratory region has the function of heating and

humidifying the inspired air, as well as filtering airborne
particles'”.

Transmission of the SARS-CoV-2 infection is current-
ly considered to begin 1-2 days before the onset of
symptoms.

It is not known whether the intensity of transmission
from asymptomatic persons will be the same as from
persons with symptoms, although the viral load detect-
ed in one asymptomatic case was similar to that of other
symptomatic cases'®. Transmission of the infection
would occur primarily in mild cases in the 1t week of
symptom onset, from 1 to 2 days before to 5 to 6 days
after. In more severe cases, transmission would be
more intense and long-lasting. After a clinical cure, the
possibility of transmission is small, but some cases
have been reported with the presence of the virus in
oropharyngeal smears (reverse transcription-polymerase
chain reaction [RT-PCR] +) in the convalescent phase
after discharge with cure and after two negative
RT-PCR tests'.

The pathophysiology of a SARS-CoV-2 infection
closely resembles that of SARS-CoV infection, with
aggressive inflammatory responses strongly implicated
in the resulting damage to the respiratory tract. There-
fore, the severity of the disease in patients is due not
only to the viral infection but also to the host response.
Thus, the first symptoms will be fever, rhinorrhea, ody-
nophagia, dry cough, and muscle pain for several days.
If the infection progresses to the lower respiratory tract,
after 7 days, the fever persists, the cough can be pro-
ductive, the patient may present dyspnea on great ex-
ertions and to lesser degree symptoms of the digestive
system such as nausea, vomiting, diarrhea, and others
such as headache, olfactory, and gustatory dysfunc-
tions (anosmia and ageusia). In this stage, laboratory
and cabinet studies are indispensable and the following
are reported as frequent findings: lymphopenia and
thrombocytopenia, with elevation of C-reactive protein,
D-dimer and ferritin, interleukin 6 (IL-6), and procalci-
tonin (Fig. 4)°.

The diagnosis of COVID-19 must be confirmed by
RT-PCR or by sequencing the viral genome in samples
of upper airway secretions, as a parameter for deciding
and according to the clinical picture, the hospitalization
of the patient?’. In Mexico, 39.15% of the cases of
Covid-19 have required hospitalization.

IgG antibodies have been reported positive in 60%
of asymptomatic patients and 87.1% in symptomatic
patients in the convalescent phase (Table 2)%2. These
data indicate that the immune response plays a role in
the cure in up to 80-90% of cases of patients infected
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Exposure to SARS-CoV-2 Clinical manifestations of COVID-19...
P> & " i i
*; Fever, headache, Mild pneumonia: A Severe pneumonia:\ Acute respiratory
odynophagia. fever, fatigue, hypoxia with distress syndrome
rhinorrhea, producti h, i (ARDS) A it
. . d rganic Dysiunction
dry cough, myalgia lyspnea Syndsome
A\ 4
Symptoms of
upper airway
Median incubation period: infection lsy:gm.mscr
5.1 days (95% Cl 4.5-5.8 days) [r—— Dwer atrway
1-4 days infection
97.5% who develop symptoms
will do so within 13 days 6 days |
——
Percentage of asymptomatic 8 days
COVID-19 positives? —
8.2 days
10.1 days
Hospitalization Intensive care unit
1 1 1 1 1 1
100 % 100 % 36% 21% 29 % 6.8 %

Figure 4. Evolution of the clinical presentation of COVID-19.

Table 2. Sensitivity of immunological tests for
SARS-CoV-2

SARS-CoV-2 test 1-7 days 8-14 days m

RNA by RT-PCR 67.1% 54.0% 45.5%
Total antibodies 38.3% 89.6% 100%
IgM 28.7% 73.3% 94.3%
19G 19.1% 54.1% 79.8%

RNA: ribonucleic acid; RT-PCR: reverse transcriptase-polymerase chain reaction;
IgM and IgG enzyme-linked immunizer bent assay (ELISA).

by the SARS-CoV-2 coronavirus, coupled with elevated
T cells (CD4 + helper T lymphocyte and CD8 + cyto-
toxic T lymphocyte)?.

The tele chest or chest computed tomography (CT)
scan reports the presence of opacities like polished
glass with predominance in both of the lower pulmo-
nary lobes®*.

A Chest CT is considered an important tool if symp-
toms worsen or in an environment with limited resourc-
es for RT-PCR. Findings obtained in a non-contrast
chest CT allows a diagnostic performance using the
COVID-19 reporting and data system (CO-RADS) eval-
uation: CO-RADS could distinguish between patients
with PCR + from those with PCR- with an average area
under the curve (AUC) of 0.91 (95% ClI, 0.85-0.97). The
average AUC increased to 0.95 (95% ClI, 0.91-0.99) if

a clinical diagnosis of COVID-19 was also accepted.

The proportion of cases with a positive PCR or clinical

diagnosis of COVID-19 increased from CO-RADS 1-5.

- CO-RADS 1. Involves a very low level of suspicion
for COVID-19 with a normal chest CT or even with
the finding of mild or severe emphysema, peripheral
nodules, lung tumors, or fibrosis.

— CO-RADS 2. Involves a low level of suspected pulmonary
involvement by COVID-19 based on CT findings in the
lungs that are typical of infectious etiology that are con-
sidered non-compatible with COVID-19. Examples are
bronchitis, infectious bronchiolitis, bronchopneumonia,
lobar pneumonia, and lung abscess.

- CO-RADS 3. Involves equivocal findings of pulmo-
nary involvement by COVID-19 based on CT charac-
teristics that can also be found in other viral
pneumonias or non-infectious etiologies. Findings
include perihilar ground-glass, extensive homoge-
neous ground-glass with or without preservation of
some secondary pulmonary lobes, or ground-glass
along with smooth interlobular septal thickening.

- CO-RADS 4. Involves a high level of suspected lung
involvement by COVID-19 based on CT findings that
are typical of COVID-19 but show some overlap with
other (viral) pneumonias. The findings are not in con-
tact with the visceral pleura or are strictly unilateral,
they have a predominant peribronchovascular distri-
bution or overlap with severe and diffuse pre-existing
pulmonary abnormalities.
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Figure 5. A-D: Computed tomography pulmonary angiography showing ground-glass opacification and consolidation
with “vascular tree-in-bud-pattern” of patients with pneumonia from COVID-19.

— CO-RADS 5. Involves a very high level of suspicion
of pulmonary involvement by COVID-19 according to
typical CT findings. Mandatory features are ground-
glass opacities, with or without consolidations, in pul-
monary regions near visceral pleural surfaces, includ-
ing fissures, and multifocal bilateral distribution. It was
found that the lower lobe predominance described
above is often not present in positive RT-PCR cases,
and therefore, lower lobe predominance was exclud-
ed as a required feature. Subpleural curvilinear bands
or ground-glass bands with or without consolidation
in an arc pattern tied with small connections to the
pleura are also considered typical. Thickened vessels
within the pulmonary anomalies are typical with “vas-
cular tree bud pattern” (Fig. 5)2526,

Fever, a temperature > 38°C, persists for 4-12 days in
survivors, dyspnea is reported with a median of 13 days
and cough persists with a median of 19 days and may

persist in up to 45% of hospitalized patients after dis-
charge. Cough is reported in 72% of fatal cases®"?8,.

Respiratory function may change from mild to severe
within a few days or the patient may require assisted
ventilation between 3 and 12.5 days after the onset of
symptoms with a median of 10 days. The severe com-
plications that require a patient to be transferred to the
intensive care unit are ARDS, multiple organ dysfunc-
tion syndrome due to sepsis, and/or septic shock
(Tables 3-5)29-33,

In ARDS, three stages or phases in the pathological
evolution of the lung lesion are described: the exudative
phase, the proliferative phase, and the fibrotic phase,
with a mortality rate of over 80%°34-%¢.

The exudative phase occurs within the first few
hours of the lung injury. When the SARS-CoV-2 virus
infects the type Il pneumocytes that express the sur-
face receptors of the enzyme ACE2 and TMPRSS2,
active replication and the release of the virus causes
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Table 3. Severity levels and evolution of COVID-19

Severity levels and evolution

Phase |
— Uncomplicated disease

Phase Il or pulmonary phase
— Mild pneumonia

— Severe pneumonia

Phase IIl or hyper-inflammatory phase
— Acute respiratory distress syndrome (ARDS)

— Multiple organ dysfunction syndrome by
septicemia

— Septic shock

Clinical, laboratory, and radiological findings

Fever, rhinorrhea, odynophagia, cough, myalgia, and headache
Confirmed with a chest X-ray or CT scan (CO-RADS 2-3). Sa0, > 90%. RT-PCR +

Severe pneumonia fever, productive cough, dyspnea. Chest CT scan (CO-RADS 4-5).
Sa0, < 90% and tachypnea > 30/min. RT-PCR + IgM +, IgG +

Lymphopenia < 0.8 x 10%L. Thrombocytopenia < 100 x 10%L D-dimer elevation

> 1 pg/L. PCR elevation

Ferritin elevation > 300 pg/L

IL-6 elevation > 7.4 pg/mL

Procalcitonin elevation > 0.5 ng/mL

Cough, dyspnea. Chest CT with bilateral ground-glass opacities, with hypoxia:
— Mild: 200 mmHg < Pa0,/Fi0, < 300

— Moderate: 100 mmHg < Pa0,/Fi0, < 200

— Severe: Pa0,/Fi0, < 100 mmHg

Organic dysfunction on the SOFA Score > 2 points or an acute change in the Quick
Sofa with > 2 criteria

Arterial hypotension that persists despite volume replacement with solutions and
requires vasopressors to maintain MAP > 65 mmHg and lactate > 2 moll/L (18 mg/dL)
in the absence of hypovolemia

CO-RADS (COVID-19 Reporting and Data System): standardized assessment scale for lung involvement from COVID-19 in a chest computed tomography (CT); Sa0,: arterial
oxygen saturation; RT-PCR: reverse transcriptase-polymerase chain reaction test; CRP: C-reactive protein; IL-6: interleukin 6; Pa0,: arterial pressure of oxygen;
Fi0,: fraction of inspired oxygen; SOFA: Sequential Organ Failure Assessment; MAP: mean arterial pressure.

Table 4. Sequential organ failure assessment score

omore | 0 | o e | e ] w4

Respiration > 400
Pa0,/FI0, (mmHg) Sa0,/FIO,

Coagulation > 150
Platelets 103/mm3

Liver <12
Bilirubin (mg/dL)

Cardio-vascular MAP >
Mean Arterial Pressure 70 mmHg
Central nervous system 15
Glasgow Coma Score

Renal <12
Creatinine (mg/dL) Urine

Output (mL/d)

< 400 221-301 < 300 142-220 < 200 67-141 < 100 < 67
< 150 <100 <50 <20
1.2-1.9 2.0-5.0 6.0-11.9 >12.0
MAP < *Dopamine *Dopamine 5-15 *Dopamine > 15
70 mmHg < 5 *Dobutamine *Epinephrine < 0.1 *Epinephrine > 0.1
*Norepinephrine < 0.1 *Norepinephrine > 0.1
13-14 10-12 6-9 <6
1.2-1.9 2.0-34 3.5-4.9 < 500 > 5.0 < 200

Pa0,: arterial pressure of oxygen; Fi0,: fraction of inspired oxygen; Sa02: arterial oxygen saturation; MAP: mean arterial pressure; Pa0,/ Fi0, preferred ratio since
Sa0,/Fi0, is not available: * Vasoactive drugs administered for at least 1 h (dopamine and norepinephrine as ug/kg/min), to maintain MAP above 65 mmHg. Lactate
measurement did not increase its predictive validity but may help in identifying patients at intermediate risk.

the host cell to undergo pyroptosis which is a highly
inflammatory form of programmed cell death that oc-
curs most often after infection with intracellular patho-
gens and that unlike apoptosis, pyroptosis requires
the function of the enzyme Caspase-1 which is

activated during pyroptosis by a large supramolecular
complex called a pyroptosome (also known as an
inflammasome).

Only one large pyroptosome is formed in each mac-
rophage within minutes of infection and is largely
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Figure 6. Pathophysiology of severe acute respiratory distress syndrome due to SARS-CoV-2 infection.

Table 5. Quick SOFA

— Alteration in level of
consciousness

Glasgow coma score < 13

— Systolic blood pressure < 100 mmHg

— Respiratory rate > 22/min

composed of the oligomers of the adaptive protein ASC,
a speck-like protein associated with apoptosis (Fig. 6)%.

These are recognized by neighboring epithelial cells,
endothelial cells, and alveolar macrophages, which trig-
gers the generation of cytokines: IL-2, IL-6, IL-10, pro-in-
flammatory chemokines (CXCL-10 known as IP-10), he-
matopoietins such as the macrophage inflammatory
protein 1o and 18 (MIP1a, MIP1f) and the monocyte
chemoattractant protein-1 or granulocyte colony-stimu-
lating factor. These proteins attract monocytes, macro-
phages, and T cells to the site of infection, promoting
further inflammation  (with the addition of

interferon-gamma, IFNy, produced by the T cells) and
establishing a pro-inflammatory feedback loop. In a
faulty immune response, this can lead to a further build-
up of immune cells in the lungs, causing an overpro-
duction of pro-inflammatory cytokines, which eventually
damage the lung infrastructure. The resulting cytokine
storm circulates to other organs, causing damage to
multiple organs (Fig. 7)%"

In addition, non-neutralizing antibodies produced by
B cells can promote SARS-CoV-2 infection through
antibody-dependent enhancement, further exacerbat-
ing organ damage.

These histopathology microscope images show the
presence of viral elements within the endothelial cells
and an accumulation of inflammatory cells, with evi-
dence of inflammation and endothelial cell death®.

These findings suggest that infection by SARS-CoV-2
facilitates the induction of endothelial dysfunction in var-
ious organs as a direct result of viral involvement and
the host’s inflammatory response. In addition, induction
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Figure 7. Pathophysiology of endotheliitis in the alveolar-endothelial space in acute respiratory distress syndrome due

to SARS-CoV-2 infection.

of apoptosis and pyroptosis may have an important role
in endothelial cell injury in patients with COVID-19. En-
dotheliitis due to COVID-19 may explain the systemic
microcirculatory dysfunction in different vascular beds
and its clinical sequelae in COVID-19 patients. This hy-
pothesis provides a justification for therapies to stabilize
the endothelium while addressing viral replication®.

This strategy may be particularly relevant for vulner-
able patients with pre-existing endothelial dysfunction,
which is associated with age, male sex, smoking,
hypertension, diabetes, obesity, the established cardio-
vascular disease, and OSA, all of which are associated
with adverse outcomes in COVID-19.
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