
Acute respiratory distress syndrome: a life threatening associated complication
of SARS-CoV-2 infection inducing COVID-19

Riadh Badraouia,b,c , Mousa M. Alrashedia, Mich�ele V�eronique El-Mayb and Fevzi Bardakcia,d

aDepartment of Biology, Laboratory of General Biology, University of Ha’il, Ha’il, Saudi Arabia; bSection of Histology - Cytology, Medicine
College of Tunis, University of Tunis El Manar, La Rabta-Tunis, Tunisia; cLaboratory of Histo-Embryology and Cytogenetic, Medicine College
of Sfax, University of Sfax, Sfax, Tunisia; dDepartment of Biology, Laboratory of Genetics, Adnan Menderes University, Aydin, Turkey

Communicated by Ramaswamy H. Sarma

ABSTRACT
Acute Respiratory Distress Syndrome (ARDS) is a form of respiratory failure in human. The number of
deaths caused by SARS-CoV-2 infection inducing this severe pneumonia (ARDS) is relatively high. In
fact, COVID-19 might get worsen in ARDS and provoke respiratory failure. A better understood of
ARDS key features and the pathophysiological injuries of the pulmonary parenchyma are linked to les-
sons learned from previous severe diseases associated previous coronaviruses outbreaks (especially
SARS-CoV and MERS-CoV) and more the ongoing SARS-CoV-2. The ARDS mechanism includes a diffuse
alveolar damage associated disruption of alveolar capillary membrane, pulmonary edema, damaged
endothelium and increased permeability. A diffuse inflammation, with acute onset, on the lung tissue
accompanied by release of biochemical signal and inflammatory mediators (TNFa, IL-1 and IL-6) lead-
ing to hypoxemia, low PaO2/FiO2 ratio and the chest radiological expression of bilateral infiltrates in
ARDS. The ongoing outbreak could lead to a better understood of ARDS pathophysiology and prog-
nostic. An overview is also highlighted about the seven coronaviruses proved to infect human espe-
cially those having ability to cause severe disease SARS-CoV, MERS-CoV and SARS-CoV-2. In this
review, we focused on the major pathological mechanisms leading to the ARDS development as a
result of viral infection, severe COVID-19 worsening.

Abbreviations: ACE: Angiotensin-converting enzyme; Ang: Angiopoietin; ARDS: Acute Respiratory
Distress Syndrome; CC-16: Clara Cell protein 16; CoV: Coronavirus; COVID-19: Coronavirus disease 2019;
DAD: Diffuse Alveolar Damage; IL: Interleukin; IL-1RA: IL-1 Receptor Antagonist; KGF: Keratinocyte
Growth Factor; KL-6: Krebs von den Lungen protein 6; MERS: Middle Eastern Respiratory Syndrome;
miRNA: MicroRNA; NETs: Neutrophil Extracellular Traps; PAI-1: Plasminogen Activator Inhibitor-1; PaO2/
FIO2: Oxygen arterial partial pressure/oxygen inspired fraction ratio; PMN: Polymorpho-nuclear
Neutrophils; ROS: Reactive Oxygen Species; SARS: Severe Acute Respiratory Syndrome; SP: Surfactant
Proteins; sRAGE: soluble Receptor of Advanced Glycation End-products; sTNF-R: Tumor Necrosis Factor
Receptors; TNFa: Tumor Necrosis Factor-alpha; VEGF: Vascular Endothelial Growth Factor; vWF: von
Willebrand Factor
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1. Introduction

A cluster of novel pneumonia cases has emerged in Wuhan-
China on December 2019 and by the end of the 1st week in
January, the Chinese authorities reported its association with
a novel coronavirus. The novel coronavirus, finally named as
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) by the International Committee on Taxonomy of
Viruses, and it’s inducing Coronavirus Disease 2019 (COVID-
19) (Gorbalenya et al., 2020; Khailany et al., 2020). The world
health organization (WHO) confirmed the transmissibility of
the novel coronavirus from human to human. Similarly, to
SARS-CoV and MERS-CoV, the ongoing coronavirus (SARS-
CoV-2) could cause disease with severe symptoms. SARS-
CoV-2 has been, already, considered to be as a sister virus to

SARS-CoV based on similarities to their hole genome sequen-
ces (Su et al., 2016; Khailany et al., 2020). The major common
symptoms include fever, cough, difficult (short and rapid)
breathing and myalgia or muscular fatigue. While SARS-CoV-
2 induces mild symptoms in several infected patients (low
pathogenic), it can also be associated with a fast onset of
widespread infection in the lungs worsened in an acute
respiratory distress syndrome (ARDS) (Chen et al., 2020).

2. Coronaviruses and SARS-CoV-2 infection inducing
COVID-19

Coronaviruses is a large family (Coronaviridae) of viruses for
which the transmission from human to human is possible.
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This family of viruses has a simple-strand RNA genome of 26
to 32 kb (Lu et al., 2020). Coronaviruses were identified in dif-
ferent animal including birds and mammals such as cat,
dogs, bats, camels. They were first identified in humans in
mid 1960s and get the name of coronaviruses due to the
crown-like spikes on their surfaces. COVID-19 is a disease
caused by the seventh confirmed coronavirus (SARS-CoV-2)
to infect the human being. It has been preceded by six
known human coronaviruses HCoV-229E, HCoV-OC43, SARS-
CoV, HCoV-NL63, HCoV-HKU-1 and MERS-CoV (shown in
Figure 1) (Tao et al., 2017; Zhou et al., 2018). Overall, these
viruses are mainly targeting the respiratory system and caus-
ing health problems ranging from symptoms of mild upper
respiratory tract to severe respiratory syndrome and even
death. Coronaviruses can provoke diseases in different and
multiple organ systems in animals and target mainly the
respiratory system in humans. While HCoV-229E, HCoV-OC43,
HCoV-NL63 and HCoV-HKU-1 induce upper respiratory dis-
ease associated with mild symptoms, SARS-CoV, MERS-CoV
and SARS-CoV-2 are categorized as highly pathogenic that
could cause critical and serious diseases in humans (Cui
et al., 2019; Corman et al., 2018; Lu et al., 2020; Yin &
Wunderink, 2018). The COVID-19 infected people commonly
exhibit fever (83–98.6%), nonproductive/dry cough
(59.4–82%), fatigue/muscle pain (11–70%) and breathing dif-
ficulties (Chen et al., 2020; Wang et al., 2020).

As shown in Table 1, SARS-CoV was detected in
Guangdong in China in 2002 and was responsible for 774
deaths among 8422 confirmed infections. Its mortality rate
was estimated 10%. The infection reached 37 countries. Both
SARS-CoV and MERS shared the same potential natural reser-
voir which is bats and the possible intermediate hosts are
civets and dromedary camels respectively. MERS-CoV was
first detected in Saudi Arabia in 2012 then spread in in 28
countries. MERS-CoV resulted in 2494 reported infections and
858 death and a mortality rate of 35% (Cui et al., 2019; Tao
et al., 2017; Zhou et al., 2018). SARS-CoV-2 was first detected
in December 2019 in Wuhan-China and is still an ongoing
pandemic that infected 213 countries and resulted in more
deaths and infected cases. The potential natural reservoir for
SARS-CoV-2 is still not known and further investigations are
needed to determine the exact zoonotic source. However, it
has been proposed that the potential natural reservoir are
probably bats and the possible intermediate hosts seems to
be Pangolin (Zheng, 2020).

SARS-CoV-2 started in Huanan Seafood Wholesale Market
in Wuhan-China, and it has subsequently spread worldwide.
The outbreak of infection with SARS-CoV-2 causing COVID-
19, which was confirmed as new by sequencing all its gen-
ome, has rapidly met the criteria for public health emergency
of international concern (PHEIC, at 30th January 2020) and
had been declared pandemic by the WHO on March 11,
2020. As of July 24, 2020, more than 15,67 million cases of
infection with COVID-19 have been confirmed in 213 coun-
tries and 636,848 death cases. The case fatality rate of SARS-
CoV-2 is estimated to be 3.5 based on notified cases. Unlike
SARS-CoV transmission of COVID-19 could occur before
symptoms development.

Common symptoms in COVID-19 include fever, cough and
feeling tired/muscle pain…

It has been outlined, by several authors from different
centers, that COVID-19 is more likely to be fatal in elderly
people with comorbidities (mainly cardiovascular and cere-
brovascular diseases and diabetes), as a consequence of less
rigorous immune system, in a similar way to MERS-CoV
(Badawi & Ryoo, 2016; Channappanavar et al., 2017; Chen
et al., 2020). Additionally, it and can be associated with fatal
respiratory disease such as ARDS.

3. Angiotensin-Converting enzyme II (ACE2)
receptor and susceptibility to SARS-CoV-2

Membrane receptor of host cells play a key role in the entry
of coronaviruses into the host cells as well as their pathogen-
esis. Coronavirus recognizes and bind to its host receptor via
its envelope-anchored spike (S) protein, then enters into the
cell by fusing of host and viral membranes (Bosch et al.,
2003; Gallagher & Buchmeier, 2001). Comparisons of genome
sequences of SARS-CoV-2 with other coronaviruses showed
79.5% sequence identity with SARS-CoV (Lu et al., 2020;
Zhou et al., 2020). Coronavirus genome annotations revealed
four major structural proteins so called (1) the spike (S) pro-
tein, (2) nucleocapsid (N) protein, (3) membrane (M) protein
and (4) the envelope (E) protein (Schoeman & Fielding,
2019). Two functional subunits of spike protein S1 and S2
have been proved to be responsible for receptor binding
and fusion of viral and cellular membranes, respectively (He
et al., 2004). The angiotensin-converting enzyme 2 (ACE2)
has previously been reported as a receptor for both the
SARS-coronavirus (SARS-CoV) and the human respiratory cor-
onavirus NL63 (Li et al., 2003). While sequence comparisons
of S proteins of SARS-CoV-2 with SARS-CoV showed only
75% sequence identity, most amino acid residues essential
for receptor binding in the receptor binding domain (RBD) in
the S protein were conserved between SARS-CoV and SARS-
CoV-2 (Lu et al., 2020; Zhou et al., 2020). Recent studies have
uncovered that SARS-CoV-2 mediates ACE2 as a host cell
receptor for cellular entry and a serine protease TMPRSS2 for
S protein priming (Hoffmann et al., 2020; Lu et al., 2020;
Wang et al., 2020; Xu et al., 2020; Zhou et al., 2020). A strong
interaction has been found between RBD domain of the
SARS-CoV-2 S-protein with human ACE2 molecules (Xu et al.,
2020). ACE2, an enzyme playing a key role in the Renin-
Angiotensin System (RAS), is an integral membrane protein
and a zinc metalloprotease of the ACE family, mainly
expressed in vascular endothelial cells, the renal tubular epi-
thelium, Leydig, lung, kidney, and gastrointestinal tract
(Harmer et al., 2002; Ksiazek et al., 2003; Leung et al., 2003).

ACE2-expressing cells may become susceptible and
accordingly become targets to SARS-CoV-2. Previous studies
have demonstrated a positive correlation of SARS-CoV-2
with high ACE2 expressing cells in various organs (Chai
et al., 2020; Zhao et al., 2020; Zou et al., 2020). Therefore,
both expression level and pattern of ACE2 in different
human tissues might be involved in the susceptibility, symp-
toms and consequently the outcome of COVID-19. ACE2
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expression in lung tissues from Asian and Caucasian popula-
tions, based on the single-cell RNA seq analysis, suggested
higher ACE2 expression in the Asian donors than white and
African-American donors (Zhao et al., 2020). On the other
hand, no significant difference has been found between
Asian and Caucasians in ACE2 expression from lung tissues
of controls using the RNA-seq and microarray datasets. A
recent study investigated the mechanism of SARS-CoV-2
infection by studying ACE2 expression in various human tis-
sues (Li et al., 2020). They have proposed that SARS-CoV-2
may also infect more tissues relatively with the higher level

of ACE2 expression other than lungs. Since there were no
significant differences in ACE2 expression levels between
different sexes, ages and races. It was concluded they all
are equally prone to be infected by SARS-CoV-2, but have
different immune responses due to differences in their ACE
expression level and immune signature in the lungs. These
findings may partially elucidate differences in COVID-19
severity between male and female and young and
old persons.

Another important issue in infection and progression of
coronavirus disease is an interaction between viral spike

Figure 1. The seven confirmed coronavirus to infect the human being. Note that SARS-CoV-2 has been preceded by six known human coronaviruses HCoV-229E,
HCoV-OC43, SARS-CoV, HCoV-NL63, HCoV-HKU-1 and MERS-CoV. Note also that these viruses are mainly targeting the respiratory system and causing health prob-
lems ranging from symptoms of mild upper respiratory tract (such as HCoV-229E, HCoV-OC43, HCoV-NL63 and HCoV-HKU-1) to severe respiratory syndrome that
can even lead to death (such as SARS-CoV, MERS-CoV and SARS-CoV-2).

Table 1. Comparison table of SARS-CoV-2 inducing COVID-19 with two other coronaviruses associated with severe symptoms including acute respiratory distress
syndrome (ARDS).

No. of infected No. of deaths Mortality Period No. of Countries Origin Vectors

SARS-CoV-2 15,673,511 (on 24
July, 2020) (a)

636,848 (a) 3.4–6 % (b) December 2019– 213 (c) The exact
zoonotic source is
still unknown
(probably bats
(Zheng, 2020))

Still unknown
(possibly
Pangolin

(Zheng, 2020))

MERS-CoV 2,494 858 35% 2012 28
(Middle

Eastþ PRC)

Bats Dromedary
camels

SARS-CoV 8,422 774 10% 2002–2003 37 Bats Civet cats

(a) Additional infections and deaths cases might occur in the upcoming infected people and those who are still hospitalized.
(b) It is early to give a real percentage. Because both numbers of deaths and cases are not final and continue to escalate. The given values is regarding the
updated data from WHO and published reports.
(c) This number is by July 24, 2020 and it does not include the Holland America’s MS Zaandam and Diamond Princess Cruise ships, two international conveyan-
ces, hosted in USA and Japan respectively. The number of countries is still increasing and might reach the entire world’s countries and territories in the next
few days.
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protein and ACE2 receptors of host cells. This host-pathogen
interaction of coronaviruses is critically important since it is
likely that more could evolve in the future because of their
high mutation rate. Therefore, a substantial effort has been
spent on viral genetic variants known to be related with
COVID-19 progression. On the other hand, only few studies
have published on the genetics basis of risk factors that
might have an effect on the susceptibility in human. Earlier
studies on the ACE2 poymorphism in human populations
have been carried out in order to determine their associa-
tions with several diseases such as hypertention, cardiovascu-
lar diseases, diabetes, kidney diseases and more recently
COVID-19 (Delanghe et al., 2020; Luo et al., 2019;
Ramachandran et al., 2008; Reich et al., 2008; Yang et al.,
2015; Zhou & Yang, 2009). In fact, this gene is a peptidase
that regulates the renin-angiotensin-aldosterone system.

Previous studies on a group 2 coronavirus, a mouse hepa-
titis virus, showed an association between allelic variants of
viral receptor and binding activity of virus (Ohtsuka &
Taguchi, 1997). Hence, it was proposed that genetic variants
of ACE2 may ease the symptoms of SARS-CoV-2 infection.
Although a previous study (Chiu et al., 2004) has proposed
that ACE2 gene polymorphisms do not support an associ-
ation between its common genetic variants and SARS sus-
ceptibility or outcome, there is no evidence if this is true for
SARS-CoV-2 infection. Cao et al. (2020) have investigated the
candidate functional coding variants in ACE2 and the allele
frequency (AF) differences between populations. They have
found the differences in distribution and AFs of QTLs in dif-
ferent populations indicating diversity of ACE2 expression in
populations. Their findings showed differences in distribution
and AFs of eQTLs for ACE2 in different populations (much
higher in the East Asian populations) indicating different sus-
ceptibility or response to 2019-nCoV/SARS-CoV-2 from differ-
ent populations under the similar conditions. A recent study
investigated the interaction between proteins encoded by
different ACE2 variants and SARS-CoV-2 spike protein
(Hussain et al., 2020). Data analyses showed that most ACE2
variants displayed a similar binding affinity for SARS-CoV-2
spike protein alike wild-type ACE2. However, intermolecular
interaction between ACE2 alleles, rs73635825 (S19P) and
rs143936283 (E329G) and viral spike protein showed a con-
siderable variations indicating a potential individual resist-
ance against SARS-CoV-2 infection.

Stawiski et al. (2020) have recently investigated ACE2
polymorphisms in a large cohort of human population to
predict SARS-Cov-2 susceptibility. They have proposed that
while human ACE2 variants S19P, I21V, E23K, K26R, T27A,
N64K, T92I, Q102P and H378R are those increasing suscepti-
bility to SARS-Cov-2, K31R, N33I, H34R, E35K, E37K, D38V,
Y50F, N51S, M62V, K68E, F72V, Y83H, G326E, G352V, D355N,
Q388L and D509Y are putative protective variants decreasing
SARS-Cov-2 S protein and ACE2 binding. However, there was
no significant difference between ACE2 variant allele fre-
quencies of the studied populations. In addition to the ACE2
gene, the relationship between ACE1 D/I polymorphism asso-
ciated with alterations in circulating and tissue concentra-
tions of ACE and COVID-19 infections has also been

investigated in 25 different European countries with the
prevalence and mortality of COVID-19 (Delanghe et al.,
2020). Results of this study have showed that prevalence of
COVID-19 infections are inversely correlated with ACE1 D
allele frequency. Alike, there was a significant correlation
between COVID-19 mortality and the prevalence of ACE1 D
allele. Furthermore, a meta-analysis study on 48,758 healthy
subjects from 30 different countries showed that a significant
correlation between ACE1 D/I allele frequency ratio and the
prevalence of COVID-19 but no significant difference in the
case of death rate (Hatami et al., 2020).

Since human ACE2 gene is X-linked, males will express each
allelic variants of ACE2 coding variants separately due to their
homozygosity that increase chance to observe phenotypic
expression of rare coding variants in males. However, females
will express those variants in a mosaic manner because of early
X-inactivation. Gibson et al. (2020) have used the gnomAD
database (The Genome Aggregation Database: a resource cat-
aloging genetic coding variants) for 141,456 adults and
detected 15 missense variants of which rs4646116 ACE2
(thought to encode p.Lys26Arg) predicted to be located at or
close to the ACE2 binding site for SSARS-CoV-2 spike protein.
This allele 1 in 70 among Ashkenazi Jewish males and 1 in 172
among non-Finnish European males (higher frequency in
females) but absent in Korean and Japanese participants. To
date no studies have been carried out on the people infected
by SARS-CoV-2 with no symptoms, mild symptoms and severe
symptoms for determining association between different var-
iants of ACE2 gene and susceptibility to SARS-CoV-2. ACE
receptor could play a key role in developing vaccines and ther-
apeutics for COVID-19. Since ACE2 is a gate for entry of SARS-
Cov-2, angiotensin-converting enzyme inhibitors (ACEI) and
angiotensin II receptor blockers (ARB) that has been proved to
upregulate ACE2 expression in some animal models are being
hope in treating COVID-19 (Ishiyama et al., 2004: Ferrario et al.,
2005). Therefore, regulation of ACE2 may improve outcomes
of SARS-Cov-2 infection (Gurwitz, 2020; Kuba et al., 2005).
However, it has been proposed that use of ARBs and ACEI in
certain high-risk COVID-19 patients may be harmful (Reynolds
et al., 2020). In a recent cohort study of 18472 patients showed
that there is no correlation between ACEI/ARBs use and testing
positive for COVID-19 (Mehta et al., 2020). Despite the lack of
sufficient clinical evidence, several professional societies have
recommended to continued use of these medications for
COVID-19 treatment. Another approach to prevent SARS-Cov-2
infection is to use antibodies to stop the viruses from attach-
ing to ACE2 receptor. An antibody so called ‘decoy’ ACE2
receptor has been developed to block the virus before it
reaches to the ACE2 on the cell surfaces and cause infection. A
number of antibodies carrying ACE2 have been developed but
particularly one, called MDR504, have been more tightly
bound to SARS-Cov-2 and effectively neutralize the virus and
blocked it from entering the cells (Iwanaga et al., 2020).

4. Acute respiratory distress syndrome: ARDS

ARDS is a form of respiratory failure, for which the first case
has been described in 1967 by Ashbaugh and his
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collaborators (Ashbaugh et al., 1967; Irwin & Rippe, 2003).
Wang et al. reported, in 2020, that the average time
observed to develop ARDS, if any, is 8 days after the first
appeared symptom following COVID-19 infection.

ARDS is considered as a significant life threatening. In
fact, the death is estimated to range between 35 and 46%
even with the best medical care. It could reach 50% in same
cases (Ferguson et al., 2012). These averages are mainly
related to the severity of the disease, for which 3 types have
been categorized according to the severity of hypoxemia:
mild, moderate and severe cases (Ferguson et al., 2012).

Hypoxemia is assessed by the following ratio PaO2/FiO2.
PaO2 stands for the pressure of the arterial oxygen and FiO2

stands for the fraction of the inspired oxygen. So far, ARDS is
categorized as a mild whenever PaO2/FiO2 is ranging between
200mmHg and 300mmHg (or � 40 kPa), moderate if PaO2/
FiO2 ranges between 100mmHg and 200mmHg (or � 27 kPa),
and severe if PaO2/FiO2 is less than 100mmHg (or � 13.4 kPa)
(Brown et al., 2016; Fan et al., 2018; Ferguson et al., 2012).
Moreover, ARDS pathogenesis excludes heart related pulmon-
ary edema and should exhibits an acute onset (Matthay et al.,
2019). Lung injury in ARDS is described as a fast onset (worsen-
ing within a week) of widespread inflammation. X-ray radio-
graphs of the chest exhibit several radiological opacities as a
result of bilateral infiltrates (Matthay et al., 2020).

The total average of worldwide death, related to ARDS, is
estimated to be 3 million per year (Bellani et al., 2016). In
patients, ARDS is resulting into symptomatic features such as
difficulty (short and rapid) in breathing and bluish skin color-
ation due to low oxygen level in the blood.

ARDS has been largely described and several research
activities have been done for a better prognostic. However,
until nowadays no efficient pharmacological treatment has
been described to date. Thus, the mechanical ventilation is
still the principal used way and one of the best practices
together with the treatment of the underlying cause of the
edema. Furthermore, the patients who survive the ARDS
would most often have long hospital stay. Physical and
neurological morbidity is very common among the surviving
patients, even several years after their hospital discharge.
However, because treatment of COVID-19 induced- ARDS is
an ongoing challenge, it may be a good opportunity for a
better understanding of the disease prognostics.

5. Pathophysiology of COVID-19 induced ARDS

Lessons learned from previous severe diseases caused by
coronaviruses outbreaks (SARS-CoV and MERS-CoV) and more
recently SARS-CoV-2 lead to a better understood of ARDS
key features associated COVID-19.

ARDS is categorized as a diffuse alveolar damage inducing
pulmonary edema together with damaged lungs endothelia
(Kao et al., 2015; Vasudevan et al., 2004). The damaged endo-
thelia show much more permeability to both water and pro-
teins (exudate) and disrupt the alveolar capillary barrier (Kao
et al., 2015; Vasudevan et al., 2004).

In ARDS, the viral infection caused with SARS-CoV-2 and
others, leads to injury of the entire lung not only a particular

area as what is happening in pneumonia (Wujtewicz et al.,
2020; Yang et al., 2020).

Once an organism has been infected by SARS-CoV-2, simi-
larly to SARS-CoV, the novel coronavirus uses one of the
spikes, particularly the S-protein type, as a key to enter the
cells of the body (Li et al., 2003). In fact, the S-protein bind
with specific cytoplasmic receptor called ACE2 which is a cru-
cial component of RAS (Cheng et al., 2020, Khailany et al.,
2020). While, MERS-CoV bind to CD26, it is believed that
SARS-CoV and SARS-CoV-2 bind to ACE2 (Khailany et al.,
2020). ACE2 counteracts the RAS activation, protects the tis-
sue injuries and is much more expressed in females than in
males. Likewise, it’s also much more expressed in young
than in elderly people (Soro-Paavonen et al., 2012).
Regardless its activity in most tissues, it is widely active in
the lungs but also in several other organs such as the hearts,
testis and kidneys (Cheng et al., 2020; Ohtsuki et al., 2010).

Once the virus enters the body, it is believed that SARS-
CoV-2 targets, mainly, the pneumocytes II, and these tension-
protective cells will be destroyed. Being infected by COVID-19,
the pneumocytes II seem to be largely involved the replication
and amplification SARS-CoV-2 before being damaged.
Moreover, the infected cells secret a high amount of specific
inflammatory mediators that enhance macrophages to release
cytokines including Tumor Necrosis Factor alpha (TNFa) and
interleukins (IL-1 and IL-6). These cytokines lead to the disrup-
tion of the alveolar-capillary membrane integrity, which is
associated with vasodilation and increased vascular permeabil-
ity. The latter is mainly related to the cytokines (TNFa, IL-1 and
IL-6) induced endothelial contraction. The disrupted integrity
of the alveolar-capillary allow the plasma leakage into the
alveoli and the lungs interstitial spaces. A loss of osmotic pres-
sure gradient leads to a leaky barrier and an increased sensitiv-
ity to hydrostatic forces are believed to play key role in the
diffuse edema formation. The formation of protein rich edema,
known as exudate, in the interstitium and alveolar spaces leads
to alveolar flooding making it very difficult to breathe and
then lead to hypoxemia, which is one of the common symp-
toms of COVID-19 infection (Matthay et al., 2020). The flooded
interstitium itself exert additional pressure on the alveoli that
might lead to their contraction; alveolar collapsing enhanced
by reduced surfactant level due to the damaged pneumocytes
II. Typical lung histopathological micrographs, at this stage,
exhibit already diffuse alveolar damage (DAD) and hyaline
membrane formation in the alveolar wall.

Furthermore, pulmonary macrophages release much more
interleukins (IL-1 and IL-6) and TNFa, which exhibit a chemo-
taxis towards Polymorpho-nuclear Neutrophils (PMNs)
(Zemans & Matthay, 2017). The invading PMNs release espe-
cially reactive oxygen species (ROS), neutrophil extracellular
traps (NETs) and proteases to the pathogens; SARS-CoV-2 in
the case of COVID-19. However, the PMNs of the inflamed
tissue amplify the phenomena by damaging the different
cells existing in the lung inflammatory microenvironment
including endothelial cells and pneumocytes 1 and 2 (shown
in Figure 2). Hence, significant decrease in both gaseous
exchanges and surfactant production would be outlined
together with a consolidation process related to the cellular
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debris, PMNs, macrophages and edema, which become more
and more a protein-rich fluid… The consolidation is also
enhancing and worsening the alveolar collapsing.

In normal physiological conditions, during inhalation the
oxygen that reach the alveoli oxygenate the blood which turns
back to the heart and then to the different cells of the body.
So the exchange of the gases, is facilitated by the alveolar
capillary membrane which should be very thin. However, in
ARDS, the inflammatory process it widespread not only within
the alveoli but also in the intersititium. So instead of having
functional little small alveoli able to inflate and deflate during
the inhalation and exhalation respectively, the lungs stiff and
it becomes very difficult to inflate due to fluid and the inflam-
mation. Finally, a significant increase in the load to breathe
occurs in vain leading to the pulmonary failure.

6. Biomarkers of acute respiratory distress
syndrome

ARDS is a life threatening associated with fast onset of wide-
spread inflammatory damage. It concerns mainly the alveolar
epithelial cells (type 1 and type 2) and the vascular endothe-
lial cells. This damage is associating release of several bio-
chemical signals and inflammatory mediators by local
endothelial and pulmonary epithelial cells. In this context,
during ARDS worsening, lung epithelial cells might secrete
sRAGE, SP, KL-6, CC16 and KGF (for soluble receptor of
advanced glycation end-products, surfactant proteins, Krebs

von den Lungen protein 6, Clara cell protein and keratino-
cyte growth factor respectively) (Determann et al., 2010; Koh
et al., 2018; Sato et al., 2004). In ARDS, endothelial cells
might secrete Ang-1, Ang-2, vWF and VEGF (for angiopoietin-
1, angiopoietin-2, von Willebrand factor and vascular endo-
thelial growth factor respectively). These secreted products
may be used as biomarkers of ARDS. Pro- inflammatory (IL-
1b, IL-6, IL-8, IL-18 and TNFa, for interleukin 1, 6, 8 and 18
and tumor necrosis factor alpha respectively) and anti-inflam-
matory biomarkers (IL-1RA, IL-10, sTNF-RI and sTNF-RII for
interleukin 1 receptor antagonist, interleukin 10 and soluble
tumor necrosis factor receptors I and II respectively) are
often used to have an idea about neutrophils and their toxic
mediators. Plasminogen activator inhibitor-1 (PAI-1) is a use-
ful biomarker indicating the degree of coagulation and
fibrinolysis which is a common feature on ARDS (Spadaro
et al., 2019). MicroRNA (miRNA) are also good biomarker can-
didates as their expression varies in early stages of gene
expression associated ARDS (Cardinal-Fern�andez et al., 2016;
Ferruelo et al., 2018). Specifically, miRNA-146a and miRNA-
155 have been reported to increase significantly in patients
with severe sepsis and sepsis induced acute lung injury (Han
et al., 2016). Similarly, these non-coding RNA molecules may
play important role in ARDS associated COVID-19.

Hence, several biomarkers are used for patient in severe
trauma associated ARDS but some biomarkers combinations
were reported to be efficient in ARDS prognostic and even
to predict the mortality associated to this syndrome (Ware
et al., 2013, Ware & Calfee, 2016). Recently, the development
of methods for gene expression and sensitive immunoassay
is offering a great potential for personalized treatment
(Spadaro et al., 2019; Sweeney & Khatri, 2017).Taken
together, these biomarkers could certainly have potential
relevance for mortality prediction, diagnosis and therapy of
ARDS due to SARS-CoV-2 infection.

7. Management and treatment strategies of ARDS
associated SARS-CoV-2 infection

The ARDS treatment requires a clear defining of the underly-
ing anatomo-physiological properties of lung tissues being
managed. Otherwise, the ARDS treatment would be based
mainly on the response likelihood and its adjustment (Dries,
2019; Gattinoni et al., 2018). Even the ventilation manage-
ment is independently associated with improved survival
(Fan et al., 2018). Nevertheless, some new clinical trials sound
promising such as the use of higher positive end-expiratory
pressure (Dries, 2019). It has also been shown that lung
recruitment maneuvers may improve the oxygenation pro-
cess and shorten the hospital stay period in ARDS (Cui et al.,
2020) and avoid the pro-inflammatory processes triggered by
mechanical ventilation (Spadaro et al., 2019) . Because in
ARDS, the lung injury is accompanied with an acute onset,
the recognition and the determination of the respiratory
damage threshold would certainly be a key point for a better
and efficient ARDS therapy (Dries, 2019). To date, no specific
treatment has been proven for SARS-CoV-2 infection and
WHO management still focus on preventing the infection,

Figure 2. Pathophysiology of ARDS in SARS-CoV-2 inducing COVID-19 patients
with severe symptoms. Once SARS-CoV-2 gets into the body, it uses its S-spike
type, as a key to enter the cells by binding to angiotensin-converting enzyme
(ACE2). The virus use the mainly pneumocytes 2 components for its own prolif-
eration. The infected cells secret a high amount of specific inflammatory media-
tors that enhance macrophages to release cytokines Tumor Necrosis Factor
alpha (TNFa) and interleukins (IL-1 and IL-6). These cytokines lead to the dis-
ruption of the alveolar-capillary membrane integrity and increased the vascular
permeability. The disrupted integrity of the alveolar-capillary allow the plasma
leakage into the alveoli and the lungs interstitial spaces. The formation of pro-
tein rich edema, known as exudate, in the interstitium and alveolar spaces
leads to alveolar flooding making it very difficult to breathe and lead to hypox-
emia. Driven by IL-1, IL-6 and TNFa, PMNs invade the alveoli and release react-
ive oxygen species (ROS), neutrophil extracellular traps (NETs) and proteases
that damage the vascular and the alveoli components that exacerbates the
hypoxemia, the alveoli collapsing and lead to a worse situation: alveolar
consolidation.
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detection and monitoring of cases together with supportive
care. However, extracorporeal membrane oxygenation
(ECMO) has been reported to be effective in treating ARDS.
Similarly, ECMO might be effective in treatment of COVID-19
severe cases (Hong et al., 2020).

8. Conclusion

Development and availability of simple and rapid diagnostic
tests for COVID-19 is as important as the development of treat-
ment of its serious ARDS complication. Moreover, there is an
important need for early identification of patients with higher
ARDS risk following critical SARS-CoV-2 infection. More investi-
gations, about what is highly needed to know about the eti-
ology of COVID-19 associated ARDS, needed to be done by
taking into account several linked factors mainly the age of
the infected patients and their comorbidities. In this context,
mathematical modeling might help both to understand the
ARDS outcomes and to predict its severity in the populations
at risk. It could also help in the therapeutic processes.
Elsewhere, a better understanding of ACE2 receptor (which is
playing a key role in cellular entry of coronaviruses including
SARS-CoV-2) polymorphisms and susceptibility to SARS-CoV-2
inducing COVID-19 could help in understanding ARDS pheno-
types and outcomes. Regarding the key protective role played
by ACE2 on several diseases including ARDS, investigation on
spike protein-based vaccination and drugs might be promising
to enhance ACE2 activity for the treatment of COVID-19 includ-
ing ARDS. Because the ARDS associated with COVID-19 is an
ongoing challenge, the SARS-CoV-2 pandemic period would
certainly be helpful for a better understood of the ARDS life
threatening, which is associated with several pathogens.
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