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In December 2019, the city of Wuhan, located in the Hubei province of China,
became the epicenter of an outbreak of a pneumonia of unknown cause, with a
high potential of transmissibility between humans. [1]

The Chinese Center for Disease Control and Prevention, along with other related
institutions, quickly identified the pathogen as a new type of coronavirus (2019-
nCoV).

World Health Organization (WHO) issued alerts on December 30, 2019, and on
January 30, 2020, declared this viral infection as a Public Health Emergency of
International Concern. On February 11, 2020, the International Committee of
Taxonomy of Viruses named this virus severe acute respiratory syndrome
(SARS)-CoV-2 based on the phylogenetic relationship of the coronavirus that
caused the SARS outbreak in 2003 [2]. On the same day, WHO announced
COVID-19 as the name of this novel disease caused by this virus, and COVID-
19 viral disease was declared officially a pandemic, by WHO Director-General
Tedros Adhanom Ghebreyesus in Geneva on March 11, 2020 [3].

In Morocco, the COVID-19 pandemic situation is far from stable. The virus was
confirmed to have spread to Morocco on March 2, 2020, when the first COVID-
19 case was confirmed in Casablanca. It involved a Moroccan expatriate
residing in Bergamo, Italy, who arrived from Italy on February 27.
A second case was confirmed later that same day, involving an 89-year-old
woman Moroccan residing in Italy who had returned to Morocco on February 25
from Bologna, Italy [4]. As the outbreak widened in Morocco, in mid-March the
Government closed schools and suspended international passenger flights.
And by March 20, 2020, the general containment was declared on a national
scale, to control the introduction of cases into the country, delay the circulation
of the virus, and contain the outbreak of the disease.


https://en.wikipedia.org/wiki/Morocco
https://en.wikipedia.org/wiki/Casablanca
https://en.wikipedia.org/wiki/Bergamo
https://en.wikipedia.org/wiki/Italy
https://en.wikipedia.org/wiki/Bologna
https://en.wikipedia.org/wiki/COVID-19_pandemic_in_Morocco#cite_note-4

As of February 1%, 2021, 13 to 14 months after the first description of the virus,
there are over 100 million subjects globally (from more than 210 countries) with
confirmed SARS-CoV-2 infection based on the molecular assay. More than 2
million deaths have been attributed to COVID-19 [5].
This pandemic has posed a great menace to human physical and mental health,
and has dramatically impacted the daily life with psychosocial implications on a
global scale [2].

Currently, by December 2021, there have been 268,226,835 confirmed cases, of
which 241,432,735 have recovered and 5,298,095 have died [3], and the
pandemic is still raging on.

COVID-19 is a benign disease in 80% of cases, and in about 10 to 20% of cases,
particularly in elderly subjects or those with comorbidities, the clinical picture
can be more severe, requiring specific management.

It presents with a diverse and sometimes misleading symptomatology, and may
result in death in 2% of cases.

There is limited published data on the clinical and morphological features

predictive of a progression to severity or death.
The aim of our study is to:

> Describe the clinical, biological and morphological presentation of the

first cases admitted and treated at the beginning of the pandemic.

<o Establish a possible correlation between the clinical and morphological

features on CT scan.

< Define the predictive factors of an unfavorable outcome.
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. HISTORY

The first coronaviruses isolated were from poultry with respiratory disease
(infectious bronchitis) in the 1930s. The infectious bronchitis virus (IBV) is a
gamma coronavirus that causes a highly contagious disease in chickens. The
virus can affect the upper respiratory tract and the reproductive tract, and some
strains can cause a nephritis. It remains a worldwide problem, particularly in
high-density commercial production facilities [6].

But it seems that coronaviruses (or a virus interacting similarly with hosts) have
driven ancient epidemics in East Asia over 20,000 years ago.
Recent research applying evolutionary analyses to human genomic datasets
found that a strong genetic adaptation occurred in human East Asian
populations, at multiple genes that interact with coronaviruses, including SARS-
CoV-2. The adaptation likely started 25,000 years ago, and functional analysis
of the adapting genes supports the occurrence of a corona- or related virus,
epidemic around that time in East Asia [7].

Until 2002, human coronaviruses (HCoVs) were associated only with mild
respiratory tract disease, with estimates that they caused 15%-25% of all
“common colds.”

Since then, coronaviruses have been behind three major zoonotic outbreaks.

In 2002, a human coronavirus was identified as the cause of an apparently new
disease called severe acute respiratory syndrome (SARS), which is a viral
respiratory disease caused by a SARS-associated beta-coronavirus. It was first
identified at the end of November 2002 during an outbreak that emerged in
China, and characterized epidemic on February 2003.

SARS is an airborne virus and can spread through small droplets of saliva in a
similar way to the cold and influenza, and can also spread indirectly via surfaces
that have been touched by someone who is infected with the virus.
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It was the first severe and readily transmissible new disease to emerge in the 21
century and showed a clear capacity to spread along the routes of international
air travel [3].

It eventually spread to 37 countries around the world. The total number of
confirmed cases was 8096 and the average fatality rate close to 10% [8].

The SARS outbreak was controlled, but a decade later, in 2012, another novel
CoV was isolated from patients hospitalized with severe respiratory disease in
Saudi Arabia. As most infected patients lived in or had traveled to Middle East
countries, the new disease was named MERS and the coronavirus responsible is
called HCoV-MERS, [6] with cases of illness spreading sporadically to other
countries. Since September 2012, about 1791 cases were confirmed with an
average fatality of 30%. The source of MERS-CoV is not fully understood, but
genomic studies suggest an original reservoir in bats that was possibly later
extended to include camels [9].

More recently, at the end of December 2019, an outbreak of mysterious
pneumonia occurred in Wuhan City, China. It was observed that the etiologic
agent of the disease was a novel CoV, previously designated 2019-nCoV by
WHO and later, SARS-CoV-2 by the International Committee for Taxonomy of
Viruses.

Consequently, China has been the epicenter of the emergence of the disease
called COVID-19 (Coronavirus disease 2019), responsible of an ongoing
pandemic [10].



Il. EPIDEMIOLOGY

A. Infectious agent

Members of the family Coronaviridae are large, enveloped, single-stranded
RNA viruses. They are the largest known RNA viruses, with genomes ranging
from 25 to 32 kb and a virion of 118-136 nm in diameter. Virions are roughly
spherical and are notable for the large spike (S) glycoprotein that extends 16-

21nm from the virus envelope (Figure 1) [6].

< ssRNA
“—— Nucleocapsid protein

F3 e

E

Figure 1: Virion structure
(subfamily Coronavirinae) [6].

The family contains two subfamilies, the Coronavirinae and the Torovirinae

(Figure 2) (detailed in Appendix Table 1) [6].

Family
Subfamily
Genus
Genus
Genus
Genus
Subfamily
Genus

Genus

Coronaviridae
Coronovirinae
Alphacoronavirus
Betacoronavirus
Deltacoronavirus
Gammacoronavirus
Torovirinae
Torovirus

Bafinivirus

Figure 2: Taxonomic structure of the family [6].




The toroviruses are notable for having a helical, doughnut shaped nucleocapsid.
(Figure 3) [6].

HE

Nucleocapsid protein

Figure 3: Torovirus structure [6].

Members of the subfamily Coronavirinae are widespread among mammals,
often causing only mild respiratory or enteric infections.

Over 60 coronaviruses (CoVs) have been isolated from bats (BtCoV) and most
of these are in the genus beta-coronavirus. Bats serve as large (and highly
mobile) CoV reservoirs; many bat species have their own unique BtCoV,
suggesting a very long history of coevolution. Until 2002, CoVs were
considered only minor pathogens of humans. However, an outbreak of severe
acute respiratory syndrome (SARS) that began in 2002 was linked to infection
with a new CoV (SARS-CoV).

The outbreak increased interest in CoV replication, distribution, evolution,
transmission, and pathogenesis. In 2012, another coronavirus (distinct from
SARS-CoV) was isolated in connection with an outbreak of severe respiratory
disease in the Middle East. This virus, called Middle East respiratory syndrome
coronavirus (MERS-CoV), continues to cause sporadic cases of severe

respiratory illness.



Several  important animal  diseases are caused by  CoVs.
Infectious bronchitis virus (IBV) of chickens was the first CoV identified, in the
1930s. A pig coronavirus caused the deaths of millions of piglets in the United
States in 2014. Feline CoV (FeCoV) may lead to FIP (Feline Infectious
Peritonitis), a deadly disease of domestic cats. A rodent coronavirus, mouse
hepatitis virus (MHV), has served for many years as a useful model system for

investigating CoV replication and pathogenesis [6].
1. Coronavirus genome organization

The 25-32 kb positive-strand RNA genome contains 7-10 open reading frames
(ORFs). Almost two-thirds of the genome encodes nonstructural proteins (nsps)
that are required for transcription and genome replication. Among these is
nspl2, the large 930 amino acid RNA-dependent RNA polymerase (RdARp).
Nspl2 forms a multiprotein complex with other CoV nsps. CoV nsps are
synthesized as long precursor polypeptides, cleaved by virally encoded proteases
(Figure 4).
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Figure 4: Coronavirus genome organization and gene expression strategy [6].
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Figure 5: Torovirus genome organization [6].

The REP1a polyprotein is cleaved to produce 11 smaller products (nspl-nspli;
listed in Appendix Table 2). Replb follows Repla in the genome, separated
from it by a frame-shifting site that is slightly upstream from the Repla stop

About 20%-25% of the time, ribosomes reaching the frame-shift site will slip
into the minus-1 reading frame and a longer polyprotein, called REP1b is
synthesized. REP1b codes for five additional proteins, nsps 12-16, among which
are the RdRp (nsp12), a protein with helicase and phosphatase activities (nsp13),
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a protein with exonuclease and methyl transferase activities (nspl4), an
endoclease (nspl5) and a second methyltransferase (nspl16). The guanine-N7-
methyltransferase, nsp13, and the 2°O-methyl-transferase, nsp16, synthesize the
CoV 5’-cap.

In addition to the final cleavage products, long-lived intermediates may have
activities different from those of the fully cleaved products. 7 to 10 additional
ORFs lie downstream of the replicase-associated genes. The largest of these
encodes the spike (S) protein. The order (S, E, M, N) of the structural proteins
on the coronavirus genome is well conserved. Dispersed among the structural
protein genes are a variable number of additional small ORFs. These lie in-
between, or overlap, the structural protein genes and they are not well conserved
among CoVs. These are called accessory proteins (by convention they are
named using the number of the shortest mMRNA on which they are encoded).
Mutation studies show that at least some of the accessory proteins are not
required for coronavirus replication in cell cultures. However, mutating the
accessory proteins does have a profound effect on the ability of the CoVs to

replicate in their hosts and impacts viral pathogenesis.

As expected for an RNA virus, the CoV genome contains regulatory elements.
Cis-acting regulatory elements are required for replication, transcription, and
genome packaging. At the 5° end of the genome, elements that participate in
viral RNA synthesis extend past the 5’ untranslated region (UTR) and into the

coding region of repla. This region folds up into a set of seven stem-loops.
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Folding of the CoV 5° RNA is dynamic, allowing for changing conformations
that control critical aspects of RNA and protein synthesis. Functional analyses of
cis-acting regulatory regions have shown that stability of RNA stem-loops can

be critical for viral fitness.

At the 3’ end of the CoV genome, additional cis-acting elements are found in the
3 UTR. The 3’ cis-acting elements are conserved (and are interchangeable)
among beta-coronaviruses. As with the 5> UTR, this region is probably dynamic,
with different conformations controlling different steps in RNA replication/
synthesis.

Other important cis-acting sequences are those that direct ribosomal frame
shifting near the end of the repla gene. Finally, genome packaging signals have

been localized to internal regions of the H-CoV-SARS genome.
2. Virion structure

Coronavirus particles are enveloped with prominent spikes. Virions are spherical
and range in size from 118 to 140 nm. Within the envelope is a flexible
(subfamily Coronavirinae) or a doughnut-shaped (subfamily Torovirinae)
nucleocapsid that consists of genomic RNA associated with the nucleoprotein
(N). The spike (S) protein is the major glycoprotein that extends from the
surface of the virion. Other membrane-associated proteins include membrane
(M) and envelope (E).
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3. Coronavirus structural proteins

All CoVs encode four structural proteins: Three membrane-associated proteins

(S, M, and E) and a single nucleocapsid (N) protein. However, some beta-

coronaviruses have an additional membrane protein with hemagglutinating and

esterase activities, hence it is called HE. The order of the structural genes on the

CoV genome is (HE) S, M, E, N (Figure 4). The order of structural genes on the

torovirus genome is S, M, HE, and N (Figure 5).

The spike protein (S) forms a prominent projection from the virus envelope

and gives CoVs their characteristic appearance. S is glycosylated and is the
attachment and fusion protein. Among the CoVs, there are some differences
in the manner in which S is processed (cleaved into S1 and S2 fragments). S
is always ER associated and modified by N-linked glycosylation. In many
beta- and gamma-coronaviruses, S is partially or completely cleaved by host
furin-like proteases in the ER (prior to assembly of new virions). The extent
of proteolysis correlates with the number of highly basic residues at the
S1/S2 cleavage site. The S1 (N-terminal) and S2 (C-terminal) products

remain non-covalently associated.

In contrast, HCoV-SARS S is not cleaved during assembly or release.
Instead, it is cleaved in an acidified endosome during entry/penetration.

It appears that there are two critical cleavage events that act in concert to
mediate fusion: a cleavage at the S1/S2 boundary and a second cleavage
within S2 (called the S20 cleavage site). Some CoV S proteins are not
cleaved, but the terms S1 and S2 are still used to refer to the corresponding
N- and C-terminal domains of the protein. It is also likely that, in some

cases, processing of CoV S in cultured cells is not identical to the process in
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the infected host. Comparisons of S1 sequences show that they diverge
extensively and are not highly conserved, even within multiple isolates of a
single type of coronavirus. We can reasonably speculate that sequence
divergence is, at least in part, a result of host immune responses. In contrast
to S1, the S2 product is highly conserved across the subfamily

Coronavirinae.

The membrane protein (M) is the most abundant protein in the virion. M

contains three hydrophobic domains, thus is tightly associated with the virus
envelope. M plays a major role in promoting membrane curvature. It has a
short ectodomain (extracellular domain) that is modified by glycosylation.
M also interacts with the N and E proteins. Expression of HCoV-SARS M
(in the absence of other viral proteins) results in self-assembly and release of
membrane enveloped vesicles. Virus-like particles are released when M is

co-expressed with either N or E.

The envelope protein (E) is found in very small amounts in the virion (about

20 molecules per virion), although larger amounts of E are present in
infected cells. Different CoVs have variable requirements for E during
particle formation, ranging from required for particle formation to not
essential. In fact, virus titers close to 13106 pfu per mL have been reported
for HCoV-SARS lacking the E protein. Studies show that E assembles in
membranes to form ion channels, thus E is a viroporin. Viroporins influence

the electrochemical balance in subcellular compartments.

The nucleocapsid protein  (N) is the only protein found in the

ribonucleoprotein particle. N forms homodimers and homo-oligomers and

binds genomic RNA, packaging it into a long flexible nucleocapsid. In the
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infected cell, N localizes to the cytoplasm, and for some CoVs, N is also
found in the nucleolus. N interacts with other CoV structural proteins, thus
has a role in assembly and budding. N also colocalizes with replicase-
transcriptase components and is required for RNA synthesis. Other roles for
N include modulating cell-cycle (promoting cell-cycle arrest) and inhibiting
host cell translation. An additional structural protein is found in most beta-

coronaviruses, including the human coronavirus HCoV-HKUL1.

. The hemagglutinin-esterase (HE) is a 48 kDa glycoprotein that projects

outwards 5-10 nm from the virion. HE binds sialic acid units on
glycoproteins and glycolipids. The esterase activity removes acetyl groups

from O-acetylated sialic acid, thus may be a receptor-destroying enzyme.
4. Coronavirus replication cycle

The overall scheme of CoV replication is similar to that of other positive-strand

RNA viruses, but the process for synthesis of sub genomic mRNAS is unique.

a) Attachment

CoV S is the receptor-binding protein. The receptors for some CoVs have been
identified. Two human CoVs, HCoV-SARS, and HCoV-NL63 bind different
regions of angiotensin converting enzyme 2 (ACE2). ACE2 is a cell-surface,
zinc-binding carboxypeptidase important for regulation of cardiac function and
blood pressure.

ACEZ2 is expressed in epithelial cells of the lung and small intestine, as well as
many other organs. HCoV-MERS binds to dipeptidyl peptidase 4 (DPP4).
Several other CoVs (FeCoV, FIPV, CCoV, and TGEV) bind to aminopeptidase
N. However, not all CoVs bind to protein receptors. Bovine CV and the HCoV-
OC43 bind to sialic acid units found on glycoproteins and glycolipids.
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b) Penetration

CoVs are enveloped, so penetration occurs as a consequence of a membrane
fusion event. Just as cleavage of the S protein varies among CoVs, so do the
sites and requirements of the fusion process. CoV S proteins contain a
hydrophobic “fusion peptide” that becomes exposed upon a large-scale
rearrangement of S. The location and details of S rearrangement are variable, but

can be triggered by factors such as proteolytic cleavage of S and/or acid pH.

HCoV-SARS S is found as an uncleaved product on extracellular virions. It is
cleaved only after attachment and endocytosis. There are two critical cleavage
events that precede (and are required for) fusion. One cleavage is at the S1/S2
boundary and the other is a cleavage within S2 (S20). Evidence supports
cleavage at the S1/S2 boundary by cathepsin L; however, if one exposes HCoV-
SARS to extracellular proteases (such as trypsin or elastase) in cell cultures,
infection is greatly enhanced, suggesting that the endosomal proteases are not
highly efficient. This may be relevant to HCoV-SARS-infection and
pathogenesis: In the human respiratory tract, a transmembrane serine protease
(TMPRSS2) is expressed in pneumocytes and binds to ACE2 (the receptor for
HCoV-SARS).

The interaction between ACE2 and TMPRSS2 would conveniently put

uncleaved S in close proximity to a host cell protease upon initial binding.

c) Amplification

The first synthetic event in the CoV replication cycle is translation of the viral
genome by host cell ribosomes. REP1a and REP1b are translated from genomic
RNA, and these polyproteins are necessary for virus replication to move

forward. Some of the REP1a products (nsp3, nsp4, nsp6) have transmembrane
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domains and these serve to anchor the replication-transcription complex to cell
membranes, a prerequisite for synthesis of additional viral RNAs. The
interaction also causes remodeling of host cell membranes to form structures

dedicated to virus RNA synthesis.

d) RNA Synthesis

In vitro, the CoV RdRp requires a primer, specifically a short RNA
oligonucleotide. It so happens that the CoVs encode two different proteins with
RdRp activity. The nsp8 gene product is thought to be a primase capable of
synthesizing short oligonucleotides.

Nspl2 is the elongating polymerase. Other viral nsps in the replication-
transcription complex are involved in cap synthesis (Appendix Table 2).
CoVs also encode two ribonucleases. NendoU (nspl5) is a Nidovirales
endonuclease that cleaves both single and double-stranded RNA, cutting
downstream of uridylate residues. ExoN (nspl14) is a 3°-5° exonuclease. CoVs
with mutations in ExoN have an enhanced mutation rate suggesting a role for

ExoN in proofreading during RNA synthesis.

In addition to genome-length RNA, a set of sub-genomic (sg) mRNAs is found
in the infected cell. The sg mMRNAs are used for the expression of the structural
and accessory proteins. All are capped and polyadenylated and they share a
common 3’ end forming a so-called “nested set” of MRNAs. A closer look at the
sg mRNAs reveals that each contains an identical leader sequence of 70-100 nt
at the 5’ end. The leader sequences found on all sg mMRNAs are identical,;
however, this sequence is found only once in the genome, near the 5’ end.
Leader sequences are fused to downstream sequences (sometimes called the

body RNAS) at short, 8-9nt motifs called the transcription regulating sequence
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(TRS). A TRS is found upstream of the ORFs-encoding structural proteins
(which are called TRS body or TRS-B). A TRS is also present just downstream
of the leader sequence in the 5> UTR. These findings provide clues to the unique
strategy used for CoV mRNA synthesis: CoV sg mRNAs are generated by a

process of discontinuous transcription (Figure 6).

{F1\: The process begins with initiation of cRNA synthesis at the 3" end of the genome RNA strand
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Figure 6: Coronavirus discontinuous transcription [6].
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Discontinuous transcription very likely contributes to the high level of CoV
genome recombination. This type of RNA virus genome recombination is called
a copy-choice mechanism (Figure 7). Quantification of CoV RNAs presents in
infected cells shows that cRNAs (negative-sense RNAs with 50 oligo (U)) are
present at levels 0.1-0.01 times lower than “positive-sense” genomes and
MRNAs. This finding suggests that recombinants are more likely to occur during

synthesis of negative strands.
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Figure 7: Coronavirus RNA recombination [6].

(A): If individual mutant coronaviruses are used to infect cells there is no virus
growth. However, if mutants are used together to infect cells, virus growth is
restored suggesting that genome recombination has occurred.

(B): This Panel illustrated the mechanism of RNA copy choice ‘recombination’.
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e) Assembly and Release

Virion assembly takes place on membranes. Genomic RNA is bound by N
protein, associates with M protein and buds into ER/Golgi membranes. M packs
tightly into membranes and is thought to cause the membrane curvature that
drives budding. S and E are also membrane proteins and are acquired during the
budding process. The ion channel activity of E is that of a viroporin; it alters cell
secretory pathways to promote virus release. A function of E may be to increase
the pH of the transport vesicles. Virus particles contained within membrane

bound vesicles are released from cells by exocytosis.
5. Diseases caused by coronaviruses

Most animal and human CoVs are transmitted by the fecal-oral route and their
initial replication site is in epithelial cells where virus production causes local
respiratory symptoms or diarrhea. However, on occasion, CoVs cause severe to

fatal disease.

a) Severe Acute Respiratory Syndrome

SARS facts:

e SARS-CoV emerged in the human population in China in 2002,

e Epidemiologic studies- and genetic analysis indicated the virus most
likely jumped from bats into farm raised Himalayan palm civets
(Paguma larvata) and then into humans.

e Human to human transmission was by respiratory and fecal routes.
e Approximately 8000 cases were reported worldwide.

e Twenty-six countries were affected.
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e Seven hundred and seventy-four deaths occurred (B10% case mortality
rate).

e Economic losses in Hong Kong were 5.9 billion (USD).

e In July 2003, WHO reported that the last known human chain of
transmission was broken.

e Bats and birds are natural reservoirs of SARS-like viruses.

e Laboratory-associated infections occurred in China in 2004,
SARS-infection causes a triphasic pattern of disease. The first phase is
nonspecific with fever, cough, sore throat, and myalgia. Breathing difficulties
(dyspnea) show up 7 to 14 days after appearance of the first symptoms.
The second phase of the disease includes shortness of breath, fever, onset of
hypoxia, and often diarrhea. In the most serious cases, patients progress to a
third phase with development of acute respiratory distress requiring

hospitalization and mechanical respiration.

b) Middle East Respiratory Syndrome

MERS facts:

e MERS begins with coughing, fever, and breathing problems but may
progress to pneumonia and kidney failure.

e Over 1600 human cases and the outbreak is ongoing.

e (Case fatality rate was 30%.
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e (Cases are sporadic and cannot be linked to a single source (based on
genome sequencing).

e Countries most affected include those in the Arabian Peninsula
(Bahrain, Iran, Jordan, Kuwait, Lebanon, Oman, Qatar, Saudi Arabia,
United Arab Emirates, and Yemen).

e (Casual transmission from person to person very rare.
e Most person to person transmissions occurs in a hospital setting.

e Many healthy camels in the Arabian Peninsula have antibodies specific
to CoV-MERS (indicating past infection) but infections often occur
among people with no known contact with camels.

e A virus very similar to CoV-MERS has been found in some bats
(sequence analysis suggests that the virus moved from bats to camels).

e Many questions about the epidemiology of CoV-MERS remain
unanswered.

Sporadic cases of MERS continue to be reported. Strict infection control
procedures in hospitalized patients limit person to person spread in that setting
and transmission among casual or household contacts is rare.

While MERS-CoV and SARS-CoV are both beta-coronaviruses, they derive
from different sources and have unique characteristics. SARS-CoV has a
tropism for ciliated respiratory epithelial cells and its receptor is ACE2. In
contrast MERS-CoV has a tropism for non-ciliated respiratory epithelial cells
and its receptor is DPP4. The propensity for CoV recombination, and their
ubiquitous presence in bats, makes a case for close surveillance and study of
these potential human pathogens.

22



c) Feline Coronavirus and Feline Infectious Peritonitis

FeCoV is the most common virus found in cat fecal samples and is spread
through the fecal-oral route. Infection is usually subclinical or associated with a
transient, mild diarrhea. Immunity to FeCoV is neither solid nor long-lasting. As
antibody levels decrease, cats may be reinfected and once again experience mild
diarrhea. Most Kkittens infected with FeCoV clear the virus, but about 15%
become chronic shedders. Chronic shedders are at highest risk for developing
FIP, a systemic (multiorgan), lethal disease. FIP develops when enteric FeCoV
mutates to become capable of infecting monocytes and macrophages. This
results in systemic viral infection, as the virus is no longer confined to the
digestive tract. The virus associated with monocytes/macrophages is called the
FIP biotype. Mutation occurs independently within each cat, with every FIP
biotype virus having unique genetic features.

Specific viral genes (for example, the orf3C protein) are important for the
change in cell tropism. After that, the virus continues to mutate, becoming better
adapted to peritoneal macrophages. This occurs despite preexisting host immune
responses. Early signs of FIP are nonspecific and include anorexia, weight loss,
inactivity, and dehydration. FIP can occur in any age cat, but cats less than 1
year of age or greater than 10 years of age are more susceptible. Constant virus
replication in macrophages leads to B-cell activation and production of
nonprotective (non-neutralizing) antibodies. In fact, immune complexes are
damaging as they activate the complement system and lead to immune-mediated
vasculitis. The classic lesions associated with the severest form of FIP are
aggregates of macrophages, neutrophils, and lymphocytes that form in very
small veins. These aggregates are called pyogranulomas and they are associated
with development of edema and accumulation of large volumes of protein-rich
fluids [6].
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6. The Host defense against SARS-CoV-2

In the early stages of infection, SARS-CoV-2 triggers cells [11], like nasal and
bronchial epithelial cells and pneumocytes, using the viral structural spike (S)
protein that will bind to the angiotensin-converting enzyme 2 (ACE2) receptor
(Figure 8) [12]. Transmembrane serine protease type 2 (TMPRSS2), by cleaving
ACE?2 and activating the S protein of SARS-CoV-2, facilitates viral uptake and
allows coronaviruses to enter host cells. [12]. ACE2 and TMPRSS2 are both
expressed in host target cells, especially alveolar epithelial type 1l cells [13][14].
Severe lymphopenia may occur in individuals with COVID-19 since SARS-
CoV-2 infects and Kills T lymphocyte cells, similarly to other respiratory viral
diseases, such as influenza. Although ACE2 receptor upregulation by ACE
inhibitors and angiotensin receptor blockers has been suggested to increase the
risk of SARS-CoV-2 infection, large observational cohorts have not identified a
significant link between these drugs and the possibility of infection or hospital
mortality induced by COVID-19 [15][16]. For example, in a Danish study
including 4480 patients infected by SARS-CoV-2, previous treatment with ACE

inhibitors or angiotensin receptor blockers was not linked to mortality [16].

In later stages of infection, the integrity of the epithelial-endothelial barrier is
breached. SARS-CoV-2 infects endothelial cells in pulmonary capillaries, as
well as epithelial cells, which leads to and intensification of the inflammatory

response and an influx of monocytes and neutrophils.
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Interstitial mononuclear inflammatory infiltrates and edema develop and appear
as ground-glass opacities on CT scan. This results in pulmonary edema filling
the alveolar spaces with formation of a hyaline membrane, consistent with the
early phase of acute respiratory distress syndrome (ARDS) [17]. Bradykinin-
dependent lung angioedema may also contribute to disease [18]. Taken together,
disruption of the endothelial barrier, dysfunction of alveolar-capillary oxygen
transmission, and compromised oxygen diffusion capacity are characteristic
elements of COVID-19.

In severe cases of COVID-19, a fulminant activation of clotting cascade and
consumption of coagulation factors take place [19][20]. A Chinese report found
that 71% of 183 COVID-19 deaths met criteria for diffuse intravascular
coagulation [19]. Inflamed lung tissues and pulmonary endothelial cells may
lead to the formation of microthrombi and so to the high occurrence of
thrombotic complications, like deep venous thrombosis, pulmonary embolism,
and thrombotic arterial complications (e.g., limb ischemia, ischemic stroke,
myocardial infarction) in patients that are critically ill [21]. The development of
viral sepsis, identified as life-threatening organ dysfunction due to a

dysregulated host response to infection, may further lead to multiorgan failure.
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Figure 8: Immunopathogenesis of Coronavirus Disease 2019 (COVID-19) [11].
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B. Host

Coronaviruses are respiratory pathogens of relatively high virulence, from a
virus family that has an unusual knack of jJumping species boundaries [22].

Early genomic comparisons revealed that the most closely related viruses to
SARS-CoV-2 came from bats [23]. Sampling in recent years has identified an
impressive array of bat coronaviruses, including RaTG13 and RmYNO02 [24].
Hence, bats are undoubtedly important reservoir species for a diverse range of
coronaviruses [25]. Despite this, their exact role in the zoonotic origin of SARS-
CoV-2 is not established [26].

Although bats are likely the reservoir hosts for this virus, their general
ecological separation from humans makes it probable that other mammalian
species act as ‘‘intermediate’’ or ‘‘amplifying’’ hosts, within which SARS-CoV-
2 was able to acquire some or all of the mutations needed for efficient human

transmission.

In the case of SARS and MERS, civets and camels, respectively, played the role
of intermediate hosts, although as MERS-CoV was likely present in camels for
some decades before it emerged in humans during multiple cross-species events,
these animals may be better thought of as true reservoir hosts [27].

This is highlighted by the recent discovery of viruses closely related to SARS-
CoV-2 in Malayan pangolins (Manis javanica) illegally imported into southern
China. The pangolin viruses are particularly closely related to SARS-CoV-2,
containing all six of the six key mutations thought to shape binding to the ACE2
receptor, and exhibiting 97% amino acid sequence similarity.
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The fact that they carry a virus related to SARS-CoV-2 strongly suggests that a
far greater diversity of related beta-coronaviruses exists in a variety of

mammalian species but has yet to be sampled [22].
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Figure 9: Host range of SARS-CoV-2. Figure 10: Summary of the groups of
Different pets/animals are susceptible to animals that serve as natural and
SARS-CoV-2 might be occurred naturally intermediate hosts for the seven CoVs that
and/or experimentally [28]. can cause disease in humans [10].

C. Transmission methods

To date, conclusive evidence exists for respiratory transmission of SARS-CoV-2
and transmission to and between certain domestic and farm animals, as well as
rare vertical transmission. Direct contact or fomite transmission is suspected and
may occur in some cases. Sexual, fecal-oral, and bloodborne transmission are

theorized but have not been documented [29].
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1. Respiratory transmission

When a virus spreads through respiratory transmission, it does so either with
virions suspended on large droplets or fine aerosols expelled from the
respiratory tract of the primary case patient. Droplets are typically considered to
be particles larger than 5 micro-meter that fall to the ground within about 6 feet
and aerosols to be particles smaller than 5 micro-meter that can remain
suspended in the air for prolonged periods; however, this dichotomization may
be an oversimplification, and distinguishing droplet and aerosol transmission is
difficult in clinical settings [30-32].

The dominant route of transmission of SARS-CoV-2 is respiratory [33].
Growing evidence indicates that infectious virus can be found in aerosols and in
exhaled breath samples [34-36], and it is likely that under certain circumstances,
including during aerosol-generating procedures, while singing, or in indoor
environments with poor ventilation, the virus may be transmitted at a distance
through aerosols.

Nevertheless, there is abundant evidence that proximity is a key determinant of
transmission risk [37][38]. A detailed contact tracing study of train passengers
that included 2334 index cases and 72093 close contacts found that the
secondary attack rate was closely linked to both the distance between seats and
the duration of shared travel [39].

That proximity so clearly increases risk for infection suggests that classic

droplet transmission is more important than aerosol transmission [38].

The role of ventilation in preventing or promoting spread also highlights the

importance of respiratory transmission.
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Poor ventilation has been implicated in numerous transmission clusters,
including those in bars, churches, and other locations [40-42]. By contrast, such
events have rarely occurred outside, and then only in the context of crowding
[43-45].

In addition, studies have found that masking, both in health care settings and in
the community, decreases transmission of SARS-CoV-2 [38]. All of this

evidence supports the dominant role of respiratory spread of this virus.
2. Direct contact and fomites

There is currently no conclusive evidence for fomite or direct contact
transmission of SARS-CoV-2 in humans.

Reports suggesting fomite transmission are circumstantial. For example, in a
cluster of infections associated with a mall in China, several affected persons

reported no direct contact with other case patients [46].

The investigators noted that these individuals used shared common facilities
(such as elevators and restrooms) and proposed fomite or respiratory
transmission in those settings. As noted in the description of all known
transmission clusters in Japan, it can be difficult to identify primary cases in
large health care—associated outbreaks [42]. Poor hand hygiene was associated
with increased risk for infection among health care workers, and daily use of
chlorine or ethanol cleaning products in the household was associated with
decreased risk [47][48]. Although this might indirectly suggest direct contact or
fomite spread, it can be difficult to tease out the relative importance of
simultaneous interventions because, for example, excellent hand hygiene may be
associated with better infection control practices overall. Live virus can be
isolated after the period of infectiousness, which suggests a minimum necessary
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inoculum to initiate infection [49][50]. On the basis of currently available data,
we suspect that the levels of viral RNA or live virus transiently remaining on
surfaces are unlikely to cause infection, especially outside of settings with
known active cases.

3. Domestic pets and farm animals

Several studies have documented that SARS-CoV-2 can infect domestic
animals, including cats, dogs, and ferrets [51-54]. The virus replicates well in
cats (but not in dogs) and is transmissible between cats and ferrets [53][55].
There are no confirmed cases of transmission from domestic pets to humans.
Minks are susceptible to SARS-CoV-2 infection and are farmed in some areas
where cases of transmission from minks to human farm workers is suspected
[56][57].

4. Vertical transmission

Many studies have evaluated the possibility of vertical transmission of SARS-
CoV-2 [58]. There are several reports of positive SARS-CoV-2 IgM in neonates
[59][60]. Although IgM does not cross the placenta, and thus its presence may
indicate in utero infection, IgM testing is prone to false positivity, particularly in
the setting of significant inflammation [61]. There are also several reports of
early nasopharyngeal positivity on polymerase chain reaction testing after
delivery in neonates, including a description of 3 infants with positive results on
day 2 of life and another of an infant with positive results 16 hours after delivery
[62][63]. Several case reports have found placental infection by SARS-CoV-2,
and one has shown transplacental transmission [64-67]. In addition, breast milk
can harbor viral RNA, although no confirmed transmissions to infants from
breast milk have been reported [68-70]. Taken together, these studies suggest
that vertical transmission of SARS-CoV-2 rarely occurs.
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5. Fecal-Oral (or fecal aerosol) transmission

Fecal- oral transmission was theorized early in the outbreak because of the
known high concentration of ACE2 receptors in the small bowel [71]. No
evidence currently supports fecal- oral transmission in humans, and intragastric
inoculation of SARS-CoV-2 in macaques did not result in infection [72].
Although viral RNA is commonly detected in stool, live virus has only rarely
been isolated [73-77]. This has led some to wonder whether viral aerosolization
with toilet flushing could lead to transmission [78]. In February 2020, there were
news reports of an outbreak from possible fecal aerosol transmission at a
multistory apartment complex in Hong Kong; however, an investigation showed
that the secondary case patients were likely infected during a dinner party [79].
One study did find low detectable levels of RNA in air samples near patient
toilets at a hospital in Wuhan, although isolation of live virus was not assessed
[80]. The spatial distribution of a cluster of 3 infected families living in
vertically aligned apartments connected by drainage pipes in a high-rise
apartment building in Guangzhou, China, as well as the presence of viral RNA
in another vertically aligned, unoccupied apartment, suggests the possibility of
fecal aerosol transmission in rare cases [81]. Taken together, given how rarely
live virus has been isolated from stool, the low levels of replication-competent
virus in stool that might be aerosolized from toilet flushing seem highly unlikely
to cause infection except under unusual or extraordinary circumstances.

6. Sexual transmission

No current evidence supports sexual transmission of SARS-CoV-2. Viral RNA
has been found in semen, although infectious virus has not been isolated [82].
Vaginal fluid has been negative except in a single case that reported RNA with a
low viral level [83][84]. For linked transmissions between sexual partners,
exclusion of respiratory transmission would not be possible.
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7. Bloodborne transmission

The proportion of persons with viral RNA detectable in blood is currently
unknown. An early study found viral RNA in only 3 of 307 blood specimens
[73].

Another study detected viral RNA in 32.9% of 85 blood samples from
symptomatic persons, including 22 of 28 from those requiring hospitalization
[85]. In another study, viral RNA was detected in 27% (19 of 71) of hospitalized
patients and 13% (2 of 16) of outpatients with COVID-19 [86]. Viral RNA was
found in blood from 4 blood donors without symptoms. The samples were
discarded and not administered to other patients [87]. To date, no replication-
competent virus has been isolated from blood samples, and there are no
documented cases of bloodborne transmission.

8. Viral and host factors affecting transmission

The Binding of the viral spike (S) protein to the host ACE2 receptor is a critical
step for cell entry, and as a result, host ACE2 distribution determines viral
tropism [88][89]. Viral load is highest in the upper respiratory tract
(nasopharynx and oropharynx) early in disease and then increases in the lower
respiratory tract (sputum), suggesting that the upper respiratory tract is the usual
initial site of viral replication, with subsequent descending infection [90].
Susceptibility to SARS-CoV-2 infection increases with age; children younger
than 10 years are around half as susceptible as adults [91-94]. Viral RNA testing
of household contacts in Iceland showed 6.7% and 13.7% positivity in children
and adults, respectively, and testing in Wuhan, China, showed 4% and 17.1%
positivity [95][96]. Decreased ACE2 expression in children compared with
adults may partly explain the lower susceptibility seen in children [97][98].

The relative probability of transmission from an infected child compared with
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that from an adult is not well understood. Replication-competent virus is readily
isolated from children who are infected, and there are conflicting reports about
the relative viral loads in children compared with adults, with some studies not
controlling for time since symptom onset, a key determinant of viral load [98-
101]. Multiple large contact tracing studies have suggested a lower secondary
attack rate for young children, but these must be interpreted with caution
because children are less likely to have symptomatic disease and therefore less
likely to be identified as index cases [101-104]. Moreover, these studies
predominantly took place during periods of school closures, which may have

had a confounding effect on the likelihood of a child being an index case.

One study of households in the United States found that household contacts of
patients with immune-compromising conditions and COVID-19 had increased
risk for infection, a finding that has not yet been replicated but which suggests

that this population may be more likely to transmit the virus [105].

Viral factors may also contribute to transmissibility. For instance, a marked
increase in the prevalence of SARS-CoV-2 bearing a D614G mutation has been
noted over time [106]. Whether this mutation provides a selective advantage to
the virus has been debated [107]. It has now been shown that this variant infects
human ACE2 cell lines more efficiently than wild-type virus, that progeny virus
has increased expression of S protein, that the S protein has a higher rate of
binding to ACE2, and that in vivo, viral loads may be higher for this variant
[106-110].
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D. Epidemiological aspects
1. Geographic distribution

e In the world

i wod
<

Figure 11: Distribution of the number of confirmed cases of COVID-19, in all
the countries, as of April 20, 2020 [111].
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e In Morocco
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Figure 12: Mapping the cumulative incidence of COVID-19 per 100.000
inhabitants in the provinces and prefectures of Morocco. April 17, 2020 [112].

2. Case count

a) Case progression

e In the world

As of December 11, 2021, we report a total number of 270.144.331 confirmed
cases. There are currently 21.909.849 active cases, of which 88.779 are critical
(0.4%) [5].

e In Morocco

By the end of 2021, 951.380 cases have been reported. Presently, there are 1.845

active cases, among which 347 are critical (18.8%) [5].
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b) Outcome of cases

e In the world

There has been a total of 242.913.953 recovered cases (98%) and only 5.320.529
deaths (2%) [5].

e In Morocco

There has been a total of 934.739 recovered cases (98.4%), and only 14.796
deaths (1.6%) [5].

E. Prevention

On 23 January 2020, the Chinese government introduced control measures
designed to limit spread of the disease, including travel bans, along with social
distancing policies, isolation of cases and quarantine of suspected contacts
[113].

In Morocco, the first case of COVID-19 was reported on March 2", 2020.
Ever since, drastic measures have been taken in order to contain and limit the

spread of the virus within the kingdom.

e March 15, 2020: Closure of land, air and sea borders.

e March 16, 2020: Cessation of schooling for all school and university

levels, progressive confinement of the population, which remains

nevertheless partial.

o March 20, 2020: State of alert (Decree) total confinement (exception
supply) [112].
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Figure 13: Newly affirmed cases of COVID-19 in Morocco, by date of management [112].

In addition, other measures have been taken on an individual level, such as the
mandatory wearing of masks, hand sanitizing, social distancing, the limitation of
the number of individuals in closed spaces even after the lifting of the

generalized confinement.

For the medical and nursing staff, specific protective measures have been put in
place to protect them in the performance of their duties, namely the provision of
training and awareness sessions on the risks of the disease as well as the way of
wearing of personal protective equipment (PPE), the exclusion of pregnant
women and staff with chronic illnesses or immune deficiencies, as well as the
administration of post-exposure chemoprophylaxis to health care staff who have
provided care without protective measures to a confirmed COVID-19 patients
(Appendix Figure 1) [112].
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I11l. DIAGNOSIS
A. Clinical

The symptoms of COVID-19 infection appear after an incubation period of
approximately 5.2 days [114][115]. The period from the onset of COVID-19
symptoms to death ranged from 6 to 41 days with a median of 14 days [116].
This period is dependent on the age of the patient and status of the patient's
immune system. It was shorter among patients > 70 years old compared with
those under the age of 70 [116]. The most common symptoms at onset of
COVID-19 illness are fever, cough, and fatigue, while other symptoms include
sputum production, headache, hemoptysis, diarrhea, dyspnea, and lymphopenia
[117][118][116] [119].

Clinical features revealed by a chest CT scan presented as pneumonia, however,
there were abnormal features such as RNAaemia, acute respiratory distress
syndrome, acute cardiac injury, and incidence of ground-glass opacities that led
to death [118]. In some cases, the multiple peripheral ground-glass opacities
were observed in subpleural regions of both lungs [120] that likely induced both

systemic and localized immune response that led to increased inflammation.

It is important to note that there are similarities in the symptoms between
COVID-19 and earlier beta-coronavirus such as fever, dry cough, dyspnea, and
bilateral ground-glass opacities on chest CT scans [118]. However, COVID-19
showed some unique clinical features that include the targeting of the lower
airway as evident by upper respiratory tract symptoms like rhinorrhea, sneezing,
and sore throat [121][122]. In addition, based on results from chest radiographs
upon admission, some of the cases show an infiltrate in the upper lobe of the
lung that is associated with increasing dyspnea with hypoxemia [123].
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Importantly, whereas patients infected with COVID-19 developed
gastrointestinal symptoms like diarrhea, a low percentage of MERS-CoV or
SARS-CoV patients experienced similar gastrointestinal distress. Therefore, it is
important to test fecal and urine samples to exclude a potential alternative route
of transmission, specifically through health care workers, patients etc.
[121][122] (Figure 14).

Hence, development of methods to identify the various modes of transmission
such as fecal and urine samples are urgently warranted in order to develop
strategies to inhibit and/or minimize transmission and to develop therapeutics to

control the disease.
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Figure 15: The systemic and respiratory Figure 14: Common signs and symptoms
disorders caused by COVID-19 infection after infection with CoV: SARS, MERS and
[114]. novel SARS-2 Coronaviruses [10].
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B. Para clinical
1. RT-PCR

Reverse transcription polymerase chain reaction (RT-PCR) is a laboratory
technique combining reverse transcription of RNA into DNA, and amplification
of specific DNA targets using polymerase chain reaction (PCR). It is primarily
used to measure the amount of a specific RNA. This is achieved by monitoring
the amplification reaction using fluorescence, a technique called real-time PCR
or quantitative PCR (qPCR). Combined RT-PCR and gqPCR are routinely used
for analysis of gene expression and quantification of viral RNA in research and

clinical settings [124].

Real-time reverse transcription polymerase chain reaction (RT-gPCR) is widely
used to detect gene expression levels [125], while also facilitating the rapid
diagnosis of acute respiratory viral infections [126]. COVID-19 can be
diagnosed in the laboratory by detecting SARS-CoV-2 genes in clinical samples
collected from suspected patients, followed by viral isolation and culture [127].
RT-gPCR is commonly used worldwide to diagnose COVID-19 in the
laboratory setting [126][128][129].

An RT-qPCR-based assay for detecting SARS-CoV-2 was first developed at the
Charité Institute of Virology in Germany, and introduced by the WHO on
January 13, 2020 [126]. The assay targets the SARS-CoV-2 RNA-dependent
RNA polymerase (RdRp) gene, as well as the E and N genes [130].
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2. Antigenic test

As an alternative to nucleic acid amplification tests (NAATS), numerous point-
of-care antigen test (AgPOCT) for direct virus detection are currently available
[131]. As opposed to NAATS, these tests detect viral protein antigens by
immunological means in naso- or oropharyngeal swabs. Similar to NAATS, test
performance is hugely influenced by preanalytical factors like the quality of the
swab itself or the sample extraction. These tests, however, are easy to perform,
do in theory not require highly trained staff or specialized laboratory equipment,

and yield results in only a couple of minutes (generally, around 15min).

The virus detection limit (LOD = Limit of Detection: copies / ml or TCID50/ml)
of rapid antigen tests is significantly higher (by several powers of ten) compared
to molecular genetic testing methods (e.g., NAAT) [132]. Reliable statements on
the effects of the increased LOD of antigen tests on diagnostic sensitivity and
specificity or predictive value in clinical practice are lacking, especially in a
real-life context at the point-of-care, where the tests are performed by patient’s
caretakers rather than by highly trained and specialized laboratory staff
[132][133].

3. Imaging
a) Chest X ray

Chest radiography is a medical imaging technique using X-rays to diagnose
pathologies affecting or impacting the thorax and its components: mediastinal

damage, pulmonary infections, pneumothorax, cardiac decompensation, etc...
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e Rooms and projections

Chest radiography is usually the primary imaging test performed in patients with
suspected or confirmed COVID-19, even if it is less sensitive than computed
tomography (CT), because of its accessibility, and low cost [134][135].
The ideal chest radiograph consists of a posteroanterior (PA) and lateral
projections with the patient in a standing position. It is the only radiography test
that can be performed in critically ill and ICU patients. Its interpretation is
frequently limited by the low degree of inspiration and by the enlargement of the
cardio-mediastinal silhouette due to the AP projection. However, it can detect
possible complications, and allows serial monitoring of the course of the disease
[134][136].

e Sensitivity
One of the restrictions of chest radiography, is the high incidence of false
negatives. It may be a result of:
- Early realization of the imaging test and the absence of pulmonary disease
at presentation,

- The fact that the typical findings of COVID-19, namely ground-glass

opacities and reticular pattern, can be hard to detect.
On the other hand, false positives may be caused by:
- Lack of inspiration,
- Breast prominence,

- Poor positioning of patient, which induces increased density of the lung
periphery and mimics the appearance of ground glass opacities.
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Although there are differences between PCR, CT and portable X-ray regarding
sensitivity, it is admitted that the latter can be used as a triage mean in certain
situations [135][137][138][139]:

- Areas where there is a high incidence of SARS-CoV-2 infection,

- Centers with limited access to PCR, CT and rapid tests, but with

availability of portable chest X-ray systems,

- Critically ill patients, so as to accelerate their classification, hospital

admission and treatment.
b) CT scan

Computed tomography is a medical imaging technique that consists of
measuring the absorption of X-rays by tissues and then, by computer processing,
digitizing and finally reconstructing 2D or 3D images of anatomical structures.
To acquire the data, the tomographic or "slice” analysis technique is used, by

subjecting the patient to the scanning of an X-ray beam.
e Controversy: CT scan as a screening tool?

Some studies have shown that computed tomography positive results might be
prior to positive RT-PCR results. In fact, CT scan sensitivity can be up to 97%
[140][141]. However, because of its low specificity (25%), and the fact that
COVID-19 findings are similar to those in other viral pulmonary infections,
there are debates concerning the use of CT as a diagnosis modality, and most
associations, such as the ACR, consider it as a second-line technique [142].
Other associations with PCR testing limitations, such as the Chinese association,
justify the use of CT as the initial diagnosis modality by its higher sensitivity,

and its lower likelihood of false negatives, especially in the early stages of the
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disease [136][140][143].
e Technique

Most authors recommend to perform a chest study in inspiration without
intravenous contrast for the initial evaluation of COVID-19 with CT [144-146].
It is also advisable to use faster rotation times (< 0.5 sec) and higher pitch values
(> 1:1) to prevent motion artefacts, since many patients present with dyspnea or
cough [146]. Patients with COVID-19 may require multiple imaging testing in
short notice, leading to an increase in cumulative radiation that must be taken

into account, especially in the most sensitive populations [147][148].
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IV. EVOLUTION OF THE PANDEMIC
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Figure 16: Key events in the early Coronavirus Disease 2019 (COVID-19) pandemic [11].
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I. TYPE AND POPULATION OF STUDY::

It is a retrospective descriptive and analytical study, including patients suffering
from COVID-19, confirmed with a positive testing by RT-PCR, admitted to the
Center for Virology and Infectious and  Tropical Diseases
(CV MIT), From March 16 to June 16, 2020.

1. DATA INTAKE FORM:

The Data intake form allowed us to gather characteristic information of each

patient.
It is made up of 11 parts divided into 2 pages:

v' The first page comprises five parts: (Appendix Figure 2)

The first part provides information on the identity of the patient,

including age, gender and profession.

- The second part is about the patient's personal history, mainly

eventual comorbidities in the form of check boxes.

- The third part provides information about the date of onset of

symptoms and allows to note the date of admission.

- The fourth part refers to the clinical picture presented by the patient on
admission, in the form of check boxes, including the different

symptoms of the disease.

- The fifth part consists of a table listing the items of the biological

assessment, obtained during the patient’s check up on admission.
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v The second page comprises six parts: (Appendix Figure 3)

The first part relates to paraclinical tests performed on the patient on
admission, namely an electrocardiogram, a chest x ray, a CT scan, or

any other test.

The second part is about the classification of the disease, as mild
without  pneumonia, uncomplicated pneumonia, hypoxemic

pneumonia, or severe pneumonia with ARDS.

The third part lists the various therapeutic modalities available, that
the patient benefitted from during his hospitalization, in the form of

check boxes.

The fourth part refers to the evolution of the patient within his
hospitalization, with an indication of whether he was admitted to the

intensive care unit or not.

The fifth part concerns the virologic control of the patient, in the form
of a table, using RT-PCR on a nasal swab 2 to 4 days apart until

negativation, along with serology.

And finally, the sixth part, which refers to the outcome of the patient,
whether he died or was discharged, and allows to note the duration of

hospitalization.

49



STATISTICAL STUDY:

We conducted a statistical study, using the software SPSS (Statistical
Package for the Social Sciences, version 25), in order to establish an
eventual correlation between clinical and radiological features, and to

highlight potential associated factors to both main parameters pre quoted.

We studied the following variables: age, gender, comorbidities, time to
diagnosis, clinical presentation, lung involvement on CT scan, CRP level,
LDH level, ferritin level, lymphocytes count, NEWS severity score, and
negative PCR on D6 and D8. (Presented in Appendix Table 3).

In the univariate analysis, we used the Khi-2 test to establish a possible link
between, on one hand clinical features and all the other variables pre
quoted, and on the other hand CT scan features and these variables,

considering significant p < 0.05.

In the multivariate analysis, we used binary logistic regression between
both clinical and CT scan features, and all the variables whom p was < 0.2

in the univariate analysis.

Namely, the variables lung involvement and NEWS severity score were not
included in the univariate and multivariate, because one of their statistical
categories was below 10 individuals, which prevents from an accurate

statistical study.
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186 patients were selected during the period of our study.
. AGE

The age of our patients was ranged between 18 and 72 years old (respectively
1.6% and 0.5%). The median age was 34 [27-46.25] years (Appendix Table 4).

Table 1: Distribution of the number of cases according to age groups.

18 — 24 years 31 16.7%
25 — 39 years 84 45.1%
40 — 64 years 69 37.1%
> 65 years 2 1.1%
50,0% 45,1%
40,0% 37,1%
30,0%

20,0% | 16,7%

10,0%

1,1%
0,0% -

18-24yo 25-39yo 40-64yo > 65 yo

Chart 1: Distribution of the number of cases according to age groups.
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In our study, most our patients were aged between 25 and 39 years old (45.1%),
followed by the age group 40 to 64 years old (37.1%), then 18 to 24 years old
(16.7%), and finally the range above 65 years (1.1%).

Il. GENDER

We notice a male preponderance of 90.9%, with a sex ratio of 9.94 (Appendix

Table 5).

m Male

M Female

Chart 2: Distribution of the number of cases according to gender.
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I11. COMORBIDITIES

We listed all the pathologies that our patients were suffering from, aside from
the COVID-19 infection.

Absence of
comorbidities

i Presence of
comorbidities

Chart 3: Rate of comorbidities in 186 COVID-19 patients.

In our study, only 10.8% had comorbidities, while 89.2% didn’t have any
underlying chronic pathology (Appendix Table 6).
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B Hypertensi
on
M Asthma

W Diabetes

Chart 4: Distribution of comorbidities in 186 COVID-19 patients.

20 patients among 186 had comorbidities (10.8%), with hypertension being the
most common comorbidity (26.9%), followed by asthma (19.3%), then diabetes
(15.4%) and finally heart disease all types included, (11.5%).
The remaining patients presented other comorbidities, such as chronic gastritis,

chronic sinusitis, anaemia etc..., with a less significant rate.
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IV. DIAGNOSIS

A. Diagnosis delay:
Diagnosis delay represents the period between the onset of symptoms and the

diagnosis confirmation through RT-PCR at admission.

It is ranged between 1 and 30 days (both less than 3%), with the most frequent
delays being 2, 3 and 7 days (respectively 26.7%, 14.7% and 13.7%).

(Appendix Table 7).
The median diagnosis delay was 4 [2,7] days.

Only 25.3% of the patients had a time to diagnosis exceeding 5 days, against

74.7% patients with less than 5 days.

g Delay <5 days

i Delay > 5 days

Chart 5: Distribution of the number of cases according to diagnosis delay.
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B. Clinical:

In our study, the rate of symptomatic patients was 54.8%, against 45.2%

asymptomatic.

The distribution of symptoms was as follows:

Arfhr()m_yalgia ——————————————————— (50‘%,)

Dry cough 49 (48%)
Fever 48 (47%)
Headache 42 (41%)
Fatigue 29 (28.9%)

Diarrhea ee— 18 (17.6%)
Anosmia  ee— 17 (16.7%)
Sore throat —ee— s (14.7%)
Nausea or vomiting e 8 (7.8%)
Rhinorrhea w8 (7.8%)
Abdominal pain e 7 (6.8%)
Shortness of breath = 6 (5.9%))
Aguesia w4 (3.9%)

0 20 40 60 80 100

Chart 6: Ranking of clinical signs according to their frequency in 102 symptomatic COVID-
19 patients.

The symptoms that our patients presented on admission were mainly
arthromyalgia (50%), dry cough (48%), fever (47%) and headache (41%),
followed by fatigue (28.4%), diarrhea (17.6%), anosmia (16.7%), and sore throat
(14.7%), and finally nausea/vomiting and rhinorrhea (respectively 7.8%),
abdominal pain (6.8%), shortness of breath (5.9%) and ageusia (3.9%).
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Namely, most of our patients (82.4%) presented with two symptoms or more,
and so had varied clinical pictures, which explains the distribution of clinical

signs.

Furthermore, the most frequent combination of symptoms was fever whether
with dry cough, arthromyalgia or headache (14.5%, 13.4%, and 10.8%

respectively).
C. Para clinical:

On admission, the patients in our study underwent an RT-PCR to confirm the
diagnosis, a complete blood test to highlight potential inflammatory
abnormalities, referring to a possibly severe form or one at risk of worsening,
and a chest CT scan in order to establish the level of pulmonary involvement

and the extent and type of lesions.
1. Molecular diagnosis: Polymerase Chain Reaction

In our study, the RT-PCR was the reference test used to confirm the diagnosis of

COVID-19 in all our patients, using a nasal or oropharyngeal swab.
2. Biology

All our patients underwent a full blood screening, based on cell blood count
(CBC) with lymphocytes and platelets count, serum electrolytes count, C-
reactive protein (CRP), Lactate Dehydrogenase (LDH), ferritin, troponin, liver

transaminases, urea, creatinine, and D dimer.

We only collected the data concerning CRP, LDH, Ferritin and lymphocytes

count, considering them the main inflammatory markers.
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Table 2: Distribution of the number of cases according to biological disorder.

Elevated CRP 34 18.3 %
Elevated LDH 46 24.7 %
Elevated Ferritin 25 13.4%
Lymphopenia 62 33.3%
100%
81,7‘5') 75,3‘5') 86,6‘5') 66,7%
80%
60% i Normal
40% [~ Abnormal
20%
0% |
CRP LDH Ferritin  Lymphocytes

Chart 7: Rate of biological abnormalities in 186 COVID-19 patients.

Lymphopenia was observed in 62 cases (33.3%), elevated Lactate
Dehydrogenase (LDH) in 46 cases (24.7%), elevated C-reactive protein (CRP)

in 34 cases (18.3%), and elevated ferritin was found in 25 cases (13.4%).
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3. Imaging:
Chest x ray was not performed routinely because of its low performance.
However, a chest CT scan was performed systematically on admission, in order
to strengthen the diagnosis, and to rank the lung damage according to the type of

lesions, their location and their extent.

The types of lesions encountered were mainly ground-glass opacities (that was
the predominant finding), sometimes in association with consolidation, and a

crazy-paving pattern was also found.

Lesions were unilateral or bilateral, central or peripheral, and all lung lobes were

likely to be involved.

There were different degrees of extent of the lung lesions, and were ranked in a
crescent order as follows: normal (absence of lesions), minimal (< 10% of
extension), moderate (10-25%), important (25-50%), severe (50-75%), and
critical (> 75%).

Table 3: Distribution of the number of cases according to the extent
of lung injury on chest CT scan.

Normal 99 53.2%
Minimal < 10% 44 23.7%
Moderate 10-25% 29 15.6%
Important 25-50% 11 5.9%
Severe 50-75% 3 1.6%
Critical > 75% 0 0%
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B Normal

B Minimal < 10%

B Moderate 10-25%

B Important 25-
50%

[ Severe 50-75%

W Critical >75%

Chart 8: Distribution of the number of cases according to the extent of lung injury on
chest CT scan.

Nearly half of our patients (53.2%) had a normal CT scan. Within the other half,
the most frequent lung extension was minimal (23.7%), followed by moderate
(15.6%), then important (5.9%) and finally severe (1.6%). None of our patients
had a critical extension of lesions (Appendix Table 8).

Besides, all our patients were listed CO-RADS 5.

All the CT scan findings were gathered into a standardized report (Figure 17).
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ROYAUME DU MAROC
HOPITAL MILITAIRE D’INSTRUCTION

MOHAMMED V
Nom et prénom : SERVICE D’IMAGERIE MEDICALE
Date : ../../2020 UNITE DE SCANNER
TDM THORACIQUE / COVID 19

» RC : COVID confirmé
e Age:
e Comorbidités
e Sx cliniques : Délai des symptomes :
e Sx de gravité clinique :
e PCR (1), TDM thoracique initiale :
Technique : Acquisition spiralée sans / avec injection du PCI

» Résultats :
1. Les lésions pulmonaires :

* Lésions évocatrices de COVID :
Verre Crazypaving | Condensation Halo Lésions
dépoli inversé fibreuses
Présence + + +
Lobes atteints | LS, LM, LI
Topographie | Unilatérale O Bilatérale O
des Iésions | Sous pleurale O Centrale O Mixte O
Etendue des | Minime (< 10%) O Modérée (10-25%) O Etendue (25-50%) O
lésions Sévere (50-75%) O Critique (> 75%) O

* Lésions non COVID :

Micronodules Condensation | Cavitation | Masse | Sécrétions endo-
centro-lobulaires | systématisée bronchiques
Présence - - = " &
Lobes atteints
* Poumon sous-jacent : Emphyséme O Fibrose O Autre O

Les anomalies pleurales : Pneumothorax O  Pleurésie O  Calcification O

Les anomalies médiastinales : ADP O  Artéres pulmonaires O Aorte O

BN

Lésions osseuses : RAS

5. Lésions abdominales hautes : RAS

> CONCLUSION

Figure 17: typical CT scan report.
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V. TREATMENT

In our study, all the patients benefitted from the national protocol associating
hydroxychloroquine and azithromycin (Appendix Figure 4), along with
supportive care, such as oxygen therapy, vitamin therapy, with potentially
adding antibiotic therapy (bases on beta-lactam; either amoxicillin or 3d
generation  cephalosporins) and/or  antiviral treatment (based on
lopinavir/ritonavir) when needed; i.e. noticing clinical and/or biological signs
suggesting a superinfection or progression, and adding anticoagulant treatment
based on low molecular weight heparin (LMWH) in case of biological

coagulation disorder (elevated d-dimer) alongside with lung lesions in CT Scan.
V1. PROGNOSIS

We studied the prognosis of our patients using the NEWS severity score.

Table 4: NEWS Classification severity score [149].

Groups Definition

Asymptomatic Lack of clinical signs.

Mild Symptoms of a pulmonary infection without
pneumonia signs.

Moderate Presence of pneumonia with no signs of severity, or
mild form but with risk factors.

Severe Signs of severity not requiring intubation.

Critical Need for ventilatory assistance with intubation.
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Table 5: Distribution of 186 COVID-19 patients according to NEWS Classification.

Asymptomatic 84 45.2 %
Mild 35 18.8 %
Moderate 62 33.3%
Severe 5 2.7 %
Critical 0 0%

84 patients (45.2%) were asymptomatic, 35 (18.8%) were mild, 62 (33.3%) were
moderate, 5 (2.7%) cases were severe, and none of our patients belonged to the

critical group (Appendix Table 9).

64



VIlI. EVOLUTION AND OUTCOME

All our patients recovered completely and were discharged.

The clinical cure, retained on the disappearance of clinical symptoms and
apyrexia for more than 3 days, after 2 weeks of well conducted treatment, was
obtained in 184 patients representing 98.9% of the study population.

51 patients (27.4%) had an early virologic clearance, as in they were tested
negative on the 6" and 8" day respectively, while 135 patients (72.6%) were not,
and kept being tested until negativity, 4 days apart (Appendix Table 10).

The longest hospitalization duration was 38 days.

7 patients required oxygen therapy (3.8%), and 1 patient (0.5%) was transferred
to intensive care unit for 48 hours, and was discharged afterwards.

No deaths were reported.

In some patients randomly chosen, with different lung involvements initially,

control CT scan 3 months afterwards found a complete disappearing of the lung

lesions with a full radiological cleaning.
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Our study reports the results of the initial management of the patients admitted
to the Center for Virology, Infectious and Tropical Diseases (CV MIT) during
the containment period.

186 patients were collected during the first two months, between March and

May 2020.
. AGE

The median age of our patients was 34 years [27-46.25] (range 18-72).

In a study conducted in two west African countries, Guinea and Burkina Faso,
between March and November 2020 by Jaspard et al., including 1805 cases
with a positive SARS-CoV-2 test on nasopharyngeal swab, the median age was
41 years [30-57] (range 1-99 years) [150].

According to Richardson et al., in their study conducted in hospitals in
Northwell Health in New York City area, USA, between March 1%t and April 4",
2020, including 5700 patients with confirmed SARS-CoV-2 infection by
positive result on PCR testing of a nasopharyngeal sample, the median age was
63 years [52-75] (range 0-107 years) [151].

In a study conducted in the UK by Docherty et al., including 20133 patients
with a positive RT-PCR between 6 February and 19 April 2020, the median age
was 73 years [58, 82] (range 0-104) [152].

And according to Zhou et al., in their study including 191 patients admitted to
Jinyintan Hospital and Wuhan Pulmonary Hospital in China as of 31" January,
2020, the median age was 56 years [46-67] (range 18-87) [153].
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These age variations can be explained by the fact that all positive patients during
this period were admitted to the hospital, the test-track-isolate principle was
adopted regardless of the clinical picture, whereas in western countries,
particularly the UK and the USA, only patients with severe criteria were

hospitalized, and most of them were elderly or had comorbidities.

Il. GENDER

Most cohorts have a male preponderance of approximately 60%.
Our study found a male preponderance of 90,9%.

In the African study, 64% were men and 36% women [150].

The US study found 60.3% of men and 39.7% of women [151].

In the UK study, 60% were men and 40% were women [152].

In the Chinese study, 62% were men, and 38% were women [153].

The increase in our rate can be explained by the fact that our study took place in

a military institution, characterized by a predominantly male population.

I1l. COMORBIDITIES
In our study, only 10.8% of the patients had comorbidities, while 89.2% didn’t

have any underlying chronic pathology.

Hypertension was the most common comorbidity (26.9%), followed by asthma
(19.3%), then diabetes (15.4%) and finally chronic heart disease all types
included (11.5%). Chronic kidney disease, chronic liver disease and malignancy

were not found in our patients’ medical history.
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Current evidence from China and the US suggests that comorbidities such as
hypertension, diabetes, obesity, chronic obstructive pulmonary disease and
cerebrovascular disease increase the risk of severity and death from COVID-19
[154][155][156][157].

In a study conducted in Nigeria between February 27" and July 6%, 2020, by
Osibogun et al., including 2184 patients tested positive COVID-19, 22.5 % had
comorbidities, with hypertension being the most common comorbidity (74.2%),
diabetes (30.3%), asthma (10.2%), chronic heart disease (2.9%), malignancy
(2.9%), chronic kidney disease (1.8%), chronic liver disease (1.8%) [158].

According to Richardson et al., 94.3% of the patients had comorbidities, with
the most common being hypertension (56.6%), obesity (41.7%), and diabetes
(33.8%), chronic heart disease (18%), asthma (9%), chronic kidney disease
(8.5%), malignancy (6%), and chronic liver disease (0.6%) [151].

In another study conducted in 14 states in the United States between March 1%
and 28", 2020, by Garg et al., including 1482 patients hospitalized with
COVID-19, 89.3% had comorbidities, with hypertension being the most
common comorbidity (49.7%), obesity (48.3%), diabetes (28.3%), chronic heart
disease (27.8%), asthma (17%), chronic kidney disease (13.1%), chronic liver
disease (6.6%) [159].

And according to Zhou et al., comorbidities were present in nearly half of the
patients (48%), with hypertension being the most common comorbidity (30%),
followed by diabetes (19%) and coronary heart disease (8%), obstructive lung

disease (3%) malignancy (1%), chronic kidney disease (1%) [153].
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Table 6: Comparison of comorbidities rate in our study with published literature.

Osibogun Richardson Garg et al. Zhou et al. Our study
et al. [158] etal. [151] [159] [153]
Presence of 22.5% 94.3% 89.3% 48% 10.8%
comorbidities
Hypertension 74.2% 56.6% 49.7% 30% 26.9%
Diabetes 30.3% 38.3% 28.3% 19% 15.4%
Heart disease 2.9% 18% 27.8% 8% 11.5%
Asthma 10.2% 9% 17% 3% 19.3%
Obesity - 41.7% 48.3% - -
Chronic kidney 1.8% 8.5% 13.1% 1% 0%
disease
Malignancy 2.9% 6% - 1% 0%
Chronic liver 1.8% 0.6% 6.6% - 0%
disease

The rate of comorbidities is different, which can be explained by the fact that
our study took place in a military institution, characterized by a population
supposedly without any health conditions diagnosed beforehand, and also by the
fact that all positive patients were admitted to the hospital during this period.

In spite of that, we notice that the principal comorbidities associated to COVID-
19 infection are hypertension being the most common, then diabetes asthma and
heart disease, with a slight variation in their ranking. Then less frequently
encountered comorbidities, that were not considered systematically in all the

studies, i.e., malignancy, chronic kidney and chronic liver diseases.
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< Comorbidities and disease severity

The disease severity and improvement were defined according to the interim
guidelines from the World Health Organization and the National Health
Commission of China. According to the patients' symptoms, laboratory results
and imaging findings at admission, the disease severity of COVID-19 patients

can be divided into four types: mild, moderate, severe, and critical.
v Mild = slight clinical symptoms without imaging findings of pneumonia
v Moderate = fever or respiratory symptoms

v Severe = respiratory distress and a respiratory rate > 30 times per minute,
fingertip blood oxygen saturation < 93% at rest, and partial arterial oxygen

pressure (PaO2)/fraction of inspiration oxygen (FiO2) < 300 mmHg
v Critical = one of the following:

- Respiratory failure requiring mechanical ventilation
- Shock condition
- Other organ failure necessitating ICU treatment.

- Acute kidney injury diagnosed according to the KDIGO (Kidney

Disease: Improving Global Outcomes) clinical practice guidelines.

- Acute respiratory distress syndrome (ARDS) diagnosed according to
the Berlin definition [160].
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Table 7: Comorbidities distribution within severity conditions,
according to Zhang J et al. [160].

n =663 (%) Comorbidities No comorbidities
Mild 3 (0.5%) 0% 100%
Moderate 251 (37.8%) 23.5% 76.5%
Severe 315 (47.5%) 40% 60%
Critical 94 (14.2%) 66% 34%

It has been reported that patients with comorbidities, such as cardiovascular
disease, diabetes, arterial hypertension, chronic lung disease, cancer (particularly
hematologic neoplasms, lung cancer and metastatic disease), chronic kidney

disease, obesity and smoking, are more likely to develop a severe disease [134].
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IV. DIAGNOSIS

COVID-19 diagnosis is typically based on polymerase chain reaction testing
performed on a nasal swab. However, because of the rate of false negative test
results of the PCR, clinical, laboratory, and imaging findings should also be

used in conjuncture to make a supposed diagnosis [11].
A. Diagnosis delay:

The median diagnosis delay identified in our study was 4 [2,7] days [161].
Based on the epidemiological survey of the center for disease control in China,
the incubation period for SARS-CoV-2 is 1-14 days [162].

According to Guan et al., the median incubation period was 4 days [2,7] [163].

The median interval from symptom onset to hospital admission was 7 [3-9] days
in Garg et al. study [159], while it was 4 [1, 8] days according to Docherty et al.
[152].

Our findings are similar to the first published data on the disease.
B. Clinical:

COVID-19 has various clinical manifestations. The infection may result in
asymptomatic manifestations, or it may lead to a wide spectrum of symptoms,
from mild signs of upper respiratory tract infection to life-threatening sepsis
[11].

In our study, 84 patients were asymptomatic, which represented 45.2% of the
SARS-CoV-2 infections.
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In the symptomatic group (54.8%), the symptoms that our patients presented on
admission were mainly arthromyalgia (50%), dry cough (48%), fever (47%) and
headache (41%), followed by fatigue (28.4%), diarrhea (17.6%), anosmia
(16.7%), and sore throat (14.7%), and finally nausea/vomiting and rhinorrhea
(respectively 7.8%), abdominal pain (6.8%), shortness of breath (5.9%) and
ageusia (3.9%).

According to Oran et al., in their literature review of 16 cohorts about the
prevalence of asymptomatic SARS-CoV-2 infection, from April 19 through May
26 2020, asymptomatic patients seem to account for approximately 40% to 45%
of SARS-CoV-2 infections, and they can transmit the virus to others for an

extended period, perhaps longer than 14 days [164].

Table 8: Summary of SARS-CoV-2 testing studies [164].

Cohort Tested, n SARS-CoV-2 Positive but Notes*
Positive, n (%) Asymptomatic, n (%)
Iceland residents (6) 13080 100(0.8) 43(43.0)
Vo', Italy, residents (7) 5155 102(2.0) 43(42.2) R L
Diamond Princess cruise ship passengers and crew (8) 3 712(19.2) 331(46.5) -
Boston homeless shelter occupants (9) 408 147 (36.0) 129(87.8) -
New York City obstetric patients (11) 214 33(15.4) 29(87.9) L
U.S.S. Theodore Roosevelt aircraft carrier crew (12) 4954 856(17.3) 500(58.4) E
Japanese citizens evacuated from Wuhan, China (2) 565 13(2.3) 4(30.8) L
Greek citizens evacuated from the United Kingdom, Spain, and Turkey (14)t 783 40(5.1) 35(87.5) L
Charles de Gaulle aircraft carrier crew (13) 1760 1046 (59.4) 500 (47.8) E
Los Angeles homeless shelter occupants (10) 178 43(24.2) 27(62.8) -
King County, Washington, nursing facility residents (15) 76 48(63.2) 3(6.3) L
Arkansas, North Carolina, Ohio, and Virginia inmates (16) 4693 3277 (69.8) 3146 (96.0) -
New Jersey university and hospital employees (17) 829 41(4.9) 27(65.9) -
Indiana residents (18) 4611 78(1.7) 35(44.8) R
Argentine cruise ship passengers and crew (19) 217 128(59.0) 104(81.3) -
San Francisco residents (29) 4160 74(1.8) 39(52.7)

E = estimated from incomplete source data; L = longitudinal data collected; R = representative sample; SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2.

* An en dash indicates that the study did not have a representative sample, collected no longitudinal data, and did not require estimation of missing
data.

1 Clarified via e-mail communication with coauthor.
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Symptomatic patients usually present with systemic and/or respiratory
symptoms, yet it has been reported that gastrointestinal, cardio vascular and, less
commonly, dermatological and neurological symptoms can also occur.

The symptomatology of COVID-19 is non-specific and cannot be clinically
distinguished from other viral respiratory infections, though the occurrence of
dyspnea several days after the onset of symptoms is suggestive of a SARS-
COV-2 infection [165][166]. The most common associated symptoms include:
cough (50%), subjective fever or fever higher than 38°C (43%), myalgia (36%),
headache (34%), dyspnea (29%), sore throat (20%), diarrhea (19%),
nausea/vomiting (12%), abdominal pain, runny nose, anosmia and ageusia
(<10% respectively) [165-167]. Gastrointestinal symptoms are less common,
though they may be the initial symptoms, ands skin alterations similar to
erythema pernio have also been reported, especially in the fingers and toes.
[168].
S Spectrum of severity

Patients with mild disease only present with low fever and slight asthenia,
without pneumonia. In severe cases, dyspnea and/or hypoxemia usually occur
one week after disease onset [167], and rapidly progress to acute respiratory
distress syndrome (ARDS), septic shock, metabolic acidosis, bleeding, and
coagulation dysfunction, that are difficult to cure, and need ventilatory support
and intensive care unit (ICU) admission [134][161].
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In study conducted in China, about 44,500 COVID-19 patients, 81% had a mild

disease, while 14% had severe illness and 5% were critically ill [169].

And in a study of 2741 hospitalized patients, 24% died and 27% required
intensive care, of which 60% died [170].
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Table 9: Literature review summary: Studies that demonstrated signs and symptoms characteristics of
COVID-19 pneumonia [171], in comparison with our study.

Author(s) Huang et al. Chen et al. Shietal. Guan et al. Zhou et al. Wang et al. Xuetal. Yang et al. Rodriguezet ~ WHO report Caoetal. Yinetal. Our study

al.

No. of study 1 1 1 1 1 1 1 1 19 31 1 1

Patient volume 41 99 81 1099 62 138 90 149 9-1590 10-1099 2126 186

-Hospital, -

Name China Wuhan Union China -Hospital, - Zhongnan 1st Hospital Ruijin Latin Americar WHO-China Union University of ~ Mohammed
Location of Medical Jinyintan Hospital, Medical University of ~ Hospital, of Jinan Hospital Network of Joint Mission  Hospital, Science & V Military
institution(s) Treatment Hospital - University Treatment Science & Wuhan University, Shanghai COVID-19 on COVID- - University of  Technology Teaching

Expert Group of Science & Expert Group ~ Technology University Guangzhou Jiaotong Research 19 Science & (Wuhan) Hospital
for COVID- Technology for COVID-19 (Wuhan) 8" People’s University Technology (Rabat)
19 (Wuhan) Hospital (Wuhan)

Time by (of) study 2020/1/2 2020/1/20 2020/1/23 2020/1/29 2020/1/30 2020/2/3 2020/2/4 2020/2/10 2020/2/23 2020/2/24 2020/3/1 2020/4/8 2020/6/16

Fever 98% 83% 73% 43.8% 87.10% 98.6% 78% 76.51% 88.7% 88% 87.3% 90.92% 47%

Dry cough 76% 82% 59% 67.8% 45.16%° 59.4% 63% 58.39% 57.6% 68% 58.1% 62.46% 48%

Fatigue 44% @ 5% 38.1% 22.58% 69.6% 21% 29.4% 4 38% 35.5%¢ 43.74% 28.4%

Sputum production 28% 19% 33.7% 26.8% 12% 32.21% 28.5% 33% 29.4% 37.44%

Shortness of breath 55% 31% 42% 18.7% 24.19% 31.2% 1.34% 45.6% 19% 38.3% 25.87% 5.9%

Chest tightness 2% 22% 14.10% 45.6% 31.2% 22.11%

Muscle or joint pain 11% 14.9% 32.26% 34.8% 28% 3.36% 15% 19.99% 50%

Headache 8% 8% 6% 13.6% 6.5% 4% 8.72% 8% 14% 9.4% 12.51% 41%

Diarrhea 3% 2% 4% 3.8% 14.52% ¢ 10.1% 6% 7.38% 6.1% 4-31% 6.8% 11.10% 17.6%

Chills 11.5% 7% 14.09% 11% 9.97%

Anorexia 1% 39.9% 9.83%

Nausea or vomiting 1% 5% 5% 13.7% 8% 1.34% 5% 8% 7.8%

Dizziness 9% 2% 9.4% 7.01%

Abdominal pain 2.2% 5.93% 6.8%

Hemoptysis 5% 0.9% 0.9% 1.03%

Loss of smell 15-30% 16.7%

Sore throat 5% 13.9% 17.4% 26% 14.09% 11% 14% 12% 14.7%

Nasal congestion 4% 26% 4.8% 3.36% 5% 7.8%

Conjunctival 0.8%

congestion

Pink eyes 0.8%

a Fatigue or myalgia. b Cough & sputum. ¢ Abdominal pain or diarrhea. d Fatigue or myalgia. e Fatigue or myalgia
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C. Paraclinical:

1. Molecular diagnosis: Polymerase Chain Reaction

SARS-CoV-2 RNA detection using reverse transcription polymerase chain
reaction from respiratory samples (e.g., nasopharynx) is the standard tool for
diagnosis [11]. However, the sensitivity of testing varies within timing of testing
relative to exposure. One modeling study estimated sensitivity at 33% 4 days
after exposure, 62% on the day of symptom onset, and 80% 3 days after
symptom onset [172-174]. Factors contributing to false-negative test results
include the suitability of the sample collection technique, time from exposure,
and the sample origin. Lower respiratory samples, such as bronchoalveolar
lavage fluid, are more sensitive than upper respiratory samples.

All patients included in our study were tested positive by RT-PCR, based
on nasal or pharyngeal swab specimen, within their hospital admission.

Wang et al. conducted a study about detection of SARS-CoV-2 in various types
of clinical specimens, collected based on clinical indications from 3 hospitals in
China, from January 1% through February 17", 2020. Pharyngeal swabs were
collected from most patients 1 to 3 days after hospital admission. Blood,
sputum, feces, urine, and nasal samples were collected throughout the illness.
Bronchoalveolar lavage fluid and fibro bronchoscope brush biopsy were
sampled from patients with severe illness or undergoing mechanical ventilation.
1070 specimens were obtained from 205 patients, and among them, broncho
alveolar lavage fluid specimens had the highest positive rates of SARS-CoV-2
PCR testing results (93%), followed by sputum (72%), nasal swabs (63%), and
pharyngeal swabs (32%). SARS-CoV-2 can also be detected in feces, but not in
urine [172].
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Saliva is an interesting alternative specimen source, that requires less personal
protective equipment and fewer swabs, but needs further validation [175].
Hence, RT-PCR results must be combined with other detection results and
clinical characteristics in order to make a better diagnosis, [176].

2. Antigenic test

At the moment of our study, antigenic testing devices were not available and so
not used for a fast diagnosis purpose. The first use was by November 2020.
Instead, all our patients’ diagnosis was confirmed using RT-PCR.

In a study conducted by Kahn et al., between June 23 and November 26", 2020
in Germany, a total of 3630 antigen tests were performed, 3110 had
a concomitant nucleic acid amplification tests (NAAT) result. Of these, 96
samples (3.1%) were positive by NAAT. 57 (59.4%) of the NAAT-positive
samples were also positive by antigen test (Table 10) [131].

Thus, diagnosis sensitivity and specificity of the point-of-care antigen test
(AgPOCT) were 59.4% and 99.0%, respectively, compared to NAAT. Given
a calculated prevalence of 3% in the study population, negative and positive
predictive values were 98.7% and 64.8%, respectively (Table 10).

Among 2589 tests performed in the emergency department, 249 (9.6%) were
from patients with clinical symptoms consistent with COVID-19 disease
(Table 10).

In symptomatic patients, sensitivity of antigen tests compared to NAATS is
higher than in asymptomatic patients (66.7% vs. 47.6%). The calculated
prevalence was 16% and 1.9% in symptomatic and asymptomatic patients,
respectively. This results in a PPV of 85% in Ag-positive symptomatic patients
compared to 44.4% in asymptomatic controls. Consistently, diagnosis specificity
(98.9% and 97.0%) and negative predictive values (99.0% and 91.9%) are lower
in symptomatic patients than in asymptomatic controls (Table 10) [131].
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Table 10: Point-of-Care test results of AQPOCT compared to NAAT
of samples tested within 24 hours.

SARS-CoV2 Entire cohort Asymptomatic patients Symptomatic patients
Ag positive Ag negative Ag positive Ag negative Ag positive Ag negative

MAAT positive 57 39 20 22 34 17
NAAT negative 31 2983 25 2273 & 192
Sensitivity (%) 504 476 66.7
Specificity (%) ga.0 Ge.a a7.0
PPV (%) 64.8 444 85.0
NPV (3) 887 ga.0 918

3. Biology

In our study, the most frequent biological abnormality was lymphopenia with a
rate of 33.3%, against 66.7% of the patients whom lymphocytes count was
normal. Secondly, elevated Lactate Dehydrogenase (LDH) was found in 24.7%
of the patients, against 75.3% with normal LDH. In the third place, elevated C-
reactive protein (CRP) was encountered in 18.3%, against 81.7% with normal
CRP. And finally, 13.4% of the patients had an elevated ferritin, against 86.6%

with normal ferritin.

A systematic review of 19 studies of 2874 patients, mostly from China, of
whom 88% were hospitalized, reported the typical panel of biological
abnormalities seen in COVID-19, namely elevated serum C-reactive protein
(over 60% of patients), increased lactate dehydrogenase (approximately 50%-
60%), alanine aminotransferase (elevated in approximately 25%), and aspartate
aminotransferase (increased in approximately 33%) [177].
Lymphopenia is the most frequent hematological disorder encountered (with an
absolute lymphocyte count < 1.0 x 10%L), and it is found in up to 83% of
hospitalized patients. Also, modest prolongation of prothrombin time (> 5% of

patients), mild thrombocytopenia (about 30% of patients) and elevated D-dimer
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values (43%-60% of patients) are commonly seen. However, most of these

biological abnormalities are nonspecific and quite common in pneumonia [11].

< Biology features and disease severity

More severe biological disorders have been observed in patients with severe and
critical conditions [11]. D-dimer, and to a lesser extent, lymphopenia appear to
have the most significant prognosis associations, according to Wu et al., in a
Chinese study about 201 patients [178].

It has also been reported that the plasma levels of interluekin-2 (IL-2), IL-7,
IL-10, granulocyte colony-stimulating factor (G-CSF), interferon induced
protein-10 (IP10), monocyte chemo-attractant protein-1 (MCP-1), macrophage
inflammatory protein lalpha (MIP1A), and tumor necrosis factor alpha (TNF
alpha) levels in ICU (Intensive Care Unit) patients were higher than those of
non-ICU patients, and initial plasma levels of IL-1B, IL-1RA, IL-7, IL-8, IL-9,
IL-10, basic fibroblast growth factor (FGF), G-CSF, granulocyte-macrophage
colony stimulating factor (GM-CSF), interferon gamma (IFN gamma), IP10,
MCP1, MIP1A, MIP1B, platelet derived growth factor (PDGF), TNF alpha, and
vascular endothelial growth factor (VEGF) were higher in both ICU patients and
non-ICU patients, when compared to that in healthy individuals [179-181].
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Table 11: Comparison of biological abnormalities rate in our study with published literature.

Wau et al. Zhang et al. | Richardson et
Our study
[178] [160] al. [151]
Elevated 85.6% 58.5% 79.2% 18.3%
CRP
wn
o5 | Elevated 68.2%% 48.3% 70.2% 24.7%
§ c_Ecs LDH
35 Elevated . } 76.2% 13.4%
T o : :
19 ferritin
©
Lymphopenia 64% 51% 59.4% 33.3%

This table highlights the proportion of biological disorders in our series
compared to other studies, where we notice the same abnormalities despite the

disparity in their distribution.
4. Imaging

The standard test for the SARS-CoV-2 detection is RT-PCR, usually performed
on a nasopharyngeal or respiratory secretion sample. It is believed to be highly
specific, but its sensitivity can range from 60-70% to 95-97% [182][183], since
it varies according to time since exposure to the virus, so false negatives are a

real clinical problem [175].

Imaging tests have a major role in the diagnosis and management of patients,
and are mainly used to help diagnose the disease, determine its severity, guide
treatment, and assess response to treatment. The current recommendation of the

most of scientific and radiological associations is to not consider imaging tests
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as screening tools for COVID-19. Instead, they should be dedicated to the

evaluation of complications [184].

a) Chest X-ray

Our patients didn’t benefit from the chest X ray, they directly underwent a chest

CT scan, because of its better performance.

In mild cases or early-stage disease, chest X-ray findings may be normal.
However, patients with moderate to severe symptoms are more likely to have an
abnormal chest radiography [135][185].

A Chinese study including patients with COVID-19 confirmed by using RT-
PCR and chest radiographic between January and March, 2020, conducted by
Wong et al., found that most imaging findings are pathological in the patients
requiring hospitalization (69% at admission and 80% afterwards). And findings
are more evolved with a bigger extent 10 to 12 days after the first symptoms.
The most prevalent findings are airspace opacities, which may be consolidations

or, less frequently, ground-glass opacities [135].

Chest X-ray findings in patients with suspected COVID-19 have been divided
into four categories to help facilitate diagnosis [139][185-187]:

- Normal chest X-ray: It is very common for the chest X-ray to be normal in
early-stage disease, so a normal chest radiography does not rule out infection
[135][185].
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- Typical findings or findings commonly associated with COVID-19 in the
scientific literature (Figure 18): Comprising a reticular pattern, ground-
glass opacities and consolidations, with rounded morphology and a
confluent or patchy multifocal distribution. The pattern is typically bilateral

and peripheral, with a predilection for the lower fields [135] (Figure 18).

- Indeterminate findings and findings that may occur in COVID-19
pneumonia may have other causes. These are notably consolidations and
ground-glass opacities, with a unilateral, central or upper-lobe pattern
(Figure 19A). [134].

- Atypical, uncommon or unreported findings in COVID-19 pneumonia.
These include lobar consolidation, miliary pattern, lung nodules or masses,
cavitation and pleural effusion, reported in only 3% of the cases, and are

more commonly encountered in advanced disease (Figure 19B and C) [135].
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Figure 18: Typical findings in COVID-19 pneumonia [134].

(A) A 47-year-old woman with symptoms raising suspicion of COVID-19.
Posteroanterior (PA) chest X-ray. Reticular interstitial pattern with peripheral
predominance (arrows).

(B) Same patient as in image A. PA chest X-ray taken 3 days later. Positive
PCR for SARS-CoV-2. Despite being taken with poorer inspiration. the X-ray
shows faint rounded bilateral peripheral alveolar opacities (dotted arrows).

(C) A 57-year-old male with dyspnea and positive PCR for SARS-CoV-2.
Bilateral peripheral opacities in upper, middle and lower fields (arrow tips).

(D) A 45-year-old male with dyspnea and COVID-19 confirmed by PCR.
Antero posterior chest X-ray showing multiple bilateral diffuse confluent areas
of consolidation with extensive involvement of both lungs. There is a presence
of two central venous lines, one left jugular and the other right subclavian
(white arrows), and a gastrointestinal tube (black arrow).
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Figure 19: Atypical findings in COVID-19
pneumonia [134].

(A) Lobar pneumonia. A 28-year-old male
patient with symptoms consistent with
COVID-19 and positive PCR for SARS-CoV-
2. Chest X-ray in posteroanterior (PA)
projection. Right upper lobe involvement
(arrow).

(B and C) Bilateral involvement and pleural
effusion. A 17-year-old male patient with
fever and positive PCR for SARS-CoV-2. PA
(B) and lateral (C) chest X-ray. Faint bilateral
infiltrates in lower fields (arrows) with
minimal pleural effusion in the left posterior

costo-diaphragmatic sinus (arrow tip).




b) CT scan

In our study, a chest CT scan was performed systematically on admission, in
order to strengthen the diagnosis, and to rank the lung damage according to the

type of lesions, their location and their extent.

= Type of lesions: the types of lesions encountered were mainly ground-

glass opacities (that was the predominant finding), sometimes in association

with consolidation, and a crazy-paving pattern was also found.

= Location: lesions were either unilateral or bilateral, central or peripheral,

and all lung lobes were likely to be involved.

— Extent: there were different degrees of extent of the lung lesions, and
were ranked in a crescent order as follows: normal (absence of lesions), minimal
(< 10% of extension), moderate (10-25%), important (25-50%), severe (50-
75%), and critical (> 75%).

Table 12: Distribution of the number of cases according to extent
of lung injury on chest CT scan.

Normal 99 53.2%
Minimal < 10% 44 23.7%
Moderate 10-25% 29 15.6%
Important 25-50% 11 5.9%
Severe 50-75% 3 1.6%
Critical > 75% 0 0 %
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Figure 20: Chest CT scan on admission of a 56 years old male patient M.F, that presented
initially with fever, dry cough, headache and diarrhea, with underlying hypertension,
diabetes and asthma.

CT findings were listed CORADS 5, bilateral ground-glass opacities, associated with
condensations and crazy-paving pattern, hitting all lobes, with an extent estimated at
25-50% (important extent), with also a mediastinal adenopathy, that represented a sign of

severity.
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Figure 21: Chest CT scan on admission of a 50 years old female patient F.Z, that
presented initially with dry cough, arthromyalgia and headache, with no underlying
comorbidities.

CT findings were listed CORADS 5, bilateral ground-glass opacities, associated with
condensations, hitting inferior lobes, with an extent estimated at 10-25% (moderate

extent).
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x Indications as a diagnosis test

CT (computed tomography) is particularly useful to help direct management in
complex situations, in patients with clinical worsening, and for ruling out
alternative diagnoses. The Sociedad Espafiola de Radiologia Médica [Spanish
Association of Medical Radiology] (SERAM) has recommended to use CT scan

in the following circumstances [188]:

« Clinical/analytical/radiological discordance: severely ill patients with
high clinical or biological suspicion, a normal chest radiograph and

difficulties getting PCR results, or negative or inconclusive PCR results.

 Patients with confirmed COVID-19 and clinical deteriorating and/or

biological results suggestive of pulmonary embolism, or superinfection.

« Ciritically ill patients clinically suspected of having COVID-19 for whom
a decision must be made regarding placement in a conventional (clean)
ICU or an isolation ICU (for the COVID-19 patients).

« Patients with another serious disease, suspected or tentatively diagnosed
with COVID-19, who require immediate treatment decisions and, so,
prompt diagnosis in order to increase the protection of the concerned

professionals (surgery, interventional techniques).
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x  CT findings in patients with COVID-19

- Typical findings:

Ground-glass opacities (Figure 22A) [189].

Consolidation (Figure 22B) [190].

Peripheral reticulation (Figure 22C) [190].

Crazy-paving pattern (Figure 22D) [189].
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Figure 22: Typical findings in COVID-19 pneumonia on computed tomography
(CT). Axial chest CT images with 1-mm slice [134].

(A) Ground-glass opacities with rounded morphology and a peripheral and
subpleural distribution (arrows).

(B) Consolidations with a peripheral and subpleural predominance (arrows).
(C) Reticulation with a peripheral and subpleural location (arrow tips).

(D) Peripheral ground-glass opacities with overlapping interlobular and
intralobular septal thickening in relation to a crazy-paving pattern (arrow).

Peripheral consolidation (asterisk) is also seen.
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Figure 23: Typical CT findings of COVID-19 [1]. Chest CT shows:

(a) multiple patchy areas of pure ground glass opacity (GGO) in a 75- year-
old male and GGO with reticular and/or interlobular septal thickening.

(b) multiple patches, grid like lobule, and thickening of interlobular septa,
typical “paving stone-like” signs in 38-year-old male chest CT image.

(c) bilateral ground glass and consolidative opacities with a striking
peripheral distribution in an axial CT image obtained in 65-year-old female.
(d) large consolidation in the right middle lobe, patchy consolidation in the
posterior and basal segment of right lower lobe, with air bronchogram

inside in a CT image of a 65-year-old male.
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- Other less common signs:

Reversed-halo sign (Figure 24A and B) [142][189][191].

Air-bubble (vacuolar) sign (Figure 24C) [190].

Airway changes.

Prominent vessels: [189].

Pleural and sub-pleural abnormalities:

- Pleural thickening associated with lung parenchyma abnormalities.

- Sub-pleural curvilinear line (Figure 25B) [192].
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- Sub-pleural parenchymal band (Figure 25C).

- A hypoattenuating line between the visceral pleura and the lesion
(Figure 25D) [193][194].
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Figure 24: Typical findings in COVID-19 pneumonia on computed
tomography (CT). Images from a CT scan of the chest with 1-mm slices
[134].

(A) Axial and (B) sagittal images showing a lesion in the posterior segment
of the right upper lobe with the reversed-halo sign (arrows).

(C) Extensive ground-glass involvement with areas of consolidation in the
right lower lobe with the vacuolar sign (arrow tips).

(D) Abnormal architecture of the right lower lobe with a crazy-paving

pattern and bronchial dilation (black arrow).
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Figure 25: Typical findings in COVID-19 pneumonia on computed tomography

(CT). Axial chest CT images with 1-mm slices [134].

(A) Vascular thickening (arrow) associated with an area of ground-glass
opacity (asterisk).

(B) Subpleural curvilinear line (arrow).

(C) Subpleural parenchymal bands (arrows).

(D) Hypoattenuating line (arrows) between visceral pleura and ground-glass

opacity (arrow tips).
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- Location and distribution

The involvement is usually multifocal and bilateral, with a peripheral and
subpleural distribution [194]. Unilateral ground-glass opacities may be present,
mainly in the early stage of the disease [195]. Although all lung segments may

be affected, there is a predilection for the lower lobes [190].
- Indeterminate findings

These are non-specific forms of presentation, as they can be found in both
COVID-19 pneumonia, other pathogens induced pneumonia and even in non-

infectious diseases.

These findings point to an alternative diagnosis [193].

Non-peripheral patchy ground-glass consolidations or opacities,

Ground-glass fibrosis.

Pleural effusion.

Lymphadenopathy.

- Atypical findings

Calcification.

Cavitation.

Well-defined solid nodules or masses.

Focal consolidation.

Bronchiolitis.
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« Diffuse ground-glass opacities with a peri bronchovascular distribution.

« Fibrotic changes.

x  CT findings according to the evolutionary stage of infection

According to Pan et al., some studies have reported pathological findings on

pulmonary CT in asymptomatic patients [195]. There have also been reports of

negative CT results during the first few days of symptoms. Therefore, negative
CT results should not be used to rule out the possibility of COVID-19,
particularly in early-stage disease. There is a link between radiological findings

and time elapsed since the onset of symptoms [191][196][197] (Figure 26).

There is four evolutionary phases:

1.

3.

Early phase (0-4 days after the onset of symptoms): the ground-glass
pattern predominates, with unilateral or bilateral and multifocal
involvement. It can show a rounded morphology. CT can also be normal
(50% in the first two days).

Progression phase (5-8 days): involvement with a ground-glass pattern
progresses rapidly in extent and becomes bilateral and diffuse, with
multilobar involvement. At this stage, areas of crazy-paving pattern and
consolidations may appear [193].

Peak phase (9-13 days): maximum involvement is seen, with areas of
ground-glass pattern transforming into consolidation. Consolidation is the
predominant form of involvement. An air bronchogram, crazy-paving
pattern and reversed-halo sign may be seen.
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4. Resolution phase (> 14 days): resorption of consolidations manifests

again as ground-glass opacities that may be associated with bronchial
dilations with subpleural distortion. Both subpleural parenchymal bands
and subpleural curved lines may appear. The evolution of the lesions is
often asynchronous, with certain areas showing resorption and others

showing progression.

A Chinese study conducted by Shi et al., including 81 patients with COVID-19
between December 20" 2019, and January 239 2020, found that in some
patients, interlobular and intralobular septal thickening associated with bronchial
dilations gradually increases from the second week. These findings are
indicative of interstitial disease, suggesting the development of fibrosis,
although the course of the disease is not yet sufficiently understood to classify

these changes as irreversible fibrosis [193].
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Figure 26: Progression of COVID-
19 pneumonia in a 56-year-
oldwoman. Axial chest computed
tomography (CT) images with a
thickness of 1 mm at the level of the
carina [134].

(A) Study 10 days after the onset of
symptoms. Peripheral and bilateral
ground-glass opacities (arrow tips)
and a small consolidation forming in
the posterior segment of the right
upper lobe (arrow).

(B) CT scan 15 days after the first CT
scan. Progression of ground-glass
opacities to consolidations (arrows).
(C) CT scan 32 days after the first CT
scan. Partial resorption of
consolidations (arrow tips) and focal
pleural thickening in the apico
posterior segment of the left upper

lobe (black arrow).
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Figure 27: CT manifestations of different stages of COVID-19 [1].

% Structured report

A structured report allows a standardized language that can be understood by the
entire medical staff. It must be correlated with the clinical suspicion, duration of
symptoms and local prevalence. The Radiological Society of North America
(RSNA) suggets four categories for COVID-19 pneumonia; typical,
indeterminate, atypical and negative (Table 13) [142]. The Nederlandse
Vereniging voor Radiologie [Dutch Association of Radiology] proposes a
consensus for the structured reporting of findings on chest CT in patients with
suspected COVID-19. This association developed the CO-RADS classification
(COVID-19 Reporting and Data System), with a five-point scale for suspicion,
from very low (CO-RADS 1) to very high (CO-RADS 5), for patients with
moderate to severe symptoms in a setting of moderate to high prevalence
(Table 14) [198].
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Table 13: Classification system for findings of COVID-19 pneumonia on chest computed
tomography (CT), a consensus endorsed by the American College of Radiology (ACR) and the
Radiological Society of North America (RSNA) [142].

COVID-19 pneumonia CT Findings Suggested reporting language
imaging classification
Typical appearance Ground-glass opacities with or without Fndings suggest COVID-19 pneumonia
consolidation or ""crazy-paving'' pattern
Peripheral, bilateral, multilobar Differential diagnosis: other viral

pneumonia (influenza), organising
pneumonia, toxicity and connective
tissue diseases

Reverse halo sign or other features of

organising pneumonia

Indeterminate Absence of typical features and Features can be seen in COVID-19
appearance presence of: pneumoenia, though they are non-specific

and can occur with a variety of
infectious and non-infectious processes.

» Ground-glass opacities with or without

consolidation and non-rounded or

non-peripheral

» Unilateral involvement

« Few ground-glass opacities

Atypical appearance Absence of typical or indeterminate Atypical features of COVID-19
features and presence of: pneumonia; consider alternative
diagnosis

» Lobar or segmental consolidations
» Centrilobular or *"tree-in-bud™
nodules
« Cavitation
Megative findings Mo CT features to suggest pneumonia Mo CT features to suggest pneumonia

Table 14: CO-RADS classification of the COVID working group of the Dutch Radiology
Society: proposed standardized CT reporting system for patients with suspected COVID-19 in
a setting of moderate to high prevalence [198].

Level of suspicion of CT findings
COVID-19 infection
CO-RADS O Mot interpretable Scan technically insufficient for assigning a score
CO-RADS 1 Very low MNormal or non-infectious disease (CHF, neoplasm, etc.)
CO-RADS 2 Low Typical for other infection but not COVID-19
Example: typical bronchiolitis with tree-in-bud pattern, TB
CO-RADS 3 Indeterminate Features compatible with COVID-19 but also other diseases
Example:

» Unifocal ground-glass opacity

« Lobar pneumoenia

The diagnosis cannot be ruled out
CO- RADS 4 High Suspicious for COVID-19

Examples:

» Unilateral ground-glass opacity

» Multifocal consolidations with no other typical findings

« Findings suspicious for COVID-19 in underlying pulmeonary disease
CO-RADS 5 Very high Typical of COVID-19
CO-RADS 6 Proven PCR positive for SARS-CoV-2

CHF: congestive heart failure; CT: computed tomography; PCR: polymerase chain reaction; TB: tuberculosis.
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x  Severity and prognosis

Most patients infected with SARS-CoV-2 have mild symptoms and a good
prognosis. However, sometimes the virus may lead to severe disease in the form
of pneumonia, pulmonary oedema, ARDS or multiple organ failure that can
result in death. The study of clinical, biological and imaging factors associated
with disease severity is the key to promoting effective treatment strategies that
decrease complications and mortality. Chest CT is considered one of the main
tools for assessing infection severity. It enables stratification of patients into risk
categories with estimation of their prognosis, thus helping in clinical decision-
making. The imaging finding most commonly associated with clinical severity is
the extent of lung involvement. Multiple semi-quantitative scales have been
proposed for CT that visually calculate the extent of the abnormalities
(Figure 13).

Their disadvantage is their lack of accuracy. To overcome this shortcoming,
artificial intelligence systems can perform a rigorous quantitative analysis of
injured lung volume. Other lung abnormalities, that are significantly more
common in patients with severe illness, include diffuse distribution of lesions,
involvement of middle and central areas, consolidations, crazy paving pattern,
interlobular septal thickening, bronchial wall thickening, air bronchogram,
traction bronchiectasis, linear opacities, atelectasis and distorted lung
architecture. Extra pulmonary lesions such as intrathoracic lymph node
enlargement, and pleural and pericardial effusion, also seem to be associated

with more severe disease (Figure 28) [134].
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Figure 28: Semi-quantitative scales to assess the extent of lung lesions due to COVID-

19 pneumonia with computed tomography [134].
2 Upper regions (1 and 4) above carina; middle regions (2 and 5) between carina and
inferior pulmonary vein; lower regions (3 and 6) below inferior pulmonary vein.

b i et al. [199] showed that the classification with a cut-off point of 7 had a sensitivity
of 80% and a specificity of 82.8% for distinguishing between severely and mildly ill
patients (area under the curve [AUC] 0.87).
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% Clinical correlation and pathology findings on CT scan

The ““‘Guidelines for the Diagnosis and Treatment of Novel Coronavirus (2019-

nCoV) Infection by the [Chinese] National Health Commission (Trial Version

5)’’ clinically identifies four levels of severity [200]:

1.

3.

Mild: Patients with mild symptoms and no abnormalities on CT. The virus
Is located in the upper respiratory tract and has not progressed to the

alveoli, so there is no pulmonary reaction.

Common: Patients with fever or respiratory infection signs, and
pneumonia changes on CT scan.

They usually present areas of ground-glass attenuation representing partial
occupation of the alveolar spaces by exudate. The alveolar wall is intact.

Severe: Patients meeting at least one of the following criteria:
o Respiratory distress, respiratory rate > 30/min.
« Finger oxygen saturation (Sa02) 93% at rest.

 Partial pressure of oxygen (PaO2)/fraction of inspired oxygen (FiO2)
300 mmHg [134].

CT may show a crazy-paving pattern. According to Wang et al., 70% of

patients with this abnormality will be classified as severely or critically ill.

It is caused by an alveolar pattern as well as an interstitial pattern.

It reflects an increase in alveolar exudate and dilation with increased

permeability of the capillaries of the interlobular septa, causing

interlobular interstitial edema [201].
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4. Ciritical: Patients with at least one of the following criteria:
« Respiratory failure requiring mechanical ventilation.
e Shock condition.
e Multiple organ failure.

On the CT scan, they show extensive diffuse consolidations that may have
a “white-out” appearance. They are due to an alveolar injury with
accumulation of exudates and edema in the alveolar cavity, resulting in a
ventilation-perfusion defect. This, together with an abnormal immune
reaction (immune dysregulation), eventually leads to ARDS and a severe

systemic clinical picture [134].

Finally, imaging tests play a major role in the management of patients with
suspected or confirmed COVID-19. The initial imaging test is the chest X-ray.
CT scan, which is more sensitive, is reserved for detecting possible
complications and providing alternative diagnoses, in the cases of clinical,
biological and radiological discordance, or when microbiological diagnosis is
not possible [134].

However, early in the disease, chest computed tomographic imaging findings in
approximately 15%, and chest radiography findings in approximately 40% of

individuals can be normal, which cannot rule out the infection [164].

COVID-19 pneumonia is characterized by the presence of ground-glass
opacities and/or consolidations, which are typically bilateral and peripheral,

often sub-pleural and more frequently in the lower fields.
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Regarding clinical course, reparative changes appear as early as the second week
of the disease, characterized by sub-pleural lines, greater sub-pleural distortion
and bronchial dilations. In addition, imaging tests are used to monitor the course

of the disease, and to assess of the severity of lung involvement [134].
5. PCR or CT scan?

According to current diagnostic criteria, identification of the viral pathogen via
nucleic acid detection (usually from swab test) is considered as the gold standard
and formative assessment for the diagnosis of COVID-19. However, due to
various problems of virus detection in the clinical setting such as irregular
sampling of samples, laboratory error, insufficient viral material in the
specimen, improper extraction of nucleic acid from clinical materials, and
contaminatory and technical problems, there have been false negatives, which
makes imaging examination an indispensable mean not only in the early
detection and diagnosis, but also in monitoring the clinical course, evaluating
the disease severity, and may be presented as an important warning signal
preceding the negative RT-PCR test results. Additionally, chest CT showed
progression of disease that corresponded with worsening clinical symptoms, and

also disease resolution as the patients clinically recovered [1].

According to Majidi et al., some studies have reported that chest CT images
have the sensitivity of 80-90% and specificity of 82.8-96% for detecting the
lung lesions in patients with COVID-19 [202].

A Chinese study conducted by Long et al., from January 20" to February 8™,
2020, included a total of 36 cases diagnosed with COVID-19 pneumonia. 35
patients had abnormal CT findings at presentation, and only one patient had a

normal chest CT. Using RT-PCR, 30 cases showed positivity, with 6 cases
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initially missed. Amongst these 6 missed cases, 3 had a positive result in the
second RT-PCR test (after 2 days, 2 days and 3 days respectively), and the other
3 were positive in the third round of RT-PCR assessments (after 5 days, 6 days
and 8 days respectively). Therefore, sensitivity of CT examinations was 97.2%

at presentation, whereas first round RT-PCR sensitivity was 84.6% [203].

Ultimately, CT examinations appear sensitive to virus detection, whereas RT-
PCR may produce false- negative results. We therefore recommend that patients
with positive imaging findings but negative RT-PCR results should be isolated

and RT-PCR repeated to avoid misdiagnosis [203].
6. Serology

In our study, serology was not performed for diagnosis purposes, but in order to
establish the evolution of the serological and immunological profile of patients.

So, the relative data was not included in our results.

Serological changes have important significance in the diagnosis of COVID-19.
Detection of IgM and IgG antibodies may predict the burden of the viral
infection. However, since IgM responses are nonspecific [161] and they are
detectable within 5 days of infection, with a higher-level during weeks 2 to 3 of
iliness [11], and the development of 1gG occurs over a few weeks [161], with a
first response seen approximately 14 days after symptom onset, serological

assays may be not applicable for acute infections, but for advanced cases [204].

Additionally, a Chinese study conducted by Zhang et al between January 25 and
March 18, 2020, enrolled 21 patients including 11 (52.4%) non-severe COVID-
19 patients, 5 (20.8%) severe patients, and 5 (20.8%) asymptomatic cases with

SARS-CoV-2 infection, and reported that the seropositive rate increases with the
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duration of the disease in symptomatic cases, and seroconversion occurs early in
severe cases, While specific antibody responses are generated at later stages in
asymptomatic cases, with a lower antibody titer than symptomatic patients.
Besides, the symptomatic cases have heavy viral burden than asymptomatic
cases. It is probably because the body immune response intensity is partially
dependent on the number of viruses [205].

Hence, serological characteristics can be used to distinguish the severity of the
disease [161].

However, test performance, accuracy, and validity are variable [206].

A Moroccan study was published on July 2021, conducted by Tagajdid et al.,
and aimed to evaluate the sensitivity of nine SARS-CoV-2 antibodies
immunoassays. 80 blood samples were collected from PCR-confirmed COVID-
19 patients in the Laboratory of Virology, Center for Virology, Infectious and
Tropical Diseases, (20 samples collected at day 10 after the onset of symptoms,
60 collected after day 14 following the onset of symptoms) and 20 blood
samples from patients SARS-CoV-2 RT-PCR negative. The results concerning
the most commonly used assay found a sensitivity of 38.24% (22.17-56.44) at
day 10, and 98.44% (91.60-99.96) after the 14" day [207].

On a report published on April 2020 in Australia, by Bond et al, aiming to
evaluate three serological assays for COVID-19, the sensitivity for detecting
IgM or 1gG was 52.4% to 57.1% between 9" and 14" day and 77.8% to 88.9%
between the 21 and 30™ day [206].

Thus, it occurs that as the duration of symptoms increases, so does the

sensitivity.

110



D. Differential diagnosis

Differential diagnosis of typical COVID-19 symptoms is very broad and
comprises many common respiratory, infectious, and cardiovascular diseases,
whereas respiratory diseases are the most frequent. Older patients may be even
more challenging since the clinical picture may be atypical with syncope and
malaise [208].

Patients with COVID-19 present with similar symptoms as COVID-19 negative
respiratory infections, so clinical discrimination is not reliable.
According to Fistera et al., in their study including 314 patients presenting with
conceivable COVID-19 symptoms between March and April, 2020, dyspnea
was less frequently found, whereas dysgeusia was significantly more prevalent
[209]. Whenever present, dysgeusia should raise high suspicion for COVID-19,
especially during a pandemic. Dyspnea is a typical symptom of COVID-19,
which could be found in about 29% of cases in a study of 270,000 patients in the
U.S. [168]. Controversially, several authors described a specific phenomenon
called “happy hypoxemia” in COVID-19 with a disconnect between the severity
of hypoxemia and relatively mild respiratory discomfort [210][211].

The CT appearance of COVID-19 shares some similarities with other diseases
that cause viral pneumonia, including influenza viruses, parainfluenza virus,
adenovirus, respiratory syncytial virus, rhinovirus, human metapneumovirus,
etc. In particular, those within the same viridae (SARS and MERS) have great
similarities in imaging findings because they belong to the same Coronaviridae
family, and thus need to be excluded through clinical manifestations and
laboratory pathogen detection [1]. Imaging in MERS pneumonia can also show

ground glass lesions in the sub-pleural and basal parts with consolidation, and
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fibrosis changes can be left after healing. In the pneumonia patients infected by
respiratory syncytial virus, chest CT mainly manifested as small centri-lobular
nodules and areas of consolidation which are often asymmetrically distributed in
the lungs. Adenovirus pneumonia shows bilateral multifocal ground glass
opacities with patchy consolidations on CT images and may show lobar or
segmental distribution. Human parainfluenza virus pneumonia may show centri-
lobular nodules with bronchial wall thickening that differentiates it from the
imaging appearances of the other viruses. Radiographs in patients with influenza
pneumonia show bilateral patchy areas of ground glass opacity with or without
focal areas of consolidation, usually in the lower lobes [212]. In a report on
H1N1 influenza infection, in addition to the most common findings of ground
glass opacity, interlobular septal thickening, and centri-lobular nodules were the
second most frequent findings [213]. Rapidly progressive ground glass opacities
and consolidations with air bronchograms and interlobular septal thickening,
with right lower lobe predominance, are the main imaging findings in H7N9
pneumonia [214]. Viruses are a common cause of respiratory infection and
recognition of viral pneumonia patterns may help in the differentiation among
viral pathogens, while the definite diagnosis is achieved by laboratory detection
of virus. In addition, COVID-19 also needs to be distinguished from
mycoplasma pneumonia, chlamydia pneumonia, and bacterial pneumonia. Other
diseases that need to be identified are vasculitis, acute interstitial pneumonia,

connective tissue-related lung disease, and cryptogenic organizing pneumonia

1.
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V. TREATMENT

In our study, all patients benefitted from the national protocol, which was
initially based on the combination of Hydroxychloroquine and Azithromycin
(Appendix Figure 4).

This protocol has been updated according to the evolution of scientific data.

Currently, we know that the disease evolves in 2 phases [215].

After an incubation of approximately five days, 70% of infected patients
develop cough, fever, or dyspnea [164].

This phase of viral invasion is followed, in some patients, by an inappropriate
immune response, characterized by the worsening of the respiratory symptoms,
and the inflammatory syndrome, usually eight to ten days after the first
symptoms [183]. This dysimmune phase, sometimes called cytokine storm, may
be associated with coagulopathy, which, for some authors, corresponds to viral
sepsis [216].

If the patient is in the first pulmonary phase, the treatment is based on the
combination of Hydroxychloroquine and Azithromycin.

And if signs of distress and/or inflammatory syndrome, it is rather the
announcement of the cytokine storm, and the treatment is then centered on
corticosteroids, antibiotic therapy, tocilizumab [112][161] (Appendix Figure 5).

This protocol was associated to supportive care, such as oxygen therapy, vitamin
therapy, with potentially adding antibiotic therapy (based on beta-lactam; either
amoxicillin or 3d generation cephalosporins) and/or antiviral treatment (based
on lopinavir/ritonavir) when needed; i.e. noticing clinical and/or biological signs
suggesting a superinfection or progression, and adding anticoagulant treatment
based on low molecular weight heparin (LMWH) in case of biological
coagulation disorder (elevated d-dimer) alongside with lung lesions in CT Scan.
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A. Current COVID-19 treatment options

For the management of COVID-19, there is a need to strengthen supportive care
and closely monitor the vital signs, laboratory examination results and imaging
findings of the patients. Providing effective oxygen therapy on time is also
essential [161].

Antiviral agents or the modulators of the immune function are some of the
proposed options.  Lopinavir/ritonavir,  hydroxychloroquine/chloroquine,
remdesivir, ivermectin, favipiravir, umifenovir, camostat, nitazoxanide,
minocycline, corticosteroids, tocilizumab, sarilumab, siltuximab, anakinra,
interferons (IFN), adalimumab, and baricitinib/ruxolitinib have been studied,

with conflicting results [217].

Furthermore, adverse reactions of the above drugs, contraindications, and
interactions with other drugs should be closely monitored. Uninformed or
inappropriate use of antibiotics, especially a combined use of broad-spectrum

antibiotics, should be avoided.

For severe cases or critically ill patients, on the basis of symptomatic treatment,
secondary infections and complications should be actively prevented or treated,
any underlying diseases treated, and timely organ function support should be
provided [161].

Numerous studies and clinical trials are underway to develop effective treatment
options for COVID-19. Corticosteroids can suppress lung inflammation; hence
they have been used to treat SARS and MERS. However, they may also inhibit
the immune response of the patient, thereby slowing the elimination of
pathogens. In addition, available observational data indicate that corticosteroids
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can increase mortality and secondary infection rates when treating infections
caused by influenza, SARS and MERS viruses [218]. Therefore, corticosteroids
should be used with caution. The World Health Organization (WHQ) guidelines
for clinical care released on January 28, clearly state that routine use of systemic
corticosteroids to treat viral pneumonia or acute respiratory distress syndrome is

not recommended, unless supported by a specific reason [219].
B. Protocol associating Hydroxychloroquine with Azithromycin

Hydroxychloroquine and chloroquine are medications that have been used for a
long time. Their most common use is for the treatment and prophylaxis of
malaria. However, these antimalarial drugs are known to also have anti-
inflammatory and antiviral effects, and are used for several chronic diseases

such as systemic lupus erythematosus with low adverse effects.

The antiviral action of hydroxychloroquine and chloroquine has been a point of
interest to different researchers due to its mechanism of action. Several in vitro
studies have proven their effectiveness on severe acute respiratory syndrome
virus and currently both in vitro and in vivo studies have been conducted on
COVID-19. The effect of hydroxychloroquine and chloroquine on viral
replication goes beyond cytokine inhibition. These medications are weak bases
that can affect acid vesicles and inhibit several enzymes. This characteristic
allows them to inhibit the viral entry to the cell when the endocytosis is pH
dependent. It also inhibits glycosyl-transferases, viral post-translational
modifications and replication of some viral families. The antiretroviral effect has
been considered to be caused by the inhibition of viral glycosylation, a major
antiviral mechanism of these drugs. It was also recently described that

chloroquine might inhibit quinone reductase-2, an enzyme involved in sialic
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acid biosynthesis. If this were to be true, it would explain further its effect on
HIV, SARS and orthomyxoviruses because sialic acid is present on HIV-1
glycoproteins, SARS angiotensin-converting enzyme 2 (ACE2 receptor and

orthomyxovirus receptors) [220].

Azithromycin is an antibiotic that belongs to the macrolide family used in a
wide variety of bacterial diseases. Beyond its antibacterial activity, this
macrolide has shown antiviral and immunomodulatory activities that could be of

interest in viral infections, including COVID-19.

Azithromycin could act on SARS-CoV-2 binding to respiratory cells. Its
intracellular accumulation led to an increase in the pH that may impair trans-
Golgi network (TGN) and lysosome functions. Using molecular dynamic
simulations, another direct antiviral mechanism of this macrolide was theorized.
Azithromycin resulted in a ganglioside-mimic given its similar volume and
analogous chemical features than GM1. Since the spike protein of SARS-CoV-2
displays a ganglioside-binding site, azithromycin might inhibit SARS-CoV-2
infection by binding to this site. This would prevent the virus spike protein to
reach gangliosides on the host plasma membrane, which is involved in SARS-
CoV-2 pathogenesis. In addition, azithromycin may interfere in the spike
protein/CD147 interaction or CD147 expression. The increase in the lysosomal
pH by azithromycin may also alter the endocytosis process and lysosomal
proteases function (cathepsins or furins), which may difficult the fusion process.
As with other therapies, the use of azithromycin in the treatment of COVID-19
is a matter of debate. This drug presents promising pharmacokinetic and
pharmacological characteristics that could be useful in the treatment of SARS-
CoV-2 infection [217].
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In a French study conducted by Gautret et al., in a cohort of 80 relatively mildly
infected patients treated with a combination of hydroxychloroquine and
azithromycin over a period of at least three days, with three main measurements:
clinical outcome, contagiousness as assessed by PCR and culture, and length of
stay in infectious disease unit (IDU), all patients improved clinically except two
patients. A rapid fall of nasopharyngeal viral load was noted, with 83% negative
at Day7, and 93% at Day8. Virus cultures from patient respiratory samples were
negative in 97.5% of patients at Day5. Consequently, patients were able to be
rapidly discharged from IDU with a mean length of stay of five days.

Thus, this study provided evidence of a beneficial effect of co-administration of
hydroxychloroquine with azithromycin in the treatment of COVID-19 and its
potential effectiveness in the early reduction of contagiousness. Given the urgent
therapeutic need to manage this disease with effective and safe drugs, and the
negligible cost of both hydroxychloroguine and azithromycin, there is an urgent
need to evaluate this strategy further, both to treat and cure patients at an early
stage before irreversible severe respiratory complications take hold, and to
decrease duration of carriage and avoid the spread of the disease [221].
However, Ennibi et al. conducted a prospective descriptive analytical study at
the Center for Virology, Infectious and Tropical Diseases in Morocco, including
125 patients between March and May 2020, to assess the efficacy of
hydroxychloroquine associated with azithromycin for the treatment of patients
with COVID-19, based on viral clearance.

121 patients (96.8%) were cured after 10 days of treatment, and 32 patients

(25.6%) had an early viral clearance on the 6" and 8" day respectively.
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Although clinical healing was achieved in the majority of patients, the early
viral clearance was obtained in only 25.6% of the patients, which is inconsistent
with work published by other teams regarding early viral clearance in patients

who received the same treatment protocol [222].

Furthermore, Lamback et al. conducted a retrospective comparative study in
Brazil, from March through June 2020, involving 193 adult patients hospitalized
for mild and moderate COVID-19 related ARDS, analyzing treatment efficacy
based on clinical and biochemical outcomes.

The active group comprised 101 (52.3%) patients using hydroxychloroquine
associated with azithromycin and the control group 92 (47.7%) patients who did
not take these medications.

In the medication group, 25% (25 out of 101) were admitted to the ICU,
compared to 21% (19 out of 92) in the control group (p > 0.05). No difference in
mortality, duration of non-invasive oxygen use or duration of hospitalization
was seen between groups. The therapeutic regimen was well tolerated, with only
8 (7.9%) patients presenting gastrointestinal symptoms and 8 (7.9%) patients

withdrawn treatment due to QTc prolongation.

Thus, patients treated with hydroxychloroquine combined with azithromycin
and the control group had similar clinical outcomes. This therapeutic regimen
was considered ineffective in hospitalized patients with mild to moderate
COVID-19 related ARDS and was associated with few non-severe adverse
events [223].

118



C. Oxygen therapy

Administration of timely and effective oxygen therapy to patients with
COVID-19 is recommended. If possible, the patients should be treated with
mixed inhalation of hydrogen and oxygen (H2/02: 66.6/33.3%). Patients with
severe cases of COVID-19 rapidly progressed to ARDS, causing multiple organ
failures and even death. Therefore, respiratory symptoms need to be treated
urgently. For example, Zhan et al reported that extracorporeal membrane
oxygenation (ECMO) technology was successfully used to treat a patient with
COVID-19. This suggests that early application of ECMO can effectively

reduce the deterioration and enhance recovery of the disease [224].

Another study reported that the drugs acetazolamide, nifedipine and
phosphordiesterase inhibitors can also be used to adjunctively treat COVID-19,

thus improving lung ventilation conditions [225].
D. Immunotherapy

Zhou et al reported a clear trend of IgG and IgM titer increase by monitoring the
serum viral antibody levels in infected patients. The 1gG-positive samples could
neutralize the virus to some extent [23]. According to research by experts, most
patients with new coronavirus infections will consistently produce new
coronavirus-specific antibodies after treatment and rehabilitation, and these
specific antibodies can effectively kill and eliminate the virus. On February 8™,
2020, the plasma antibodies from convalescent patients were used to treat
patients for the first time at the First People's Hospital of Jiangxia
District/Concord Jiangnan Hospital. Nine critically ill patients in this hospital
received the treatment, and three serum samples were provided to critically ill

patients in other hospitals. Based on the condition of severely ill patients in this
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hospital, after 12 to 24h of treatment, blood oxygen saturation and the
proportion of lymphocytes increased, the main inflammatory indicators
decreased significantly, and the clinical symptoms began to improve

comprehensively [226].

An envelope-anchored spike protein (S protein) mediates coronavirus entry into
host cells by first binding to a host receptor and then fusing viral and host
membranes. During entry, the virus binds to a receptor on the surface of host
cells. The receptor is known as ACEZ2. In addition, work carried out by Yi and
his team at Wuhan Institute of Viruses, shows that SARS-CoV-2, similar to
SARS-CoV, enters cells through ACE2, suggesting that drugs targeting ACE2
and SARS drugs may be used to treat COVID-19, which is worthy of further
research [227].

A number of related drugs are also being tested in clinical trials [23].

The RNA of the SARS-CoV-2 sits at the core, surrounded by nucleocapsid
proteins, which are coated with spike proteins, envelope proteins and membrane
proteins. In addition to these proteins that maintain the structure of the virus,
viral RNA can also direct the production of other viral proteins (present in
infected cells and not in viral particles) that are not involved in the structure of
the virus. These proteins are foreign to the host, and the body produces
antibodies against them. As a result, though individuals infected with
SARS-CoV-2 can produce a wide variety of antibodies against the virus, only
antibodies that recognize the proteins on the surface of the virus particles might
have an antiviral effect. Antibodies against S protein, known as neutralizing
antibodies, bind to S protein and block its binding to ACEZ2, thus protecting host
cells. In addition, non-neutralizing antibodies bind to the virus through its
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variable region, while the constant region binds to the phagocytes, thus greatly
facilitating phagocytes to clear the virus. However, this pattern can lead to the
overactivation of non-specific immune cells, releasing large amounts of
pro-inflammatory factors, typically IL-1, IL-6 and tumor necrosis factor (TNF),
forming so-called cytokine storms, which are an important cause of ARDS and
multiple organ dysfunction syndrome. Moreover, neutralizing antibodies are
powerless against viruses that have already entered the host cells. They can only
prevent most of the virus from entering the host cells; however, a small part of
the virus can still enter the host cells. For viruses that enter the cells, their death
depends on T cells in the body. Viruses that invade cells express information
about their encoded proteins on the surface of the infected cell, and T cells
recognize this information to attack the infected cell and ultimately kill both the
infected cells and the viruses inside. In addition, since the plasma of the donor is
an alien component to the patients, it is likely to cause an allergic reaction or
infection caused by blood transfusion, such as acquired immune deficiency
syndrome (AIDS) and syphilis. Therefore, plasma therapy is risky and suitable
for critically ill patients with low immunity and without a cytokine storm, and is
not recommended for patients with mild cases. Finally, plasma therapy must be
used with caution, and should be further studied [161].

Monoclonal antibodies (MAs) are generally regarded as effective and
therapeutically specific towards viral infections because they prevent the virus
from entering the host cells through binding with the S protein or ACE2
receptor. While MAs are highly effective, their rapid mass production is
unrealistic and therefore unlikely to be appropriate for this burgeoning pandemic
[228].
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Currently, Chinese treatment guidelines list interferon as an alternative agent for
treatment. Some other immunomodulatory agents, such as baricitinib, imatinib,
dasatinib and cyclosporine might work towards inhibiting SARS-CoV-2 [229].

E. Virus blocking and pathway inhibitors

At present, targeting the renin-angiotensin system (RAS) is an important
approach for the treatment of pulmonary diseases. ACE/Angll/ATIR is an
important factor in promoting acute lung injury, which can be alleviated by the
antagonistic role played by ACE2/Ang (1-7)/Mas receptor pathway. Therefore,
it is predicted that the combination of SARS-CoV-2 and ACE2 would inhibit the
ACE2/Ang (1-7)/Mas receptor pathway and decrease the ratio of ACE2/ACE,
particularly in the elderly patients. However, the activity of ACE/Angll/AT1R
pathway increased, thus leading to an unbalanced RAS. Then the increased
inflammatory factors would increase mortality rate. Thus, activation of the
ACE2/Ang (1-7)/Mas signaling pathway or inhibition of the ACE/Ang II/AT1R
pathway may be an important therapeutic choice for COVID-19. In light of this
fact, two ACE2 activators, resorcinol-naphthalein and 1-[(2-dimethylamino)
ethylamino]- 4-  (hydroxymethyl)-  7-  [(4-methylphenyl)sulfonyloxy]
-9H-xanthene-9-1 can Dbe alternative therapies for COVID-19 [230].
Under controlled blood pressure, the application of ACE inhibitors (ACEI) and
ATIR inhibitors in COVID-19 patients may reduce pulmonary inflammation
and mortality [231].

In addition, it is reported that APNOL, a soluble recombinant human ACE2
(rhACE2), can block virus cell entry by competitively intercepting the
SARS-CoV-2. There are some predictive drugs that can prevent the virus from
invading, such as camostat, nafamostat, bromhexine, aprotinin, chlorpromazine,
baricitinib, and ruxolitinib.
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However, these drugs need more clinical trials to test their efficacy and safety.
In case of cellular signaling pathway inhibitors, the potent protein kinase B
(PKB, Akt) inhibitors MK-2206, niclosamide, diltiazem, nitazoxanide,
tizoxanide and valinomycin, and the inhibitors of ERK/MAPK and
PIBK/AKT/mTOR signaling pathways such as sirolimus, everolimus and

metformin are being studied in clinical trials to verify their effectiveness [23].

F. Suppression of cytokine storms and bacterial infections
Zhang et al proposed a treatment program that shortened the course of the

disease in critically ill patients. The study reported that cytokine storms were
found in critically ill patients. Through the artificial liver blood purification
technology, inflammatory factors were removed and cytokine storms were
eliminated, resulting in improved patient symptoms of breathing difficulties and
blood oxygen saturation [232]. The intestinal microecology of these patients is
often disordered; therefore, a treatment method should be adopted to ensure
microecological balance and to provide enteral nutrition, supplement
microecological regulators, to reduce secondary infection caused by bacterial
transfer [161].

At the same time, a study conducted by Yang et al. stressed on the blood
purification treatment for patients with severe COVID-19. Immune damage
mediated by cytokine storms and concomitant acute kidney injury (AKI) is a key
factor for poor prognosis [233]. Therefore, blood purification is urgently needed
in critical cases, and its application should follow the detailed principles and
protocol involved. The blood purification techniques include continuous renal
replacement therapy (CRRT), blood/plasma perfusion, absorption, plasma

replacement, and other modes of comprehensive blood purification [234].
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In addition, there are also other ways to suppress cytokine storms, such as
non-steroidal anti-inflammatory medication, immunosuppressants, [FN-A,
corticosteroids, cytokine antagonists, blockers and inhibitors, intravenous
immunoglobulin  (IVIlg), mesenchymal stem cells, sphingosine-1-phosphate
receptor 1 agonists, and enabling an increase in vascular permeability.
IL-6 is a key factor in immune imbalance; hence it also serves as a target for

drugs such as tocilizumab and sarilumab, which are currently on trial [229].
G. Nucleoside analogues and protease inhibitors

Nucleoside analogues that have been approved or are under development may
have the potential to treat novel coronavirus infections, including favipiravir,
ribavirin, remdesivir and galidesivir. They are usually derivatives of adenine or
guanine. They can be used by RNA-dependent RNA polymerase (RdRp) to
synthesize RNA strands; however, when integrated into the RNA strand, they
block the continued synthesis of the RNA strand, leading to an early termination
of its synthesis. They can be used to treat a wide spectrum of RNA viruses,
including coronaviruses. Some approved protease inhibitors such as disulfiram,
lopinavir, and ritonavir show inhibitory activity against SARS-CoV and
MERS-CoV. These results suggest that these drugs may be used to treat
COVID-19. Likewise, the inhibitors towards SARS-CoV-2 Mpro, such as
(S)-N-Benzyl-3-(S)-2-cinnamamido-3-cyclohexylpropanamido)-2-oxo-4-((S)-2-
oxopyrrolidin-3-yl) butanamide (referred to as 11r), pyridone-containing
a-ketoamide derivative of 11r (referred to as 13b) and nelfinavir, can also block

virus infection [23].
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H. Anticoagulant therapy

Inflammatory factors and lymphocyte subsets are routinely monitored during the
course of the disease. To enhance the immune function of patients and inhibit
the formation of inflammatory factor storms, 1VVIg and low molecular weight
heparin (LMWH) anticoagulant therapy could be given as early as possible
when T cells, B cells, inflammatory cytokines, and D-Dimer show the following
trends: Significantly lower T lymphocyte and B lymphocyte levels in peripheral
blood than before, increase in inflammatory cytokines, abnormal increase in
coagulation parameters such as D-dimer, and an indication of lung lesion
expansion on chest CT. Specifically, high-dose 1VIg at 0.3-0.5 g/kg weight of
the patient per day for 5 days, and 100 U/kg weight of LMWH per 12h by
subcutaneous injection for at least 3-5 days may be administered [161].

Then, in order to avoid side effects after anticoagulant treatment, the indicators

of laboratory results should be closely monitored.

It is recommended that targeted therapy be applied for COVID-19 patients with
different degrees of coagulation dysfunction. For example, when patients
experience coagulation dysfunction and liver failure, the plasma exchange
should be used to clear some harmful substances and supplement coagulation
factors [235].

125



VI. PREVENTION

Initial SARS-CoV-2 prevention includes social distancing, the use of face
masks, environmental hygiene, and hand washing. Although the most important
pharmacologic interventions to prevent SARS-CoV-2 infection are likely to be
vaccines, the repurposing of established drugs for short-term prophylaxis is

another, more immediate option [236].
A. Preventive measures

The application of preventive measures is intended to avoid infection and
prevent secondary infections, interrupt human-to-human transmission and

prevent further international spread.

And it starts by staying aware of the latest information on the COVID-19
outbreak, and following the directions of the local health authority [237].

1. Individual measures

e Washing hands regularly and thoroughly with soap and water for at least
20 seconds or with an alcohol-based hand rub (hand sanitizer that
contains at least 60% alcohol) especially after visiting a public place, or

blowing your nose, sneezing or coughing.

e Wearing a facemask, especially in closed spaces, such as workplace,
public transports, primary necessities suppliers (grocery stores,

supermarkets).

e Avoiding touching nose, eyes or mouth with unwashed hands.

126



Covering mouth and nose with a tissue paper whenever coughing or
sneezing, and washing hands immediately after throwing the used tissues
in the trash.

Maintaining social distancing (at least 1m or 3 feet distance between 2
people) and avoiding close contact with anyone thought to be ill
(coughing or sneezing: because COVID-19 can be transmitted through
droplets.

Avoiding large events and mass gatherings.

2. Collective measures

If infected, or thought to be ill, it is recommended:

Seeking medical attention.
Staying at home, to avoid infecting others.

Staying isolated, if possible, in a separate room from the rest of the
family and wearing a facemask when around other people.

Avoiding sharing bedding, dishes, glasses and other household items.
Other recommended measure:

Cleaning dirty surfaces using detergent or antiseptic soap and water
before disinfection apply,

Apply disinfectant daily on frequently touched surfaces, such as desks,
phones, keyboards, toilets, faucets, tables, doorknobs, light switches,
countertops, handles, and sinks.

Avoiding direct physical contact (including physical examination and
exposure) to respiratory and other body secretions [237].
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B. Chemoprophylaxis

Chemoprophylactics against emerging epidemic and pandemic infectious
diseases offer potential for prevention but require efficacy and safety analysis

before widespread use can be recommended [238].

Some researchers have promoted chloroquine and hydroxychloroquine for the
treatment and prevention of illness from a variety of microorganisms, including
SARS-CoV-2 [239].

Boulware et al. conducted a randomized, double-blind, placebo-controlled trial
across the United States and parts of Canada, testing hydroxychloroquine as post
exposure prophylaxis for COVID-19.

Were enrolled 821 asymptomatic participants. Overall, 87.6% of the participants
(719 of 821) reported a high-risk exposure to a confirmed COVID-19 contact.
The incidence of new illness compatible with COVID-19 did not differ
significantly between participants receiving hydroxychloroquine (49 of 414
(11.8%)) and those receiving placebo (58 of 407 (14.3%)) [240].

In Morocco, the Ministry of Health issued a guideline detailing the management
protocol for patients with COVID-19 and their contacts, dated April 7, 2020.
(Appendix Figure 6).

The note recommended a 5-day prophylactic treatment for high-risk contacts
with hydroxychloroquine, at a dose of 400mg twice a day on day 1, then 200mg
twice a day from day 2 to day 5 [112].
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C. Vaccine research

As many countries continue to battle with new infections caused by coronavirus
disease 2019 (COVID-19), vaccine development has been accelerated to achieve
immunity to the virus and stop transmission. The process of vaccine
development is usually long and tedious (Figure 29). The recent advances in
COVID-19 vaccine development have indicated that research innovations are
accumulative, building on already existing knowledge. This allows for the
pandemic speed at which the COVID-19 vaccines have been rapidly developed.
Vaccines are biological preparations that provide active acquired immunity to a
particular infectious disease. They do so by stimulating an immune response to
an antigen, a molecule found on the pathogen. Vaccines date back to the era of

Edward Jenner who developed the smallpox vaccine in 1796 [241].
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Figure 29: COVID-19 vaccine development compared to conventional
vaccine development [241].
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1. COVID-19 vaccines

In the history of vaccines, COVID-19 vaccines have accelerated at an
unimaginable speed. Currently, there are 184 candidate vaccines in preclinical
development and 104 in clinical stages of development. Recent data indicate that
there are 18 COVID-19 vaccines approved and are currently in use around the
world [241]. The COVID-19 vaccines are in four primary categories using
different platforms: whole virus vaccines, protein-based vaccines, viral vector

vaccines, and nucleic acid vaccines [242].

a) Whole virus vaccines

Whole virus vaccines use a weakened (attenuated) or inactivated form of the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) to trigger
protective immunity. Live attenuated vaccines use a weakened form of the virus,
which can still grow and replicate but does not cause illness [242]. Inactivated
vaccines contain viruses whose genetic material has been destroyed by heat,
chemicals, or radiation, so they cannot infect cells and replicate but can still
trigger an immune response [243]. Both types of whole virus vaccines are tried
and tested vaccine approaches, which form the basis of many existing vaccines.
Existing live attenuated virus vaccines include measles, oral poliovirus, and
yellow fever vaccines; and inactivated vaccines include inactivated polio and
seasonal influenza vaccines [244]. There are currently 16 inactivated and two
live attenuated candidate SARS-CoV-2 vaccines in clinical development. The
advantages of live-attenuated SARS-CoV-2 vaccine candidates include targeting
and stimulating robust mucosal and cellular immunity, which is essential for
protection without the need for adjuvants. However, this type of vaccine has
some disadvantages. SARS-CoV-2 is excreted in the feces of infected patients
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[245][246] and there is concern that live-attenuated SARS-CoV-2 vaccines may
be excreted in the feces of vaccines, possibly leading to SARS-CoV-2
transmission to unvaccinated individuals. The use of live-attenuated SARS-
CoV-2 vaccine may also increase the risk of recombination between the vaccine
strain and circulating wild-type virus, generating new viral variants. In addition,
production and formulation of a live attenuated SARS-CoV-2 vaccine is labor-
intensive and requires rigorous quality control, which would slow down large-
scale vaccine production. At least two SARS-CoV-2 inactivated candidate
vaccines have been approved for emergency use [241].

b) Protein-based vaccines

There are two types of protein-based vaccines, that is, subunit and virus-like
particle vaccines. Protein subunit vaccines consist of viral antigenic fragments
produced by recombinant protein techniques. They are easy to produce, and
relatively safe and well-tolerated compared to whole virus vaccines. The
limitation of protein subunit vaccines is their low immunogenicity [247].
Therefore, adjuvants are usually used together with subunit vaccines to improve
immunogenicity. Existing subunit vaccines include those against whooping
cough, Streptococcus pneumoniae, and Haemophilus influenzae type b [242].
There are currently 33 SARS-CoV-2 protein subunit candidate vaccines in
clinical development, with at least one that has been shown in phase Il clinical
trials to induce high titers of neutralizing antibodies [248]. Beyond subunit
vaccines, other protein-based SARS-CoV-2 candidate vaccines use empty virus
shells that mimic the coronavirus structure but are not infectious because they
lack genetic material; referred to as ‘virus like particles’ [249]. There are
currently five virus-like particle vaccines in clinical development. Existing

vaccines that use this technology include human papillomavirus vaccines [250].
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¢) Viral vector vaccine

Viruses survive and replicate by invading their host’s cells and hijacking their
protein-making machinery, so it reads the virus genetic code and makes new
viruses. These virus particles contain antigens, molecules that can trigger an
immune response [245]. A similar principle underpins viral vector vaccines,
where the host cells only receive a code to make specific antigens. The viral
vector acts as a delivery system, providing a means to invade the cell and insert
the code for SARSCoV-2 antigens. The virus used as a vector is chemically
weakened so that it cannot cause disease. In this way, the body can mount an
immune response safely, without developing the disease [247][251]. Viruses
that have been used as vectors include the adenovirus (that causes common
cold), measles virus, and vaccinia virus. There are two categories of viral
vectors; those that can still replicate within cells and those that cannot because
key genes have been disabled [242][244][251]. Before the onset of SARS-CoV-
2, only one viral vector vaccine had been approved for use in human population
against Ebola virus disease [252]. The Ebola vaccine uses the vesicular
stomatitis virus as a replicating viral vector. One drawback with viral vector
vaccines is that if people have been previously exposed to the viral vector and
have developed an immune response against it this could potentially blunt the
vaccine’s effectiveness [249]. There are currently 16 non-replicating and two
replicating viral vector candidate SARS-CoV-2 vaccines in clinical
development. Various viral vector SARS-CoV-2 candidate vaccines, all using
non-replicating viral vectors, have been approved by regulatory authorities

around the world for emergency use [241].
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d) Nucleic acid vaccines

SARS-CoV-2 nucleic acid vaccines use genetic instructions, in the form of
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), for a SARS-CoV-2
protein that prompts an immune response. Before COVID-19, this platform was
unproven, as no existing licensed vaccine used this technology. DNA vaccines
use a piece of DNA encoding the antigen, which is first inserted into a bacterial
plasmid. Bacterial plasmids are circular pieces of DNA used to store and share
genes that may benefit their survival [253]. Plasmids can replicate the main
chromosomal DNA independently and provide a simple tool for transferring
genes between cells. Because of this, they are already widely used in genetic
engineering. This allows for the host machinery to translate the antigen message
into protein inside cells [251]. RNA vaccines, on the other hand, encode the
antigen of interest in a messenger RNA (MRNA) or self-amplifying RNA, which
is a molecular template used by cellular factories to produce proteins [251][253].
The RNA can be injected by itself, encapsulated within nanoparticles, or driven
into cells using some of the same techniques developed for DNA vaccines. Once
the DNA or RNA is inside the cell and starts producing antigens, these are then
displayed on its surface, where they can be detected by the immune system,
triggering a response. This response includes killer T cells (which look for and
kill infected cells) and antibody-producing B cells and helper T cells that
support antibody production [244][247]. There are currently at least 10 DNA
and 18 RNA candidate vaccines in clinical development. Several mRNA
vaccines against SARS-CoV-2 have been approved for emergency use around.
This is the first time in the history of vaccinology that a nucleic acid vaccine has

been approved for use in public health programs [241].
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2. COVID-19 vaccine rollout

By the end of 2021, nearly eight billion doses of COVID-19 vaccines had been
administered worldwide. 54.2% of the world population had received at least
one dose of a COVID-19 vaccine, and 42.7% is fully vaccinated.

By the same time, nearly 30 million COVID-19 vaccine doses were being
administered each day worldwide. Countries that had fully vaccinated their
citizens by the end of 2021 include the United Arabs Emirates, Singapore, Cuba,
Portugal, Chile, China, South Korea, Spain, Canada, Japan, Italy, France, Brazil,
United Kingdom, Germany, and United States. However, only 5.8% of people in

low-income countries had received a COVID-19 vaccine dose by then.

In Morocco, the vaccination campaign started on February 19%, 2020.

As of the end of November 2021, 22.69 million people are fully vaccinated,
which represents 61% of the citizens, and more than 48 million vaccine doses
had been administered, which makes it the first African country with the highest

proportion of vaccinated population [5].
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Table 15: Summary of treatment methods for COVID-19 based on different mechanisms [161].

Mechanisms or methods Diugs or agents

Oxvyegen therapy Mixed inhalation of hydrogen and oxygen (H./O,:606.6%/33.3%), (31) extracorporeal membrane
oxygenation technolegy (15).

Immunotherapy Convalescent patient plasma, (15) monoclonal antibodies, (45) interferon, immunomodulatory
agents (baricitinib, imatinib, dasatinib, and cyclosporine) (41)

‘Virus blocking and Resorcinolnaphthalein, 1-[(2-dimethylamino)ethylamine]-4-(hydro xymethyl)-7-

pathway inhibitors

Suppression of cytokine
storms and bacterial
infections

Nucleoside analogues and
protease inhibitors

Anticoagulant therapy
Vaccine research

[(4-methylphenyl)sulfonyloxy]-9H-xanthene-9-one, (47) ACE inhibitors, AT1R inhibitors, (48)
APNOL, camostat, nafamostat, bromhexine, aprotinin, chlorpromazine , baricitinib, ruxolitinib (7),
MEK-2200, niclosamide, diliazem, nitazoxanide | izoxanide, valinomyein, the inhibitor of ERK/
MAPK and PI3K/AKT/mTOR signaling pathways (sirolimus, everolimus, metformin) (7).
Artificial liver blood purification techniques{CRRT, blood/plasma perfusion, absorption, plasma
replacement), (47 49) non-steroidal anti-inflammatory medication, immunosuppressants, IFN-x,
corticosteroids, the cytokine antagonists, blockers and inhibitors, intravenous immunoglobulin,
mesenchymal stem cells, sphingosine-1-phosphate receptor 1 agonist, increased vascular
permeabality, (52-54) tociliznmab, sanlumab, microecological regulators combined with
Traditional Chinese Medicine (55)

Favipiravir, ribavirin, remdesivir and galidesivir, disulfiram, lopinavir, ritonavir, (55,56) mhibitors
towards SARS-CoV-2 MF[(S)-N-Benzyl-3-((5)-2-cinnamamido-3-cyclohexylpropanamido)-2-
0x0-4-((5)-2-oxopvrrolidin-3-yl) butanamide (referred to as 111), pyridone-contaiming o-ketoanude
denivative of 11r (referred to as 13b), nelfinavir] (7)

IVIg, low molecular weight hepann, plasma exchange (44,50)

RNA vaccines (LNP-encapsulated mRNA , LNP-encapsulated mRNA encoding RBD, LNP
encapsulated mRNA cocktail encoding VLP), DNA vaccines (ChAdOx1 nCoV-19, INO-4800),
vaccines based on protein subumit, viral vector virus-like particles, mactivated virus, live
attenuated virus (59-01)

CRRT, continuous renal replacement therapy; IVIg, intravenous immunoglobulin; I NP, lipid nanoparticles; RBD, receptor binding domain;
VLP, virus-like particles; ERE/MAPK, extracellular regulated protein kinases/mitogen activated protein kinase; PI3K/AKT/mTOR., phospha-
tidylinositol 3 kinase/protein kinase B/mammalian target of rapamyein; AT1R, angiotensin IT typelreceptor.
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VIl. PROGNOSIS

In our study, our patients were ranked according to the NEWS severity score.

84 patients (45.2%) were asymptomatic, 35 (18.8%) were mild, 62 (33.3%) were
moderate, 5 (2.7%) cases were severe, and none of our patients belonged to the
critical group.

The prognosis of most patients is good, with only a few patients being reported
as critically ill, and the mortality rate ranging from 0 to 14.6%. However, the
prognosis of the elderly and those with underlying chronic diseases is poor
[161].

The global hospital mortality from COVID-19 is approximately 15% to 20%,
but can be as high as 40% in patients requiring ICU admission. However,
mortality rates fluctuate across cohorts, reflecting differences in the testing
completeness and case identification, variable thresholds for hospitalization, and
differences in outcomes.

Hospital mortality ranges from less than 5% among patients younger than 40
years, to 35% for patients aged 70 to 79 years, and more than 60% for patients
aged 80 to 89 years [237].

It should be noted that some factors could influence the prognosis of COVID-19
patients [161].
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Changes in laboratory results: By analyzing the entire course of
treatment of a patient for COVID-19, it can be concluded that as the
treatment progresses, the body temperature of the patient returns to
normal, other clinical symptoms are significantly reduced and the levels
of cytokines such as IL-2, IL-6, IL-7 and TNF alpha decrease gradually
[254]. In addition, after effective treatment, the levels of white blood cell
(WBC), lymphocyte, CRP, D-dimer, ESR, and other indicators in the
blood become normal. However, if these laboratory results are abnormal,
the patients may have poor prognosis. As reported, cytokine storms occur
in critically ill patients. Therefore, in the later stage of the disease, high
levels of cytokines suggest a poor prognosis. The concomitant AKI is also
a factor for poor prognosis. Additionally, the viral load reflected in the
results of RT-PCR can also be used to predict the prognosis, for the heavy
viral load may lead to poor prognosis, and the number and the dynamic
changes of platelets and platelet-to-lymphocyte ratio (PLR) were also
worthy of attention in severe cases. A high PLR may indicate poor

prognosis [255].

Changes in CT findings: In a SARS-CoV-2 infection, the imaging
features and total CT score vary throughout the course of the disease,
from initial diagnosis until patient recovery. Most patients showed the
greatest severity of lung disease on CT around 10 days after initial onset
of symptoms. Improvement in chest CT reports began around 14 days
after the onset of initial symptoms [256]. Patients with mild disease
showed less inflammation and injury to lungs when compared with criti-
cally ill patients [257]. According to the analysis of imaging features,
pleural effusion is rare in cases of COVID-19. Hence, the presence of
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pleural effusion and diffuse alveolar damage patterns might suggest poor
prognosis, as do the high incidences of consolidation, linear opacities,
crazy-paving pattern, bronchial wall thickening, lymph node enlargement
and pericardial effusion [258][259]. In summary, analysis of CT findings
might be useful to predict the clinical outcome and patient prognosis. If
clinicians can deduce specific patterns of lung abnormalities from CT
scans, patient prognosis can be efficiently predicted [161].

Serum antibodies and the titer: The plasma from recovered patients can
be used to treat critically ill patients because of the viral specific
antibodies present in the plasma. Since the antibodies have protective
effects, they can help to resist the invasion of SARS-CoV-2 again.
Therefore, the antibodies and their titer can also be used to predict the
prognosis of the disease [161].

Disseminated intravascular coagulation (DIC): Disseminated
intravascular coagulation frequently occurred in patients with COVID-19
with serious respiratory failure, and was considerably more frequent in
non-survivors (71.4%) compared with survivors (0.6%) (12,84). These
results provide evidence that DIC can be listed as a prognostic parameter
of COVID-19 [161].

Individual factors: Differences in host susceptibility to viruses and
immune systems can also be considered as important prognostic factors.
Recently, some studies show that cardiovascular diseases such as
hypertension increased the incidence and severity of coronavirus
infection. Also, myocardial injury caused by coronavirus infection
contributed to poor prognosis. At the same time, diabetes or some other
comorbidities, and the time span between illness onset and antiviral
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treatment are major factors influencing the prognosis. Age also plays a
significant role in prognosis. Patients above the age of 65 are at a higher
risk of disease progression [161].

Table 16: Factors influencing the prognosis of COVID-19 [161].

Classification Factors

Changes in laboratory results Body temperature and other clinical symptoms, cytokine levels, the levels of WBC,
lymphocyte, CRP, D-dimer, ESR and other indicators (62), acute kidney injury, the ratio of
CD4" T cells to CD§* T cells (69), the number and the dynamic changes of platelets,
platelet-to-lymphocyte ratio (PLR) (70).

Changes in CT findings Pleural effusion, diffuse alveolar damage pattern, consolidation, linear opacities,
crazy-paving pattern, bronchial wall thickening, lymph node enlargement, pericardial
effusion (74).

Serum antibodies and titer Specific IgG, IgM (53)

Individual factors Cardiovascular disease, myocardial injury, diabetes or some other comorbidities (75,76),

time from illness onset to antiviral treatment, age (77), level of (HFABP) (78).

Complications Disseminated intravascular coagulation (79,80).

WBC, white blood cell; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; [¢G, immunoglobulin G; IgM, immunoglobulin M;
HFABP, heart-fatty acid binding protein.

139



VIIl. EVOLUTION AND OUTCOME

In our study, all our patients recovered completely and were discharged.

The clinical cure, retained on the disappearance of clinical symptoms and
apyrexia for more than 3 days, after 2 weeks of well conducted treatment, was
obtained in 184 patients representing 98.9% of the study population.

51 patients (27.4%) had an early virologic clearance, as in they were tested
negative on the 6™ and 8" day respectively, while 135 patients (72.6%) were not,
and kept being tested until negativity.

The longest hospitalization duration was 38 days.

7 patients required oxygen therapy (3.8%), and 1 patient (0.5%) was transferred
to intensive care unit for 48 hours, and was discharged afterwards.

No deaths were reported.

Following systematic treatment, clinical symptoms of the patients gradually
improve until they recover.

Usually, patients meet the criteria for discharge from isolation or hospitals when
their respiratory pathogenic nucleic acid tests show two consecutive negatives
results (the sampling interval should be at least one day) [260].

According to Zhou et al., among 191 patients, 54 (28.3%) patients died during
hospitalization and 137 (71.7%) were discharged. The median time from illness
onset (i.e., before admission) to discharge was 22 days [18-25], whereas the
median time to death was 18.5 days [15-22]. 32 patients required invasive
mechanical ventilation, of whom 31 (97%) died. The median time from illness

onset to invasive mechanical ventilation was 14.5 days [12-19].
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Sepsis was the most frequently observed complication, followed by respiratory
failure, ARDS, heart failure, and septic shock. Half of non-survivors
experienced a secondary infection, and ventilator-associated pneumonia
occurred in 10 (31%) of 32 patients requiring invasive mechanical ventilation.
The frequency of complications was higher in non-survivors than survivors
[153].

According to Zhang et al., 251 patients among 663 (37.9%) improved in
hospital during follow-up. Older patients (> 60 years) were more prone to have
no improvement than others (<60 years old). Among the patients with
improvement, 103 (251, 41%) were men. Moreover, 198 patients with
improvement (251, 78.9%) had no coexisting chronic disease, which is

significantly higher than patients without improvement (219, 53.2%) [160].
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IX. STATISTICAL STUDY

In the univariate analysis, the asymptomatic infection (45.2%) was significantly
associated to a normal CT scan (p < 0.0001), a normal CRP level (p <0.001), a
normal ferritin level (p < 0.002) and the absence of lymphopenia (p < 0.03).
Normal CT scan (53.2%) was significantly linked to the age under 40 years old
(p <0.0001), asymptomatic cases (p < 0.0001), a time to diagnosis under 5 days
in the symptomatic patients (p < 0.019), a normal CRP level (p < 0.0001), a
normal LDH level (p < 0.005) and the absence of lymphopenia (p < 0.0001).
(Appendix Table 9 and 10).

In the multivariate analysis, the asymptomatic infection was significantly
associated to a normal CT scan (p < 0.009).

And regarding normal CT scan, it was significantly linked to the age under 40
years old (p < 0.004), asymptomatic patients (p < 0.002), a normal CRP level
(p < 0.001), the absence of lymphopenia (p < 0.01) and an early virologic
clearance (p < 0.043) (Appendix Table 11 and 12).

It appears that there is a significant correlation between clinical and CT scan
data, as asymptomatic patients are more likely to present with normal CT scan

findings.
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Through our objective which was to study the clinical and radiological
characteristics of patients with COVID-19, and to establish a possible
correlation between these features, as well as to highlight potential associated
factors to both parameters, we conducted a retrospective study in the Center for
Virology, Infectious and Tropical Diseases, Mohammed V Military Teaching
Hospital, involving 186 cases whose diagnosis was confirmed by RT-PCR,
between March and June 2020.

Our results showed that:

v In the univariate analysis, patients with an asymptomatic presentation are

more likely to have a normal CT scan a normal CRP level, a normal ferritin
and a normal of lymphocytes count.
And patients with normal CT scan findings are more likely to be under 40
years of age, asymptomatic, with a time to diagnosis under 5 days if
symptomatic, have a normal CRP level, a normal LDH level and a normal
lymphocytes count

v In the multivariate analysis, the asymptomatic infection was significantly
associated to a normal CT scan.
And patients with normal CT scan, are more likely to be under 40 years
old, asymptomatic, have a normal CRP level, normal lymphocytes count
and an early virologic clearance.
Thus, it appears that there is a significant correlation between clinical and CT
scan features.
From these findings, the prognosis of the patients can be predicted, since
asymptomatic cases, with a normal CT scan and an undisturbed biological
profile are at the least risk of developing severe forms of COVID-19 related
ARDS.
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ABSTRACT

Title: Clinical and CT scan features of COVID-19 patients admitted to the Center for
Virology, Infectious and Tropical Diseases. About 186 cases.

Author: MOUTMIR Yasmine.

Keywords: COVID-19, clinical features, CT scan features

COVID-19 is an infectious disease caused by the SARS-CoV-2 virus, responsible of the
pandemic that is currently raging on, and that initially emerged in China in December 2019.

It represents, not only a major threat to global public health, but also a huge economic burden
and panic to society.

Around 80% of the infected subjects will experience only mild to moderate symptoms.
However, in 10 to 20% of cases, the clinical presentation happens to be much more critical,
requiring specific management, mainly in elderly subjects and those with associated
comorbidities.

Our work, which aimed to describe the clinical, biological and morphological

presentation of the first COVID-19 cases, to establish a possible correlation between the
clinical and morphological features on CT scan, and to define the predictive factors of an
unfavorable outcome, focused on a retrospective descriptive and analytical study about 186
cases from March through June 2020.

Our study showed predominance in the age group between 25 and 39 years old, with a median
age of 34 years old, as well as a higher prevalence among males (90.9%) compared to females
(9.1%) with a sex ratio of 9.94.

10.8% had comorbidities, with hypertension being the most common comorbidity, followed
by asthma, diabetes and heart disease.

45.2% of the patients were asymptomatic, and 53.2% had normal a CT scan.

And our study found out a significant correlation between clinical and CT scan data, as
asymptomatic patients are more likely to present with normal CT scan findings.

All our patients recovered and were discharged, and no deaths were reported.
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RESUME

Titre : Aspects cliniques et morphologiques des patients COVID-19 admis au Centre de
Virologie, de Maladies Infectieuses et Tropicales. A propos de 186 cas.
Auteur : MOUTMIR Yasmine.

Mots clés : COVID-19, aspects cliniques, aspects morphologiques.

Le COVID-19 est une maladie infectieuse causee par le virus SARS-CoV-2, responsable de la
pandémie qui sévit actuellement, et qui a initialement émergé en Chine en Décembre 20109.
Elle représente non seulement une grande menace pour la santé publique mondiale, mais aussi
un fardeau économique important et une source de panique pour la société.

C’est une maladie bénigne dans environ 80% des cas. Cependant, dans 10 a 20% des cas, le
tableau clinique peut étre beaucoup plus sévére, nécessitant une prise en charge spécifique,
essentiellement chez les sujets agés, ou avec comorbidités.

Notre travail, qui avait pour objectif de décrire la présentation clinique, biologique et
morphologique des premiers cas confirmés, d’établir une éventuelle corrélation entre les
caractéristiques cliniques et morphologiques au scanner, et de définir les facteurs prédictifs
d'une évolution défavorable, a consisté en une étude rétrospective descriptive et analytique
portant sur 186 cas entre Mars et Juin 2020.

Notre étude a montré une prédominance dans le groupe d'age des 25 a 39 ans, avec une
médiane d’age de 34 ans, ainsi qu'une prévalence plus élevée chez les hommes (90.9%) par
rapport aux femmes (9.1%) avec un sex ratio de 9.94.

10.8% présentaient des comorbidités, I'nypertension artérielle étant la comorbidité la plus
fréquente, suivie de I'asthme, du diabete et des cardiopathies.

45.2% des patients étaient asymptomatiques et 53.2% avaient un scanner normal.

Notre étude a révélé une corrélation significative entre les données cliniques et
morphologiques, les patients asymptomatiques étant plus susceptibles de présenter un scanner
normal.

Tous nos patients ont gueéri, et aucun déces n'a été signale.
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Table 1: Detailed taxonomic structure of the Coronaviridae family [22].

Subgroup/

Genus Lineage  Abbreviation Genome Species  Disease Name Organ System

Alphacoronavirus PEDV 28,033 | Porcine | Porcine epidemic diarrheavirus | Enteric

Alphacoronavirus TGEV 28,586 | Porcine | Transmissible gastroenteritis virus | Enteric

Alphacoronavirus FIPV 29,355 | Feline | Feline coronavirus FIP

Alphacoronavirus (CoV 29,363 | Canine | Canine coronavirus Enteric

Alphacoronavirus PRCV 27,550 | Porcine | Porcine respiratory coronavirus | Respiratory

Alphacoronavirus HCoV-229E 27,317 | Human | Common cold Respiratory

Alphacoronavirus HCoV-NL63 27,553 | Human | Common cold Respiratory

Alphacoronavirus Rh-BatCoV-HKU2 27,165 | Bat

Alphacoronavirus Mi-BatCoV 1A 28,326 | Bat

Alphacoronavirus Mi-BatCoV 1B 28,476 | Bat

Alphacoronavirus Mi-BatCoV-HKU8 28,773 | Bat

Alphacoronavirus Sc-BatCoV-512 28,179 | Bat

Betacoronavirus A HCoV-0C43 30,738 | Human | Common cold Respiratory
Calf diarrhea, winter dysentery,

Betacoronavirus A BCoV 31,028 | Bovine | BRD Enteric and respiratory
Chronic wasting,

Betacoronavirus A PHEV 30,480 | Porcine | encephalomyelitis Enteric and neurological

Betacoronavirus A AntelopeCoV 30,995 | Antelope

Betacoranavirus A GiCoV 30,979 | Giraffe Enteric

Betacoronavirus A ECoV 30,992 | Equine | Equine coronavirus Enteric

Betacoronavirus A MHV 31,357 | Mouse | Mouse hepatitis virus Hepatic

Betacoronavirus A HCoV-HKU1 29,926 | Human Respiratory

Betacoronavirus A RCoV 31,250 | Rat Respiratory
Severe acute respiratory

Betacoronavirus B SARS CoV 29,751 | Human | syndrome Respiratory
Severe acute respiratory

Betacoronavirus B SARSr-CiCoV 29,728 | Human | syndrome Respiratory

SARSr-Rh-BatCoV

Betacoranavirus B HKU3 29,704 | Bat Chinese horseshoe bat
Severe acute respiratory

Betacoronavirus B SARSr CoV CFB 29,734 | Human | syndrome Respiratory

Betacoronavirus (2 Ty-BatCoV-HKU4 30,286 | Bat

Betacoronavirus C Pi-BatCoV-HKU5 30,488 | Bat

Betacoronavirus D Ro-Bat-CoV HKU9 29,114

Gammacoronavirus 1BV 27,608 | Chickens | Avian infectious bronchitis virus | Respiratory

Gammacoronavirus TCoV 27,657 | Turkey | Bluecomb, turkey coronavirus Enteric

Gammacoronavirus BWCoV-5W1 31,686 | Whale | Beluga whale CoV

Deltacoronavirus BuCoV HKU11 26,476 | Avian Bulbul coronavirus

Deltacoronavirus ThCoV HKU12 26,396 | Avian Thrush coronavirus

Deltacoronavirus MunCoV HKU13 26,552 | Avian munia coronavirus

Deltacoronavirus PorCoV HKU15 25,421 | Porcine | Porcine coronavirus Enteric

Deltacoronavirus WECoV HKU16 26,027 White eye coronavirus

Deltacoronavirus SpCoV HKU17 26,067 | Avian Sparrow coronavirus

Deltacoronavirus MRCoV HKU18 26,674 | Avian Magpie robin coronavirus

Deltacoronavirus NHCoV HKU19 26,064 | Avian Night heron coronavirus

Deltacoronavirus WiCoV HKU20 26,211 Wigeon coronavirus

Deltacoronavirus CMCoV HKU21 Avian Common moorehen
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Table 2: Cleavage products of coronavirus replicase polyproteins ppla and pplb: names,
assigned functions and structure [261].

Protein Assigned function E/N’ MMDEB ID

nspl? IFN antagonist N ND
Degradation of host mRNAs
Inhibition of translation
Cell cycle arrest

nsp2 Unknown; associates with RTCs N ND

nsp3 Papain-like proteinase PL1P™; polyprotein processing N 37505; 42180
Papain-like proteinase PL2P™; polyprotein processing, DUB E
ADP-ribose-1"phosphatase (macrodomain); RNA-binding N
IFN antagonist
DMV formation?

nsp4 Unknown; DMV formation? 76092

nsp5 Main proteinase MF™; polyprotein processing E 20276; 23158

nspé Unknown; DMV formation? ND

nsp7 ssRNA binding 36090

nsp8 Noncanonical “secondary” RdRp with putative primase activity; forms 36090
hexadecameric supercomplex with nsp7

nsp9 ssRNA binding; associates with RTCs 26498; 60895

nspl0 Dodecameric zinc finger protein; associates with RTCs, stimulates nspl6 40869; 40904
methyltransferase activity

nspll Unknown ND

nspl2 RdRp E ND

nspl3 Helicase E ND
RNA 5'-triphosphatase

nspl4 3'—b5'exoribonuclease (required for RdRp fidelity) N ND
Guanine-N7-methyltransferase (RNA cap formation) N

nspl5 Hexameric uridylate-specific endoribonuclease N 40936

nsplé Ribose-2'-0-methyltransferase (RN A cap formation) N ND

MMDE ID numbers are listed for replicase proteins for which crystal structures are available. IFN, interferon; RTC, replicase/ transcriptase
complex; DUB, deubiquitinating enzyme; DMV, double-membrane vesicles.

*Essential (E) or non-essential (N) for replication in cultured cells.

tAbsent in EAMMACOTONAVIruses,
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Le Ministre J__,_)’,H‘.
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Greulairens | N32 DELM/2020
17 AR. 209

Mesdames et Messieurs les Directeurs
Régionaux de la Santé

Objet : Les mesures de suivi et de protection des professionnels de santé face
a I'exposition au risque du Covid-19.

En plus des dispositions citdes dans la circulaire n® 21 DELM/2020 sur les mesures
d'hygiéne et de sécurté relatives a la prévention du risque Covid-19 dans les structures
administratives du Ministére de la Santé, j'ai I'honneur de vous demander de veiller a4 ce que
les régles, ci-aprés, soient strictement appliquées au profit du personnel de soins relevant de
votre région

1. Information et formation sur le risque Covid-19

Des formations et des séances de sensibilisation doivent &tre dispensées a 'ensemble des
professionnels des é&tablissements de soins. Le contenu des séances devra étre adapté au
profil des différentes catégories du personnel (soins, transport sanitaire, hygiéne hospitaliére
etc)
Les formations doivent étre organisées en petits groupes respectant les régles d'espacement
requis et dowvent comprendre notamment

— Le pon des équipements de protection individuelle (EPI)

- Le respect des mesures d'hygiéne et de sécurité collective et individuelle

2. Mesures de protection spécifiques

a Respect de la tenue vestimentaire professionnelle et le port des EPI conformément
aux recommandations du Ministére de la Santé.

b. Exclusion des femmes encentes et des professionnels de santé présentant des
maiadies chroniques sévéres ou entrainant une déficience immunitaire de tout
contact avec des patients atteints de Cowid-19

¢ Un suivi medical des professionnels de soins en charge des malades atteints de
Covid-19 doit étre assuré par un systéme d'auto-surveillance. || comporte notamment
la prise de température deux fois par jour et |'observation de I'appantion des signes
cliniques de la maladie

d. Tout professionnel de santé présentant une symptomatologie respiratoire similaire a

celles de l'infection au SARS-CoV-2 doit arréter toute activité professionnelle et mis a
I''solement. Un examen médical doit &tre réaliseé avec un test a la recherche du virus.

335, Av. Mohammed V, Rabat / Tél - 0537 76 11 21 - Fax | 0537 76 84 01/ www sanie gov.ma
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e. Démarrer la chimio-prophylaxie post-exposition avec de I'Hydroxychloroquine chez le
personnel de santé ayant prodigué des soins, sans mesure de protection, a un patient
COVID-18 confirmé selon le protocole suivant

* La posologie - Hydroxychloroguine 200 mg & raison de 2 comprimés deux fols par
jour a 1, puis 1 comprimeé de 200mg matin et soir de J2 & J5.

* Le consentement éclairé du professionnel de santé est Indispensable avant le
début de ce traitement

* Un bilan initial doit &tre réalisé et comportant au minimum un électrocardiogramme
et un ionogramme.

* Un test doit étre réalisé chez tout professionnel de santé ayant été en contact avec
un cas de Covid-19 sans protection. 4 jours aprés le contact
Si le test est revenu négatif et le professionnel est asymptomatique, ce dernier
rejoint son travail en portant un masque FFP2 lors de I'exercice de ses activités.

f En cas de confirmation du test chez un professionnel de santé, une prise en charge
doit &tre assurée immédiatement conformément aux procédures en vigueur.

g. Adoption d'une organisation de travail répondant aux exigences de |a situation actuelle
et permettant le maintien d'un meilleur niveau de quiétude et de motivation des
professionnels de santé, comme par exemple, le travail avec des équipes alternatives,
la répartition équitable de la charge du travail et le respect des temps de repos
réparateur.

3. Activités d’alerte, d'information et de suivi médical

Une équipe constituée par le médecin de travail et un membre du CLIN de I'hdpital chef-lieu,
ou une éguipe désigneée a cet effet procédera & cette activité.

A cet effet, la collecte de l'information sur le suivi médical des professionnels de soins en
charge des malades atteints de Covid-19 doit répondre au modéle ci-joint (annexe 1).

Une enquéte épidemiologique particuliére et approfondie autour de chaque cas parmi les
professionnels de santé atteints de Covid-19 doit étre entreprise La collecte d'information
sera faite par le biais d'une fiche dédiée a cet effet (annexe 2). Cette fiche doit étre scannée

et envoyée a la DELM sur l'adresse email suivant - delmdirection@gmail.com. Elle sera

saisie sur I'application des cas positifs par l'intermédiaire d'une interface dédiée

Un rapport hebdomadaire de |a situation doit étre établi et transmis & la DELM selon le canevas
ci-joint (annexe 3) sur l'adresse e-mail de la DELM mentionnée ci-dessus

Aussi el. compte tenu de I'importance de ces mesures dans la protection de nos professionnels
de santé. vous demanderai-je de prendre toutes les dispositions nécessaires pour les mettre
en ceuvre en urgenoo.w‘;

Ampliation :
- Monsieur le Secrétaire Général
Monsieur l'nspecteur Géneéral
- Madame et Messseurs les Directeurs de |'Administration Centrale
— Messieurs les Directeurs des Centres Hospitaliers Universitares

Figure 1: (A, B) Measures for the follow-up and protection of health professionals from
exposure to COVID-19 (April 17, 2020) [112].
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=_ e ] FORCES ARMEES ROVALES
ol HOPITAL MILITAIRE CAMSTRUCTION MCOHAMMED
CWVMIT Y-BAEAT
Centre de virclogie
fervice de molodies infectieuses & tropicoles

Fiche d'investigation CoViD-19

MNom : Prénom : Age : Sexe :
Profession : Groupage : Tabac :
Comorbidité : Diabéte O HTADO BPCOO I. cardiague O I. rénale O

|. hepatique O Méoplasie O Déficit immunitaire O Autres -

Date de début symptémes : Date d’admission :

CcDD :

Clinigue : figvre O céphalées O rhinormhée O myalgie/asthénie O toux O diarrhée O
vomissements O dyspnéed Détresse respiratoire 0 Tr neurologiques O Autres

FR: T Sa02 : TA: pouls :

Bilan :

Date

GB

PN

Lym

Hb

Fg

CRF

PCT

C-dimére

LOH

Ferritine

Troponine

CPE

ASATIALAT

Creat

Urée

Figure 2: Data Intake form (1% page).
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ECG
R thoras
TDM thoracigue :

Autres

Classification de la maladie : F. b&nigne sans pneumenie 0 Pneumenie simple O

Pneumanie hypoxémiante O Pneumenie grave avec SDRA O

Traitement : Plagquenil O Nivaquine O azgithromycine O Lopinavir/r O Remdesivir O
Actemra O ATB :
Autres

Evolution :

Passageen Réa: nond ouid 5i oui pourgquoi ?
Controle virologigue :

Date

JO J J J J

Pvt nasal

Sérologie

Viremie

Décés O Retour & domicile O durée du séjour :

Figure 3: Data Intake form (2" page).
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Table 3: Population characteristics.

Characteristics

Value N=186 (%)

Age in years#

Age < 40 years®

No

Yes

Gender®

M

F

Comorbidities®

No

yes

Time to diagnosis < 5 days®
No

Yes

Clinical presentation®
Asymptomatic
Symptomatic

Lung involvement on CT scan®
Normal

Minimal

Moderate

Extensive

Severe

Critical

Normal CRP level °
No

Yes

Normal LDH level®
No

Yes

Normal ferritin®

No

Yes

Lymphopenia®

Yes

No

Severity score NEWS®
Asymptomatic

Mild form

Moderate form
Severe form

Critical form
Negative PCR on D6 D8°
No

Yes

34 [27-46.25]

70 (37.6)
116 (62.4)

169 (90.9)
17 (9.1)

166 (89.2)
20 (10.8)

47 (25.3)
139 (74.7)

84 (45.2)
102 (54.8)

99 (53.2)
44 (23.7)
29(15.6)
11 (5.9)
3(1.6)

0

34 (18.3)
152 (81.7)

46 (24.7)
140 (75.3)

25 (13.4)
161 (86.6)

62 (33.3)
124 (66.7)

84 (45.2)
35 (18.8)
62 (33.3)
5(2.7)

0

135 (72.6)
51(27.4)
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Table 4: number and rate of cases according to the age of the patients.

Age (in years) Frequency Percentage

Valide 18 3 1,6
19 3 1,6
20 2 11
22 4 2,2
28 11 5,9
24 8 4,3
25 7 3,8
26 5 2,7
27 9 4,8
28 9 4,8
29 2 1,1
30 7 3,8
31 7 3,8
32 4 2,2
33 10 54
34 4 2,2
B35 5 2,7
36 5 2,7
37 4 2,2
38 2 11
39 4 2,2
40 5 2,7
41 3 1,6
43 6 3,2
44 4 2,2
45 2 11
46 5 2,7
47 5 2,7
48 11 5,9
49 6 3,2
50 5 2,7
51 2 11
52 1 5
58 2 11
54 2 11
55 2 11
56 1 5
57 1 5
58 3 1,6
59 1 5
61 2 11
67 1 5
72 1 5
Total 186 100,0
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Table 5: number and rate of cases according to the gender of the patients.

Gender Frequency Percentage

Valide Female 17 9,1
Male 169 90,9
Total 186 100,0

Table 6: number and rate of cases according to the presence of comorbidities.

Comorbidities Frequency Percentage

Valide  oui 20 10,8
non 166 89,2
Total 186 100,0

Table 7: number and rate of cases according to diagnosis delay.

Diagnosis delay (in days)  Frequency Percentage
Valide 1 3 1,6
2 27 14,5
3 15 8,1
4 9 4,8
5 9 4,8
6 8 4.3
7 14 7,5
8 4 2,2
S 5 2,7
10 4 2,2
11 1 5
15 1 ,5
19 1 ,5
30 1 ,5
Total 102 54,8
Manquant  Systéme 84 45,2
Total 186 100,0
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Table 8: number and rate of cases according to the extent of lesions on CT scan.

Extent of lesions on CT

scan Frequency  Percentage

Valide Normale 99 53,2
Minime 44 23,7
Modérée 29 15,6
Sévere 3 1,6
Etendue 11 5,9
Total 186 100,0
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! ISTE
Messieurs les Directeurs des Centres Hospitaliers Uniwlx';tg{l‘:gss DELA SANTE

Mesdames et Messicurs les Directeurs Régionaux de la Santgé 2. Arrivée
. ?‘fﬁyl@ je
63
Objet 1 Prescription et dispensation  de la CHLOROQUINE et de
G e VDDAV VO OROOLINE an nivean des établissements de soins.

Le Ministre

Circulaire '\:’.022.

Suite 4 la pandémic Mondiale du SARS-CoV-2 (COVID-19), le Ministére de la Santé a
décidé en concertation avee le comité technique et scientifique du programme national de
prévention et du contrdle de la grippe et des Infections Respiratoires Aigiies Séwéres,
I'introduction de la CHLOROQUINE et de 'HYDROXYCHLOROQUINE dans la prise en
charge thérapeutique des cas confirmés Covid-19,

Les recommandations dudit comité ont pour objet de fournir aux professionnels de la sanié les
&léments essentiels dans la prise en charge des cas confirmes Covid-19 (Annexe 1).

A cet effer, des ellorts considérables consentis par notre département ont été elaborés zafin
d'assurer la disponibilité de ces médicaments,

Conscient de I'importance de cette prise en charge et afin de garantir une gestion rationnelle
de ces produits, il s'avére important de veiller au respect des différents aspects relatif’s 4 sa
gestion de stocks des médicaments spécial COVID-19. notamment :

o Les stocks en CHLOROQUINE et d’"HYDROXYCHLOROQUINE doivent étre gérds
par les responsables des Unités Régionales d'Approvisionnement et de la Pharmacie
au niveau des Directions Régionales de la Santé dans un local sécurisé, tout en
élaborant une liste de délivrance nominative par classe thérapeutique adressée aux
structures de prise en charge . v

o Toute prescription doit ére réalisée sur une ordonnance nominative (Modele en
Annexe 2) accompagnée des informations nécessaires conditionnant la délivrance de
ces médicaments ;

e Toutes les précautions doivent étre prises pour le respect du  circuil
d'appravisionnement afin de garantir la séeurité d'utilisation de ces médicaments. En
paralléle, le processus de prescription, de dispensation el d*administration doit faire
I"obiel d”un suivi spécifique ct régulier pour s'assurer de la destination effective de ces
médicaments aux paticnts. Pour ce faire, la tragabililé devrait étre assurée par 1a mise
en place d'un registre de gestion et de dispensation.

e Une attention particuli¢re devra étre apportée a 'utilisation de ces médicaments pour
d’sutres pathologies que le COVID-19. Pour cela, linstauration d'un support
d’information doit permettre un suivi rigoureux de cetle utilisation. Pour ce [azire, la
tragabilité devrait étre assurée par la mise ¢n place d'un support de gestion et de
dispensation spécifique dédié 4 ces medicaments entre les structures de soins.

\
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Tenir informés la Division de 1'Approvisionnement. de fagon réguliére, des
éventuelles besoins en ces produits au niveau des structures de prise en charge des
patients ;

Les ordonnances nominatives doivent é&tre faxées a Ja Division de
I'Approvisionnement au N2 +2J2 5 37 69 59 I8 /16 et la Direction du Médicament ¢t
de la Pharmacie au N% + 212 5 37 68 19 31 afin d'assurer les stocks de sécurité ¢t un
approvisionncment régulier,

Aussi. il vous appartient de prendre toutes les mesures nécessaires en vue de doter les
structures de prise en charge relevant de votre région des moyens néccssaires pour garantir
un approvisionnement régulier et une gestion rationnelle de ces médicaments.

Jattache un intérét particulier quant au respect et a I'application stricte des termes de la

nrésente circulaire qui doit faire I'objet d une large diffusion auprés de vos s

tures.

Ampliations :

Monsteur e Secretaire Genéral ;

Monsicur I'Inspecteur General |

Mounsicur e Chef de Cabinet |

Madame ¢t Messicurs les Directeurs de 1" Administration Centrale |

Madame et Mesicurs bes Chefs des Divisions rattachées au Secrétariat Génédral,

355, Av.Mohsmeand V, Rabat / T4 053776112). Fax (6537708201 / nmwr st gou

e v iemve i ve aas
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Recommandations de prise en charge des infections & coronavirus de COVID-19

1. Protocoles thérapeutiques :

* Traitement de premiére intention :

Chioroguine (Nivaguine) 300 mg X 24, pendant 10 jours Ou Sulfate d hydroxy-
chloroguine

(Plaquinine) 200 mg X 3/j pendant 10 jours

En association avee 1" Azithromycine: S00 mg aJl, puis 250 mg fJour de J2 4 17.

= Traitement de deuxiéme intention :

L asstciation Lapnesavidiaioiavin 400 X 2 par jour pendaat 10 joass.

* Antibiothérapie : Non systématique, indiquée si surinfection bactérienne.
Amoxicilline + acide clavulanique. 3g par jour.

Ou Moxifloxacine 400mg/j cn une scule,
Ou Levofloxacione S0 mg/j en une seule prise.

= Né¢bulisation: a utiliser si besoin, avec les précautions nécessaires en matiére de
prévention des infections lides aux soins.

= Héparine a bas poids moléculaire : Si alitement.

2. Bilan a réaliser pour les patients en dchors de la réanimation

= Bilan minimal a l'admission : NFS, CRP, Glycémiec. urée, créatininémie,
transaminases. ECG, Radiographie thoracique

* les cas bénins ou modérés doivent hénéficier d'une surveillance médicale
biguotidienne :
et obligatoire pour détecter précocement tout signe d’aggravation.

= Les éléments de surveillance doivent éure obligatoirement notifiés sur le dossier
patient.

3. Critéres de transfert en réanimation des cas initinlement bénins ou modéreés : devant
Ia présence d’un seul des critéres suivants :

= Troubles neurologiques: troubles de la conscience ;
* Polypnée: FR> ou égale a 30 cycles par min ;

= I'A systolique <90 mm-Hg ;

* Fréquence cardiaque: =120 bat/min ;

*  Sawrdation en oxygéne <92 % sous 4Umin d"O2.

NB : Nécessité de chariot de déchoquage avee traitement et équipement nécessaires.
Le protocole thérapeutique des cas de COVID-19 en réanimation sera précisé
ultérieurement au sein d’un sous-groupe de réanimateurs.

4. Tests de diagnostic rapide : Le comité recommande la mise a disposition des tests
rapides antigéniques pour rendre plus facile et plus rapide la confirmation du diagnostic.
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Figure 4: (A, B, C, D) National protocol for the management and treatment of COVID-
19 (March 239, 2020) [112].
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Table 9: number and rate of cases according to the NEWS Severity score.

NEWS Severity score Frequency Percentage

Valide Asymptomatique 84 45,2
Bénin 35 18,8
Modéré 62 33,3
Sévere 5 2,7
Total 186 100,0

Table 10: number and rate of cases according to negativity of PCR on days 6" and 8.

Negative PCR on days 6th and

8th Frequency Percentage

Valide oui 51 27,4
non 135 72,6
Total 186 100,0
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Tl PROTOCOLE NATIONAL THERAPEUTIQUE COVID-19 (y compris pour la femme enceinte et allaitante)
I I Version 04 Aodt 2021
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EN AMBULATOIRE & EN MEDECINE DE VILLE : PATIENT STABLE NE NECESSITANT PAS D'OXYGENE ET EN DEHORS DE TOUTES COMPLICATIONS
HYDROXYCHLOROQUINE 200 mg x 2 ECG at bilan blokogique non reacommandds

AZITHROMYCINE 500 mg

Par e médecin traltant ou par sulvi téléphonique via la cellule de veille COVID
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Sibesoinen 02 etIL-6x3IN Contre-indiquée si infection bactérienne
avec procalcitonine normale ou cytolyse hépatique

Le traitement des cas graves se falt au cas par cas selon le terrain et e degré de pravité clinique

Figure 5: National protocol for the management and treatment of COVID-19
(update of August 4, 2021) [112].
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6. Protocole thérapeutique

» Traitement curatif;
* Traitement de premiére intention :
Chloroquine
500 mg X 2/j, pendant 10 jours En association avec I'Azithromycine
Ou 500 mg &)1, puis 250 mg fjourde[23)7
Sulfate d’hydroxychloroquine
200 X3/j pendant 10 jours

* Traitement de deuxiéme iptention :
Association Lopinavir/Ritonavir - 400mg X 2 par jour pendant 10 jours.
= Antibiothérapie : Non systématique, indiguée si surinfection bactérienne.
Amexicilline + acide clavulanique, 3g par jour
Ou
Moxifioxacine 400mg/j en une seule
Ou
Levofloxacione 500 mg/j en une seule prise

* Nébulisation : 2 utiliser si besoin, avec les précautions nécessaires en matiére
de prévention des infections lides aux soins.

* Héparine a bas poids moléculaire, si alitement.

' Avantle démarrage du traitement, il est nécessaire de réaliser un bilan minimum
| qui comprend les examens suivants : NFS, CRP, Glycémie, urée, créatininémie,
’L transaminases, ECG, Radiographie thoracique

> Traitement prophylactigue:

Sulfate d’hydroxychloroquine : 400 mg X 2/i le 1* jour puis 200mg X 2/jde]2a]s

7. Critéres de transfert en réanimation :
Le transfert en réanimation se fait devant I'un des critéres suivants :
* Troubles neurologiques : les troubles de Ia conscience ;
* Polypnée : FR> ou égale 2 30 cycles PAT min ;
* Tasystolique <90 mmHg;
¢ Fréquence cardiaque : >120 bat/min ;
= Saturation en oxygéne <92 95 scus 4l/min d'02.

NE : Des mises @ four de ce protocole peuvent avotr lieu, selon le contexte éptdémique et
I'évolution des connaissances sur la maladie. Elles feront T'obfet de notes spécifiques, Ie cas
échéant

Figure 6: National protocol for the management and treatment of COVID-19
(update of April 71, 2020) [112].
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Table 11: factors associated with asymptomatic condition in univariate analysis.

Univariate analysis

OR IC 95% P
Age <40 years
No 1
Yes 1.036 0.571-1.881 0.906
Gender
M 1
F 0.636 0.225-1.800 0.394
Comorbidities
No 1
Yes 2.068 0.758-5.643 0.156
Time to diagnosis < 5 days
No 1
Yes 0.0001 - 0.997
Normal CT scan
No 1
Yes 0.248 0.133-0.460 0.0001
Normal CRP level
No 1
Yes 4,919 1.927-12.559 0.001
Normal LDH level
No 1
Yes 0.565 0.283-1.127 0.105
Normal ferritinemia
No 1
Yes 0.135 0.39-0.468 0.002
Lymphopenia
Yes 1
No 2.016 1.071-3.797 0.030
Early virologic clearance
No 1
Yes 0.650 0.340-1.241 0.191
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Table 12: factors associated with normal CT scan features in univariate analysis.

Univariate analysis

OR IC 95% P
Age <40 years
No 1
Yes 0.315 0.170-0.585 0.0001
Gender
M 1
F 0.988 0.364-2.682 0.980
Asymptomatic
No 1
Yes 4.038 2.174-7.502 0.0001
Comorbidities
No 1
Yes 1.820 0.707-4.684 0.214
Time to diagnosis < 5 days
No 1
Yes 0.444 0.226-0.875 0.019
Normal CRP level
No 1
Yes 17.714 5.178-60.608 0.0001
Normal LDH level
No 1
Yes 0.366 0.183-0.733 0.005
Normal ferritinemia
No 1
Yes 0.0001 - 0.998
Lymphopenia
Yes 1
No 5.168 2.643-10.105 0.0001
Early virologic clearance
No
Yes 0.522 0.268-1.016 0.056
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Table 13: factors associated with asymptomatic condition in multivariate analysis.

Multivariate analysis

OR IC 95% P
Comorbidities
No 1
Yes 1.526 0.509-4.572 0.450
Normal CT scan
No 1
Yes 2.584 1.272-5.252 0.009
Normal CRP level
No 1
Yes 2.145 0.710-6.481 0.176
Normal LDH level
No 1
Yes 1.018 0.451-2.297 0.966
Normal ferritinemia
No 1
Yes 0.389 0.094-1.613 0.193
Lymphopenia
Yes 1
No 0.982 0.467-2.066 0.962
Early virologic clearance
No 1
Yes 0.774 0.378-1.585 0.484
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Table 14: factors associated with normal CT scan features in multivariate analysis.

Multivariate analysis

OR IC 95% P
Age <40 years
No 1
Yes 0.318 0.145-0.699 0.004
Asymptomatic
No 1
Yes 3.896 1.667-9.102 0.002
Time to diagnosis < 5 days
No 1
Yes 1.509 0.572-3.982 0.406
Normal CRP level
No 1
Yes 10.079 2.493-40.746 0.001
Normal LDH level
No 1
Yes 0.549 0.226-1.333 0.185
Lymphopenia
Yes 1
No 2.830 1.282-6.249 0.010
Early virologic clearance
No 1
Yes 0.412 0.175-0.971 0.043
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