S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Respiratory Medicine 176 (2021) 106239

Contents lists available at ScienceDirect

Respiratory Medicine

journal homepage: http://www.elsevier.com/locate/rmed

ELSEVIER

Review article ' :.)

Check for

Pulmonary pathology of ARDS in COVID-19: A pathological review o
for clinicians

Sabrina Setembre Batah, Alexandre Todorovic Fabro -

Department of Pathology and Legal Medicine, Ribeirao Preto Medical School, University of Sao Paulo, Brazil

ARTICLE INFO ABSTRACT

Keywords:

COVID-19
Pulmonary pathology
Molecular pathology
DAD
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COVID-19 has quickly reached pandemic levels since it was first reported in December 2019. The virus
responsible for the disease, named SARS-CoV-2, is enveloped positive-stranded RNA viruses. During its repli-
cation in the cytoplasm of host cells, the viral genome is transcribed into proteins, such as the structural protein
spike domain S1, which is responsible for binding to the cell receptor of the host cells. Infected patients have
initially flu-like symptoms, rapidly evolving to severe acute lung injury, known as acute respiratory distress
syndrome (ARDS). ARDS is characterized by an acute and diffuse inflammatory damage into the alveolar-
capillary barrier associated with a vascular permeability increase and reduced compliance, compromising gas
exchange and causing hypoxemia. Histopathologically, this condition is known as diffuse alveolar damage which
consists of permanent damage to the alveoli epithelial cells and capillary endothelial cells, with consequent
hyaline membrane formation and eventually intracapillary thrombosis. All of these mechanisms associated with
COVID-19 involve the phenotypic expression from different proteins transcription modulated by viral infection in
specific pulmonary microenvironments. Therefore, this knowledge is fundamentally important for a better
pathophysiological understanding and identification of the main molecular pathways associated with the disease
evolution. Evidently, clinical findings, signs and symptoms of a patient are the phenotypic expression of these
pathophysiological and molecular mechanisms of SARS-CoV-2 infection. Therefore, no findings alone, whether
molecular, clinical, radiological or pathological axis are sufficient for an accurate diagnosis. However, their
intersection and/or correlation are extremely critical for clinicians establish the diagnosis and new treatment
perspectives.

1. Introduction

The current pandemic affecting the entire world was first reported on
December 31, 2019, in Wuhan province - China, as severe pneumonia in
several patients epidemiologically associated with the Wuhan Seafood
Market [1-3]. In January 2020, researchers from Shanghai and Sidney
sequenced the genome of the causative agent, discovering a new coro-
navirus (CoV), homologous to the virus responsible for the first CoV
outbreak in 2003 in Guangdong province (China) known as SARS-CoV
(severe acute respiratory syndrome-coronavirus) [4,5]. Thus, this new
coronavirus was named by the World Health Organization as
SARS-CoV-2 and its associated disease name as 2019 Coronavirus Dis-
ease (COVID-19) [6]. COVID-19 was classified as the third outbreak
caused by this virus, with SARS-CoV first and MERS-CoV (Middle East
Respiratory Syndrome-Coronavirus) the second, occurred in 2012 in the
Middle East [7]. SARS-CoV-2 is suspected to have been transmitted to

humans via the intermediate host Pangolin, a mammal sold at the
Wuhan Seafood Market, and bats as the primary host [3,8,9].
SARS-CoV-2 quickly reached pandemic levels due to its rapid prolifer-
ation and human-human infection, totaling, at the time of writing this
review, 189 countries/regions with confirmed cases worldwide (John
Hopkins University, Baltimore, USA) [10]. This confirmation is per-
formed by real time RT-PCR, which detects the viral RNA extracted from
patients with suspected COVID-19, after naso/oropharyngeal swab or
bronchoalveolar lavage [5].

Coronavirinae, a subfamily of Coronaviridae, are enveloped positive-
stranded RNA viruses of 30 kilobases, considered one of the largest
RNA genomes ever identified [11,12]. They can be divided into 4
genera: Alfacoronavirus, Betacoronavirus, Gamacoronavirus and Delta-
coronavirus; in which Betacoronaviruos (SARS-CoV-2 genera) is the most
pathogenic subtype to humans [8,9,13]. During its replication, located
in the cytoplasm of host cells, the viral genome is transcribed into: 1)
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structural proteins of the envelope (E), membrane (M), nucleocapsid (N)
and spike (S), which is composed of domains S1 and S2, responsible for
mediating the virus entry into host cells [8,14]; 2) non-structural pro-
teins ORFla and ORF1b; and 3) accessory proteins ORF7b, ORF8a,
ORF8b and ORF9b [11,13]. After its replication, the viral RNA genome
is again enveloped and merges with the plasma membrane, releasing
viral replicates into the extracellular space [5,14].

Li W et al. [15] identified as the main cell receptor of SARS-CoV, the
angiotensin-converting enzyme 2 (ACE2), which binds to the virus
through its structural protein spike S1 domain. Due to the genetic simi-
larity between viral strains, it is believed that the receptor is the same for
SARS-CoV-2 [8,9,15]. Therefore, the new coronavirus attacks all cells
that express ACE2, such as cells from gastrointestinal system, kidneys
and lungs, which is the most affected organ [5].

SARS-CoV-2-infected patients start experiencing flu symptoms like
fever, cough, nasal congestion and fatigue [16,17]. As the viral infection
progresses, patients often experience dyspnea and consistent symptoms
of viral pneumonitis, such as decreased oxygen saturation and lym-
phopenia, as well as ground-glass opacities and alveolar exudates with
intralobular involvement in chest imaging [16,17]. Thus, the outcome of
these patients is a severe condition of acute lung injury, named Acute
Respiratory Distress Syndrome (ARDS) [18]. Described in 1967 by
Ashbaugh D et al. [19], ARDS is characterized by respiratory distress
associated with hypoxemia and the presence of bilateral infiltrate on
chest imaging. As there is no gold standard for its diagnosis, the defi-
nition and diagnostic criteria have been discussed since then. In 2011, at
the international meeting held to review the ARDS criteria, encouraged
by the European Society for Intensive Care, the Berlin Definition was
created [20]. Among the established criteria, the following are briefly
highlighted: 1) acute onset of respiratory symptoms; 2) presence of
bilateral infiltrate on chest imaging, in which pulmonary edema cannot
be fully explained by heart disease or fluid overload; and 3) hypoxemia,
classified into three categories of severity [20]. Pathophysiologically,
ARDS is characterized by acute and diffuse inflammatory damage into
alveolar-capillary barrier associated with an increase in vascular
permeability, as well as reduced compliance and the size of the aerated
lung tissue, compromising gas exchange and causing hypoxemia [21].
Depending on the infection degree and lungs involvement, gas exchange
becomes impossible, requiring invasive mechanical ventilation and/or
extracorporeal membrane oxygenation [22].

Histopathologically, this clinical picture was named by Katzen-
stein et al. [23] as diffuse alveolar damage (DAD), corresponding to
almost all cases of SARS-CoV-2. It consists of a permanent damage to
capillary endothelial cells and alveoli epithelial cells, with consequent
leakage of protein-rich fluid into the interstitial and alveolar space,
ultimately culminating in hyaline membrane formation and eventu-
ally intracapillary thrombosis [24]. This scenario compromises the
surfactant stabilization, providing alveolar collapse and worsening
oxygenation [25].

Despite studies and advances regarding SARS-CoV-2, the patho-
physiological mechanisms responsible for triggering ARDS secondary to
a viral infection are still not fully understood.

2. Pathophysiology

What is known about the SARS-CoV-2 pathophysiology is due to
experimental studies with strains adapted from SARS-CoV [26,27] and
clinical and retrospective studies in patients with this viral infection [1,
17,28]. A series of pathophysiological mechanisms occur simulta-
neously when SARS-CoV-2 binds to ACE2 and its subsequent binding to
Toll-like receptors on pneumocytes [15,18]. While the virus has its
genome replicated, the host’s immune system is activated, inducing the
recruitment of inflammatory cells with subsequent production of
pro-inflammatory cytokines and chemokines, as well as maturation of
dendritic cells [5,18]. However, due to the continuous and rapid viral
genome replication, the immune system is continuously activated,
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culminating in an uncontrolled and exacerbated response, lethal to host
cells [29].

Briefly, monocytes recruited into the alveolar space secretes pro-
inflammatory cytokines and induces pneumocytes apoptosis through
the release of IFN (Interferon) dependent on Alpha Tumor Necrosis
Factors (TNF-a), activating cell death receptors [18] (Fig. 1A). In addi-
tion, recruited macrophages releases chemokines and others cytokines
responsible for increasing capillary permeability and consequent neu-
trophils recruitment [30] (Fig. 1B). The excessive neutrophil degranu-
lation causes permanent damage into pneumocytes and endothelial
cells, breaking alveolar-capillary barrier [18,31] (Fig. 1C). Besides this
natural mechanisms, some authors defend the formation of neutrophil
extracellular traps (NETs) [30,32], that is, the release of neutrophils
intracellular contents, such as DNA and proteins, in the extracellular
space to capture pathogens. NETs are being recently associated with
COVID-19, as shown by Zuo Y et al. [33], in which COVID-19 serum
samples showed higher levels of NET markers: myeloperoxidase-DNA
complexes and citrullinated histone H3.

Regardless of which mechanism occurs, the end result is the trans-
migration of blood proteins, culminating in interstitial and alveolar
edema [18] (Fig. 1D). In response to these cellular damages, there are
several histopathological features that can be seen in COVID-19 patients.

3. Pathology

As a result of the pathophysiological processes described above, the
diffuse alveolar damage is a classical histopathological pattern related to
ARDS which can be divided into two phases [34]. Corresponding to the
first 10 days of viral infection, the first or exudative phase is mainly
characterized by hyaline membrane formation from fibrin polymeriza-
tion contained in the plasma liquid that leaked into the inter-
stitial/alveolar space (Fig. 2A — green arrow); alveolar-capillary barrier
injury with red blood cell extravasation (Fig. 2B — green arrows); and
intense inflammatory cells infiltration into the intra-alveolar space [18,
34]. On the other hand, the second or proliferative phase is distin-
guished by an exacerbated fibroblast and myofibroblast proliferation
which can form acute fibrinous organizing pneumonia (Fig. 2C - dark
blue circle) or organizing pneumonia (Fig. 2C — dark green circle) with
subsequent extracellular matrix deposition, resulting in parenchymal
remodeling and pulmonary fibrosis; as well as pneumocytes squamous
metaplasia and proliferation of multinucleated giant cells [34-38].
Additionally, thrombotic events in pulmonary small arteries (Fig. 2D)
may occur in this phase due to NET’s influence, as described by Fuchs T
et al. [39] and as reported in some published cases of COVID-19 au-
topsies [40,41]: Wichmann et al. [38] stated the presence of deep
venous thrombosis within small lung arteries in 58% of their cases (7
patients); and Fox et al. [41] reported small thrombi within small pe-
ripheral vessels in all 10 patients addressed in the study. In addition,
pulmonary micro-thrombi were present in two of these patients with
markedly elevated D-dimers [41]. Similarly, Ackermann M et al. [42]
describes thrombi within pulmonary arteries of 1 mm-2 mm diameter in
57% of COVID-19 patients. Both phases of diffuse alveolar damage are
schematically represented in Fig. 3.

It is worth mentioning that these stages do not occur sequentially,
often occurring simultaneously through the lung tissue: while the im-
mune system tries to contain the microorganism (exudative phase) in
one histopathological region, another lung tissue area begins to organize
itself in order to repair the affected areas (proliferative phase).

The association between ARDS, DAD and SARS-CoV (2003) is well
known and several studies report it, as revealed by Nicholls J et al. [35],
Ding Y et al. [28] and Pei F et al. [36] (Table 1) [1,17,43]. In these
studies, the histopathological parameters commonly present in patients
with SARS-CoV (2003) are: 1) alveolar edema; 2) desquamation of
alveolar epithelial cells; 3) alveolar and interstitial inflammatory cells
infiltration, like macrophages, monocyte neutrophils and lymphocytes;
and 4) hyaline membrane formation. Additionally, patients autopsies
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reported by Nicholls J et al. [35] and Pei F et al. [36], share the histo-
pathological findings of: 1) hemophagocytosis; and 2) pneumocytes
squamous metaplasia. Moreover, other important features of DAD were
also recorded by Pei F et al. [36]: 1) alveolar hemorrhage; 2) pneumo-
cytic hyperplasia; 3) thickening of the pulmonary septa and 4)
intra-alveolar hemorrhage, also shared by Ding Y et al. [28].

As mentioned earlier, CoV infection and its consequences are not
restricted to the lungs only. Findings from patients autopsies with
SARS-CoV indicate cell damage (necrosis and monocytes and lym-
phocytes infiltration) in the digestive tract, kidneys, liver, spleen and
brain [17,28].

Regarding the new SARS-CoV-2, several pathological attributes
similar to those seen in SARS-CoV were found in recent autopsies,
establishing its association with ARDS and DAD (Table 1). The main
damages shared by both SARS-CoV-2 and SARS-CoV are: 1) alveolar
hyaline membrane; 2) desquamation of alveolar epithelial cells; 3)
alveolar edema and 4) alveolar and interstitial inflammatory cells
infiltration, such as macrophages, neutrophil monocytes and lym-
phocytes [37,38,40,41,43-46]. In addition to these histopathological
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Fig. 1. - Scheme of SARS-COV-2 inflammatory
response. The host’s immune system is activated
after SARS-CoV-2 binding to ACE2 receptor on type II
pneumocyte surface. A - Recruited monocytes se-
cretes pro-inflammatory cytokines, inducing pneu-
mocytes apoptosis; B - Recruited macrophages
releases other cytokines causing capillary perme-
ability increase and consequent neutrophils recruit-
ment; C - Neutrophils migrate into the interstitial/
alveolar space and degranulate, culminating in per-
manent damage to pneumocytes and endothelial
cells, resulting in alveolar-capillary barrier disrup-
tion; D - Interstitial and alveolar edema due to
transmigration of blood proteins.

features, Xu Z et al. [37] reported a lung autopsy of SARS-CoV-2
consistent with the exudative phase of DAD: 1) cellular fibromyxoid
exudates; 2) desquamation of alveolar epithelial cells; and 3) viral
cytopathic-like changes on pneumocytes in the intra-alveolar spaces
(large nuclei, prominent nucleoli and amphophilic granular cyto-
plasm), also noted by Fox et al. [41]. Similarly, Konopka K et al. [46]
also described histopathological findings of DAD phase one: 1) inter-
stitial edema; 2) focal pneumocyte hyperplasia; 3) hyaline mem-
branes; and 3) fibrinous airspace exudate with neutrophils. Likewise,
in the case report presented by Barton et al. [40]: 1) hyaline mem-
branes without interstitial organization; 2) T-lymphocytes infiltration;
and 3) alveolar/interstitial edema focally; Lacy et al. [45] reported a
case of an unexpected death due to COVID-19 in which the authors
identified: 1) hyaline membranes; 2) mild mononuclear infiltrates; 3)
desquamating pneumocyte hyperplasia with focal multinucleated
cells; 4) acute alveolar hemorrhage focally present; 5) alveolar fibrin;
but without any evidence of viral inclusions, specific cytopathic
changes, granulomas or fibroblast proliferation.

Although the exudative phase is highly present in COVID-19 cases,
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since it represents the first inflammatory response against virus, the
proliferative phase is also noticed in several autopsies. In the 12 au-
topsies described by Wichmann et al. [38], 67% (8 cases) were consis-
tent with exudative phase of DAD, while the other cases had typical
proliferative phase attributes: 1) squamous metaplasia; and 2) extensive
granulocytic infiltration of the alveoli and bronchi. Additionally, lungs
autopsies from African Americans reported by Fox et al. [41] also
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Fig. 2. - Histopathological findings in COVID-19
lungs by minimally invasive autopsy. Note the
virus-induced lung injury are temporal heterogeneity:
A - alveolar hyaline membrane (green arrow); B -
alveolar-capillary barrier injury with hemorrhage
(green arrows); C - acute fibrinous organizing pneu-
monia (dark blue circle) and organizing pneumonia
(dark green circle); and D - pulmonary intravascular
thrombotic events. (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 3. - Schematically representation of the two
histopathological phases of DAD. A - The first or
exudative phase constitutes alveolar edema, neutro-
phil infiltration in the intra-alveolar space and mainly
by hyaline membrane formed by fibrin polymeriza-
tion contained in the plasma liquid that leaked into
the interstitial/alveolar space, being recognized as
DAD hallmark; B - The second or proliferative phase
is described essentially by an intense fibroblast/
myofibroblast recruitment and proliferation, with
subsequent extracellular matrix deposition. Over time
and together with the fibrotic deposition, there is also
the reepithelization by type I and II pneumocytes.

revealed not only the exudative phase, but also the proliferative, as well
as features consistent with the transition between both phases. Simi-
larly, loose interstitial fibrosis, intra alveolar loose fibrous plugs of
organizing pneumonia and intra-alveolar organizing fibrin was also
described in the histopathological analysis by Zhang H et al. [47]. Tian S
et al. [44] described focal fibril clusters as well as ongoing reparative
process with severe pneumocyte hyperplasia and interstitial/alveolar
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Table 1

Summary of the main histopathological attributes secondary to SARS-CoV infection described in the literature.
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thickening. In another work also from Tian S et al. [48], organization
with fibroblasts in the intralveolar space was reported. Additionally,
Bradley B T et al. [49], reported fibroblastic proliferation in 92% of
pulmonary autopsies from COVID-19 patients and Grillo F et al. [50],
fibrous parenchymal remodeling with fibroblast proliferation. There-
fore, it can be inferred that there is a miscellaneous in cases of DAD
secondary to COVID-19, since both exudative and proliferative phases
are present in the cases, and sometimes even in the same patient,
denoting a heterogeneity of lung damage caused by the virus. Further-
more, although COVID-19 is still recent, it is possible to infer that
interstitial fibrosing could be an important future sequel in recovered
patients. As revealed by Schwensen H F [51], destruction of lung pa-
renchyma with fibrous organization and beginning of immature fibro-
blasts proliferation, was reported in an autopsy performed after clinical
cure of COVID-19, indicating interstitial fibrosing as an important his-
tomorphological sequel of this new disease.

Regarding the presence of SARS-CoV-2 infection and cell damage in
other organs, Xu Z et al. [37] reported few infiltration of interstitial
mononuclear inflammatory cells in cardiac tissue and microvesicular
steatosis in liver biopsy, which may be due to COVID-19 or induced by
drug. Interestingly, viral myocarditis was not present in some autopsy’s
records [40,45]. Although Fox et al. [41] described rare areas of lym-
phocytes adjacent to degenerating myocytes, the authors could not infer
if that could represent an early manifestation of myocarditis.

All these histo-pathophysiological mechanisms associated with
COVID-19 involve the phenotypic expression from different proteins
transcription modulated by viral infection in specific pulmonary mi-
croenvironments. Therefore, understanding the molecular biology/
pathways associated with the disease evolution is of fundamental
importance.

4. Molecular biology

While there are thousands of works regarding SARS-CoV and MERS-
CoV, little is known about the genetic mechanisms involved in SARS-
CoV-2 replication. However, some recent papers published this year
address the molecular biology of this virus, enabling its better
understanding.

Wu F et al. [9] and Lu R et al. [8] compared SARS-CoV-2 with
SARS-CoV at molecular and phylogenetic level, showing interesting
results. Phylogenetic analyzes of both studies revealed that there are 5
subgenera belonging to Betacoronarivus, with Sarbecovirus the subgenera
of SARS-CoV-2 [8,9]. Wu F et al. [9] performed deep meta-tran-
scriptomic sequencing from the bronchoalveolar lavage fluid of a
41-year-old patient admitted to a hospital in Wuham. The phylogenet-
ical analysis of 4 subgenera of Sarbecovirus with the new SARS-CoV-2
extracted from the patient revealed that the topological position of
these groups changed as the analysis was performed, that is, according
to the criteria chosen for the phylogenetic analysis, implying that
recombination has occurred in the past [9]. The criteria used for these
analyzes were: the nucleotide sequence of the entire genome, the
non-structural protein genes ORFla and ORF1b and the structural pro-
teins encoded by the S, E, M and N genes. In this manner, SARS-CoV-2
appeared as a sister group of bat-SL-CoVZC45 and bat-SL-CoVZXC21
(bat-infecting viral genomes) when the criteria chosen was the gene
encoding the non-structural protein ORFla [9].

Similarly, Lu R et al. [8] found the same result. The authors per-
formed next generation sequencing of samples from bronchoalveolar
lavage from 9 patients in China. When comparing the SARS-CoV-2 viral
genome with gene sequences available on the GenBank (Blast), they
found that the new coronavirus is a sister group of the bat-SL-CoVs
(bat-SL-CoVZC45 and bat-SL-CoVZXC21), with 88% amino acid iden-
tity [8]. In this way, these analyzes reveal the surprising finding that,
contrary to what was thought, the new SARS-CoV-2 may be phyloge-
netically distant from SARS-CoV. However, depending on the phyloge-
netic criteria, this perspective can differ.
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When the criteria chosen was the gene encoding structural protein
spike S1 domain, Wu F et al. [9] and Lu R et al. [8] noticed a high
phylogenetic proximity between SARS-CoV-2 and SARS-CoV, with 75%
amino acid identity. Thus, the new coronavirus and covoravirus from
2003, share the same host cell receptor, the ACE2 [8,9,15].

These results are of extreme relevance in the therapeutic scope. By
blocking the viral S1 domain or the ACE2 receptor and/or the proteins
from the renin-angiotensin system (RAS), of which ACE2 belongs, the
virus is unable to infect host cells. Some authors already address this
subject, such as the therapy proposed by Phadke M and Saunik S in
February 2020 [52]. The authors propose to use known angiotensin 1
receptor (AT1R) blockers (E.g.: losartan and telmisartan), as an attempt
to treat patients with COVID-19. This proposal is based on the fact that
SARS-CoV-2 when bound to ACE2, decreases the expression of this
protein, consequently increasing its alternative pathway in RAS: the
angiotensin-converting enzyme (ACE) [53,54]. ACE, in turn, converts
angiotensin I into angiotensin II, which by binding to its receptor
(AT1R), promotes an exaggerated constriction vessel, increasing blood
pressure [53,54]. In addition, AT1R increases pulmonary vasculature
permeability, favoring alveolar edema and SARS, contributing to the
lung injury caused by the virus [53,54].

In this way, the advantageous therapy suggested by Phadke M and
Saunik S [52] aims to block AT1R combined with increased expression
of ACE2, preventing the increase in vascular permeability and supplying
the decrease in the expression of ACE2 caused by its binding to
SARS-CoV-2. More details regarding the ACE and ACE2 pathways and
their role with SARS-CoV-2 are detailed in Gurwitz D’s review [55].

Recently, much has been said about the use of chloroquine/
hydroxychloroquine for treatment of COVID-19 patients. Used for more
than 70 years, chloroquine/hydroxychloriquein is originally indicated
for malaria and rheumatic diseases due to its anti-inflammatory effects
[56]. This substance reduces the inflammatory cytokines secretion
(TNFa, INFa, IL-6 and IL-1) and decreases the expression of TNFa re-
ceptors in monocytes, reducing their activation and consequent leuko-
cyte extravasation [57].

With this in mind, Savarino et al. [57] hypothesized that this drug
could have beneficial effects in the treatment of patients infected with
SARS-CoV. By reducing the secretion of pro-inflammatory cytokines, the
drug would reduce the consequent epithelial and endothelial damage
caused by the cytokines excess, thus preventing an increase in vascular
permeability [57]. Therefore, the use of chloroquine/hydroxy-
chloriquein reduces the DAD caused by SARS-CoV-2.

In addition, in the in vitro trial published this year by Wang M et al.
[58], the researchers infected Vero E6 cells with SARS-CoV-2 and sub-
sequently treated it with low concentration chloroquine. The authors
identified that this drug has an antiviral effect by reducing the effec-
tiveness of virus replication [58]. By increasing the cellular pH, the steps
of viral replication dependent on an alkaline pH, such as membrane
fusion and encapsulation, become impaired [56,58]. Although the ef-
fects of chloroquine/hydroxychloriquein appear to be beneficial in the
treatment of patients with COVID-19, its use is still controversial.

5. Concluding remarks

Taking together all the information described in this review, it is
evident that the clinical findings, signs and symptoms of a patient are the
phenotypic expression of the pathophysiological and molecular mech-
anisms of SARS-CoV-2 infection. Thus, no findings alone, whether mo-
lecular, clinical, radiological or pathological axis are sufficient for an
accurate diagnosis. However, their intersection and/or correlation are
extremely valuable and critical for a proper diagnosis. All things
considered, the clinical-radio-patho-molecular correlation is extremely
fundamental for pulmonologists establish the diagnosis and new treat-
ment perspectives.
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