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Abstract

COVID-19 or SARS-Cov-19 has emerged in late 2019 as one of the highly
pathogenic transmissible viruses ever known, comprising many features
regarding its transmission and manifestations similar to those of its older
siblings, SARS and MERS. COVID-19 has caused a pandemic that forced most
of the world into isolation after threatening the lives of millions. In this article we
shed more light on the structural changes that happens to the lung in the context
of Reverse Transcription-Polymerase Chain Reaction (RT-PCR) confirmed
COVID-19 infection based on gross examinations and CT scans, moreover,
to correlate these changes to mortality rate hoping to identify the prognostic
factors by which prognosis of the disease and mortality rate could be expected,
higher involvement with higher severity degree in a short span of time indicates
poor prognosis and high mortality chance, reviewing the literature data and
records showed that the lungs undergo many changes on both macroscopic and
microscopic levels (e.g. ground-glass opacity) which relates to the pathogenesis
of the disease and manifestations; Most commonly pneumonia in the form of
exudation of the lung with hyaline membrane formation rendering most of the
lung non-functional causing hypoxemia and anosmia, all these findings that
affect the lungs’ functions and lowers blood-oxygen saturation levels play a

huge role in defining prognosis of the disease.
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Introduction

Corona virus family has caused three massive outbreaks over
the past two decades, SARS (Severe Acute Respiratory Syndrome) in
2002, MERS (Middle East Respiratory Syndrome) in 2012 and now
COVID-19 (Corona Virus Infection Disease 2019) which is caused by
SARS-COV-2 [1,2]. Its genome consists of 14 ORFs (Open Reading
Frames), most of them encode (nsp1-16) playing an important role
in viral replication [2,3]. The rest encode accessory proteins and 4
structural proteins (spikes, envelope, membrane and nucleocapsid)
[4]. Corona affects mainly the respiratory system and oxygen level in
blood causing hypoxemia. Corona has a high mortality rate all over
the world, especially in old age. The respiratory system’s structural
and functional units are the alveoli. The respiratory portion of the
respiratory system starts with the respiratory bronchiole and then
moves on to the alveolar ducts, alveolar sacs, and eventually the alveoli,
where there is a large exchange of gases. Patients with COVID-19
suffer from cough, lung ground-glass opacities and symptoms of
pneumonia. This indicates direct transmission of SARS-COV-2 via
respiratory droplets [5,6].

Background on Normal Lung Structure

The lungs are the main organs affected by COVID-19, Each lung
lobe is aerated by a secondary bronchus, lobes are further divided into
bronchopulmonary segments; smaller and pyramidal in shape, and
every lung has ten bronchopulmonary segments, each aerated by a
tertiary bronchus [7]. The nose, nasopharynx, larynx, trachea, and a
series of successively narrowing segments of bronchi and bronchioles
make up the conducting portion of the respiratory system. The
terminal bronchiole is where the conducting portion of the bronchiole
ends. The respiratory system begins with the respiratory bronchiole
and progresses to the alveolar ducts, alveolar sacs, and finally the
alveoli, where a significant amount of gas exchange takes place [8].
Alveolar ducts are created when respiratory bronchioles divide
distally. Alveolar ducts do not have their own walls but are formed
by multiple alveolar openings. The alveolar sac is made up of these
clusters of alveoli. The respiratory system’s structural and functional
units are the alveoli. An adult human has about 300 million alveoli,
which equates to around 80 square meters of surface area for gaseous
exchange. Each alveolus is lined by two types of epithelial cells. They
are type I pneumocytes (alveolar lining cells) and type II pneumocytes

[9].

Mode of
COVID-19

Symptoms of COVID-19 include cough, anosmia, ageusia,
shortness of breath and acute respiratory distress or even
complete respiratory failure (in severe cases). This indicates direct
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transmission of SARS-COV-2 via respiratory droplets which cause
human-to-human spread of infection [1,3,10-12]. There are other
routes of transmission were reported during the pandemic such as
aerosol, direct contact with contaminated surfaces, and fecal-oral
transmission [5,6].The contaminated droplets in air reach all parts of
the bronchial tree and mainly situated in the lower lobes of the right
and left lungs. After the viral entry the spike interacts with ACE2 and
TMPRSS2 on cell membranes of the human cells to enter and releases
its genome into cytosol [13-15]. Shortly after that, ORFla and ORF1b
(open reading frame 1) are translated into replicate proteins that form
RNA-dependent RNA polymerase which facilitates viral replication
of genomic and sub-genomic RNA that lead to releasing more and
more generations of the virus [4,16,17]. The process of replication
stimulates the immune response and releasing of pro-inflammatory
mediators which cause lung pathology through stimulation of
endothelial cell damage, vasodilatation, and Inflammatory cells,
mainly neutrophils and macrophages [18-23]. Those steps cause
Vasodilatation with vascular leakage leading to edema and deficient
gas exchange leading to hypoxia, leading to respiratory/organ failure.
This explains the reason why patients with COVID-19 suffer from high
fever, lymphocytopenia, neutrophilia and elevated inflammation-
related indices [10,23-28]. Generally, SARS-CoV-2 infection may
vary from asymptomatic cases to severe pneumonia that may increase
mortality [14]. Cough, fever, and shortness of breath, sore throat,
hemoptysis, and anosmia have a different distribution in mild and
severe cases [29,30]. Mild symptoms can be reported in most of the
patients (about 80%) especially who are young adult or children [31],
imaging shows no signs of pneumonia [32] and lab diagnosis shows a
normal level of d-dimmer less than 0.5ug/ml [33,34]. Moderate cases
develop down lung inflammation and alveolar-capillary destruction
[35] the latter might be named pneumolysis, leading to progressive
hypoxemia and pulmonary shunt [36]. Severe and critical cases are
associated with older age, co-morbidities (such as cardiovascular
disease, hypertension, obesity, and chronic lung disease [37], several
lung CT features as bilateral ground-glass opacity, or consolidation
shadow [32]elevated d-dimmer (more than 0.5ug/ml) which may
lead to an imbalance of coagulation and fibrinolysis in the alveoli
and if its level is greater than lug/ml is a sign of poor prognosis for
patients [34], leukopenia and severe lymphopenia [24]. So critical
cases may develop complications as Acute Respiratory Distress
Syndrome (ARDS) needing prolonged ventilator support, cardiac
rhythm disorders which may lead to shock and finally death [38]. For
all of these hospitalization rate increases and becomes important in
critical cases [23].

Structural Lung Changes in CT Scans

According to the WHO, the golden diagnostic standard in
Covid-19 suspected patients is CT scans [39], as it shows 80-90%
accuracy and 82.9-96% specificity [40] (RT-PCR) shows only 37-
83% sensitivity [41] Reporting of Covid-19 cases will play a huge
role in controlling the pandemic epidemiologically [42] an initiative
to a standardized way of reporting COVID-19 confirmed cases is
COVID-19 Reporting And Data System (CO-RADs) which grades
depending on how likely there is a Covid-19 infection, it uses clear
terms and high accuracy in predicting moderate to severe infection
[43-45]. CO-RADs have seven categories classified from no evidence
of COVID-19 infection (CO-RADs 1) to confirmed Covid-19

23

Figure 1: CO-RADs 1, the lung is normal, or it has non-infectious conditions
as (emphysema, fibrosis, lung tumors, Sarcoidosis or heart failure), this CT is
for 58 years old emphysema patient with bronchial thickening [46].

Figure 2: CO-RADs 2, lung with tree in bud sign, the patient is 27 years with
symptoms of cough and fever, he had active tuberculosis [46].

infection (CO-RADs 6) with categorization start point at 0 grade
which indicates a healthy lung [46].

CO-RADs 0: This value is given in case none of the other
categories can be allocated for the scan or the scan is not clear or
interrupted, some parts of the lung might be missing in the scan,
scans in this category must not be taken as the final scan and it should
lead to a second scan [46].

CO-RADs 1: This category includes scans that are less likely to
indicate a COVID-19 infection, normal scans or unequivocally non-
infectious diseases; emphysema, lung tumors or fibrosis; early scans
have to be put into consideration when COVID-19 is still mild with
no clinical symptoms (Figure 1) [45].

CO-RAD 2: Includes infectious diseases of the lung showing
(ground-glass opacities, bronchitis, bronchopulmonary pneumonia,
lobar pneumonia and pulmonary abscess) but not COVID-19, this
category has low level of COVID-19 infection (Figure 2 and 3) [47].

CO-RADs 3: Includes findings indicative of a COVID-19
infection but can also indicate other infectious and non-infectious
diseases (peri-hilar ground glass, homogenous and extensive
ground glass appearance, ground glass opacities with interlobular
interstitial thickening and patterns of organizing pneumonia with
no characteristic findings of COVID-19 as ground-glass opacity near
the pleura), this category implies ambiguous findings of COVID-19
infection (Figure 4) [46].

CO-RADs 4: includes findings found in COVID-19 infection
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Figure 3: CO-RADs 2; a). Is for a 52-year-old female with confirmed Covid-19
infection with tree in bud. b). Is for a 41 years old male with confirmed
Covid-19 with unifocal ground-glass appearance [47].
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Figure 4: CO-RADs 3; Unilateral peri-broncho-vascular consolidation with
no ground glass appearance, scan for 52 years old patient with one typical
finding of COVID-19, later he had one positive and two negative swabs for
COVID-19 [46].

Figure 5: CO-RADs 4: CT scan (a and b) presents unilateral
peribronchovascular consolidation and unilateral ground glass opacity; scans
are for 52 years old male who had symptoms of Covid-19 for two weeks and
was later confirmed by PCR [46].

and at the same time overlap with other viral pneumonias; findings
are atypically distributed, no contact with visceral pleura with strict
unilateral involvement, with main distribution peri-bronchovascular
or superimposed on severe diffuse pre-existing pulmonary
abnormalities (Figure 5) [46], this category indicates high level
involvement of COVID-19.

CO-RADs 5: Features included in this category are divided into
two groups: Mandatory features that must be present in all scans and
three confirmatory features, present of one confirmatory feature is
necessary for grading: Mandatory features include (Ground-glass
opacities with or without consolidation near visceral pleura with
multifocal bilateral distribution and sub-pleural sparing may be
present or absent) and Confirmatory features: 1. Multiple ground-
glass opacities, circular or half-circular with weak limitation of the
borders it may also appear as complete circles outlining edges of
adjacent pulmonary lobules. 2. Crazy paving pattern; formed of

Figure 6: CO-RADs 5: CT scan shows bilateral ground-glass appearance
with consolidation, the scan belongs to a 52-year-old female admitted with
organizing pneumonia [46].

Figure 7: CO-RADs 6: there is severe GGO with consolidation and positive

PCR [46].

interlobular interstitial thickening and ground glass opacities, and
3. Organizing pneumonia which shows reversed halo sign, ground-
glass consolidation that is associated with sub-pleural consolidation
and air bronchogram. In addition to bands of ground-glass, it may
be with or without consolidation, and arching pattern with sub-
pleural contact. (Thickened vessels may occur in any of the three
confirmatory patterns) this category includes scans with the highest
level of suspicion of COVID-19 (Figure 6) [45].

CO-RAD:s 6 (Figure 7): This category includes scans of patients
who were confirmed to be infected by COVID-19. The infection was
confirmed using Reverse Transcription-Polymerase Chain Reaction
(RT-PCR) technique. N.B. Ground glass opacity is characteristic of
CO-RADs 3, but if it has centrilobular involvement then it is CO-
RADs 2, if it is located near the visceral pleura or fissures then it is
CO-RAD:s 4, if it is bilateral and multifocal then it is classified as
CO-RADs 5 (ground-glass opacity must be present with or without
consolidation and located close to the pleural (ground-glass opacity
must be present with or without consolidation and located near
the pleural surface [45,46]. Wuhan University classifies Covid-19
disease into five distinct stages: Ultra-early stage, early stage, rapid
progression stage, consolidation stage and dissipation stage [44].
CO-RADs classification, on the other hand, classifies the disease
into only three stages: early stage, intermediate stage, and final stage.
These stages feature ground-glass opacity, lines forming crazy-paving
pattern, and features resembling organizing pneumonia respectively
[45,48].
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Post-Partum Lung Structural Changes

The affected combined lung weighed (1000-3110 g) [49]. The
affected lungs were moderately adherent to their pleura, patchy
and hard inconsistency. They also showed grayish whitish lesions
and dark red bleeding. In addition to that, the affected lungs had
exudative and proliferative diffuse alveolar damage. When sliced, fiber
bundles were observed. The results of the autopsy have reflected the
distribution of imaging changes and showed the further development
of the lesions. If we are to consider the correspondence between the
ground-glass opacities, which were found in scans and the gray-
white alveolar lesions found after the autopsy, we can conclude that
COVID-19causes inflammatory reactions that are characterized
by deep respiratory tract and alveolar damage. There is not much
pleural effusion, suggesting that there is no serious inflammation
in lung disease. Pericardial effusion, moderate epidural edema,
and myocardial red flesh [50]. No macroscopic thrombo-emboli
or areas of infarction were seen [51]. These findings suggested viral
pneumonia. On examining specimens of affected lungs under the
microscope, A) there is edema of parenchymal tissue with thickening,
the parenchymal tissue was destroyed due to extensive necrosis. B)
It was also found that the alveolar structure was either damaged or
collapsed; some patent alveoli were filled with mucoid substance; the
exudate of the congested capillaries. C) The alveolar lining showed
alveolar epithelial hyperplasia. D) Deep pulmonary vessels showed
fibrinoid necrosis. E) The fibrous scaffolding of the lung was lost. F)
Chronic inflammatory cells were seen in the exudate and the virus
has been detected in huge numbers using the electron microscopy
techniques [52].

Mortality Based on the Findings

CT scans and radiographs are excellent prognosis predictors
and give hints on the level of severity of the disease [53], CT scans
mainly diagnose moderate to severe cases while Radiographs may be
asked to diagnose mild cases [45], thus they are the main tools used
in assessing the course of the disease in most studies.Hu et al. also
describe in their experiment that from 73 patients that had their CTs
examined after their death, 58 of them had a single CT scan before
their death, 11 had two CT scans, three had three CT scans and
only one had four CT scans, lung involvement was measured by the
involvement of the 5 lung lobe; 0-no involvement (0%)/1-minimal
involvement(1-25%)/2-mild  involvement (26-50%)/3-moderate
involvement (51-75%)/4-severe involvement (76-100%) [54], this
score was summed with a score that describes the severity of lung
involvement; 0-none/(1-5) minimal/(6-10) mild/(11-15) moderate/
(16-20) severe-white lung [55].the major findings in the patients who
died from Covid-19 were Ground-glass opacity with consolidation
and ground-glass opacity which is caused by the structural change
in blood vessels and formation of exudate in the alveolar spaces with
hyaline membrane formation [56,57]. Patients who had a second
CT scan had increased ground glass with consolidation in all of the
5 lobes (43-57%), GGO in all of the right lobes and the left upper
lobe (16-25%), consolidation in the lower left lobe (19%) with a mean
five days interval between the scans (the total involvement score was
12.97+5.87, 11% of the patients was rated as severe in the initial CT
scan while 66% of the patients was rated severe on the follow up [55],
these data shows that increase in the severity of the lung happens in

a short span of time, Also higher involvement with higher severity
degree in a short span of time indicates poor prognosis and high
mortality chance.

Conclusion

COVID-19 caused a pandemic that froze our daily normal life
by isolating ourselves in homes and hospitals, this is due to the high
mortality rate of the disease, a mortality rate that is attributed to
many internal and external factors, internal factors are summarized
as (each individual immune response, tolerance to hypoxemia and
overall structural changes to the lung made by the virus), the virus is
capable of infecting many organs of the body but most importantly
the lung causing distinct features that enable us to differentiate it
from so many more types of infectious and non-infectious diseases,
typical features are 1.Ground-Glass Opacity (GGO) it could be
unilateral unifocal, unilateral multifocal or multilateral multifocal
with the latter being the most serious and indicative of the disease
[58]. 2. Consolidation and air bronchogram which happens as a result
of filling the alveolar spaces with exudate, blood or neoplastic cells,
the consolidation in COVID-19 is mainly peripheral or subpleural.
3. Crazy paving signs, which represent alveolar and interstitial edema
[59]. 4. Nodules which are opacities in the CT scan less than 3cm
[60]. 5. Subpleural curvilinear lines are demonstrated as thin lines (1-
3mm) that are parallel to and 1cm away from the visceral pleura [61].
All of these signs are used to identify and assess COVID-19 infection
and put into perspective a prognosis to the course of the disease.
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