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INTRODUCTION

Wuhan waspremier epicentre forcoronavirusdisease 2019Q0VID-19), where first 41sick
individualsexperiencingsevere pneumonia were reportdterexposng to bats and pangolins at
Huanan Seafood Wholesale markgéxt sick individualswererecordedfrom same locaplace
by Chen and colleagues. However, sevidraidividuals in outbreak did noexposeto animals,
indicaesperson to person droplets spreadlighly possibe. Fewill casesof heavyunexplained
pneumonia weranentionedfrom Wuhan, China in December 201Bronchoalveolar lavage
(BAL, also calledbronchoalveolawashing) from a cataloguecase wasdescribedas novel
coronavirus (COVIBR19) on ¥ January 2020 by Zhu and colleagaes thereafterWorld
Health OrganizationWfHO) announced this disease as an epideirhe.diseasequickly spread
all over the world and the World Health Organization (WHO) declaesdre acute respiratory
syndrome coronavird® (SARSCoV-2) diseasdnamedcoronavirus disease 20{80OVID-19)]

a pandent on 11th March 2020.

Severe acute respiratory syndrome coronax@rSARSCoV-2) is a novel, zoonotic, positive
sense, singlstranded ribonucleic acid (RNA) betaronavirus (suigenusSarbecovirus sub
family Orthocoronaviridag. This subfamily also includessevere acute respiratory syndrome
coronavirug SARSCoV) andMiddle East respiratory syndrome coronavirlEERS-CoV), and
the SARSlike (SL) viruses of bats: b&L-CoVZC45 and baSL-CoVZXC21. Severe acute
respiratory syntbme coronaviru® (SARSCoV-2) is from a broadfamily of ribonucleic acid
(RNA) viruses and has a single stand ribonucleic acid (RNA) genome with 32 kilobases length.
It is regardedo be the largest ribonucleic acid (RNA) virus genome knowhutman beig.
Severe acute respiratory syndrome coronax2rgSARSCoV-2) has a individual characteristic
i.e., recombination frequency of positiggrand ribonucleic acid (RNA) slevated When host is
infected with multiple coronaviruses (CoVs), they combineegeninformation from different
sourceslevelopinghigh mutationpercentwhich makesmain ambiguitiesduring diagnomg and

vaccinemanufacturin

Coronavirus disease 201€QVID-19) breakouthas excessivehard impact on health; many
infected individuals are symptomless oshow a flu-like illness but about 1£20% of sick
individuals can progressa serioussyndrome presenteddy interstitial pneumonia with alveolar

destructionand severeacute respiratorydistresssyndrome (ARDS), leadingo about5% of



patientsto deceaseMost severecoronavirus disease 201€QVID-19) affected patientsieed
intensive care anghresentan elevatedrisk of thromboemboliancidents since severe acute
respiratorysyndrome coronavird® (SARSCoV-2) infection cause hyperinflammatoimpmune
responsepurposingendothelium and leading to a proagulationcondition aggravatedoy
hypoxia and prolonged immobilization. Thalendividuals can develop pulmonary thromhes

and/or multiorgandysfunction (MOD)due to thrombotic microangiopathy (TMA).

Severe acute respiratory syndrome coronavBuéSARSCoV-2) binds its viral spike (S)
proteins to angiotensiconverting enzyme 2 (ACEZ2) proteins for cell entry and useslaell
serine protease transmembrane protease serine 2 (TMPRSSRk&(S) protein priming.Cell
entry receptorangiotensirconverting enzyme 2 (ACER)s broadly expressed across body,
involving lungs (type Il alveolar cells), gastrointestinal trd8fT{, esophageal epithelial cells and
absorptive enterocytes of ileum and colon), hepatobiliary system (hepatocytes and
cholangiocytes), cardiovasculéCV) system (myocardial cells), renal system (proximal tubule
cells and urothelial bladder cells) and paas.

Angiotensin-converting enzyme 2 (ACE23 muchexpressed in lung alveolar cells (principally
type Il alveolar cells) anflinctionsin lung protection, and therefore viral binding to this receptor
deregulates lung protective patbonferring viral pathogenicability. Other noticeableloci

involve endothelial cells of blood vessels and heart, pericytes, adipocytes, and neural cells.

The virus isbelievedto disperseprimarily from human to human through respiratory droplets
shedby infectedpersons The primary way of severe acute respiratory syndrome coronax2rus
(SARSCoV-2) transmission isvia respiratory droplets and close contalct a comparatively
closed environment, there is possible wayof aerosol transmission when exposed to high
concentrations of aerosol for a long period of time. Coronavirus disease 2019 (QOMID
individuals sheddroplets temporarily stayg in air within a radius o4 m, through coughing,
sneezing, talking, and dorth. This can cause infections in vulnerable persons, after inhalation.
Droplets containingsevere acute respiratory syndrome coronax@rué§SARSCoV-2) are
precipitatedon surface objects. After hands of vulnerable persons contaminate by ctirgact,
virus can thenpassto mucous membranes of oral cavity, nasal cavity, eyessaridrth and
cause infection.Severe acute respiratory syndrome coronavdulSSARSCoV-2) has been

detected in the esophagus, gastrointestinal (@idt), and feces oinfectedpersonsindicating



that the virus can replicate and survive in the digestive tracpamming possibility offecat
oral transmissionSevere acute respiratory syndrome coronavirus (S&R8%8) andMiddle East
respiratory syndromeoronavirus MERSCoV) can causegrave complications during
pregnancy, and the similar pathogenicity and high degree of sequence homology seteszn
acute respiratory syndrome coronaviluigSARSCoV-2), severe acute respiratory syndrome
coronavirus (SAR€0V), and Middle East respiratorysyndromecoronavirus MERS-CoV)
suggests thatevere acute respiratory syndrome coronav2y$SARSCoV-2) may also cause
severe maternal and/or perinatal complicati@esere acute respiratory syndrome coronavius
(SARSCoV-2) was detected in tears érconjunctival secretions. Rhesus macaques can be
infected with this virus via conjunctival route. Zhongt al (2020) also isolated novel
coronavirus from a urine sample otaronavirus disease 2018QVID-19) patient. Thus, these
must also be considerexs possiblevays of transmission, viadontamination ofenvironment.
Statingparticulartransmission routeaid in protectng healthyindividuals andtherebyredudng

infectiousrate inpeople

Since severe acute respiratory syndrom@ronavirus2 (SARSCoV-2) is a novel described
pathogeit ageni there is no prexisting immunity to it in human community, also there is no
conclusivemedicateto interrupt orlower its astonishingoreakout These ambiguities make the
situation more hazardous for vulnerable subjects including individuals with immune
disturbancesco-existing comorbidity and elderiyersonsin spite ofnovelty of thematter there

are a lot of proposediterature about history, transmission route, urgency of responding,
pathogenic potential characteristics gdtectionplanningsbut there are still some underlying

illnessegemairing not known.

Severe acute respiratory syndrome coronaviruSBARSCoV-2) has beome aremarkable
impedencdo internationalpublic health. Although the virysresentgo be only partially similar
to severe acute respiratory syndrome coronavi8BsSRSCoV) and Middle East respiratory
syndrome coronavirufMERS-CoV), all these viral infections araccountabldor intenseand
potent fatal acute respiratory syndromes in humaopulation Since number otoronavirus
disease 2019C00VID-19) cases is rising arodnuniverseand itis associated with aotable

number of mortality and morbidity, it has led to a newrld phobia called Coro phobia.



Oncereportsconcerningadultindividualswith coronavirus disease 2019 (COVID) indicated

a high predominanceof comobidities. For example, comorbidities were reported in 26.0% of
672 assirted patients recorded by the Chinese Novel Coronavirus Pneumonia Emergency
Response Epidemiology TeaMost common comorbiditiesf adultswere hypertension (HTN),
diabetes mellitus¥M), cardiovascular disease (CVD), and chronic respiratory disease (CRD).
The report did nogive any informationabout prevalence of thesi#nessesin individuals of
general population who were a similar age. However, 67.2% of thosedeteasedrom
coronavirus disease 2019Q0VID-19) had a comorbidity and thisoticeable dominance
supposeshat comorbidity is a risk factor for poprediction Other risk factordead tounwell
consequenceinvolve older age pregnant, newborngmoking,chronic obstructive pulmonary
diseas€COPD) lower lymphocyte counts, chronic kidney disease (CKD), maligdaeases

and raised Bdimer (DD) are possiblyto developmore seriousillness frequently necessitating
nursingfrom an intensive care uniflCU). These comorbiditiesololy or in combination with age
were mentionedto beboundto unwell prediction Among elderly ill individualswith medical
comorbidities,coronavirus disease 201€QVID-19) is often aggravated Moreover, males
showa disproportionatelyoticeablenumber ofdeceases bodiesfrom China and ItalyUnited
States Centers for Disease Control and Prevention (CDC)mislves immunocompromising
statuses severe obesity (body mapsnserisk fadoesXoh&ady0 ) ,
illness.Risk factors are associated withwell predictionddeceasend admission tintensive
care unit [CU)]. Personswith A blood group have aatably higher rsk for severe acute
respiratory syndrome coronavir@s(SARSCoV-2) infection in comparison witmon-A blood
groups, whereas O blood group hasoticeablylower susceptibility for tis infection compared
with non-O blood groups. According to case analysis of 4,707 childrenosittnavirus disease
2019 (COVID19)in China and United States, it was found ttai¢of infantcoronavirus disease
2019 COVID19) wascomparativelyhigher (accanting for 15% of the children), and 10.6% of
the infantcoronavirus disease 201€QVID19) was sorely or critically ill, which was much
higher than average level of child group (5.8%). kupposedhat infants are more susceptible
to coronavirus dise@s2019 COVID19) and ths illness is moralangerousAlthough incidence

is higher in men than in women, the difference is not statistinaligeable However, based on
metaanalysis of 77,938ick individuals it wasaffirmedthat morbidity, severity, ahdeaths of

males weranotablyhigher than females.
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First reports from China showed incubation period seivere acute respiratory syndrome
coronavirus2 (SARSCoV-2) was between 3 to 7 days aod occasior2 weeks. The longest
incubation periosbbservedvas 12.5 days

A study recorded thactualsigns and symptont coronavirus disease 2019 (COVID) which
includedfever (98.6%), fatigue (69.6%), dry cough (59.4%), anorexia (39.9%), myalgia (34.8%),
dysmea (31.2%), expectoration (26.8%), pharyngeal pain (17.4%), diarrhea (10.1%), nausea
(10.1%) dizziness (9.4%), headache (6.5%), vomiting (3.6%) and abdominal pain (2.2%).
Occurrence of pharyngeal pain, dyspnea, dizziness, abdominal pain and anorexiargvas m
intensive care unitiCU) sick individuals Respiratory rate, heart rate ameéanarterial pressure
(MAP) were comparablebetweensick individualsgaining intensive care uni{lCU) care and
norrintensive care uniflICU) sick individual Common complicationsecognizedwere acute
respiratory distress syndrome (ARD@P.6%), arrhythmia (16.7%), septic shock (8.7%), acute
cardiac injury (ACI)(7.2%) and acute kidney injurgAKI) (3.6%). Sick individuals who
necessitateintensive care unit(ICU) care were more frequently had these compitat
conditions Other complicad issuesuch agdisseminated intravascular coagulat@iC) and
rhabdomyolysis werenoticed In addition, it was revealed that coronavirus disease 2019
(COVID-19) induced liver injury. Among sick individuals with severe acute respiratory
syndrome coronavird® (SARSCoV-2) infection, pneumonia, respiratory failure, and acute
respiratory distress syndronfARDS) are frequentlyfaced complicaed conditions Although
pathophysiology underlying seveteronavirus disease 2018QVID19) is still unsatisfactorily
comprehendedaccumulatingproof discussfor hyperinflammatory syndrome causing fulminant

and fatal cytokineproductionassociated diseasggravityandunwell result

Particular laboratory features have also been associated with vemskés Theseinvolve:
lymphopenia, elevated liver enzymes, elevated lactate dehydrogenase (LDH), elevated
inflammatory markers [e.g., -€active protein (CRP), ferritin], elevated-dimer (DD) (>1
mcg/mL), elevated prothrombin time (PT), elevated troponin (Bmd elevated meatine
phosphokinase (CPK

A studyrevealedhatill individuals with seriousillnesshadbeenmentionedo have higher viral
ribonucleic acid RNA) levels in respiratory specimens than those with miidlezss although
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this association was neeenin a different study that measured virdlonucleic acid RNA) in

salivarysamples

It was recordedthat amongll individuals who healedfrom severe acute respiratory syndrome
coronavirus $ARSCoV) infection 68% continue@xperiencinganomalief lipid metabolism

at 12years followup; cardiovascular@V) disturbancesverefoundin 40% andchangedjlucose

(Glc)met abolism in 60 %. S i miedordedin ift mdividualg Bealilga v e al
from other respiratory tract infectiofRTIs). Taking this into accountobservantfollow-up of

those healing from current coronavirus disease 201 QVID19) would be necessaryto
comprehendong-term impact of this illness and also to protect thkseadividualsfrom future

cardiovascular diseas€YD).

With limited therapeutic optiongrotectionby social distancingeemgo bebackbonego lessen
coronavirus disease 2019 (COVID) propagation Virus transfercan beloweredin different
methodsdescribedin World Health Organization (WHO) protocol. Thisvolves keeping
securedsocial distance, regular hand washing for 20 seconds, using 60% alcohol hand rub, not to
touch face, nostrils or moutlevading congestedocusesand public evets. Countries have
followed variousmeasures talecreaseviral transferrencend most of countries in theniverse
haveimposedd L o ¢ k d oredncévira toansferrenceAs it is a virusin a big particle, a
surgical face maskustgive appropriateprotecton against inhalationf the virus N-95 masks
must be conservedo health care individualsPersonal Protective Equipment (PPE) should be
worn according to institutional policy. Adlick individualswith a history oftransportto affected
placesmust be screened fosevere acute respiratory syndrome coronaxrSARSCoV-2)
even ifthese passengesse asymptomatid?ersonswith high temperature, dry coughmtense
tiredness, diarrhoea or otheot commorsymptoms with recent travel histonyustbe subjected

to lab exanfor coronavirus disease 2019 (COVID). Nations need to make and modify their
protection lab examiningand managemenstrategiesfrom period to perioddependingon
Guidelines issued by/orld Health Organization/fyHO).
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CHAPTER ONE
SARS CORONAVIRUS-2 GENOMIC STRUCTURE and REPLICATION

1.Introductory View

CoronavirusegCoVs) are abroadfamily of viruses that can cause a range of illnesses from
common cold teseriouslinessessuch as Middle EasespiratorysyndromecoronavirufMERS
CoV) and thesevereacute respiratorysyndromecoronavirus(SARSCoV), which arereported
causng seriots respiratory and intestinal illness&3oronaviruses (CoVsjan be isolated from
different animal species. These includels, domestic animalsand mammals such aamels,
harpies masked palm civets, micgpochesand cats. Thdiffuseddistribution andcontractivity

of coronavirus CoV) emergeit a noticeablepathogeit agent Human pathogenic subtypes of
coronavirus (CoVare associated witioderateclinical presentationsHowever, severe acute
respiratory syndrome coronavirus (SARSV) and Middle East respiratory syndrome
coronavirus (MERSCoV) are two notable exmptions In 2012, Middle East respiratory
syndrome coronavirus (MERSoV) wasearlier detected in Saudia Arabia. It was responsible
for 2,494 affirmed ill indivduals, which led to 858 deceasesIn 2002, a subtype of
betacoronavirusbetaCOV) hastelypropagatedcross Guangdong, China. Thisakoutesulted

in 8,000 infections and@74 deathsin 37 countriesIn late December 201%ick individuals
symptomizingwith cough, fever, and dyspnéae., difficult in breathingwith acute respiratory
distress syndrome (ARDjttributableto an obscuredmicrobial infection weranentionedin
Wuhan, China. Virus genome sequencing of fliy@ersonswith pneumonia hosptized from
December 18 to December 29, 2019, revealed presencprioily unbeknown betacoronavirus
(b-CoV) strain in allthese ill personsThis isolated novdbetacoronavirusbtCoV) shows 88%
symmetryto sequence of twharpyderived severe acute pgatory syndromes (SARSike
coronaviruses, b&L-CoVZC45 and baBL-CoVZXC21, and about 50%kenessto sequence
of Middle East respiratory syndrome coronavirus (MERS/). The International Committee on
Taxonomy of Virusemamedt assevere acute rpgatory syndrome coronavinds(SARSCoV-

2). This coronavirugCoV), was initially named as the 2019novel coronavirus (2026V) on

12 January 2020 by World Health Organization (WHO). World Health Organiz@ti0)
officially namedilinessas coronavirus disease 2019 (COVID19) and Coronavirus Study Group

(CSG) of the Iternational Committee proposed to name the new coronavirasvase acute
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respiratory syndrome coronavirds(SARSCoV-2), both issued on 11 February 20Zthe

Chinese scientistsastelyisolated severe acute respiratory syndrome coronafi{8®aRSCoV-

2) from an infected individualwithin a short time on 7 January 2020 ssefuencedenome

severe acute respiratory syndrome coronaxySARSCoV-2). Recurring emergence and
breakoutsof coronaviruses (CoVs) indicagepublic healthmpedenceThis sugges possibility

of animatto-human and humato-human transferrenceof newly emerging coronaviruses
(CoVs).Continuingalterationsin ecology andveatheread toarisingof such infectionsn time

aheadThe virus isghoughtto betransferredrom animals to humans beginning and then from

humans to humans through airborne droplets of infettpdrsors 6 f | ui d snadetieh i ¢ h h

virus to infect and kill thousands ocbmmuneand toemergencénternationainterest

CoronavirusegCoVs) are abroadfamily of ribonucleic acid RNA) viruses that argresent
diversfiedly in animal species. They arecognizedto causellnessesof respiratory, hepatic,
nervous system, and gastrointestif@al) systems in humahbeings. Under electron microscope,
they realizea crownlike appearance due to the presentenvelope spik€S) glycoproteins
CoronavirusesGoVs) belong to subfamilyCoronavirinae in the family of Coronaviridae of the
order NidoviralesThe Coronaviridae family can be classified into four geoéra
alphacoronavirusalphaCQOV), betacoronavirusbetaCOV), deltacoronavirusdeltaCOV), and
gammacoronavirusgammaCOV). Gene characterization hasded describethat harpiesand
rodents are the gerwigin of alphacoronavirusaphaCOV) and betacoronavirusbgetaCOV).
On the other hand, avian species are deemed as gengiis of deltacoronavirusdelta COV)
and gammacoronavirusgammaCOV). Within the genusbetacoronavirus( fCoV), four
lineages (A, B, C, and D) each withdistinguishedset of accessory genes are commonly
recognized. Lineage A includes HCaC43 and HCoWKU1, betacoronavirus 1 (more
commonly known asbovine coronavirus BCoV), murine coronavirugMHV); Lineage B
involves severe acute respiratory syndreretated SARSCoV, SARSCoV-2, and different
speciegyot backfrom harpies Lineage C includes Tylonycteris bat coronavirus HKU4 (Bt€oV
HKU4), Pipistrellusbat coronavirus HKU5 (BtCo\HKUS). Since April 2012, thdiddle East
Respiratory Syndromeoronavirus MERS-CoV) hasarisenas anovel member in lineage C of
the betacoronavirusé€s{fCoVs), mostly related to bat coronaviruses HKU4 and HKWAddle
East Respiratory Syndromeoronavirus MERSCoV) is premig betacoronavirus( 4CoV)
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lineage C member isolated from humiagings Lineage DinvolvesRousettusat coronavirus
HKU9 (BtCoV-HKU9), which has only been detected in bats

The severe acute respiratory syndrome coronav2SARSCoV-2) i s -caronévirus, which
is enveloped nosegmented positiveense ribonucleic acid RNA) virus (subgenus

sarbecovirus, Orthocoronavirinae subfamily)

CoronavirusesCoVs) are accountabldor 5-10% of seriousrespiratory infectias illnesses It
has been estimated that 2%coimmuneare deemed healthy carriers of thesalhagentsSome
common humancoronaviruses GoVs) involve HCoV-OC43, HCoVHKU1, HCoV-229E,
andHCoV-NL63. In the immunocompete, thesecoronaviruses@oVs) clinically present with
selflimiting respiratory infections and commoalds. In elderly and immunocompromised, they
can involre the lower respiratory tract®ther humarcoronavirusesGoVs) such asMiddle East
Respiratory Syndromecoronavirus MERS-CoV), severe acute respiratory syndreme
coronavirus $ARSCoV), andsevere acute respiratory syndreowgonavirus2 (SARSCoV-2)
present with pulmonary and ex{palmonarycharacteristicsGenomicidentificationresearches
of the new straimf severe aate respiratory syndrome coronavi2¢$SARS CoV-2) haveshown

an 89% nucleotide matchith bat SARSlike CoVZXC21. There is alsor@a82% nucleotide
match with the humarsevere acute respiratory syndrom®ARS virus. Therefore, these
findings think up the basis for the new strain to be callsglvere acute respiratory syndrome
coronavirus2 (SARSCoV-2).

15


https://www.sciencedirect.com/topics/immunology-and-microbiology/rousettus
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome

Arteriviridae > Arterivirus

Roniviridae > Okarivirus
Nidovirales

Mesoniviridae > a-Mesonivirus

Alpha coronavirus SARS-CoV
Beta coronavirus < MERS-CoV
Coronavirinae ) SARS-CoV2
Delta coronavirus
Coronaviridae Gamma coronavirus

. Bafinvirus
Torovirinae < .
Torovirus

Figure(1):Classification of coronaviruseRdhman S.;Shafique L.; lhsan A.; Liu Q. (202

Evolutionary trajectory for the emergence of nax@onavirus SARE0V-2. Pathogens, 9(3
240]
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Figure(2): The species of severe acute respiratory syndrome coronaviruses and related
[Coronaviridae Study Group of International Committee on Taxonomy of Viruses. (2
The species sevemkure respiratory syndrommelated coronavirus: classifying 26h&€oV
and naming it SAR€0V-2. Nature Microbiology, 5:53644]

2. Evolutionary Phylogenetic Tree Analysis of Coronaviruseand Taxonomy

It is the ultimate precedenceof scientific group to reducepublic healthhazardousthrough
tracking dowrthe origin and naturalenizensf severe acute respiratory syndreomgonavirus
2 (SARSCoV-2) to restrict humaio-human and crosspeciedransferrenceThe phylogenetic
tree results demonstrate that all coronaviruses (Cad&jountfor breakoutof concentrated
pneumonia belong to gendBatacoronavirus All severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) clade grouped witbluster of SARS/SAR3ke CoVs, withharpy
coronavirusesGoVs) HKU9-1, HKU9-2 HKU9-3 and HKU94 as an immediatpredecessor
The interior shared neighbors include SAR8V NS1, SARSCoV Sinotll, SARSCoV
GZ02 and SARSCoV GDO01, and they were the huriafiecting coronavirusesoVs). The
whole genomebased phylogenetic analysesvealedhat two Bat SARSike CoVs (ZXC21 and
ZC45) were thenostaffinesof severe acute respiratory syndreomonavirus2 (SARSCoV-

2). Most of the inner and outer joint neighborssefere acute respiratory sifome coronavirus
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2 (SARSCoV-2) were found to have bats as their natp@bl including Bat SARSCoV WIV1
in Rhinolophus sinicysBat SARSCoV HKU3-1, and Bat CoV HKUSB in Rousettus bat$n
consequenceharpy would be proper native host ofsevere acuterespiratory syndrome
coronavirus2 (SARSCoV-2), thus probable intermediate host fiansferrenceascade used by
severe acute respiratory syndrome coronaxrgSARSCoV-2) from harpiesto humanbeings
would be the same as thatilized by othersevere acute respiratory syndreomonavirus
(SARSCoV).
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Figure(3): Evolutionary phylogenetic tree analysis of coronavirlBefifnan S.;Shafique L
Ihsan A.; Liu Q. (2020). Evolutionary trajectory for tamergence of novel coronaviry
SARSCoV-2. Pathogens, 9(3), 240]

Figure @) showsevolutionary phylogenetic tree analysis of Coronaviruses: wi@®me
sequenceduilt on phylogenetic tree o€oronaviruses@oVs) was structuredwith maximum
likelihood method using BEAST with GTR+I+G as nucleotide substitution model with an
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applied posterior probability value of 0.5. Branches with different colors represmmus
genera ofcoronaviruses; black, alpha coronavirus, blue, betanaMirus; red,severe acute
respiratory syndrome coronavirds(SARSCoV-2); green, delta coronavirus; purple, gamma
coronavirus.

In figure @) below in part (a) it reveals concatenated multiple sequence alignments (MSAS) of
the protein domaincombinatiorused for phylogenetic and DEmMARC analyses of the
family Coronaviridae Shown are the locations of replicative domainsserved in
ordertNidoviralesin relation to several other ORFla#hcoded domains and otheain open
reading frames (ORF&) severe acute respiratory syndreo@onavirus(SARSCoV) genome.

5d, 5 domains: nsp5&CLpro, two betebarrel domains of the 3{ike protease; nspiRiRAN,
nidovirus RdRpassociated nucleotidyltransferase; nsgRHRp, RNAdependent RNA
polymerase; nspiBIEL1 core, superfamily 1 helicase with upstream-bfimding domain
(nsp13ZBD); nt, nucleotide. In figuré) below in parib) it shows maximuntikelihood tree of
severe acute respiratory syndrome coronavi@8SRSCoV) was reconstructed by HDREE
v.1.6.1 using 83 sequences with besing the rightvolutionary modelThereafterthe tree was
cleared outfrom most similar sequences and midpeamdted. Branch support wassaluated
using the Shimodaitrdasegawa (SHljke approximate likelihood ratio test with 1,000
replicates. GenBank IDs for all viruses except four are shown; SBR§AY274119.3 SARS

CoV-2, MN908947.3 SARSFCoV_BtKY72,KY352407.1 SARSCoV_PC4
227,AY613950.1 Also in figure @) below in part (c) sbws an IQTREE maximurikelihood

tree of single virus representatives of thirteen species and five representatives of the
speciesevere acute respiratory syndromatated coronavirusf the genu8etacoronavirusThe

tree is rooted with HCo\WWL63 and HC®-229E, representing two species of the
genusAlphacoronavirus Purple text highlights zoonotic viruses with varying pathogenicity in
humanbeings orange texpoints tocommon respiratory viruses that circulate in hurbamgs
Asterisks indicate two comavirus species whose demarcations and names are peodsgnt

from the International Committee on Taxonomy of Viruses (ICTV) and, thus, these names are

not italicized.
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Figure(4):Phylogeny of coronaviruses (www.google.com)
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At first, classification of coronaviruseCoVs) was widely dependedon serological (crosk
reactivities tothe viral spike (S) protein, but is nowbuilt on comparative sequence analyses of
replicative proteins. The choice of proteins and the methods used taeartBm have
progressivelyevolved since théeginningof this century. TheCoronaviridae Study Group
(CSQ currently analyses 3CLpro, NiRAN, RdRp, ZBD and HEL1, two domains less than
formerly servedn analyses conducted between 2009 and 2BaSed orour current knowledge,
these fivecrucialdomains are only ones conserved in all viruses of dddvirales They are
thus used for classification by dhternational Committee on Taxonomy of Virusé€TV)
nidovirus study groups (coordinated by the NSG).

Category Coronaviruses Humans Divergence
Realm Riboviria ’
Order Nidovirales Primates ‘
Suborder Cornidovirineae ‘
Family Coronaviridae Hominidae ‘
Subfamily Orthocoronavirinae Homininae .
Genus Betacoronavirus Homo .
Subgenus Sarbecovirus @
Species Severe acute respiratory Homo sapiens @

syndrome-related coronavirus

Individuum  SARS-CoVUrbani, SARS-CoVGZ-02, Dmitri lvanovsky, Martinus Beijerinck,
Bat SARS CoVRf1/2004, Civet SARS Friedrich Loeffler, Barbara McClintock,

CoVSZ3/2003, SARS-CoVPC4-227, Marie Curie, Albert Einstein,
SARSr-CoVBtKY72, SARS-CoV-2 Rosalind Franklin, Hideki Yukawa,
Wuhan-Hu-1, SARSr-CoVRatG13, and so on.

and so on.

Figure(5): Taxonomy of selected coronavirugesronaviridae Study Group of International Commit
on Taxonomy of Viruses. (2020). The species severe acure respiratory sysmdlatee coronavirus
classifvina 201hCoV and namina it SAREo0V-2. Nature Microbioloav. 5:53644]
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3.0rigins of SARS-Coronavirus-2

All coronaviruses (CoVs) that have causiétessesto humanbeingshave had animalescents
generally either irharpiesor rodents. Ror breakouto f bet acor-6ovs inihumars e s
beingsinvolved direct expasg to animals other thaharpies In cag of severe acute respiratory
syndromecoronavirus (SARSC0V) and Middle East respiratory syndrom@onavirus (MERS
CoV), they weretransferreddirectly to humarbeingsfrom civet cats and dromedary camels
respectivelySevere acute respiratory syndrof@ARS)related coronaviruses aeavelopedy
spike(S) proteins that contain a variable recegtording domain (RBD). This receptbinding
domain (RBD)attachesto angiotensirconverting enzyme (ACE-2) receptor found in heart,
lungs, kidneys, and gasetntestinal trac{GIT) thus easingviral entanceinto target cellsOn
basisof genomic sequencing, the recepbimnding domain (RBD) of severe acute respiratory
syndrome coronavird® (SARSCoV-2) seemsto be a mutated version of its most closely
related virus, RaTG13pecimenedrom harpies( Rhi nol ophus a nthosght. It
that severe acute respiratory syndreomonavirus2 (SARSCoV-2) also had its originfrom
harpiesand, after mutatig, was able taontractother animalsMutation increased receptor
bindingdomain( RBD) a ni t y -canwertinganzyme2 (A€E2 in humanbeings

but also other animals such as ferrets and Malayan pangolins (Manis javanicasadoteyl,
anteatng mammal sold illegally for use in traditional Chinese medicine), but also decreased
receptorbindingdomain( RBD) a ni t y-canwertingemayme (A€EA2%im rodents

and civets.Pangolin isdeemedto be intermediate host @evere acute respicy syndrome
coronavirus2 (SARSCoV-2). There wasomingearly speculation thatevere acute respiratory
syndrome coronavird® (SARSCoV-2) arosefrom a manmade manipulation of an existing
coronavirus, but there is nproof to support such a theory. In fadt, was presumedthat
particular mutation that was found in the recefiiding domain (RBD) of severe acute
respiratory syndrome coronavirds (SARSCoV-2) i s di erent to what
predictedon basis ofprecalingly used genetic system#uthors, stated thaf iig currently
impossibleto prove or disprovethe othe theoriesof [the severe acute respiratory syndrome
oronavirus2 (SARSCoV-2)Jorigino.
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Figure(6): Origins of SARE0V-2 (www.google.com)
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Figure(7): Origins of MERSCoV, SARSCoV and SARSCoV-2 (www.google.com)
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4.Epidemiology

Coronavirus disease (COVHD9) wasdetectedn Wuhan, China, in December 20Epidemic

of unbeknown acute respiratory tract infectisanrgedin the beginningn Wuhan, China, since
12 December 2019, possibly related to a seafood market. Savickds suggested thatarpy
may be thepossiblereservoir of severe acute respiratory syndrome corama®i(SARSCoV-

2). However, there is n@roof yet that the source of severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) was from the seafood marketarpiesare the natural reservoir of
a broad variety of coronaviruses (CoVs)nvolving severe aute respiratory syndrome
coronavirus (SAR&oV)-like and Middle East Respiratory Syndroneoronavirus (MERS
CoV)-like viruses. Upon virus genome sequencing, coronavirus disease (CI®YIWas
analyzed throughout the genome to Bat CoV RaTG13 exsated96.2% thoroughgenome
sequence identity, sugdes that batcoronavirus CoV) and humarsevere acute respiratory
syndrome coronaviru® (SARSCoV-2) might partakesame ancestor, althougfarpiesare not
obtainable for sale in this seafood market. Besides, protein sequences alignment and
phylogenetic malysis showed that similar residues of receptor were observed in many species,
which gave more possibility of alternatintermediate hosts, such #srtoise pangolin and
appetizers Humanto-humantransferenceof severe acute respiratory syndrogwonavirus2
(SARSCoV-2) is incidentmainly between family members, includirakins and mateswho
were inintimate contact withll individuals or incubation carriers. It imentionedhat 31.3% of

ill individuals recenly trippedto Wuhan and 72.3% ofl individuals contacting withpersons
from Wuhan among th#l personsof nonresidents of Wuhan. Transmission between heahc
workershappenedn 3.8% ofcoronavirus disease 2018QVID-19) sick personsissued by the
National Health Commission of Clinon 14 February 202@n contrary transportationof
severe acute respiratory syndreomonavirus $ARSCoV)and Middle East respiratory
syndrome coronavirus MERS-CoV) is documentedto occur mainly through nosocomial
transferenceContagionf healthcare workers in 832% ofsevere acute respiratory syndrome
(SARS sick personaindtransferencéetweersick person$62i 79%) was most commonay of
contagionin Middle Eastrespiratorysyndromecoronavirus MERSCoV) sick personsDirect
contractwith intermediate host animals eatingwild animals was suspected tornajorway of

severe acute respiratory syndrome coronarSARSCoV-2) transference However, the
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source(s) and transmission routine(s) sHvere acute respiratory syndrome coronasrus
(SARSCoV-2) remain elusive.

With no efficient control measures, théness haspropagatedcross the globe with more than
one hundred countries reportadsertednfected personsHaving realted that the number of
new affirmed sick individuals outside China haslevated 13-folds, the World Health
Organizationeventuallydecided to charactee coronavirus diseas€(QVID-19) as a pandemic

on 11 March 2020 anokrderedmember states tiabulatetheir emergency response mechanisms.

5.Physicochemical Properties

The virus paticle has a diameter of 60~100 nm ama#tes shapeound or oval. Most oflata
about physicochemical propertiesadronavirusesqoVs) comes fronmsevere acute respiratory
syndromecoronavirus $ARSCoV) and Middle East Respiratory Syndromeoronavirus
(MERSCoV). Severe acute respiratory syndrome coronaru§SARSCoV-2) can be
inactivatedby ultraviolet UV) or heatedat5 6 U C 3 @mdalsosensitiveto mostdisinfectants
such as diethyl ether, 75% ethanol, chlorine, peracetic acid, and chloroforras Ibeen
mentionedhatsevere acute respiratory syndrome coronax@(8ARSCoV-2) was more stable

on plastic and stainless steel than on copper and cardboard, and viable virus was detected up to
72 h after application to these surfaces. On cardboartétlifieabf severe acute respiratory
syndrome coronavird® (SARSCoV-2) was longer than that ofevere acute respiratory
syndromecoronavirus $ARSCoV)and the longest viability of both viruses was on stainless

steel and plastic.
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6.SARSCoronavirus-2 Genome and Virus Cycle
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Figure(8):The genomic structure and phylogenetic tree of coronaviGbesn[Y.; Liu Q.; Guo D.
(2020). Emerging coronaviruses: genome structure, replication, and pathogenesis. Jol
Medical Viroloav.92(4):418423]1

Figure @) shows genomic structure and phylogenetic tree of coronavir§asvs) A,
phylogenetic tree of representatigceronaviruses GoVs), with new coronavir.
highlighted in red. B, genome structure of four genereoodnaviruses. Ppla and pplb represent

the two long polypeptides that are processed into 16 nonstructural proteins. S, E, M, and N
indicate the four structural proteins spike,
2019 novel coronavirus; CoVspa onavi r us; HE, hemagglutinin e
coronaviruses identified by Hong Kong University; HCoV, human coronavirus; IBV, infectious
bronchitis virus; MHV, murine hepatitis virus; TGEV, transmissible gastroenteritis virus
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Figure(9): @ronavrus genome (www.google.con

All coronaviruses (CoVs) are pleomorphibonucleic acid RNA) virusespeculiarly containing

crownshape peplomers with 8060 nm in size and 232 kb [making it the largest RNA
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genome of the ribonucleic acid (RNA) virus familghd with positive polarityenclosed in a
nucleocapsid of helical symmetr@€oronaviruses (CoVs) are virusghose genome structure is

best known among all ribonucleic acid (RNA) virusé€soronaviruses (CoVshave an
unsegmented, singlranded (ss) positiveense ribonucleic acid (RNA) genomEuman
coronavirus (CoV) particles amgsually globularand decoratedavith large (~20 nm), clubor
petatshaped surface projectiofihe peplomers or spik€S)], which conferan imagelooking

like the solarcrown or coronaon electron micrographs of infected tissues and hence to the
family name.Coronaviruses (CoVs) gen@s areusuallycomposed of a Bhethylguanosine cap

at beginning, a 3oly-A tail at end, andn betweenthere are6-10 genes. lis shown that
genome of coronaviruses (CoMwsa valing number (611) of open reading frames (ORFs).

The order of their genes typically hi ghly conserved, wiion-and y r st
transcriptioasr e | at ed, and t he -mostgéne of ghe rcaranavieus o) T h e
genome, genelodgesabouttwo-thirds of the genome ansl composed afwo large overlapping

open reading frames (ORFs), open reading frame la (ORFla) and open reading frame 1b
(ORF1b), with a ribosomal frameshifting signal at the junction of the two open reading frames
(ORFs).Thefirst open reading frames (ORFs) of coronaviruses (CoVs), open reading frame la/b

( ORF1a/ b), encode 16 nonstructur al proteins
exceptGammacoronavirus h a t |l acks nonstructur al pshifb t e i n
between open reading frame la (ORFla) and open reading frame 1b (ORF1b), leading to
production of two polypeptides: polyprotein 1a (ppla) and polyprotein 1b (ppadhirds of

viral ribonucleic acid (RNA) principally found in the first open readg frame (ORF) [open
reading frame 1la/b (ORFla/b)] translates two polyproteins, polyprotein la (ppla) and
polyprotein 1b(pplab), and encodes 16 rstnuctural proteins (nsp), while the remaining open
reading frames (ORFs) encode accessory and strugxotins. Theremainingpart of virus
genome encodes four essential structural proteins, including spike (S) glycoprotein, small
envelope (E) protein, matrix (M) protein, and nucleocapsid (N) protein, and also several
accessory proteinghat interfere wit host innate immune respongdR). Main genomic
encoded proteins @evere acute respiratory syndrome coronas@r(SARSCoV-2) arealike to

severe acute respiratory syndrenceronavirusesJARSCoVs), as well aspresentparticular
differences. At protein level, there are no amino 48id) substitutions that occurred s/,

ns@dl3, envelop€E), matrix (M), or accessory proteins p6 and 8b, excepisi2, ns@, spike(S)
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protein, underpinning subdomain, i.e., recefiiimding dom&n (RBD). Another research
supposedthat mutation innonstructural proteingis® and ns@B participate in infectious
capability and differentiation mechanism &évere acute respiratory syndrome coronaxrus
(SARSCoV-2). The genotypes of coronavirus dise®019 (COVID-19) were analyzed in
differentsick personérom differentdistrictsandrevealedhat severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) had been mutated imarious sick personsn China. Genome
alterationscoming from recombination, gene exchange, gene insertion, or deletionsasd
amongt coronaviruses (CoVs), and this wiblccur in time aheadbreakoutsas in previous
pestilencesRecombinatiompercentf coronaviruses (CoVs) are very high becausencéind o
developing transcription errors and RNA dependent RNA polymerase (Re&Mgs It was
conducted a population genetic analyses of 103 severe acute respiratory syndrome cotnavirus
(SARSCoV-2) genomes and classified out tyweevailing developmentypes of severe acute
respiratory syndromeoronavirus2 (SARSCoV-2), L type (~70%) and S type (~30%gtrains

in L type, derived from S type, adevelopmentarilymore antagonisticand infectious Thus,
virologists and epidemiologists need to closk&ep @ eye onnovel coronavirus, in order to
investigatevirulence andpestilenceFirst step in virus infection is interaction of sensitive human
cells with spike (S) protein. Genome encodinbappensafter entering to cell andases
expression of genes, that encatkcessaryaccessory proteins, whigbrogressadaptability of

coronavirusesoVs) to their human host.

Severe acute respiratory syndrome coronasrARSCoV-2) singlestranded RNASSRNA)
genomepossesse29891 nucleotides, encoding for 9860 amino adilAs). Severe acute
respiratory syndrome coronavir@s(SARSCoV-2)genome is of 29.891 kb long, witha G + C
content of 38%. These viruses ameclosed with an envelope containing viral nucleocapsid.
Nucleocapsids incoronaviruses@oVs) are orderedin helical coordination which reflects an
odd attribute in positivesenseribonucleic acid RNA) viruses.Electron micrographs afevere
acute respiratory syndrome coronaviu§$SARS CoV-2) revealed aisclosng spherical outline
with some degree of pleomorphism, virion diameter varying from 60 to 140 nm and distinct
spikes of 9 to 12 nm, giving the virassemblancef a solarcrown Genome ofsevere acute
respiratory syndrome coronavirds(SARSCoV-2) is similar to ordinarycoronavirusesGoVs)
andpossesseat least ten open reading frames (ORFs). ifilial open reading frame©ORF9
open reading frame la/fORFla/b), about twthirds of viral ribonucleic acid RNA), are
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translated into two large polyproteins.davere acute respiratory syndreoweonavirus $ARS

CoV), two polyproteinspolyprotein 1lagplg andpolyprotein laklpplal), are processed into

16 nonstructural proteins (nspdspl6), whichconstructviral repicase transcriptase complex
(RTC). Those nonstructural proteins népg rearrange membranesgrising from rough
endoplasmic reticulum (RER) into doubteembrane vesicles where viral replication and
transcriptionhappen Other open reading frame$ORF9 of severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) on the onedhird of the genome encode four main structural
proteins: spike (S), envelope (E), nucleocapsid (N) and membrane (M) proteins, as well as

several accessory proteins.

Whole corona viruse (CoVs) shareesemblancesn organization and expression of their
genome, in which 16 nestructural proteins (nsps) (nspl through nspl6), encodecbéwy
readingframe(ORF) l1a/b at the 5' end, are followed by structural proteins spike (S), envelope
(E), membrane (M) and nucleocapsid (N), which are encoded by other open reading frames
(ORFs) at the 3' enoronaviruses (CoVs) genomedsdered!| i n e a rldageruraransidien|
region (UTR)replicasestructural gene$S-E-M-N)-3 Nj untr ans| at-polg (Ax egi on
Accessory genes such as 3a/b, 4a/b, hemagghesterase gene (HE) are alsscognized
mingledwithin structural genes. Severe acute respiratory synédrcoronaviru® (SARSCoV-

2) has also been found to erderedthe samend encodes several accessory protéitasn 5 6

end islodgedby openreading frame la/bQRF1a/h, which produces 16onstructural proteins
(nsp9. The two polyproteingpolyproten 1la ppla andpolyprotein labgplal), areprimarily
produced fromopen reading frame la/lORFla/h by a-1 frameshift betweepnpen reading

frame la QRF13 and open reading frame 1bORF1H. Viral encoded proteasesplit
polyproteins intgparticularnonstructural proteinsépg [main protease (Mpro), chymotrypsin

like protease (3CLpro), and papalike protease (PLPs)Noticeably avariety betweensevere

acute respiratory syndrome coronavifl§SARSCoV-2) and otheicoronavirusesGoVs) is the
identification of a novel shorssumedorotein withinopen reading frame 3ORF3H, and a
secreted protein with an alpha helix and is#taeet with six strands encoded tyyen reading

frame 8 ORF§.

As mutationpercentdn replication ofribonucleic acid RNA) viruses are much higher than that

of deoxyribonucleic acidl¥NA) viruses, genomes aibonucleic acid RNA) viruses areoften
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less than 10kb in length. Howevegronavirus CoV) genome is much larger, with rougi89kb

in length, the largestecognizedribonucleic acid RNA) viruses.Conservatiorof such a large

genome ofcoronavirusesGoVs) may beattributableto certainfeatures ofcoronavirus CoV)

replicatioritranscription complexRTC), which contains severatibonucleic acid RNA)

processing enzymes s uch nenstructufalerot8iNjla4®ady. €he or i bor

3 Nj

5 Nj e x o r gpdxificto caohaviausesfoMs) between wholeibonucleic acid RNA)

viruses possiblygiving a proofreading function of theplicatiortranscription compleXRTC).

Sequence analysgemonstrateshat severe acute respiratory syndrome coronaxrySARS

CoV-2) possesses model genome structure oforonavirus CoV) and belongs to cluster of
betacoronaviruse§ fCoVs) thatinvolvesBat SARS | i ke ( SL) Z Csk¥ere

acute respiratory syndrome coronavir&A RS )Can®¥/Middle East respiratory syndrome

coronavirus ME RS X OrVthe basis ophylogenetic tee of coronavirusesGoVs), severe

acute respiratory syndrome coronavitu$SARSCoV-2) is morerelativelyr el at ed t
CoV ZC45 and bat SL faGeated tasEvErd dcutearasgdiratomosynelrome
coronavirus SARSCoV).

Genomic organization of 2019-nCoV
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Figure(10): Genomic structure of 20h€oV (SARSCoV-2) (www.google.com)
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Figure(11):SARSike coronaviruses genomic structure (www.google.com
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Severe acute respiratory syndreoweonavirus (SARSCoV) genome has an enveloped, single,
positivestranded ribonucleic acid (ssRNA) genome that encodes four major viral structural
proteins, namely spike (S), envelope (E), membrane (M), and nucleocapgmlofsins, that
follow typical gene order [5-replicase (rep gene), spike (S), envelope (E), membrane (M),
nucleocapsid (NB'] with short untranslatetbci at bothendings All structural and accessory
proteins are translated from subgenomic ribonucleic acid (SgRNAS) of coronaviruses (CoVs).
Four main structural proteins are encoded by open reading frames (ORFs) 10, 1ithlirdarfe

t he g eno-+teminumseSame ofStlieproteinssubject toglycosylation in Golgi apparatus

to produceglycoproteinsViral membrane contains spike (S), envelope (E), and membrane (M)
proteins, and spike (S) protdunctionsa vitalactualrole in viralenterance

Besides these main structural proteins, differentonaviruses GoVs) encode particular
structural and accessory proteins, suchemagglutiniresteras¢HE) protein, 3a/b protein, and



4a/b protein. These mature proteins aceountablefor some notable functions in genome

conservatiorand virus replication.

Replicase 1ep) gene encodes the natructural protein(nsp)and exemplifiesnearly two-thirds
of genome at "=end. In detailspike §) protein is in charge of receptbinding and subsequent
viral enterancento host cells, and is thereforgpamary therapeutic targeMembrane 1) and
envelope E) proteinsfunction notableroles in vral collection andnucleocapsidN) protein is

vital for ribonucleic acid RNA) synthesis.

According to recent research, a spike (S) mutation, whadsiblyhappenedn late November
2019, provokedleapingto humans. In particular, authors in a sigrafit study compared severe
acute respiratory syndrorm®ronavirus2 (SARSCow-2) gene sequenceth that of severe
acute respiratory syndrorm®ronavirus (SARSCov). They analyzed transmembrane helical
parts in open reading frame lab (ORFlab) encoded 2Zstnactural protein 2 (nsp2) and
nonstructural protein 3 (nsp3) addmonstratethatsite 723 presents a serine (Ser) instead of a
glycine (Gly) residue, whilsite 1010 islodgedby proline (Pro) insteadf isoleucine (lle) State

of viral mutations igjuide for interprettingprobablellnessfalls.

Comparing genome @evere acute respiratory syndreogeonavirus?2 (SARSCov-2) with that

of exceedinglyrelatedsevere acute respiratory syndrome/severe acute respiratory syrikeme
coronavirus $ARS/SARS like CoV) showedthat sequence coding for spik8) protein with a
total length of 1,273 amino acig8As) indicated27 amino acidAA) exchangesSix of these
exchangesre inlocus of receptor binding domai(RBD), and another sixexchangesare in

underpinning subdomain (SD).

Trimers ofspike §) proteinconstitutespikes ofsevere acute respiratory syndreg@onavirus
(SARSCoV) and provide the formation of a 12&@Binoacids (AAs)-length surface
glycoprotein precursor. Most of protein and amino terminugpastionedon outside of virus
particle or cell surfacd?redictableconstructiorof spike ) protein comprises fowgites a signal
peptidesituatedat N terminus from aminocads (AAs) 1 to 12, an extracellular domain from
amino acidg4AAs) 13 to 1195, a transmembrane domain from amino #&ids) 1196 to 1215,
and an intracellular domain from amino ac{@#\s) 1216 to 1255. Proteases such as factor Xa,

trypsin, and cathepsin split severe acute respiratory syndrenwonavirus $ARSCoV) spike
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(S) protein into two subunits, S1 and S2 suburiigmimum receptofbinding domain (RBD)
situatedin S1 subunit (amino acids 3i®L0) can attach host cell receptorangiotensin
convertng enzyme ZACE2), a transmembrane receptor whichbi®adly expressed in lung,
heart, kdney and gastrointestinéGl) tissue.Human serine proteagteansmembrane protease,
serine2 TMPRSS2 is capable ofpriming spike &) protein of bothsevere acute respiratory
syndromecoronavirus $ARSCoV) and severe acute respiratory syndrome coronasMrus
(SARSCoV-2), and angiotensisonverting enzyme 2 (ACE2) isegardeda receptor for
enterancef these two viruseS.hefeaturesof cellular receptor angiotensgonverting enzyme 2
(ACE2) can alsanterpret pathogenesigharacteristicof severe acute respiratory syndreme
coronavirus (SARS0V) and severe acute respiratory syndrammenavirus2 (SARSCoV-2).

It has beemevealedhatattachmentf viral spike (S) protein to angiotenstonverting enzyme

2 (ACE2) promotesa negative feedback loop thaventually results in downregulation of
angiotensirconverting enzyme 2 (ACE2Dpecrease of angiensirrconverting enzyme 2 (ACE2)
thereafterorientsits substrate angiotensin | towards its related enzyme, angictsrsierting
enzyme 2 (ACE2). Increased angiotensimverting enzyme 2 (ACE2) activity consequently
results in elevatedoncentration®f angiotensin 1l. Once angiotensin Binds to its receptor,
angiotensin Ireceptor type 1la(AGTR1A), pulmonary vascular permeability islevated
Receptorbinding domain (RBDyshowsa concave surface during interaction with the receptor.
The entire receptebinding loop,called the receptebinding motif (RBM) (amino acids 424
494), issituatedon receptorbinding domain (RBDpand isaccountabldor full attachmentvith
angiotensirconverting enzyme 2ACE?2). Of importance two residues in theeceptorbinding
motif (RBM) at sites479 and 48%&pecify progression of theevere acute respiratory syndrome
(SARS illness and tropism ofsevere acute respiratogyndromecoronavirus $ARSCoV).
Studies using civets, mice, and ratslicatedthat anysubstitutionin these two residues might
enhanceanimatto-human or humaito-human transferenceand ease effective crossspecies
contagion The S2 subunit mediates fos betweensevere acute respiratory syndrome
coronavirus ARSCoV) and target cells, andvolvesheptad repeat 1 (HR1) and heptad repeat
2 (HR2) domains, whosbkeptad repeat 1 (HRI9cusis longer than heptad repeatHR?2) locus

Severe acuteespiratory syndromeoronavirus ARSCoV) spike §) protein function actual
roles in viralcontagionand pathogenesis. The S1 subunit recognizes@achesost receptors,

and thereafter conformational modification in S2 subunit mediatdinding between viral
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envelope and host cell membraReceptorbinding domain (RBD)n S1 subunit iccountable
for virus attachmento host cell receptorgingiotensin converting enzyme(2CE?2) is aactive
receptor forsevere acute respiratogyndromecoronavirus $ARSCoV) that makes contact
with 14 amino acidgAAs) in the receptorbinding domain (RBD)f severe acute respiratory
syndromecoronavirus $ARSCoV) among its 18 residueReceptorbinding domain (RBD)n
S1 subunit isaccountabldor virus attachmento host cell receptord.ocus R453 in receptoer
binding domain (RBD) andocus K341 in angiotensin converting enzyme (ACE2) play
requisiteroles in complex formation. Further, N479 and T487 in recdptuting domain (RBD)
of spike (S protein areindispensabldoci for affinity with angiotensirconverting enzyme 2
(ACE2), and R441 or D454 in receptbmding domain (RBD) influences antigertonstruction
and binding activity between receptoinding domain (RBD) andangiotensirconverting
enzyme 2(ACE2). From a prefusion constructionto a posffusion construction attachmenof
receptorbinding domain (RBD) in S1 subunit to receptmgiotensin converig enzyme 2
(ACE2) inducesa fixed change in S2ln accordancethe proposedusion peptide (amino acids
770 788) constructan target cell membrane of host. Meanwhile, atsix bundle fusion core
constructionis constitutedby heptad repeat 1 (HRBnd heptad repeat 2 (HR2)Jomains for
letting viral envelope and target cell membrabe into nearby vicinity and contributing to
attachmentFurthermoresevere acute respiratory syndrenmonavirus $ARSCoV) displays
an alternative method diéising to host cell via otheprobablereceptors. Dendritic ceipecific
intercellular adhesion molecugrabbing norintegrin (DGSIGN) and/or liver/lymph node
specific intercellular adhesion molectBegrabbing norintegrin (L-SIGN) are two examples of
such eceptors. Seven residpesitions atloci 109, 118, 119, 158, 227, 589, and 69%pike
(S) protein displaying asparagirf@sn)-linked glycosylation aréundamentafor dendritic celt
specific intercellular adhesion molectBegrabbing norintegrin (DGSIGN)or liver/lymph
node specific intercellular adhesion molectBegrabbing norintegrin (L-SIGN)mediated virus
enterance These residuesiot like those ofangiotensinconverting enzyme 2ACE2)-binding

domain,serveindependently oéngiotensinconverting enzym@ (ACE2).
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Figure(15): Schematic representation of the genome organization and functional domai
protein for SARSCoV [Song Z.; Xu Y.; Bao L.; Zhang L.; Yu P.; Qu Y.; Zhu H.; Zhao W.; H
Y.; Qin C.(2019). From SARS to MERS, thrusting coronaviruses into the spotlight. Viruse
59]

In figure(15): theconstructionof spike (S) protein is shown beneath genome organiz&joke

(S) proteinprimarily contains S1 and S2 subunits. The residue nwrbesacHocusexemplify

their situationsin spike (S) protein of severe acute respiratory syndrome coronavirus {SARS
CoV). The S1/S2 cleavage sites are highlighted by dotted lines. -®ARS severe acute
respiratory syndrome coronavirus; CP, cytoplasmain; FP, fusion peptide; HR, heptad repeat;
RBD, receptotbonding domain; RBM, recepttninding motif;, SP, single peptide; TM,
transmembrane domain.
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Figure(16):The models of SARSoV entry into the target cell[Zhu X.; Liu Q.; Du L.; Lu L
Jiang S(2013). Receptebinding domains as a target for developing SARS vaccines. Jouri
Thoracic Disease, 5(Supplement2).

In figure (L6): part (A): severe acute respiratory syndrenmeonavirus $ARSCoV) enters into
target cellmajorly through endosomal membrane fusion (left side) and alternatively via plasma

membrane fusion (right sida)y part B): fusion core structure formed Ingptad repeat HR1)
and heptad repeat 2HR2) domains insevere acute respiratory syndreomonavirus(SARS

CoV) spike @) protein; Fusion core is a sikelix bundle (6HB) with threeheptad repeat 2
(HR2) Uhelices packed in an oblique antiparallel manner against hydrophobic grooves on

surface of centrdieptad repeat HR1) trimer.
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Identicalto other ke t a ¢ o r o n &oMs)rsevere acute(réspiratory syndrome coronasrus
(SARSCoV-2) virion possesses a nucleocapsid composed of gemimoicucleic acid RNA)
and phosphorylated nucleocapgh) protein. The nucleocapsid iishumedinside phospholipid
bilayers and covered by twawarious types of spike (S) proteins: spike glycoprotein
trimmer(S)thatis presentin all coronaviruseqCoVs), and hemagglutintesterase (HE) only
shared among somepronaviruses GoVs). Nucleocapsid protein (Njproteins attachesviral
genome in beads on a string tygieucture The N protein of coronaviru€oV) is multipurpose.
Twoviral proteinshave been shown tattach toc or onav i r nudeocdpdduN) R,
proteinandnonstructural protein Inépd. Amongst different functions,nucleocapsid N protein
takes partin complex formation with viral genomeasesnembrane 1) protein interaction
necessaryduring virion collection and enhances transcripti@fficacy of virus. It plays an
important role in virionconstruction replication and transcription of coronawses (CoVs),
because nucleocapsid (N) protegituates in both replication/ transcriptional region of
coronaviruses (CoVs) and endoplasmic reticuluBR)XGolgi intermediate compartment
(ERGIC) site where the virus isaccumulated This protein probably sugports binding viral
genome to replicasanscriptase complex (RTC), anlereafterpacks encapsulated genome
into viral particleslt contains three highly conserved agidtinguisheddomains,calledan N
terminal domain (NTD), RNAinding domain or a linker region (LKR), and até&minal
domain (CTD).N proteinscontain twoconstructionallyindependentlyibonucleic acid RNA)
binding domainstheN-terminalRNA binding domain (NTD) and @-terminal domair{(CTD,
residues (256385) which also has ribonucleic acid (RN#ipding activity joined by a charged
linker region rich irserine (Ser)and argiine (Arg) residues (SR linkeN-terminalRNA
binding domain (NTD) createsa particularand high affinity complex with the transcription
regulating sequence (TRS) or its complement transcripéigolating sequence (cTRS) and
completely unwinds atranscriptionrregulating sequenceTRS)- complementtranscription
regulating sequencécTRS) (TRScTRS duplex thatservesa critical role in subgenomic
ribonucleic acid (S@NA) synthesis and other processescessitatingibonucleic acid RNA)
rebuilding In addition a study revealed that N3 domain (nesgl409454) which extends to the
true Gterminus of N proteinservesa role inspecifying N-membrane protein interaction in
murine hepatitis virus (MHV)A study showed thal-terminalRNA binding domain (NTD)
transcriptionregulating sequence (TRS) (NTDRS) interactionincludes N residuesR125,
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Y127, and Y190 andrehors adenosirei ¢ h r egi on i transtriptieareGuidiing n d
sequence ribonucleic acidRS RNA) t o-pldiform of N and that this interaction mecessary
for effectivesubgenomic ribonucleic acidgdRNA) production N-terminalRNA binding domain
(NTD) attaches3' end of the viral gnome, possibly through electrostatic interactions, and is
highly differedboth in length as well as sequen€bhargedinker region (KR), as mentioned,
serine(Ser)and arginingArg)- rich, is also known as SR (Serine and Arginine) domiaimker
region (LKR) is capable of direct interaction with in vitrdonucleic acid RNA) interaction
and is alsaccountabldor cell signaling. It is reported thaticleocapsidN) protein carattach
nonstructural protein 3 nép3 protein in order to supporttetheing genome to
replication/transcription compleXR{TC), and pack encapsidated genome into virionselivesa
recognizableole in virion build, replication and transcription of coronavirug¢€®Vs), because
nucleocapsid N) protein situatesin both replication/ transcriptional region of coronaviruses
(CoVs) and endoplasmic reticulum(ER)-Golgi intermediate compartmefERGIC) region
where virus isaccumulatedlt has also beeproposedhat nucleocapsidN) protein binding to
leader transcption regulating sequend@RS-L) approvestranslation ofviral viral ribonucleic
acids RNAs). Nucleocapsid N) modulates antivairatesponse of hostsait functionsas an
antagonist of interferon (IFN) and viral encoded repressorrimbnucleic acid RNA)
interference, which appears to bkebenefitfor viral replication. In comparison tgevere acute
respiratory syndromeoronavirus $ARSCoV), nucleo@apsid () protein of severe acute
respiratory syndrome coronavirds(SARSCoV-2) possess five amino aci@ghA) mutations,
where two are in intrinsically dispersed region (IDR, &% 26 positions), one each iN-
terminalRNA binding domain (NTD)103 position)Jinker region(LKR) (217 position) andC-
terminal domair(CTD) (334 positon).

CoronavirusegCoVs) envelope (Eprotein isthe most enigmatic and smallest among the major
structural proteins. Envelope (E) glycoproteins are small proteins thabmsested ofbout76

to 109 amino acids (AAsApproximately30 amino acids (AAsin N-terminus of envelope (E)
proteinsgive binding to membrane of viruse€oronavirus envelope (Eprotein is found in
small amountswithin the virus. It is mosjprobablea transmembrane protein and with ion
channel activity.lt is a small integral membrane polypeptide tkatvesas viroporin (ion
channel).The proteineasegatheringand release of the virus and has othtl actssuch as ion

channel activity. It isnot necessary for viral replication but it fier pathogenesis. Amosg
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functions ofconstructionaproteins, envelopgE) proteinhas a crucialole in virus pathogenicity
as itinducesviral collectionand releasdnactivation or absence of this protesnattributable to
altered virulence of coronavirus@SoVs)due to changes in morphology and tropi&mvelope
(E) proteinis composed othree domains, namely short hydrophilic amiaominal, a large
hydrophobic transmembrane domain, andeagellent C terminal domairnThe severe acute
respiratory syndrome coronavirds(SARSCoV-2) envelope E) protein reveals a similar

amino acidAA) constructiorwithout anyinterchange

All envelope (E) proteins and nucleocapsid (N) protein are present in all virions but
hemagglutinin (HE) is onlyoundin some beta coronaviruses. In addition to that, it is thought

the virus particles afeunchedogether owing to interaction between these proteins.

Membrane protein (Mis most copious building protein. Membrane (M) proteins are
glycosylated in Golgi apparatuslodification of membrane (M) protein is crucial for the virion
to fuse into cell and tareate protein antigenicMembrane (M) proteirservesa guide role in
regenerating virions in cellt does not contain signal sequence @tbundas a dimer in the
virion. It may have twovariousfiguresto promote membraneurvature as well aattachto
nucleocapsidNucleocapsidll) proteinconstitutesa complex by binding to genomitbonucleic
acid RNA) and membrane NI) protein provokes making of interacting virions in this
endoplasmic reticulunGolgi apparatus intermediate compartment (ERGi@h this complex.
Membrane (M) glycoprotein spans membrane bilayer three times, leaving a shet¢rnNtiial
domain outside virus and a long COOH terminus (cytoplasmic domain) inside virion.
CoronavirusegCoVs) membrane 1) proteins are highly diversén accordance t@amino acid
(AA) constituentsut conserveoverall structural similarity within different generslembrane
(M) protein has three transmembrane domains, flanked by short-amimonal outside virion,
and a long carboxterminal inside virionMembrane 1) protein three transmembrane domains
configurevirions, promote membrane curvature, atthcheto nucleocapsidAs a whole viral
scaffold iskeptby membranemembranelI-M) interaction. Between envelofE) proteins exist

a molecular interaction that probalbarticulatesconstructionand constitutionof coronaviral
membraneMembrane 1) protein plays a predominant role in intracellulsynthesisof virus
particles without requiringpike ) protein In the presence of tunicamycin coronavi{@oV)

grows and produces spikeless, noninfectious virions that comtambrane 1) protein but
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devoidspike ) protein Membrane M) protein acts as a central organizer of coronaJi@s/)
collection To the notemembranel1) protein ofsevere acute respiratory syndrome coronavirus
2 (SARSCoV-2) does not have any amino agi®lA) exchangan comparison tesevere acute
respiratory syndromeoronavirus $ARSCoV).

Hemagglutininesterase dimer protein (HE)detectedi n a subset of -betacao
CoVs). The proteinattaches tosialic acids (derivatives of neuraminiacid) on surface
glycoproteins. The proteiwitalities are thought topromote spike (S) proteirmediated cell

enterancend virusdispersehroughmucosa.

All structural and accessory proteins are translated from subgenomic ribonucleic acids (SgRNAS)

of coronaviruses (CoVs). da Silva et al. (2020) used seral@llationtools toanalyze open

reading frame (ORF) la and 1lb of severe acute respiratory syndrome coreRa{BARS
CoV-2).Authorsr ecor d t hat ORFla/b comprises about tw
16 nonstructur al p r iotergratthasthe(rres pils 16 )1 lanfdr arhegyt
ORF1la and ORF1b, leading to production of two polypeptides (ppla and pplab), which are
further processed by virgincoded proteasasto 16 nonstructural proteinsnép. Severe acute

respiratory syndrome coronavir@s(SARS CoV-2) genome contains 8 accessory proteins (3a,

3b, p6, 7a, 7b, 8b, 9b, and orfl4). All these prot&instiona particularrole in viral replication.

Several accessory proteins interfere with host innate immune resftiRye Severe acute

respirabry syndromecoronavirus $ARSCoV)possesses five and eight accessory proteins,
respectively, which mighsupportthe virusto devoidimmune system by beinguischievouso

innate immune respongdR). Difference in respect to accessory proteins gihee acute

respiratory syndromeoronavirus ARSCoV), severe acute respiratory syndreomonavirus

2 (SARSCoV-2)(2019nCoV) does not contain 8a protein and longer 8b, and shorter 3b
proteins.Nonstructural protein 7ngp7, nonstructural protein 1¢paL3), envelopg(E), matrix

(M), or accessory proteins p6 and 8b have not beslizedwith any amino acidAA) changes

in comparison to coronavirus@gsoVvs).

CoronavirugCoV) messengeribonucleic acid 1 (RNA 1), which is genome length, containing
two overlapjng reading frame§ORFs),i.e., open reading fram&a (ORFla)andopen reading
frame 1b (ORED), orientssynthesis of two precursppolyproteins i.e., polyprotein lapplg
and polyprotein lab gplab, viaa T1 f r a machiery fntolvimgga pseudoknot
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construction Polyproteins are then processed by two or three v@neoded[in openreading
frame la QRF1a) proteinaselomains todevelopa membrandound replicaséransciptase
complex (RTC). Two large precursor polyprotein la (ppla) gudyproteinlab (pplab) are
processed bypen reading frame 1®RF13-encoded viral proteinases, papake proteinase
(PLP™®) and 3Clike proteinase (3CR°), into 16 mature nonstructural proteifissptnspl6,
numbered according to their order from thaekminus to the @erminus of the open reading
frame 1 (ORFL1) polyproteingh accordance tproteolytic processingrameshifted open reading
frame lab (ORF lalpolypeptidegenerates 136 nonstructural proteins, many of which are
includedin eitherribonucleic acid RNA) synthesior proteolytic processingecessaryor viral
replication nonstructural proteinhonstructural proteinll (nspdspll) encoded in open
reading frame la (ORF 1a) and nonstructural prbfnonstructural proteinl6 (nspilizsspl6)
encoded in open reading frame 1b (ORF1b). Open reading frame la (ORF 1a) encodes three
protease domains, one or two papiéie domains in nonstructural protein 3 (nsp3) depending on
particular coronavirus (CoV), dnonepicornavirus3C-like domain in nonstructural protein 5
(nsp5). Nonstructuralprotein 8 (nsp8) in open reading frame la (ORF 1la) contains a
secondRNA-dependent RNA polymeragRdRp) domain that is proposed t@act as
aprimaseand synthesizeprimers utilized by primedependennonstructural protein 1RNA-
dependent RNA polymerag@spl2 RdRp Open reading frame 1IORF 18 encodes an RNA
dependent RNA polymerag&dRp) core unit innonstructural protein 12népl13 [although a
differed number ofmucleotidestits) of nonstructuraprotein 12 (sp13 coding sequenclecates
within open reading frame 1aORF 13, depending on particular vifysa superfamily

1 helicasaen nonstructural protein 13népl3, anexanucleaseand Nmethyltransferase in
nonstructural protein 1h¢§p14, anendoribonuclasein nonstructural protein 1mép15, and an
S-adenosylmethionind e p e n d@methyltrarsjerasén nonstructural protein 16n§pl6.
Enzymatic activitie®f the exonuclease, endoribonuclease aadi&osylmethionirdependent

2 -8rmethyl transferase encoded bgnstructural proteinnspl14, 15 and 16 arparticularto
Nidoviruses. Many of nonstructural proteinsnépg perform essential functions in viral
ribonucleic acid RNA) replication and transcription. BesideslR-dependent RNA polymerase
(RdRp) helicase and proteases, somenohstructural proteinsngpg are ribonucleic acid
(RNA)-processing enzymes such as poly-gpgcific endoribonuclease,-3' exoribonuclease,

ribose 20 methyltransferase, adenosine dipphateribosel"-phosphatase and cyclic
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nucleotide phosphodiesteradéhe enzymatic activities and the functional domains of many of
thesefundamentahonstructural proteins (nsps) are predicted t&dpbetween different genera
of coronaviruses (CoVs)ndicating theirnoticeabilityin viral replication. In addition to these
nonstructural proteins (nsps) witlescribedactions there are several nonstructural proteins
(nsps)whose biologicalservingsand roles in coronavirus (CoV) life cycle still remain to be

illucidated

While nonstructural proteirBonstructural proteinl§nsp3nspl§ from different coronavirus
(CoV) genera share severptotectedfunctional domains, Nerminal region ofopen reathg
frame 1 ORFJ) polyprotein,primarily nonstructural protein IngpJ sequence, is highlgiffered
amongt coronaviruses@oVs). Nonstructural protein InépJ) is most Nterminal cleavaggield
released fronopen reading frame 1®RF13 polyprotein byactivity of papainlike proteinase
(PLP™). In severe acute respiratory syndrenwgonavirus $ARSCoV), papainlike proteinase
(PLP)i mediated cleavage at consensus cleavage site LX@@ein reading frame 1®ORF13
polyprotein liberatescomparablenonstructural protein 1nép) and nonstructural protein 2
(ns) as 20KDa and 76KDa proteins, respectivelySevere acute respiratory syndrome
coronavirus $ARSCoV) nonstructural protein Ingp) is positionedexclusiwely in cytoplasm
of virusinfected cells. Severe acute respiratory syndreomonavirus $ARSCoV)
nonstructural protein 1nép) also attachesto a sterdoop structure, SL1, irb" untranslated
region 6'UTR) of severe acute respiratory syndreomonavirs (SARSCoV) genome and it
has suggested that this interaction enhances virus replicdBorg transient gene expression in
mammalian cellssevere acute respiratory syndreomonavirus $ARSCoV) nonstructural
protein 1 (isp) wasinitial coronavirus CoV) nonstructural protein{nsp) that was shown to
block expression of reporter gene under control of constitutive promoters as well as inducible
interferonbeta (FN-b) promoter.A study by Tanakat al. (2012) suggested thatparticular
interaction ofnonstructural protein{nspl with 5' untranslated regio®'UTR) of severe acute
respiratory syndromeoronavirus $ARSCoV) messenger ribonucleic acithRNA) conserves
viral messenger ribonucleic acidsnRNASs) from nonstructural protein 1ngp)-mediated
translational shutoff insevereacute respiratory syndronrm®ronavirus $ARSCoV)-infected
cells. In additionthe researcherspeculated thatonstructural protein IngpJ) stimulatesviral
protein synthesis and viralbonucleic acid RNA) replication through this interaction because

this influencewas not observed with a mutatadnstructural protein Ingp) protein, carrying
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R124A mutation that abolished its interaction with Breintranslated regiorb(UTR) of viral
messenger ribonucleic acithRNA). In the study by Tanaket al. (2012),nonstructural protein

1 (hsp)-mediated enhancement of viral protein synthesis could be an indirect consequence of
decayof hostmessenger ribonucleic acidaRNAS), provokedby nonstructural protein IngpJ
but notby nonstructural protein In6p)R124A mutant, that would eliminate the competition
between viral and hosmessenger ribonucleic acidanRNAs) for finite amounts of
translationallycompetent 40S subunits, thereby tiling balance in favor of viraksenger
ribonucleic acid hRNA) translation. Furthermorenonstructural protein 1ngpJ)-induced
deteriorationof host messenger ribonucleic acidsmRNAS) could also liberate translation
initiation factors from hosmessenger ribonucleic acidnRNAS) that can bautilized by intact
viral messenger ribonucleic acidsiRNAS) in severe acute respiratory syndreom@onavirus
(SARSCoV)-infected cells. Therefore, it igelievablethat splitof hostmessenger ribonucleic
acids (MRNASs) by nonstructural proteiningp) and resistance of viranessenger ribonucleic
acids (nRNAs9) to nonstructural proteinlnépJ-induced ribonucleic acid RNA) split are
strategies thatsevere acute respiratory syndreomonavirus $ARSCoV) could have
developedo compensate fdblocking of viral messenger ribonucleic acichRNA) translation
by nonstructural proteinlnépl) therebyeasingproduction of viral proteins irsevere acute

respiratory syndromeoronavirus $ARSCoV)-infected cells.

Pathophysiology andirulencemechanicof coronavirusesGoVs), and therefore also akevere
acute respiratory syndronm@ronavirus2 (SARSCoV-2) have links to function ofonstructural
proteins (sp3g and structural proteins. For instance, research underlinedntmetrutural

protein fisp is able to block host innate immune respofhise).

Among fourcoronavirus CoV) genera, onlalphacoronavirus -CoVs) andbetacoronaviruses
(b-CoVs) encodenonstructural proteinlnépl, whereasgammacoronaviruses %¥CoVs) and
deltacoronavirusesi¢CoVs) lack nonstructural proteinlnép) and thus, their genel encode
only 15onstructural proteinsngpg (nonstructural proteirBonstructural proteinl6jnsp2
nsp16).Nonstructural proteinlngp) of alphacoronaviruses {CoVs) share noconsiderable
sequencaesemblanceavith betacoronavirus §-CoV) nonstructural proteinlnép) and their

sizes are alsdiffered On the basis afomparative sequence analysis of the genomes of different
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coronavirugs CoVs), nonstructural proteinlnép) could be considered as one of the genus

specific markers.

Severe acute respiratory syndreomonavirus (SARSoV) is a single, nonsegment and
positivestranded ribonucleic acid (RNA) virus with envelope. Its geanonbonucleic acid
(RNA) is composed 029,736 nucleotides, two thirds of itsésicoding nonstructural ribonucleic
acid (RNA) replicase polyprotein and one third of ite@toding structural proteins, including
spike (S), envelope (E), membrane (M), amacleocapsid (N) proteinsll). Severe acute
respiratory syndromeoronavirus2 (SARSCoV-2) genome has 5'and 3' terminal sequences
[265 nucleotides (nts) at the 5' terminal &P nucleotides (nts) at the 3' terminal region],
whichis usualof betacoronavirusest-CoVs), with a gene order%eplicase open reading frame
(ORF) labspike )-envelope(Edmembrane(Mhnucleocapsid N)-3. The predictedspike §),
open reading fram8a (ORF33, envelope [E), membrane N1), andnucleocapsidN) genes of
severe acute respiratory syndreomonavirus2 (SARSCoV-2) are 3822, 828, 228, 669, and
1260 nucleotides rfts) in length, respectivelyAlike to severe acute respiratory syndreme
cororavirus SARSCoV), severe acute respiratory syndreomonavirus?2 (SARSCoV-2)
carries a predictedpen reading frame 8RF8 gene (36@ucleotides 1fts in length)situated
betweermembranel) andnucleocapsidN) open reading fram@RF genes

Angiotensinconverting enzyme 2 (ACE2% a type | transmembrane proteaiansistedof 805
amino acidg/AAs) and is primarily expressed in the gastrointestinal tf&T), heart, kidney
and lung. As a negative regulator of the reangiotensin systeifRAS), angiotensirconverting
enzyme 2 (ACE2plays anotablerole in keepinghomeostasis of cardiovascul@V) system
and regulating absorption of amino aci@sAs) in kidney and gastrointestinal traBIT).
Genetic studies also reveal th@e of angiotensn-converting enzyme 2 (ACE2h preventing
stroke. Angiotensinconverting enzyme 2 (ACERkexpressedhe lower respiratory tract of
humanbeings is known as cell receptor f@evere acute respiratory syndreo@onavirus
(SARSCoV) and regulates both the cresgecies and human-humantransferencelsolated
from the bronchoalveolar lavage fluid (BALF) ofcaronavirus diseasE9 (COVID)-19 sick
personit has beerassirtedhatsevere acute respiratory syndrenwonavirus2 (SARSCoV-2)
uses the same cellular entry recepéngiotensinconverting enzyme 2 (ACE2assevere acute

respiratory syndromeoronavirus $ARSCoV). In order for the virus to compleenterancento
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the cell following this initial process, spike (S) protéias to be primed by an enzyme called a
protease. similar to severe acute respiratory syndicmranavirus $ARSCoV), severe acute
respiratory syndromeoronavirus2 (SARSCoV-2) (COVID-19) uses a protease called
transmembrane protease, serin@ RIPRSS2) to complete this process. In order to attach virus
receptor [spike (S) protein] to its cellular ligand (ACEZ), activityttansmembrane protease,
serine 2(TMPRSS2) as a protease is needed. Severe acute respiratory syodronairus2
(SARSCoV-2) can alsoconstructa novel short protein encoded bpen reading frame 3b
(ORF3b)and a secreted protein encodedopen reading frame 8 (ORJ: Open reading frame

3b (ORF3b)of severe acute respiratory syndregwonavirus2 (SARSCoV-2) may play aole

in viral pathogenicity andlock expression ointerferorbeta ( F N fhowever,open reading
frame 8 (ORF8)does not contain any known functional domain or motif. A resolution in
complex with thesodiumdependent neutramino acid transporteBOAT1 (SLC6A19) they
found that the complex, which had open and closed conformationgollestedas a dimer and
angiotensinconverting enzyme 2 (ACEZBOAT1 complex camattachtwo spike §) proteins,
which gives proof for coronavirus CoV) recognition andcontagion Sodium-dependent
neutralamino acid transporteBOAT1 (SLC6A19) may become a therapeutic target for drug
screening to suppress severe acute respiratory syndroomenavirus2 (SARSCoV-2)
contagion Virion spike §)-glycoprotein on surface of coronavir€0V) can attach to the
receptor,angiotensinconverting enzyme 2 (ACE2)n surface of human cellslowever,spike

(S) protein of severe acute respiratory syndrepweonavirus?2 (SARSCoV-2) attachesto
human angiotensinconverting enzyme 2 (ACE2) more weakly than thatsefere acute
respratory syndromeoronavirus $ARSCoV), which is coincident with the fact thatevere
acute respiratory syndrorm®ronavirus2 (SARSCoV-2)causes less severe infection ditk
personsthansevere acute respiratory syndreo@onavirus $ARSCoV). Spike ) protein is
split by endosomal acid proteases (cathepsin L) to activate its fusion activity. After the fusion
peptide (FP) inserts into the endosomal membrane, the heptad repeat 1 and 2 (HR1 and HR2)
domains inspike ©) protein interact with each other ¢onstructa sixhelix bundle (6HB) core,
which brings viral envelope and the cellular plasma membrane into wicséy for fusion.
Spike §) glycoproteininvolvestwo subunits, S1 and S2. S1 determines the shassrange and
cellular tropism with the key function domaiireceptorbinding domain(RBD), while S2

mediates virugell membrane fusion by two tandem domains, heptad repeat 1 (HRhgpirdl
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repeat 2 HR2). The receptor binding domain (RBD) on S1 subumiéeriacts withangiotensin

converting enzyme 2 (ACE2p constructa virionangiotensinconverting enzyme 2 (ACE2)

complex. The viriorangiotensinconverting enzyme 2 (ACE2Zomplex is therransferredand

enters endosome of target celdter that the stucture domain of heptad repeats (HR)1 and

HR2 in spike §) proteins interact with one another ¢onstructa sixhelix bundle core. This

core promotes fusion of the viral enveloft® with cellular membrane. Thebonucleic acids

(RNASs) of virus are then released into the cytoplasm of target édtkxnatively, severe acute
respiratory syndromeoronavirus $ARSCoV) may also enter target cell through plasma
membrane fusion in a mannesemblingto human immune virusHIV). After S1 sibunit of

severe acute respiratory syndrenwmonavirus $ARSCoV) spike §) protein attachesto
angiotensinconverting enzyme 2 (ACE2)52 subunit changes conformation by inserting the

fusion peptide into plasma membraréeptad repeat 2HR2) domain inteacts with heptad

repeat 1IR1) trimer toconstructsix-helical bundle §-HB) core, leading to fusion between viral
envelope(E) and cellular plasma membran€oronavwral ribonucleic acid RNA) synthesis

happensn the cytoplasm on doublealledmembrane vesiclesDuring coronaviralribonucleic

acid RNA) replication and transcriptioof subgenomicribonucleic a&ids (SRNAs), the

genomic ribonucleic acid RNA) acts as a template for the synthesis of {ielhgth and
subgenomic negativstrand ribonucleic acids RNAs), the latter through a discontinuous
transcription mechanism. In turn, féingth negativestrandribonucleic acidsRNAs) function

as templates for synthesis of genontm®mnucleic acid RNA) and negative strand subgenomic
ribonucleic acids (d9gNAs) act as templates for subgenomimessenger ribonucleic acid

(mRNA) synthesis. Infected cells contain seven to nine virus speudissenger ribonucleic

acids MRNAs)wi t h coter mi nal 3 Nj e n dysnpmictiboraicleic acidg e s t (
(RNA). All of the messenger ribonucleic acidmRNAs) carry identical 7090 nucleotides

(nt9) leader sequencest t hei r 5Nj ends. The 3N end of the
regulatory sequence (TRS, which is also present in the m@Eme just upstream of the coding
sequence for each transcription unit [FRS(body)], where it acts as as-regulator of
transcription. All coronavirusranscription regulatory sequencd®RS9 include conservedi6
8nucleotidex o r e sequence (CS) pl us flankiagr i ab | e
sequencesBetacoronaviruses #£oVs) cont ai n a consensus -heptan

UCUAAAC-3 Nj, wsevete adutb eespiratory syndrenmonavirus transcription regulatory
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sequenceJARSCoVT R S) h aACGAAE-3 BljNjas t he Reaplicaive precgsse n c e .
happens shortly afterenteranceand uncoating of theirion through production of fullength
genomicand subgenomic negative strand intermediaB&siomic ribonucleic acid (RNA) is

used as template to directly translate polyprotein la/lab (ppla/pplab), which encodes
nonstructural proteins(nsps) tmaker epl i cati on transcription co
menbr ane vesicles (DMVs). Continuously replicat
and synthesize a nested set of subgenomic ribonucleic acids (sgRNAs), which encode accessory
proteins and structural proteinblested set of subgenomic ribonucleic ac{dgRNAs) are

synt hesi zed by replicati on fPpatema aisdordinuous n cor
transcription. These subgenomic messenger ribonucleic GBgdfRNAS)p o s sess commo n

| eader and 3N terminal s equencuents acquisitom ofac r i pt
leaderribonucleic acid RNA) occurs at transcription regulatory sequen@e’Ss) positioned

bet ween open reading f r a mesgsgendmi@ Ribaaycleic atitise s e r
(sgRNAg serve as templates for production of subgenomiessengeribonucleic acids
(sgmRNAs) Genome and subgenomes of a typioatonavirus CoV) contain at least sinpen

reading frames QRF9. The premier open reading framesORF9 (open reading frame

la/by ORF1la/ b) , about t wo t hirds nonktructutaloptoinsg e n o m
(nspg (nonstructural proteirl6) ( N s p 1T hlebr)e i s a 1 1 dpenareadirgh i f t
frame la QORF13 and open reading frame 1bORF1hH, leading to production of tw
polypeptides:polyprotein 1a [gplg and polyprotein lab gplal). These polypeptides are
processed by virally encoded chymotrypsin |ik
one or two pap(BLMinto 16 ndnsructpral proteins(aspg. Many of the
nonstructural proteins (nspsarry outfundamentalfunctions in viral ribonucleic acid (RNA)

replication and transcription. Some nonstructural proteins(nsps) construct a
replication/transcription complefRTC) (RNA-dependent RNA polymerase, RdRp), which use

(+) strand genomic ribonucleic acid (RNA) as a templd&esides RNAdependent RNA
polymerase (RdRp), RNA helicase, and protease activities, whichsaedto riborucleic acid

(RNA) viruses, coronavirus (CoV) replicase was recently predicted to employ a variety of
ribonucleic acid (RNA) processing enzyms that are not (or extremely rasgly@ssedn other

ribonucleic acid (RNA) viruses aridvolve putative sequenee peci fi ¢ endtofr i bonuc¢
50 exori bemuchloesaes emetzhdy | t r a nghdsehatass and, inA Bubsetr i b o ¢
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of group 2 coronaviruses, cyclic phosphodiesterase activiiezymatic activities and functional
domains of many of these essial nonstructural proteins (nsps) are predicted themptbetween
different genera of coronaviruses (CoVsferring their necessityin viral replicatve process
Multiple lines ofproof haveproposedhe role of coronavirus nonstructural proteinl (Qup1l)
in regulating viral replicatie processand gene expression. These 16 nonstructural proteins
(nsps) form doublenembrane vesicles (DMV). At the same time, this dounidenbrane vesicle
(DMV) is virus replication and transcription complex (RT@onstuctural proteins (nsps),
particularly nonstructural protein3 (nsp3), has recessaryrole in virion construction the
replication and transcription of coronavirus (CoV).Other open reading frames (ORFs) on the
one t hird acldse to3hNgt egr enbbdeses least foyorime constructionalproteins:
spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins. In other wogdsiete
2 to 7 are translated from subgenommeessenger ribonucleic acid (BBNA), where
subgenomicribonucleic acids(sgRNAs) encode theprime viral constructionalproteins and
accessory proteins, which afandamentalfor virus-cell receptor attachment The newly
constructionalproducedproteins are released into endoplasmic reticu{(l@R). All of these
proteins, along withnucleocapsid NJ) protein, are linked to viral genomigbonucleic acid
(RNA) andlocalizedin endoplasmic reticulup®Golgi intermediate compartme(ERGIC) part
Although, nucleocapsid N) protein is known to befundamentalfor coronavirus (CoV)
replicatve processthe particularrole that this proteirfunctionsin this process remainsot
known But, many studiepresumethat nucleocapsidN) protein interaction witmonstructural
protein 3 (iIsp3 servesa critical role invirus replicatve processnitially in contagion Besides
the four prime structural proteins, differentoronavirusesoVs) encodeparticular structural
and accessory proteins, suchh@snagglutinin IE) protein, 3a/b protein, and 4a/b protein. All
strudural and accessory proteins are translated sobgenomic ribonucleic acidsgRNA9 of
coronavirusesGoVs). Mediating endoplasmic reticulum (ER) and Golgicentlysynthesized
genomicribonucleic acid RNA), nucleocapsidN) proteins and envelopéE) glycoproteins
assemble and form viral particle bu@gpike(S), envelopgE) and membran@\) proteins enter
endoplasmic reticulun{fER), and the nucleocapsi(N) protein is combined with (+) strand
genomicribonucleic acid RNA) to lead toa nucleoprotein complex. They merge into ¢émgire
virus particle in endoplasmic reticulu@®olgi apparatus compartmeiruses bud into smooth

walled vesicles in endoplasmic reticulu@olgi intermediate compartmen{ERGIC).
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Subsequenbudding,virus particles mature in Golgipparatuswith a compact, electretdense
internal core. Viruses traverse Golgi and are transported in exocytic vesiclesulimately

fuse with plasma membrane to release virus int@tt@acellulararea.

Since mutation rates in replication bonucleic acid RNA) viruses are much higher than that

of deoxyribonucleic acidd{NA) viruses, genomes oibonucleic acid RNA) viruses aren usual

l ess than 10 Kk bcoronavirus @N)genbme isthock Brges, wighout3 0 k b

in length, the largest knowribonucleic acid RNA) viruses. Conservationof such a large

genome otoronavirusesqoVs) may beattributableto particularfeatures ottoronavirus CoV)
replication/transcription compleXRTC), which contains severatibonucleic acid RNA)
processingenzyens s uch as 3 Nj Sdjstrackualrpioteio Xthspdlg. e alshee @3fNj 5
exoribonuclease ispecificto coronavirusesGoVs) amongst all ribonucleic acid RNA) viruses,

possiblygiving a proofreading function agplication/transcription compleR{[C).
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CHAPTER TWO
SYMPTOMS, DIAGNOSIS, ALTERED IMMUNITY , and RISK FACTORS

1.Modes of Transmission of COVID19

Epidemiologicsearchin Wuhan at beginning direakoutdescribed gremierassociation with a
seafood market that sold live animals, where mibshdividuals had worked or visited and
which wasthereafterclosed for disinfection. However, aseakoutprogressed, persen-person

spread became thpgincipalway of transference

Direct persorto-persontransferencés principal way of transmission of severe acute respiratory
syndrome coronavird® (SARSCoV-2). It isthoughtto be incident through closange contact,
particularly via respiratory droplets; virus released in resipiry secretions when an infected
personcoughs, sneezes, or talks cemntractanotherpersonif it makes direct contact with
mucous membranegontagionmight also happen if g@ersors hands are contaminated by
droplets or by touching contaminated saods and then they touch their eyes, nose, or mouth.

Dropletsusuallydo nottransmitmore than six feet (about two meters).

The rangeto which severe acute respiratory syndrome corona2r(SARSCoV-2) can be
transferredhrough airbornevay (through particles smaller than droplets that remain in air over
time and distance) under natural conditions and how muckvéyisf transferhas contributed to
pandemic areargumentative A study showed that severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) grown in tissue culture remained viable experimentally generated
aerosols for at least three hours; some studies thetestedviral ribonucleic acid (VRNA) in
ventilation systems and in aspecimensof hospital rooms ofll individuals with coronavirus
disease 2019 (COVH29), but cultures for viable virus were negative or not performed in these
researchesOtherliteratureusing gecialized imaging to visualize respiratory exhalations have
supposedthat respiratory droplets may get aerosolized or carried in a gas cloud and have
horizontal trajectories beyond six feet (two meters) with speaking, coughing, or sneezing.
However, diretlink of theseresultsto epidemiology of coronavirus disease 2019 (CONH)

and their clinical implications argague Although somestudiesof clusters of cases have
presumedh probable for shoftange airbornéransferencef severe acute respiratory syndrome

coronavirus2 (SARSCoV-2) within enclosed indoor spaces, lerange airbornéransferencef
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severe acute respiratory syndrome coronax2ruéSARSCoV-2) has notobviously been
recorded Moreover, in a few articles diealth care workers exposed itbindividuals with
undiagnosedcontagion while using only contact and droplet precautions, no secondary
contagionswere describeddespite absence of airborne precautions. Reflecting custspiect
regardingtransfermechaisms, recommendations on airborne precautions in health care setting
vary by location; airborne precautions areernationallyrecommended when aerosy@nerating

procedures are performed.

Severe acute respiratory syndrome coronax@SARSCoV-2) hasbeen detected in nen
respiratory specimens, involvirigces blood, ocular secretions, and seat fluid, but the role of
these sites itransferencés unsettled Severaresearchefave shown detection of severe acute
respiratory syndrome coronavirdsibonucleic acid (SAR&0V-2 RNA) fromfecesspecimens,

even after viral ribonucleic acid (vVRNA) could no longer be detected from upper respiratory
specimens, and live virus has been cultured ffecesin seldominfected personsAlthough it
would be diffcult to state fecatoral transferhas not been clinically described, and according to

a joint World Health Organization (WH&hina report, did not appear to be abservable
factor incontagion disperse

Detection of severe acute respiratory syndrommra@virus2 ribonucleic acid (SAREoV-2
RNA) in blood has also beanentionedin some but not alarticlesthat haveexaminedfor it.
However, possibility of blood borngansfer(e.g., through blood products or needle sticks)
seemslow; respiratory virugs arein generalnot transferredthrough blood bornevay, and
transfusioatransmittedcontagionhas not beementionedfor severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) or for the related Middle East respiratory syndrome coronavirus

(MERS-CoV) or severe acute respiratory syndrome coronavirus (SBd8S.

There is also nproof that severe acute respirat@yndrome coronavird® (SARSCoV-2) can

betransferredhrough contact with nemucous membrarieci (e.g., abraded skin).

Coronavirus disease 2019 (COVI) ill individuals aremain source ofcontagion andserious
ill personsare regarded to be more ¢agious than mild ones. Asymptomatically infected
personsor ill personsin incubation whoexhibit no signs or symptoms of respirata@gntagion

proven to shed infectious virus, may also be possible sour@emtzgion In addition,specines
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obtainedfrom ill personshealedfrom coronavirus disease 2019 (COVID) continuously show

a positivereattime reverse transcriptiopolymerase chain reaction (FACR)lab exam which

has never beenrelazed in history of human contagious illnesses In other words,
asymptomaticallycontractedpersons andick personsn incubation otealedfrom coronavirus
disease 2019 (COVH29) may posegraveencountersor illnessprevention and controln other
words, it seems that severe acute respiratory symelrcoronaviru (SARSCoV-2) can be
transferredprior to the development of symptoms and throughout courgmeds particularly
premierin the course. However, most data informing this issue are from studies evaluating viral
ribonucleic acid (VRNA) dtection from respiratory and other specimens; detection of viral
ribonucleic acid (VRNA) does not necessarily indicate presen@®rifigiousvirus, and thus
prolonged viral ribonucleic acid (VRNA) detection following resolution of illness does not

necesarily indicate infectiousness.

Largely indirect data presume thebntractedpersons are more possibly to bentagiousin

earlier stages afontagion Viral ribonucleic acid (vVRNA) concentrations from upper respiratory
specimens looks to be higher soomeafsymptom onset in comparison with lateriliness
Furthermore, in a study of ninlépersonswith moderatecoronavirus disease 2019 (COVID),
contagiousvirus was isolated from naso/oropharyngeal and sputum specimens during first eight
days of illress, but not after this interval, despite continued high viral ribonucleic acid (VRNA)
concentrations at thespaces One modelingsearch based on timing ofontagionamong 77
transportedpairs in China (with a mean serial interval of 5.8 days betwsaargenceof
symptoms in each pair) and assumptions about incubation period, proposed that infectiousness
started 2.3 days prior to symptaise, peaked 0.7 days before symptemerge and declined
within seven days; however, most affected individuals witfonavirus disease 2019 (COVID

19) were isolated following symptoemergencewhich would reduce risk dfansferencéater

in illness regardless of infectiousness. In anofiearchthat evaluated over 2500 close contacts

of 100 patients with coronavisudisease 2019 (COVHD9) in Taiwan, all of the 22 secondary
contracted individual®iad their first expasto index case within six days of symptom onset;
there were n@ontagionglocumented in the 850 contacts whose egp@s after this interval.
Transpot of severe acute respiratory syndrome corona@ru§SARSCoV-2) from
asymptomatidll persons(or ill personswithin incubation period) has also been wsthted

Biologic basis for this is supported by rasearchof a severe acute respiratory syndrome
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coronavirus2 (SARSCoV-2) breakoutin a longterm care facility, in whickcontagiousvirus

was cultured fronteakttime reverse transcriptibpolymerase chain reaction (FAICR}positive
upper respiratory tragpecimen in presymptomatic and asymptomalipersonsas early as six
days prior to development olsualsymptoms. However, the extent to which asymptomatic or
presymptomatit¢ransferhapppensnd how much it contributes to pandemic remaibeknown

In an analysis of 157 locally acquired coronasirdisease 2019 (COVHDO) patients in
Singaporetransferduring incubation period was evaluated to account for 6.4 percent; inllsuch
patients exposures occurred one to three days prior to symptom development.

How long a person remains infectious iscauncertain, but available data suppose that
prolonged viral ribonucleic acid (VRNA) shedding after symptom resolution imabusly
associated with prolonged infectiousnd3aration of viral ribonucleic acid (vVRNA) shedding is
variable; there seems to bavade extent which may depend ogravity of illness In one study,
asymptomaticcontagion was associated with a high@ossibility of nasopharyngeal viral
ribonucleic acid {RNA) clearance within first week of diagnosis compared with symptomatic
contagion In another study of 21 patients with mild illness (no hypoxia), 90 percent had repeated
negative viral ribonucleic acid (vVRNAab examson nasopharyngeal swabs by 10 dafter
beginningof symptoms;lab examswere positive for longer isick personsvith more serious
illness On contrary in another study of 5@l personswith mild to moderate illness [none
required intensive care unit (ICU) admission], medniod of viral ribonucleic acid (VRNA)
shedding from nas@r oropharyngeal samples was 24 days, and the longest was 42 days.
Detectable viral ribonucleic acid (VRNA) does not always associate with isolatammtafgious
virus, and there may be a threshold of viflabnucleic acid (vVRNA) concentration below which
infectivity is improbable. In the study of nimléindividuals with mild coronavirus disease 2019
(COVID-19), contagiousvirus was not detected from respiratory specimens when viral
ribonucleic acid (vRNA concentratiorwas <16 copies/mL. In another studgpntagiousvirus

was only detected on stored respiratory specimens that had a high concentration of viral
ribonucleic acid (VRNA) rieattime reverse transcriptiopolymerase chain reaction (FACR)
postive at cycle threshold (Ct)<24]. According to information from United States Centers for
Disease Control and Prevention (CDC), whaiok personskeep to have detectable viral
ribonucleic acid (VRNA) in upper respiratory specimens following clirhealirg, by three days

afterhealing ribonucleic acid (RNAxoncentrationsire mostly at or below theoncentrationsit
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which replicatioacompetent virus can be reliably isolated; additionally, isolatiooootagious
virus from upper respiratorgpecimengnore than ten days aftdinessstarthas only scarcely
been documented ifi individuals who had norseriouscontagon and whose symptoms have
resolved. Contagiousvirus has also not been isolated from respiratory specimendl of
individuals who have a repeat positive ribonucleic acid (RN&) examfollowing clinical
improvement and initial viraiddance

Occasionalsearcheshave described isolation afontagiousvirus from respiratory oistool
specimens more than 10 dager symptomstart principally in individuals with severe or

critical coronavirus disease 2019 (COVID).

Risk of transferfrom a sick personwith severe acute respiratory syndrome coronadrus
(SARSCoV-2) contagiondiffers by type andperiod of exposure, use of preventive measures,
and likely individual factors (e.g., the amount of virus in respiratory secretions).

Risk of transferafter contat with a sick individual suffering from coronavirus disease 2019
(COVID-19) increases witlvicinity and period of contact and appears highest with prolonged
contact in indoor settings. Thus, most secondary infections havedeseribedin following
settigs: amongt household contacts, in health care settings when perqueaentive
equipment was not used (involving hospitals and H@ngn care facilities), and in other
congregate settings where persons are residing or workingamquarters (e.g., crse ships,

homeless shelters, and detention facilities).

However, reporteghatientsafter social or work gatherings also shed lighthazardof transfer
through close, nehousehold contact. Although outdoor settings are mostly indicated lower risk
for transportthan indoor settingssicine contact witha contractedndividual with coronavirus
disease 2019 (COVH29) continuesa risk outdoors.

Contact tracing inpremier stages ofpestilencesat differed locations supposed that generally
secondaryontagionsvere amongt household contacts, with a secondary atfaicentof up to
15; some studies have presumed even higher holasecontagion percents A large
seroprevalence survey from Spain alswlerlinedelevateddangerof contagionwith household
contacts. Percent of detectable antibodiegAbs) to severe acute respiratory syndrome

coronavirus2 (SARSCoV-2) was 31 to 37 (degmding on serologiprocedureused) among
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personswho reported having a household member vatfirmed coronavirus disease 2019
(COVID-19), compared witlpercentof 10 to 14 amorgfthose whashoweda caworker, non

household family member, or friend Wwiassuredoronavirus disease 2019 (COVID).

Coronavirus disease 2019 (COVID) patienthave been frequently reported following family,
work, or social assemblancesvhere near personal contact can happen. As an example,
epidemiologic analysis opatieris in state of lllinois showed probabteansportthrough two
family assemblancat which communal food was consumédgswere shared, and extended
faceto-face conversations were exchanged with symptomatic patients who tieesfter
assuredo have caonavirus disease 2019 (COWI®). A report of ebreakoutamongst a choir
group, with 33affirmedand 20 probable individuatiescribecamong 61 members who attended
a practice session, raised likelihood of a Higimsportdaangethrough singing in closecinity.

Transportingwith a sick individual with coronavirus disease 2019 (COVID) is a highrisk
expo®, as it mostly results inearcontact for a prolonged time. An analysis from China looked
at risk amongt persons wharansportedy train and were exposed within three rows to persons
lateraffirmedto have coronavirus disease 2019 (COMI®). The studyescribed2334 primary

and 234secondary individuals foa thoroughattack percent0.32. Thegravity of secondary
contagionwas highest (3.5 percent) for persons in seats adjacent to thesioclgxersonand
higher for those seated in same row than for those in front or b&@anidsnessalso increased
over time oftransport This study could not account for probability that persons seated next to
one another could have been from same household or shared othesexpos

Dangerof transportwith more indirect contact (e.g., passing some withcontagionon the
street, handling items that were previously handled by someonecwiitiagion is not well
established and is possibly low. However, maigk personswvith coronavirus disease 2019
(COVID-19) do not report having had a spechicine contact with coronavirus disease 2019

(COVID-19) in the weeks prior to diagring of illness

Virus present on contaminated surfaces may be another sourmentaigionif susceptible
persons touch these surfaces and theamsportcontagiousvirus tomucous membranes in mouth,

eyes, or nose. The frequency and relative importance of this typensferare stillobscure It
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may be probable to be a possible sourcemftagionin settings where there is heavy viral

contamination (e.g., in an infectpdrson's household or in health care settings).

Extensive severe acute respiratory syndrome corona®iraBonucleic acid (SAREo0V-2

RNA) contamination of environmental surfaces in hospital rooms and residential areas of
individuals with coronavirus disse 2019 (COVIEL9) has been described. In a study from
Singapore, viral ribonucleic acid (VRNA) was detected on nearly all suréxeesed(handles,

light switches, bed and handrails, interior doors and windows, toilet bowl, sink basin) in the
airborneinfection isolation room of an individual with symptomatic mild coronavirus disease
2019 (COVID19) prior to routine cleaning. Viral ribonucleic acid (vVRNA) was not detected on
similar surfaces in rooms of two other symptomatiéndividuals following routine cleaning

(with sodium dichloroisocyanurate). Viral ribonucleic acid (vVRNA) detection notably does not
necessarily indicate the presenceaftagioussirus.

It is urbeknown how long severe acute respiratory syndrome corona¥i(BARSCoV-2) can

persist on surfaces; other coronaviruses (CoVs) have braminedand may survive on
inanimate surfaces for up to six to nine days without disinfection. In a study estisuatunal

of viruses dried on a plastic surface at room temperature, a specimen containing severe acute
respiratory syndrome coronavirus (SAR®V) [a virus mostly related to severe acute
respiratory syndrome coronavirdSARSCoV-2)] had detectable inf&eity at six but not nine

days. However, in a systematic review of similar studéerent disinfectants (including
ethanolat concentrations between 62 and 71%) inactivated a number of coronaviruses (CoVs)
related to severe acute respiratory syndraomnavirus2 (SARSCoV-2) within one minute.
Simulated sunlight has also been observed to inactivate severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) overdurationof 15 to 20 minutes in experimentatuations with

higher levels of ultravi@tB (UVB) light associated with moreasteinactivation.On the basis

of informationconcerning other coronaviruses (CoMa)e of viral persistence on surfaces also

possibly depends on ambient temperature, relative humidity, and sizepointiaey inoculum.

Severe acute respiratory syndrome coronaxSARSCoV-2) infection is believed to have
originally beertransportedo humarbeingsfrom an animal host, but the ongoing riskir@insfer
through animal contact isot conclusive There is noproof supposing animalsirfvolving

domesticated animals) asmaajor source ofcontagionin humans. Severe acute respiratory
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syndrome coronavirdg (SARSCoV-2) contagionhas been described in animals in both natural
and experimental settings here have been scar reports of animals with severe acute
respiratory syndrome coronavir@s (SARSCoV-2) contagion (including asymptomatic
contagiongn canisesand symptomaticontagionsn cats) followingtoo proximatecontact with

a human with coronavirus disease 20TDYID-19). Further, asymptomatic, experimentally
infected domestic cats mdsansportsevere acute respiratory syndrome coronasrySARS
CoV-2) to cats they arim the same crat&eriousnessf contagionmay be differentby species.

In one study estintang contagionin animals after intranasal viral inoculation, severe acute
respiratory syndrome coronavir@s(SARSCoV-2) replicated effectively in ferrets and cats;
viral replication was also detected ¢anisa, but they seemed to be less suscepghisslyto
experimentaktontagion Porkersandfowls were not susceptible wontagion Mink look highly
susceptible to severe acute respiratory syndrome coron&viBARSCoV-2); breakoutson
mink farms have beementionedn Netherlands, and in this setting, a suspected case of mink to
humantransferwas described. Given thaaffirmedtransferrisk and apparent susceptibility of
some animals to severe acute respiratory syndrome cororavi@SRSCoV-2) contagion it

is recommended that pets fmainingaway from other animals @ersonsutside of household
and thatpersonswith affirmedor suspected coronavirus disease 2019 (CG1APtry todevoid
vicine contact with household pets, as they should with human household membegrse fofr
their selfisolation. There have been no reports of domesticated aniraasportingsevere aate
respiratory syndrome coronavird SARSCoV-2) contagionto humarbeings

2.Symptoms of COVID-19 Infection

Like previous coronaviruses (CoVsevere acute respiratory syndrome coronasrySARS
CoV-2) causes respiratoryliness and symptoms affect respiratohygiene According to
Centers for Disease Control and Prevention (Cp@dnary symptoms of coronavirus disease
2019 (COVID19) can bevery mild to seriousand comprise fever, cough, aryspnea
(shortness of breathDther symptoms camvolve: tiredness, aches, runny nose, sore throat,
headache, diarrhea, vomiting, and sgmeesonshave experienced loss of smell or taste. Many
persons are asymptomatic. Symptoms maget2 to 14 days afteexposing to the illnesst is

suggested that the us can cause mild, flike symptoms, as well as mogeaveillness. Most
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infected individuals look to have mildlness and about 20% seem to develop mgrave

illness, involving pneumonia, respiratory failure, and, in some cdsesase
However, cormon presenting symptoms involve:

1-Fever

-Incidencedifferesdepending on study (~480%).

-Inclinesto be high and persistent.

2-Cough

3-Breathlessness

-Dyspnoea onset tends to be around Day 6.

-Multiple reports, particularly in elderly, show silent hypoai severe hypoxaemia without
breathlessness.

4-Anosmia

-Olfactory and/or taste disturbance is in approximately one thisttbfpersons

-In South Korea, 30% of those testing positive had anosmia agptheary apparensymptom
in otherwise mildnfected persons

The less common or scarce symptoms involve:

1-Rhinorrhoea, i.e.free discharge of a thin nasal mucus fluid. Tgresentationcommonly
known as a runny noskappenslmostfrequently.

2-Sore throat

3-Myalgia which describesuscle aches and pain, which can involve ligaments, tendons and
fascia, the soft tissues that connect muscles, bones and organs.

4-Gastrointestinal (Glpresentationge.g., diarrhea)

5-Other neurological features

-Meningitis/ enephalitis and hemorrhagic necrotizing encephalopatiwlving altered mental
state and coma). It is worthy to define the followings: first, meninggtian inflammation
(swelling) of protective membranes covering brain and spinal cord; second, ertephan
inflammation of brain; and acute necrotizing encephalopathy (ANE) is a rare central nervous
system (CNS) complication secondary gdarticularviral contagionswhich is exemplified by
changedmental status and seizures, drejuentlythis furtherprogresses tprofound disability

or deceas@nd it isin generakegarded aa parainfectiousinesssecondary to immune response
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that is provoked majorly by these viralcontagions i.e., it has been related to intracranial
cytokine storms, which resuilh bloodbrain barrier(BBB) breakdown but without direct viral
invasion or parainfectious demyelination.

-Guillain-Barre SyndroméGBS) which is a scarcebut graveautoimmunedisturbancen which
immune system attacks healthy nerve cellpénipheral nervous system (PNS). This leads to
weakness, numbness, and tingling, and can eventually cause paralysis.

-Others areencephalopathy, agitation, confusion, and corticospinal tract signsramavirus
disease 2019ntensive care unitGOVID-19-I1CU) ill individuals with acute respiratory distress

syndrome (ARDS).

Common symptoms:
Fever (88%) Dry cough (68%)

Fatigue (38%)

Uncommon symptoms:

Headache (14%) XL
Loss of smell (15 to 30%) ——— | I
Nasal congestion (5%) .
Sore throat (14%) ;

Coughing up sputum (33%)
Shortness of breath (19%)

Pain in muscles
or joints (15%)

Chills (11%)

Nausea and/or
vomiting (5%)

Diarrhea (4 to 30%)

E Difficulty waking
r A
4

In severe
disease:

-Confusion
-Bluish face or lips

- Coughing up
blood

- Persistent chest
pain

Decreased white
blood cells

Kidney failure
High fever

Figure(21): COVID19 symptoms (www.google.com)

65



Coronavirus symptoms

O Headache EMERGENCY
WARNING SIGNS:
O Fever
= (> 7 « Trouble breathing
Q Sudden loss of

taste or smell * Persistent pain or
Cough pressure in the chest

Sore throat

e Sudden confusion or
inability to wake up

Chills (with or

without shivering) e Bluish lips or face

Difficulty
breathing

O— Muscle pain

® O
?(@

A ~ CDC
S0urce: Cul

Figure(22): COVID19 symptoms and emergency warning signs (www.google.c

3.COVID-19 Pathogenesis and Progression

Coronavirus disease 2019 (COVID) has beendescribedas a pattern of selflimiting
contagiousliness and most affectedersonsvith mild symptoms cahealin 1-2 weeks. Severe
acute respiratory syndrome coronaviftulSARSCoV-2) contagioncan cause five different
outcomes: asymptomatically infected individuals (1.2%); mild to medium infected individuals
(80.9%); severely infected individuals (13.8%); catistate of infected individuals (4.7%); and
decease(2.3% in all reportedinfected individuals A study shows that proportion of
asymptomaticontagionin children under 1§ears old is as high as 15.8%.

Coronaviruses (CoVs) express tranembrane glyaproteins [spike (S) proteins] which allow
the virus to attach to and gaenteranceto target cell. Spike (S) proteins @evere acute

respiratory syndrome coronavirds(SARSCoV-2) share manyresemblancesvith those of
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severe acute respiratory syndroowonavirus (SARSCoV) andattachto surface angiotensin
converting enzyme 2 (ACE2) receptofsmgiotensinconverting enzyme 2 (ACE2) is expressed
predominantly on type Il pneumocytes but also on upper respiratory tract epithelial cells and
small intestineenterocytesSevere acute respiratory syndrome coronavduSARSCoV-2)
spike (S) protein seems &ttachangiotensirconverting enzyme 2 (ACEZ2) with higher affinity
than severe acute respiratory syndrome coronavirus (S8B%), which may account for st
greatertransfer Other cofactors are possibly requiredjolving transmembrane protease, serine

2 (TMPRSS2). Viral ribonucleic acid (VRNA) replicatidrappenswithin target cell, utilizing
RNA-dependent RNA polymerase (rdRp).

Median incubation periogi45 days. Symptoms develop:

-Between 2 and 7 days in 75%infected persons

-After 14 days in less than 1% iofected persons

Asymptomatic viral shedding maappenat some stage in up to 50% adntractedndividuals,
although this remaingdebatable Most (80%) coronavirus disease 2019 (COMI® ill
individuals experience milg¢o-moderate upper respiratory tract infection (URTI) symptoms for
the first 7 days followed byealing Approximately 20% otontractedindividuals experience
dyspneanecessitatindnospital admissionjsuallyat day 68. A small proportion of individuals
with severe acute respiratory syndrome coronax@SARSCoV-2) contagionexperience life
threatening lunglinessexemplifiedby severe pneumonitis that may progress to acute respiratory
distress syndrome (ARDS), involves diffuse, direct and indotecayto alveoli. However, it is
worthy to describe acute respiratory distress syndrome (ARDS)sasease lung condition. It
happenswvhen fluid fills up air sacs in lungs. Too much fluid in lungs can lower amount of
oxygen or increase amount of carbon dioxide in bloodstream. Acute respiratory distress
syndrome (ARDS) cahinderorgans of body from getting oxygen they neeavtok, andit can
eventually lead to organ failurBrofound hypoxemia with relatively preserved lung compliance
appears common early. Hypoxemia is mostly describedamsabnormally low level

of oxygenin blood More particularly, it is oxygen deficiency iarterialblood.Hypoxemia has
many causes, and usually leadsiypoxiaas blood is not supplying enough oxygen to tissues of
body.Some severelgontractedndividuals also develop:

-Cytokine storma severe reaction akin to hemophagw lymphohistiocytosis (HLH) ;
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-Myocarditis/ cardiomyopathy (rare)myocarditisis an inflammation of heart muscle
(myocardium), while cardiomyopathydicateslinessesof heart muscle; and

-Disseminated intravascular coagulation (DIC) whigla condion in which small blood clots
develop throughout bloodstream, blocking small blood vesdalseasedlottingdepletes
platelets andlotting factorsurgentto control bleeding, causing excessive bleedingortends a
poor prognosis, and thrombotioraplications.

-Postmortem findings involve:

1-Diffuse alveolar damagasualfor acute respiratory distress syndrome (ARDS);
2-Lymphocytic infiltration;

3-Microvascular and large vessel thrombosis;

4-In some cases, a secondary bacterial pneumonia withtloout underlying diffuse alveolar
damage;

5-Extrapulmonary featureimvolving lymphocytic myocarditisAny chronic inflammation in a
heart biopsy for newnset heart failure (HF) is considered diagnostic
of myocarditis.Lymphocytic myocarditi®is seen aautopsy is rich in T cells and macrophages
( Mg and the inflammation is usually diffuse, with focal myocyte necrosis; and

6-Presence o$evere acute respiratory syndrome coronax@rubonucleic acid (SAR€0V-2
RNA) in lung and other tissues.

Severe acute respiratory syndrome coronax2rySARSCoV-2) contagionmay causellness
ranging ingravity from no symptoms, to mild, moderate or severe coronavirus disease 2019
(COVID-19):

1-Asymptomatic: a small proportion may remain asymptomatic th@xglet proportion isiot

knowry

2-Proportion ofgravity experienced in one large cohort of patients was:

-Mild or moderatd 81%

-Severei 14 % [dyspnea, respiratory rate RR) 03 0 , oxygen S(@drial r at i on
pO: divided by the FIQ (PF ratiq is less thar800,and/or lung infiltrates Respiratory ratéRR)

is rate at whiclbreathinghappens. This is often measured in breaths per mil@xggen

saturation is a measure of the amount of hemoglobin treitashedo molecular oxygen at a

given time point. PaO2/FiO2 ratie theratioof arterial oxygen partial pressure (PaO2 in

mmHQ) to fractional inspired oxygen (FiO2 expressed as adrgatiot a percentage) also called

68


https://en.wikipedia.org/wiki/Breathing

the Horowitz index for Lung Functigrthe Carrico index, and (most conveniently) BiE ratio.

A pulmonary infiltratds a substance denser than air, such as pus, blood, or protein, which
lingers within the parenchyma dhelungs.Pulmonary infiltrate€an be correlated with
pneumoniaPulmonary infiltrategan be shown on a chest radiograph.

-Critical T 5% [respiratory failure(RF), septic shock and/or multi organ dysfunctidiOD)].
Respiratory failurdRF) is a syndrome in which the respiratory system fails in one or both of its
gas exchangections oxygenation and carbon dioxide elimination. In practice, it may be
classified as either hypoxemic or hypercapnic. Hypoxemic respiratory failure (tgRF) type

) is characterized by an arterial oxygen tension (PaO2) lower than 60 mm Hg with a normal or
low arterial carbon dioxide tension (PaCO2). This is most common form of respiratory failure
(RF), and it can be associated with virtually sriouslinessesof lung, which generally involve

fluid filling or collapse of alveolar units. Hypercapnic respiratory failure (type IlI) is
characterized by an arterial carbon dioxide tension (Pa@i@@gr than 50 mm Hg. Hypoxemia

is common inill individuals with hypecapnic respiratory failure who are breathing room air.
Potential of hydrogeifor power of hydrogenpH) depends on level of bicarbonate, which, in
turn, is dependent on duration of hypercapnia. Common etiologiedve drug overdose,
neuromusculaillness chest wallanomalies and severe airwaylisturbancege.g., asthma
andchronic obstructive pulmonary dised€&0OPD)]Septic shocknamely,contagionthroughout
body) is a potentiallgravemedical condition thatappensvhensepsis, which is organ injury or
destructin response ta@ontayion, leads to dangerously low blood pressure andmaliesin
cellular metabolism.

In case severe acute respiratory syndrome coronai(8\RSCoV-2):

(a)Person not presenting any clinical features supposing a complex coilirsesaf

(b)-Mild iliness features:

-No symptoms or mild upper respiratory tract (URT) symptoms.

-Stable clinical picture

Stable patient presenting with respiratory and/or systemic symptoms or signs, pleseiwve
oxygen saturation above 92% [or above 90%ilfondividuals with chronic lung diseasgLD,

or bronchopulmonary dysplasia (BPDyith up to 4L/min oxygen via nasal prongs.

(c)-Moderate illness characteristics:
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-Prostration, severe asthenia, fever>88@& persistent cough. However, it is important to
describe the following: first, prostration indicat@scondition in which a person is so tired or
weak that he or she is unable to do anything; and seestitgnia, is an Htlefined condition
characterizé by generalized weakness and usually inestaental and physical fatigue.

-Clinical or radiological signs of lung involvement

-No clinical or laboratory indicators of clinicaériousneser respiratory impairment

(d)-Severe illness: patient meeting asfythe following criteria:

-Respiratory ratRR)O3 0 br eat hs/ mi n

-Oxygen saturation 092% at a rest state
AArteri al parti al pressure of oxygen (PaO2)/in
(e)-Critical illness:sick persormees any of following criteria:

-Respiratory failure (RF)

-Occurrence of severe respiratory failure [Arterial partial pressure of oxygen (PaO2)/inspired
oxygen fraction (FiO2)<200], respiratory distress or acute respiratory distress syndrome
(ARDS).

Critical illnessinvolves

-Patientsare deteriorating despite advanced forms of respiratory support (NIV, HFNO). It is
regarded to define the followings: firshorrinvasive ventilatior(NIV) is use of breathing
support administered through a face mask, nasal mask, or a helmet, air, usuakyldeith
oxygen, is given through mask under positive pressure, generally amount of pressure is
alternated depending on whether someone is breathing in or out, and it is termpedase
because it is delivered with a mask that is tightly fitted to fa@eaund head, but without a need

for tracheal intubatiofa tube through mouth into windpipe); and secohdih-flow nasal
oxygen therapy (HFNO) represents an aldive to conventional oxygen therapy, hitgpw

nasal oxygen therapy (HFNO) provides humidified, titrated oxygen therapy matching or even
exceeding patients' inspiratory demand.

-Sick persons areeedingmechanical ventilationMechanical ventilation can be described as
technique through which gas is moved toward and from lungs through an external device
connected directly tsick personClinical objectives of mechanical ventilation can be highly
diverse: to maintain gas exchangto reduce or substitute respiratory effort, to diminish

consumption of systemic and/or myocardiac O2, to obtain lung expansion, to allow sedation,
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anesthesia and muscle relaxation, and to stabilize thoracic wall, etc. Ventilation can be carried
out by regative extrathoracic pressure or intermittent positive pressure. According to cycling
mechanism, positivpressure ventilators are classified as pressycked, flowcycled, or
mixed, and according to type of flow in continudlesv ventilators, as intenittent flow or
constant basic flow. Finally, higlmequency ventilators are classified according to their-high
frequency mechanism as intermittent positive pressure, oscillatoryfremiency and high
frequency jet ventilators.

-Other signs of signifiga deterioration, hypotension or shock, impairment of consciousness, or

other organ failure

Stage | Stage ll Stage lll
(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)
1

1A i 1]

A

Host inflammatory response phase

Severity of lliness

Time course

I

|

I

I

Mild constitutional symptoms !
Fever >99.6'F :
I

I

I

1

1

ARDS

I
|
]
I
1
Clinical Shortness of Breath I
SIRS/Shock
Symptoms Dry Cough, diarrhea, headache Hypoxia (Pa02/Fi02<300mmHg) : Cardiac Fallure
1
Lymphopenia, increased Abnormal chest imaging 1 Elevated inflammatory markers
Cinical Signs prothrombin time, increased D- Transaminitis 1 (CRP, LDH, IL-6, D-dimer, ferritin)
Dimer and LDH (mild) Low-normal procalcitonin | Troponin, NT-proBNP elevation
| I
Potential [ Remdesivir, chloroquine, hydroxychloroquine, convalescent plasma transfusions ]
Therapies [ Reckics Bomir ozt oty ] [ Corticosteroids, human immunoglobulin, ]
PP IL-6 inhibitors, IL-2 inhibitors, JAK inhibitors

Figure(23)Proposed staging of COVID1&nd potential therapies [Brogan G.; Campbell N.; Durie
Nickson C. (2020). Coronavirus disease 2019 (COV#). LIFEIN THE FASTLANE]

4.Pathology

Pathology autopsy or biopsy studies will always be key to understanding biological
characteristics of severe acute respiratory syndrome coronavi(B&RSCoV-2). A study
showed histologicalexams of two sick personswho underwent lung lobectomies for
adenocarcinomeevealed edema, proteinaceous exudate, and focal hyperplasia of pneumocytes
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with only patchy inflammatory cellular infiltration without prominent hyaline membranes. Since
both sick personshad not presentedsymptoms of coronavirus disease 2019 (CO\HE)
pneumonia at time obperation these changes likelgxemplify a premier phase of lung
pathology of coronavirus disease 2019 (COMI®) pneumonia. Qiaret al (2020) first
mentioned pathological features oki@k personvho deceasedrom coronavirus dise 2019
(COVID-19). General observation from fresh eyes demonstrated less fibrosis and consolidation,
and instead more exudative lesions in coronavirus disease 2019 (€Y kDan severe acute
respiratory syndrome (SARS). Microscogixkamrevealed bilateal diffuse alveolar écaywith

cellular fibromyxoid exudates, indicating acute respiratory distress syndrome (ARDS).
Interstitial  mononuclear inflammatory infiltrates were dominated by Ilymphocytes.
Multinucleated syncytial cells with atypical enlarged pmeuaytes indicated viral cytopathike
changes, without notable intranuclear or intracytoplasmic viral inclusions. Results from flow
cytometric analysis showed that counts of peripheral CD4+ and CD8 + T cells were substantially
reduced, while their statusas hypetactivated. This indicated severe immune injury in later
stages of coronavirus disease 2019 (COXE), but not by virus direct destruction. HoweVer,
helper cell{Th cells), also known a€D4" cells, are a type of cellthat play a crucial role

in immune systenprimarily in adaptive immune systerithey help the activity of other immune

cells by releasing T cetlytokines These cells help suppress or regulatmune responses. They

are crucial irB cell antibody(Ab) class switchingin activation and growth afytotoxic T cells

and in maximizingpactericidalctivity of phagocytesuch asnacrophageqM ). Mature T
helper (Th)cells express surface protéd4 and are referred to &D4" T cells. Such CD4T

cells are mostly treated as having a-gedined role as helper T cells withimmune systemFor
example, when aantigenpresenting cell (APC)expresses an antigefAg) onmajor
histocompatibility complex NlHC) class 1] a CD4 cell will aid those cells through a
combination of cell to cell interactions [e.G.D40 (proteinandCD40L] and througlkcytokines

CD1%4, also calledCD40 ligandor CD40L, is a cell surfacproteinthat mediates T cell helper
function in a contaetlependent proceseid is a member a@fimor necrosis factor
(TNF) superfamily of molecules. kttacheso CD40onantigenpresenting cell$APC), which
develops many effects depending on target cell type. CD154 acts as a costimulatory molecule
and is particularly important on a subsefafellscalledT follicular helper cell{TFH cells).On

T follicular helper cell§TFH cells), CD154 promoteB cell maturation anderveby engaging
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CD40 on B cell surface and therefaasingcell-cell communication. CD8+ (cytotoxic) T cells,

like CD4+ helper T cells, are generatedthymusand expres$-cell receptor. However, rather
than CD4 molecule, cytotoxic TTc) cells express a dimeric geceptor, CD8, usually
composed of one CD8&UCD&8nT celle reeognigeDfitidess presented
by major histocompatibility complex (MHC) classnolecules, found on all nucleated cells. The
CD8 heterodimemttaches o a conserved portion (the U3
complex (MHC) class I aking T cell/antigen presenting c€APC) interactions. CD8+ T cells
(often calledcytotoxic T lymphocytes, o€ TLS) are very important for immune defense against
intracellularpathogenic agentsvolving viruses and bacteria, and for tumor surveillan@gaen

a CD8+ T cell recognizes its antigéhg) and becomes activated, it has three major mechanisms
to kill infected or malignant cellgirst is secretion of cytokines, primarilymor necrosis facter
alpha (TNFU andinterferongamma (IFNo ) w h i ¢ Humdr and entvaah microbial
effects.Second major function is production and releaseywdtoxic granules. These granules,
alsofound innatural killer (NK) cells, contain two families of proteipgrforin, andgranzymes.
Perforin forms a pore in membrane of target cedsembleto membrane attack complex
(MAC) of complement. This pore allows granzymes also contained in cyt@macles to enter
infected or malignant cell. Granzymes are serine prote@sesrineendopeptidasesyhich
cleave proteins inside cellblocking production of viral proteins andventually result

in apoptosiof target cell Cytotoxic granules are redsed only in direction of target cell, aligned
alongimmune synapse, to avoid ngpecific bystandedestructto healthy surrounding tissue.
CD8+ T cells are able to release their granules, kill an infected cell, then move to a new target
and Kill again, &en referred to aserial killing. Third main function of CD8+ T cell destruction

of infected cells is vi&as/Faslinteractions. Activated CD8+ T cells express FasL on cell
surface, which binds to its receptor, Fas, on surface of target cell. Thisgoicaiuses Fas
molecules on surface of target cell to trimerise, which pulls together signaling molecules. These
signaling molecules result in activation aa@fspase cascade, which also results in apoptosis of
target cell. Because CD8+ T cells can express boolecules, Fas/FasL interactions are a
mechanism by which CD8+ T cells can kill each other, cditgtricide, to eliminate immune
effector cells duringontraction phasat end of an immune respond®). In addition to their

critical role in immune deinse against viruses, intracellular bacteria, and tumors, CD8+ T cells
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can also contribute to an excessive immune resp@R3ethat leads tammunopathology, or

immunemediated damage.

On the basis ofpublic database and singtell ribonucleic acid (RNAJBeq technique,
pathologicalsearcheshowed that male donors had a higher angiotecmiwerting enzyme 2
(ACEZ2) expressing cell ratio than their female counterp®tdy Asian malespecimenshave

five more times as much angiotensionverting enzyme ZACE2) expressing as white and
African American donors. This might explain why severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) and previous severe acute respiratory syndrome coronavirus
(SARSCoV) pandemic were concentrated in Asian populasiod heightened susceptibility of
maleill persons although morg@roofis needed to draw such conclusions.

Pathological manifestations of severe acute respiratory syndrome (SARS) and Middle East
Respiratory syndrome coronavirus (MER®V) contracted individuals may focus on
controlling current severe acute respiratory syndrome coronsi(BARSCoV-2) pandemic.
Histology examination revealed a realizable higher viral load of severe acute respiratory
syndrome coronavirus ribonucleic acid (SARSV RNA) in lung and small bowels than other
organs of body, supposing a reason for manifestation of pneumonia and diarrhea in severe acute
respiratory syndrome (SARSJontracted persond.iving severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) was ato detected positive iiecal specimens and rectal swabs of
affectedpersons considering a possible offcal transportpath Proper handling of infected
corpse and disposal of human excretaafdéctedpersonswere of great importance. Thrombi
were obsered in all six autopsies of severe acute respiratory syndrome coronavirus -(SARS
CoV) affectedpersonswith huge thrombus formation in part of pulmonary vessels. Coagulation
function disturbancesvere recordedin most of severe coronavirus disease 2019\({D-19)

sick personsby higher concentrations of-@imer (DD) and prolonged prothrombin tinjeT),

some of whom ended in disseminated intravascular coagulation (DIC). This may explain some
suddendecease®f clinical healing affected individualsand sere as an indication foitlness

gravity. In an autopsy study, the only patient without usage of corticosteroids (CSs) showed
increased CD3+ lymphocyte compared with five other specimens treated with corticosteroids
(CSs). This suggested an inhibition of inme system and careful usage of corticosteroids (CSs)

in coronavirus disase 2019 (COVIEL9) management
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5.COVID-19 Pneumonia Phenotypes and Respiratory Treatments

A debatableeport proposed that coronavirus disease 2019 (C@\affected personseem to

have at least two phenotypes, from the perspective of intensive care unit (ICU) management.
However, this classification is largely based on anecdote, remains prelimimangasnragement
should be optimized for each individual patient as clinically indicated.

1-Coronavirus disease 201G8QVID-19) pneumonia, Type L

At the beginning, coronavirus disease 2019 YID-19) pneumonia presents witbllowing
characteristics:

-Low elastance. The nearly normal compliance indicates that amount of gas in lung is nearly
normal.

-Low ventilationto-perfusion (VA/Q) ratio. Since gas volume is nearly normal, hypoxemia may
be best explained by loss of regulation of perfusion and by loss pafxlty vasoconstriction.
Accordingly, at this stage, pulmonary artery pres¢BAsP)should be near normal.

-Low lung weight. Only groundlass densities are present on computed tomography (CT) scan,
primarily positionedsubpleurally and along the lungdiges.As a consequencéung weight is

only moderately increased.

-Low lung recruitability Amount of noraerated tissue is very lowus recruitability is low.

To conceptualize these phenomena, it is hypothesized the following sequence of ewnts: vir
contagionleads to a modest local subpleural interstitial edema (grglass lesionsparticularly
positionedat interfaces between lung structures with different elastic properties, where stress and
strain are concentrated. Vasoplegiounts for sere hypoxemiaVasoplegias syndrome of
pathological low systemic vascular resistance, the dominant clinical characteristic of which is
reduced blood pressure in presence of a normal or raised cardiac dldputl response to
hypoxemia is to increase mite ventilation, primarily by increasing tidal volume (up té 15

20 ml/ kg), which is associated with a more negative intrathoracic inspiratory pressure.
Undetermined factors other than hypoxemia markedly stimulate, in thelsepersonsthe
respiratorydrive. Near normal compliance, however, explains why somd personspresent
without dyspnea adl personinhales volumeyersonexpects. This increase in minute ventilation
causes a decrease in theatial pressure of carbon dioxide (PaCO2)

2-COVID-19 pneumonia, Type H

The Type H patient:
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-High elastanceDecrease in gas volume due to increased edema accounts for increased lu
elastance.

- Hi g hto-left sgulntt This is due to fraction of cardiac output perfusingaerated tissue
which develops in dependent lung regions due to increased edema and superimposed pressure.
-High lung weight. Quantitative analysis of comguittomography (CT) scan shows a
considerable increase in lung weight (>&dg), on the order of magnitude of severe acute
respiratory distress syndrome (ARDS).

-High lung recruitabilityIncreased amount of naerated tissue is associated, as in se\area
respiratory distress syndrome (ARDS), with increased recruitability.

Type H pattern, 2B0% of sick personsn the series, fully fits severe acute respiratory distress
syndrome (ARDS) criteria: hypoxemia, bilateral infiltrates, decreased respiraystgns

compliance, increased lung weight and potential for recruitment.

Near Same P/F Ratio But Dif ferent Phenotype of COVID-I9 Pneumonia
A

L Type

Spontaneously breathing pt with
venturi mask

Well Aerated Compartments
(-1000 to -700 HU)

PaO /FiO,

95 mmHg

H Type

Intubated patient with PEEP of
5cmH20 & TV 7.8mL/kg

Poorly Aerated Compartments
(-300 to 100 HU)

PaO,/FiO,
84 mmHg

Figure(24): COVID19 L type and H type (www.google.con

Respiratory treatment offered to Type L and Typeadientsmust be different. The proposed
management is consistent with what showed in coronavirus disease 2019 (@@VI&ven
though overwhelming number sfck person®bserved in this pandemic may restrict its broad

applicability.
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1-First step to reverse hygemia is through an increasefmaction of inspired oxygen (FiO2p

which Type L patient responds weskrticularlyif not yet breathless.

2-In Type L patients with dyspnea, several noninvasive options are availableionwghasal
cannula (HFNC), cdamuous positive airway pressure (CPAP) or noninvasive ventilation (NIV).

At this stage, measurement (or estimation) of inspiratory esophageal pressure swings is
imperative. In absence of esophageal manometry, surrogate measures of work of breathing, such
as swings of central venous pressure or clinical detection of excessive inspiratory effort, should
be evaluated. In intubated patients, PO.1 agéuédnshould also be determined. Higlositive
endexpiratory pressure (PEERN somesick personsmaydecrease pleural pressure swings and
stop vicious cycle that exacerbates lung injury. However, pagitive eneexpiratory pressure
(PEEP)in sick personsvith normal compliance may have detrimental effects on hemodynamics.
In any case, noninvasive opt®m@re questionable, as they may be associated with high failure
percentsand delayed intubation, ima@lnesswhich as usualasts several weeks.

3-Magnitude of inspiratory pleural pressures swings may determine transition from Type L to
Type H phenotypeAs esophageal pressure swings increase from 5 tanid20which are

mostly well toleratedo above 1Em H20O,risk of lung injury increases and therefore intubation
should be performed as soon as possible.

4-Once intubated and deeply sedated, Type liepts, if hypercapnic, can be ventilated with
volumes greater thanrél/kg (up to 89 ml/kg), as high compliance results in tolerable strain
without seriousnessof ventilatorinducedlunginjury (VILI). Ventilatorinducedlunginjury

(VILI) is whenmechantal ventilation caused acutenginjury (ALI). Prone positioning should

be used only as a rescue maneuver, as dtatgsare too good for prone position effectiveness,
which is based on improved stress and strain redistribuiod-expiratory pressurePEEP)
should be reduced ta 80 cmH20, given that recruitability is low agdavity of hemodynamic

failure increases at higher levels. An early intubation may avert transition to Type H phenotype.
5-Type H patients should be treated as severe acute atespirdistress syndrome (ARDS),
including higherendexpiratory pressure (PEEP) compatible with hemodynamics, prone
positioning and extracorporeal support.

6.Diagnosis

Reverse transcription polymerase chain readf®diRPCR) is a laboratorytechnique

combiningreverse transcriptioaf ribonucleic acid RNA) into deoxyribonucleic  acid
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(DNA) (calledcomplementary deoxyribonucleic acd cDNA) and amplification oparticular
deoxyribonucleic acid (DNAtargets usingolymerase chain reactigRCR).It is primarily used

to measure amount of aertain ribonucleic acid (RNA). This is achieved byatching
amplification reaction using fluorescence, a technique cetladtime PCRor quantitative PCR
(qPCR). Combined reverse transcptipolymerase chain reactiRT-PCR) and quantitative
polymerase chain reaction (qPCR) are routinely used for analygienef expressioand
guantification of viral ribonaleic acid (VRNA) insearchand clinical settingsDiagnosisreverse
transcription polymerase chain react{®T-PCR)is a diagnosti¢éab exanmthat uses nasal swab,
tracheal aspirate or bronchoalveolar lavage (BAL) specinfimary, and preferred, method

for diagnosis is collection of upper respiratory specimens via nasopharyngeal and oropharyngeal
swabsUse of bronchoscopy as a diagnostic method for coronavirus disease 2019 (CQ\WD

not recommended as aerosol that is generated poses a cemmls issudor both sick
individuals and healthcare staff. Bronchoscopy can be considered only for intubated
individuals when upper respiratory specimens are negative and other diagnostic tools would
considerably change clinicatedicate However,bronchoscopy may be indicated when clinical
and safety criteria are met and in casesodtateddiagnosis. Alternatively, tracheal aspiration
and nonbronchoscopibronchoalveolar lavage (BAL) can be used to collect respiratory
specimens in intubatesick persons Nonbronchoscopic bronchoalveolar lavage {BIBL) is a

simple technique and as performed by Schindler and Cox in 1994 involved blindly wedging a 5
or 8F injant feeding catheter endobronchially and lavaging one millilitre per kg saline using a
syringe. Appropriatesamples were collected in 87% of the nonbronchoscopic bronchoalveolar
lavage (NBBAL) specimens. Several methods of Amonchoscopic bronchoalveolar lavage
(NB-BAL) have beerillustrated However, they all involve use of specialized ctthesuch as
balloontipped24 or doubkumen catheters, specialized bronchial catheters, mucosity aspirators,
and catheters containing a sterile brush and plug. Many require radiolaffical of catheter
position prior to performingpronchoalveolar lawge (BAL).

Severe acute respiratory syndrome coronax@ruponucleic acid (SARE0V-2 RNA) has been
extracted from upper and lower respiratory tigmécimensand virus has been isolated in a cell
culture of upper respiratory tract (URT) secretions dwdnchoalveolar lavage (BAL)
specimens. In one case series, A&tual (2020) found that concentrations of severe acute

respiratory syndrome coronavir@s ribonucleic acid (SAR®&oV-2 RNA) were higher in
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samples collected from upper respiratory tract (URE)demonstrated by lower cycle threshold
values in the nose) and in first 3 days after sympb@ginning and high concentrations of
severe acute respiratory syndrome coronax2rugonucleic acid (SAR&oV-2 RNA) were

also found in specimens collectetbrh upper respiratory tract (URT) specimens from an
asymptomaticsic person Several studies have shown that severe acute respiratory syndrome
coronavirus2 ribonucleic acid (SARE0V-2 RNA) can also be detected in blood #edal
specimens. It is reasoralihat viral ribonucleic acid (vVRNA) would be detectable for weeks, as
observed in some casesoointagionwith severe acute respiratory syndrome coronavirus (SARS
CoV) or Middle East respiratory syndrome coronavirus (MERY). Viable severe acute
respiatory syndrome coronavirus (SARV) has been isolated from respiratory, blood, urine
andfecal samplesSpecificity of reverse transcription polymerase chain reagti®ni-PCR)lab

exam looks to be very high, although there may be fglgsitive results de to swab
contamination, particularly in asymptomasick individuals Sensitivity rate is not clear, but is
estimated to be around i@0%. Test validity in asymptomatilt individuals who have been in
vicine contact with symptomatidl individuals is even less clear; the rate of positivity could
reach 50% without angroof of symptoms oaffirmedcontagion A single negative test does not
exclude severe acute respiratory syndrome coronafi{@A\RSCoV-2) contagion particularly

in highly exposed indiduals, if the test is performed using a nasopharyngeal spatimen

and atstartof contagion In this case, it may be advisable to repeat the test or collect a deeper
respiratory tracspecimensuch avronchoalveolar lavage (BAL)

Currently, most coronavirus disease 2019 (COXH) examiningis performed in laboratory
environment. Accurate aratalable poinbf-care (POC)ab examdor diagnosis of coronavirus
disease 2019 (COVH29) would increase scope for diagnosis to be made in community and
outside laboratory setting.

Current reference test of poinf-care (POC) tests for diagnosis of acto@tagionby severe
acute respiratory syndrome coronavituSARSCoV-2) is a real time reverse transcriptase
polymerase chain reaction (rFACR) assayReal time reverse transctgse polymerase chain
reaction (rRTPCR) assay utilizes viral ribonucleic acid (VRNA) extracted fibnmdividual
specimens [e.g. material collected by nasopharyngeal/oropharyngeal (NP/OP) swab], synthesizes
complementary deoxyribonucleic acid (cDNA) dbgh action of reverse transcriptase (RT)

enzyme, and amplifies target sequences of viral genome from complementary deoxyribonucleic
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acid (cDNA) templateReal time reverse transcriptase polymerase chain reactiorR@R]) can

be interpreted in a sermuaritative manner, with speed of target amplification dependent on
concentration and quality of viral ribonucleic acid (VRNA) finst specimen and thus
amplification percentcan be used as a proxy for sample viral load. Failure to amplify can be
explainedas a negative result, but could also be attributabbadguality of clinical specimen or

to early illness status. These assays can be run on standard real time reverse transcriptase
polymerase chain reaction (rFACR) thermocyclers or large automated semiautomated
diagnostic platformsExaminingin individuals suspected of having coronavirus disease 2019
(COVID-19) involves sending a respirataspecimene.g. oropharyngeal (OP)/nasopharyngeal
(NP) swab, sputum dpronchoalveolar lavage (BAL) in setisly unwellill individuals] to a
reference laboratory for real time reverse transcriptase polymerase chain reactid?CRRT
testing.Time between samplgatheringanddysplayof results can range from 24 to 72 hours, but
could be much faster with a streamlined approach spetimento answer for urgent clinical
scenarios.

A point-of-care (POC) test is performed at or near site whesiekapersonnitially encounters
health are system, haslasteturnaround time (approximately 15 min), and provides actionable
information that can lead to a changesiok persormanagementdasteresults reduce need for
multiple sick persorvisits, enable timelynedicate andeasecontainmentof contagiousliness
propagationHowever, there are emerging molecular technologies that enable nuclebmsed
approaches at pouuf-care (POC)Molecular pointof-care (POC)ab examautilize same basic
methodology as laboratoprocedure butfundamentallyautomate aliffered number of the steps
required. As they could be operated in Reatient settings rather than on laboratory bench, they
might be expected to provide a shorter time to redddiny of these poirbf-care (POC)
examinationsare moleculabased polymerase chain reaction (P@RE tests, but others are
serological assays, which detect presence of antibgdies) in a blood sampleSerological
assays using emymelinked immunosorbent assays (ELISA), detect presence of antibodies
(Abs) to coronavirus (CoV) in a whole blood, plasma or serum sample. Pheseduresletect
immunoglobulins M and G (IgM and 1gG). Immunoglobulin M (IgM) is the largest
immunoglobulin and is the first to appear after initial exposure to an antigy).
Imunoglobulin G (IgG) is most common antibody (Ab) found in body, which will appear later

but will be generated in abundance. These tests can determine wéretileindividual has
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previously been infected with coronavirus (CoV), as they will stay positive after actitagion
has gone.Currently, serologicalcheckingis not routinely offered as part of screening or
diagnosis of coronavirus disease 2019 (COXH), as no validatenhethodsare available. These
lab examawill not be positive until body has started to make antibodies (Abs) to fight the virus,
usually 5-10 days postontagion Widespread use of suchlab examcould indicate what
percentage of population has had the virus, but thEsexamsare less probable to detect
contracted personn early stages aflness Inill personswhere moleculalab examis negative
but there is a strong clinical suspicion @jronavirus disease 2019 (COVIID), serological
checkingcould support a diagnosis once validated assays beabrhand Antigen (Ag) lab
exams may also offer additional information before or at time of takingpacimenfor
molecular screening, but tleerare no commercially available antigéAg) lab examsfor
coronavirus disease 2019 (COVID) at time of writing.

Most of six molecular poirbf-care (POC)ab examshave eithegot CE marking or emergency
the Food and Drug AdministratigfDA) approbatio.

Almost all pointof-care lab examsare portable, bench tegized analyzers, apart from the
Microsens Dx RapiPrep©COVH29 test and the MesaBioTech Accula Test, which are smaller,
handheld devices.

Usual validated specimen types include nasal, throat,rab or nasopharyngeabwabs.

MicrosensDx also supports sputspecimens

All lab examsrequire samplepreparation, which involves placing swab sample into a viral
transport media and pipetting a proportion of sample into a sirsgleartridgePreparatiorstep

is typically quoted to take approximately two minutes but may také Binutes for some
devices. The Abbot ID Now kit indicates a&2Iminute preparation time, as swab is mixed with

viral transport media within cartridge in analyzer.

Most pointof-care (POC) devices are singhecess and operate with singlee cartridges.
Cepheid Xpert SAR&0V-2 can run 24 specimenger run in a random access manner, and

GenMark EPlex can runspecimenger run in a random access manner.
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Storage of most cartridgemequires refrigeration plus some time to equilibriate to room
temperature, apart from the Cepheid Xpert SARY/-2, Mesa BioTech Accula severe acute
respiratory syndrome coronavirds (SARSCoV-2) and Abbott ID NOW COVIBL9 tests,
which can be stored abom temperature prior to use. Time to result varies from 13 minutes
(Abbott ID NOW) to 45 minutes (Cephied Xpert Xpress).

Of five antibodybased tests, two are lateral flow immunoassays (BioMedomics rapid test and
Surescreen rapid test cassette), one fsna-resolved fluorescence immunoasSa@yRFICA)
(Goldsite diagnostics kit) and two are colloidal gold immunoassays (Assay Genie rapid POC kit
and VivaDiag COVID19 IgGIgM test). All assays detect presence of immunoglobulin G (IgG)
andimmunoglobulin M (IgM) from whole blood, serum or plasma. They involve pipetting a few
drops of blood from a fingerprick or vein onto immunoassay, followed by a couple of drops of
buffer solution, with result displayed (as lines similar to a pregnangytéhin 10-15 minutes.

All use singleuse disposable cartridges, and most can be stored at room temperature.

The reference standard used for comparison in thesearchesvas reverse transcription
polymerase chain reactigRT-PCR) testing. Some diagnostaccuraate data was collected

from clinical, rather than laboratogxam the largest suchesearch articléeing evaluation of
BioMedomics IgMIgG rapidlab exam which estimates 89% sensitivity and 91% specificity
among 525sick individuals specimen8eing based on published clinical data, this assessment
constitutes strongaaffirm. It is also found a registeretinical trial protocolfor VivaDiag and
expect that further clinical accuya data will become available as coronavirus disease 2019
(COVID-19) pandemic progresses.

Most common laboratorgnomaliegeported on admission amongst hospitaligiett individuals

with pneumonia included leucopenia (25%) or leucocytosis (280%), lymphopenia (63%)

and elevated levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
(37%). Amongst 1099 coronavirus disease 2019 (CGMAsick individuals lymphocytopenia

was present in 83%; in addition, 36% had thrombocytopenia and 34% had leucopenia. A mild
thrombocytopenia, hypertransaminasaemia and an increase in lactate dehydrogenas¢és@_DH,
known as lactic acid dehydrogenpémave also beerecorded Increased inflammation indices,
usually including reduced procalcitonin (PCT) and increaseelaCtive protein (CRP) levels, are

associated with clinicabravity. It was documented an averagerdactive protein (CRP)
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concentration of 1.1 mg/dL isick indviduals with normal percentage oxygen saturation
(SatO2) and of 6.6 mg/dL in hypoxensick individuals A study noticed a correlation between
C-reactive protein (CRP) amdeceaseisk. Increased troponin (Tn) was also reported in 7% of
sick individualswho in the enddeceasetbecause of fulminant myocarditiSN1). Troponin (Tn)
seems to be a potent prognostic indicatodexdfeaseFinally, it was noticed that dimer (DD)

and ferritin concentrations were usually high in hospitals&ek individuals

Usud computed tomography (CT) findings in individuals with coronavirus disease 2019
(COVID-19) were groungyjlass opacities, especially on the peripheral and lower lobes, and
bilateral multiple lobular and subsegmental areas of consolidation, especiallgrisivet care

unit (ICU) ill individuals. Number of lung segments involved was found to be relatdthéss
seriousnessThese opacities tended to flow together and thicken with progression of illness.
Non-usual computed tomography (CT) findings involvedeyral effusion (only about 5%),
masses, cavitations and lymphadenopathies; therettiese would propose alternative
diagnosic route In one studytime period from symptonstartto initial computed tomography
(CT) scan was assessed and authors fouatdbt?6 ofsick individualswho presented symptoms
within 2 days had normal computed tomography (CT) images. Computed tomography (CT)
sensitivity looks to be high isick individualswith positive reverse transcription polymerase
chain reactioffRT-PCR) (861 97% in different case studies) and lower @ick individualswith

only constitutional and nonrespiratory symptoms (about 50%). Conventional chest X
sensitivity is lower at around 59%Jsual chest computed tomography (CTjindings in
coronavirus disease 2019 (COVD) involve bilateral infiltrates with multiple grourglass
opacities or consolidation, but no edema. Serok individualsexhibit asymmetrical edematous
lesions and atelectasis, or scattered fibrosis. Giverlaw resolution of plain radiography, it is
recommended that chesbmputed tomography (CTHe performed in alkerioussick persons
However, unfortunatelygomputed tomography (CBcanning is not available in all emergency

departments, and may requiransfer ofsick persoro a radiology suite.

Ultrasound has been used as a diagnostic tool in a very limited numlsckopersons
Ultrasound has a very low specificity, and, despite being affected by factors silbless
seriousnessontracted individualveight and operator skill, sensitivity is estimated to be around
75%. Nevertheless, ultrasound may play a roleredicting progression ofiliness through

detection of interstitial lung diseagék.D, another term fopulmonary fibrosisfeatures, such as
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B lines and subpleural consolidatiohsing ultrasoundLU) is a developing technique which has

been used extensively in acute respiratory distress syndrome (Adfe&ed personsver last

decades and may be useful for safe, noninvasive bedside diagnosis of coronavirus disease 2019
(COVID-19) pneumonia; specdi lung ultrasound (LU) patterns have been defined.
Nevertheless, this technique has several limitations, such as need for formal training,
interobserver variability, and limited accurgd@specially in obessick personand in presence

of subcutaneous ermpsemaSCE,SE)].

There have been few reports of chest computed tomography (CT) findings in coronavirus disease
2019 (COVID19). Computed tomography (CT) imaging demonstrates five stagesordance
to time since onset ankdhessprogression:

1-Very early phase[asymptomatic, positive nasopharyngeal (NP) swab]: single, double, or
scattered focal grounglass opacity, nodules located in central lobule surrounded by patchy

groundglass opacities, patchy consolidation and air bronchogram sign;

2-Early prase: (13 days after clinical manifestations): dilatation and congestion of alveolar

septal capillaries, exudation of fluid in alveolar cavity, interlobular interstitial edema;

3-Rapid progression phasei {@3days after clinical manifestations): massiveusaculation of
cell-rich exudates in the alveolar cavity, vascular expansion and exudation in the interstitium,

largescale light consolidation with air bronchogram sign;

4-Consolidationphase(7i 14 days after clinical manifestations): fibrous exudatioralg&olar

cavity with multiple patchy consolidations; and

5-Dissipationphasg2i 3 weeks after clinical manifestations): glikle thickening of interlobular
septum, thickening and strljke twisting of bronchial walls, and a few scattered patchy

consolidations.

Monitoring of chest computed tomography (CT) features is of extrempertance in thesi#i
individuals to personalizemedication strategies and mechanical ventilator settings. Chest
computed tomography (CT) scan particularly can help in evaluation of areas of atelectasis or

overperfusion and shunting, as well as assessofemtk of pulmonary embolism (PE). It has
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been described three main chest computed tomography (CT) patterns in coronavirus disease

2019 (COVID19)sick personsrepresenting three different phenotypes:

1-Multiple, focal, possibly overperfused grougthss opacities mainly in subpleural region;
2-Inhomogeneously distributed atelectasis and peribronchial opacities; and

3-A patchy ARDSIlike pattern.

These differing phenotypes are attributable to different pathophysiological mechanisms, and
therefore reque different ventilatory strategies; however, the phenotypes proposed look to be in
agreement with Gattinonet al (2020), who presumed a phenotype L (low elastance, low
ventilation to perfusion ratio, and low lung reclutability) compatible with the @igpe 1, a
phenotype H (high elastance, and simil ARDS pattern), compatible with the phenotype 3, and a
transitioning phenotype, which reflects the evolution of the disease.

Computed tomography (CT) and ultrasound findings appear to be superimposalpetecbm
tomography (CT) appears to be more precise in detecting apical intraparenchymal lesions, whilst
ultrasound can describe smallest subpleural lesions and pleural effusions. Sensitivity for
subpleural lesions increases when a linear probe is hath ultrasound findings involve
isolated or confluent B lines, and irregular or interrupted pleural line thickening with dynamic air
bronchogram.

Most of these pathological findings are located in lower and posterior areas. It is possible to scan
in color Dogpler mode in order to detect a reduced blood supply in the (usually increased in
other inflammatorylinesse$. Use of computed tomography (CT) for dlllindividuals seems to

be unreasonable in terms of time, cost and radiation exposure, particulaxtgnagement and
therapeutic approach would not depend substantially on results. However, it is suggested that
computed tomography (CT) scanning should be reserveil fadividuals with an undefined

clinical picture, as well as differential diagnosis.
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Chest computed tomog
phenotypes on admi

v v l

Phenotype 1: Phenotype 2: Phenotype 3:
multiple, focal, possibly inhomogeneously distributed patchy ARDS-like pattern
overperfused ground glass atelectasis and peribronchial
opacities opacities

Lung compliance normal Alveolar edema and
or even high, Atelectasis is predominant. low compliance.
but severe hypoxemia. Moderate to High PEEP Ventilator settings
Moderate PEEP should and/or lateral/prone should follow the general
be set in order to positioning may be able to principles applied for ARDS
redistribute pulmonary recruit non-aerated areas according to low
flow and reduce shunt. Pa0,/FiO, PEEP table

mains

e If hypoxemia remains
unimproved, consider
steroids and ECMO.
Investigate
thromboembolic causes.

Figure(25):Chest CT finding in COVHR9[Robba et al. (2020). Distinct phenotypes require dist

respiratory management strategies in severe C@MIDRespir Physiol Neurobiol, 279, 10345
dni-10 101A/i recn 2020 102455
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In figure@5) above:sunmary of key points for respiratory management of coronavirus disease
2019 (COVID19)ill individuals according to three distinct phenotypes.

Phenotype 1: good compliance, but severe hypoxdpaisitive enekxpiratory pressure (PEEP)
should be set with aim to redistribute pulmonary flow and reduce shunting. In this case, using
principles generally applied in acute respiratory distress syndrome (ARDS), and thus setting
positive eneexpiratory pressure (PEEBRgcording to best drivingressure, will probably lead to

use of lowermositive endexpiratory pressure (PEER9s compliance is good), resulting in less
oxygenation. Inhaled nitric oxide (iNO) could be considered in these cases, and prone
positioning can redistribute perfusion, lmigenerally not very useful at this stage.

Phenotype 2: atelectasis and derecruitment are predominant. In this caspodiiyle end
expiratory pressure (PEERNd prone positioning can recruit Raarated areas of the lung.
Recruitment maneuvers (RMs)ay play a role in these cases, whereas inhaled nitric oxide (iNO)
is less useful.

Phenotype 3: typical computed tomography (CT) pattern of moeieratvere acute respiratory
distress syndrome (ARDS), with alveolar edema and low compliance. Respisattings
should follow general principles applied for acute respiratory distress syndrome (ARDS).
Positive endexpiratory pressure (PEERhould be set according to best driving pressure;
eventually, recruitment maneuvers (RMs), prone positioning, andoexporeal membrane
oxygenation (ECMO) may be considered. Extracorporeal membrane oxygenation (EC&O)
procedure where a criticdl individual gets life support from a modified heart lung machine
which can provide respiratory, circulatory or both regpry and circulatory support.
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Early stage Advanced stage

Single or multiple scattered : G Severe stage Dissipation stage

patchy ground-glass ncre.ase e),( T

opacities, predominately density of bilateral lung Diffuse consolidation of Areas of ground glass

parenchymal opacities. In

distributed in the peripheral o the lung parechyma with opacity and consolidation
and subpleural area of the this image, there are both § . o density, air have nearly completely
lung. A crazy-paving pattern, area§ Fﬁ gfound glass bronchi and bronchial resolved, leaving some
secondary to intralobular Op"'('f'f"“f’" and areas of dilation, which may be residual curvilinear areas
and interlobular septal consolidation in both present as "whited out of density,

lungs, which coexist and
have varying sizes and
presence of air
bronchogram.

thickening can be seen in
this stage

lung"on a corresponding
chest radiograph

Figure(26):CT manifestations of different stages of COED[Yang W.; Sirajuddin A.; Zhang X.
Liu G.; Teng Z.; Zhao S.; Lu M. (2020). The role of imaging in 2019 novel coronavirus pneuf
(COVID-19). Springer. Ewpean Radiologyhttps://doi.org/10.1007/s00331P0-0682%4 |
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7.Altered Immunity and Convalescent Plasma Treatment in COVID19 Infection

Immune response is vital for control and resolution of coronavirus (ComMpagions while it

can also lead to immunopathogenesis, associated with immune response out ofSplker¢5)
proteins of coronavirus (CoV) binds to host cells by angiotecsnverting enzyme 2 (ACE2),
fusing to membrane and release viral ribonucleic acid (vRNARI ribonucleic acids (VRNAS),

as pathogeassociated molecular patterns (PAMPS), are detected hbgrrparecognition
receptors (PRRs). Usuallyloll-like receptor3 (TLR3), Tollike receptor7 (TLR7), Tollike
receptor8 (TLR8), and Tollke receptor9 (TLR9) sense viral ribonucleic acid (vVRNA) and
deoxyribonucleic acid (DNA) in endosome. It is importaotrefer that ToHlike receptors
(TLRs), a superfamily of transmembraingerleukinl receptorIL-1R)i like moleculesservein

innate immune system by distinguishing different pathogenic agents depending on molecular
signatures; Tollike receptors (TLR) arepattern recognition recepto(®RRs). They contain
leucine (Leuyrich motifs and a cytoplasmic regiompll/interleukin-1 recepto(TIR) domain,

that is necessary for cell signalifhese receptors are largely expressed on cell surface,
althoughToll-like receptors TLRs) 7to 9 have been found intracellularly. Signaling through
these receptors inities formation of Tollike receptor (TLRhomodimersandheterodimers
leading to production of proinflammatory cytokines/chemokines and other mediatortkdoll
receptors (TLRsare expressed in monocytes/macrophalyes {§ dendritic cells (DCs), B cells,

and mast cells, but some are found in certain nonimmune cells, involving cellsniinoogal
surfacege.g., intestinal epithelial cells). Alsmeceptor expressias modulated by microbial
invasion, microbial components, and cytokin&sral ribonucleic acid (VRNA) receptor retineic

acid inducible gene | (RIF), cytosolic reeptor melanoma differentiatieassociated gene 5
(MDA5), and nucleotidyltransferase cyclic GM®MP synthase(cGAS) are responsible for
recognition of viral ribonucleic acid (vVRNA) and deoxyribonucleic acid (DNA) in cytoplasm.
These complex signaling recruadaptors, includingrlR-domairtcontaining adapteinducing
interferonb (TRIF), mitochondrial antivirakignaling protein (MAVS), and stimulator of
interferon genes protein (STING) to induce downstream cascades molecules, including adaptor
molecule myelad differentiation primary response 88 (MYD8&nd result in activation of
transcription factonuclear factokappalight-chainenhancer of activated B cefslF-e B) an d
interferon regulatory factor 3 (IRF3) and production of type | interferons-0FN/ amngd by

some growth factors and cytokines. Many biological activities have been demonstrated such as
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direct antiviral effects, regulation of immune responses, antiproliferation, and modulation of
expression of major histocompatibility class | (MHCI) andjon histocompatibility class Il
(MHCII)] and a series of primflammatory cytokines. Hence, virg®ll interactions produce a
diverse set of immune mediators against invading virus. Innate immameded in a precise
regulation to eliminate virus, oadhwise will result in immunopathology. A few plasma cytokines
and chemokines were shown elevated in coronavirus disease 2019 (QOVlaffected
individuals, involving interleukirl (IL-1), interleukin2 (IL-2), interleukin4 (IL4), interleukin?

(IL-7), interleukir10 (IL-10), interleukinl2 (IL-12), interleukinl3 (IL-13), interleukinl7 (IL-

17), granulocyte colomstimulating factor(G-CSF), macrophage colosstimulating factor
(M-CSF), interferon gammanduced protein 1QIP-10, also called as-&-C motif chemokine

ligand 10 (CXCL10) or smaihduciblecytokineB10] , monocyte chemoattractant protein
(MCP-1/CCL2), macrophage inflammatory proteimlpha (MIR1 U hepatocyte growth faato
(HGF), interferoagamma (IFNo ) , and t umo-alpha(@NFUpsi Anfacabomy
of coronavirus disease 2019 (COVID) pneumonia corpse notably demonstrated that
coronavirus disease 2019 (COVID) caused an inflammatory response in lowevayrand led

to lung injury. Collectivelyyirus particles invadespiratory mucosa firstly and infect other cells,
provoking a series of immune responses and production of cytokine storm in body, which may
be associated with critical condition of coronasgidisease 2019 (COVIDI) sick individuals

By retrospectively tracking dynamic changes of lymphocyte (LYM)%da@ceasectases and
cured cases, this study presumes that lymphocyte count is an efficient and reliable indicator for
disease classification amognosis in coronavirus disease 2019 (COXH) patients. A high
correlation of blood lymphocyted.YM) with illness progression proposed that lymphocyte
(LYM) deficiency or incapacity is the key cellular pathology of coronavirus disease 2019
(COVID-19). Protection, maintenance or promotion of lymphoojt¥M) concentrations might

have a well effect on prevention and management of coronavirus disease 2019 {C3)VID

During development of mildinessinto severe condition, proportion of lymphocy{e¥ M) in
blood gradually decreased and maintained at a low level. By the timéintb&s began to
improve, lymphocyte LYM )% in blood gradually rose to normal oram normal levelsSick
personswith persistently low levels of blood lymphocytélsYM), especially less than 5%,
usually had a poor prognosis. Therefore, it is presumediythahocyte LYM )% should be used

as an indicator for assessing effectivenesdinical drugs or therapies.
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Lymphocytes(LYM) play a decisive role ikeepingimmune homeostasis and inflammatory
response throughout body. Understanding mechanism of decreased blood lympbhgbj)e
concentrations is anticipated to provide an efficenategy for therapy of coronavirus disease
2019 (COVID19). There are four possible mechanisms leading to lymphogyté/)

deficiency and as following:

1-Virus might directly infect lymphocyte.YM), causing lymphocyte death. Lymphocytes
(LYM) express gronavirus (CoV) receptor angiotensianverting enzyme2 (ACE2) and may

be a direct target of viruses.

2-Virus might directly destroy lymphatic organs. Acute lymphocyte decline might be related to
lymphocytic dysfunction, and direct damage of severe aegfgratory syndrome coronavirds

(SARSCoV-2) to organs such as thymus and spleen cannot be ruled out.

3-Inflammatory cytokines continued to be disordered, perhaps leading to lymplibtyg
apoptosis. Basic researches confirmed that tumor necradm-éal pha ( TNF U6 , I nt

(IL-6) and other pranflammatory cytokines could trigger lymphocytey M) deficiency.

4-Inhibition of lymphocytes(LYM) by metabolic molecules that are produced by metabolic
disturbances such as hyperlactic acidemiaactate concentrations greater than 2 mmol/L
represent hyperlactatemia, whereas lactic acidosis is in general described as serum lactate
concentration above 4 mmol/lLactic acidosis happens when lactic a¢idd) production
exceeds lactic aci(LA) clearancelncrease in lactate production is usually caused by impaired
tissue oxygenation, either from decreased oxygen delivery or a defect in mitochondrial oxygen
utilization. Severe type of coronavirus disease 2019 (COY®)ill individuals had elevatd

blood lactic acid (LA) concentrations, which might suppress proliferation of lymphocytes
(LYM). Multiple mechanisms mentioned above or beyond might work together to cause

lymphopenia.

A study presumed thdymphocytes ILYM )% can be used as a reliablaicator to classify
moderate, severe and critical ill types independent of any other auxiliary indicators.
Lymphopenia is an efficient and reliable indicator of severity and hospitalization in coronavirus
disease 2019 (COVI9)ill individuals. It is suggsted thafTime-LYM% model (TLM) should

be involved in diagnosis and therapeutic guidelines of coronavirus disease 2019 (CQVID
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Time-LYM% model (TLM) is defined as followsill individuals have varyinglymphocytes
(LYM)% afterstartof coronavirus disase 2019 (COVIEL9).

Effective antiviral responses of host innate and adaptive immunity, involving production of
various preinflammatory cytokines, activation of T cells, CD4 and CD8+ T cells, are necessary
for controlling viral replication, limiting spe& of virus, inflammation and cleaning infected
cells. Nevertheless, tissue injury caused by the virus could stimulate exaggerated production of
proinflammatory cytokines, the recruitment of fpndammatory macrophagesM( ) and
granulocytes. This resultsin cytokine storm termed as a macrophage activation syndrome
(MAS) or secondary hemophagocytic lymphohistiocytosis (sHLH), thus leading to further tissue
damage. Data obtained from severe acute respiratory syndrome corcfa(@aRSCoV-2)
contractedll personshave shown that severe cases may be characterized by a cytokine storm
inexorably developing to acute respiratory distress syndrome (ARDS). Several features of
coronavirus disease 2019 (COVID), such as cytokine profile, serological markensd a
clinical symptoms, resemble secondary hemophagocytic lymphohistiocytosis (sHLH) usually
stimulated by viratontagion Moreover, another importaptoofis that severity of coronavirus
disease 2019 (COVH29) is related to concentration of proinflammstoytokines and subsets

of immune cells. Coronavirus disease 2019 (COXH) possesses different concentrations of
various cytokines and chemokines through mild to severe stage of illness. In severe acute
respiratory syndrome coronavirds (SARSCoV-2) contracted individuals, retrospective
analysis has demonstrated that initial plasma concentrations of interldaéktin (IL-

1 b )interleukinl receptomantagonist (IELRA), interleukin7 (IL-7), interleukin8 (IL-8),
interleukin10 (IL-10), interferorgamma (IFNYY) monocyte chemoal,tract e
macrophage inflammatory protefralpha (MIRU ) macrophage inflammatory proteibeta

(MIP-1 g )granulocyte colony stimulating factor {GSF), and tumor necrosis factalpha
(TNF-U) ar e eill iedwiduale with coronavirus disease 2019 (COVID). Further
analysis has indicated that plasma levels of interleBKi.-2), interleukin? (IL-7), interleukin

17 (IL-17), interleukinl0 (IL-10), monocyte chemoattractant peptidéMCP-1), macrophage
inflammatory proteirlalpha (MIR1 U) , and t uaotaralphan(ENEFW) si 8 fntens
care unit (ICU) contracted individualsare higher than nemtensive care unit (ICU)ll
individuals In addition, plasma concentrations of interledRir{IL-2), interleukin6 (IL-6),

interleuking8 (IL-8), interleukin10 (IL-10), and tumor necrosis factalpha (TNFU ) , recogni z
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in severecontagion are distinguishably greater than those in -sewere contagion Few
retrospective studies have demonstrated that lung injury reported with Murray score is potently
correlated \ith concentration of interleukifialpha (11 U )nterleukin1 receptor antagonist
(IL-1RA), interleukin2 (IL-2), interleukin7 (IL-7), interleukinl10 (IL10), interleukinl7 (IL-

17), interferongamma (IFNYY) , i ngaramaf @FNoo)n 1 nduc i-IDI(®-10)pr ot ei |
granulocyte colony stimulating factor {GSF), andmonocytechemotactic protein 3 (MGB)

and these cytokines and chemokines excluaimanocytechemotactic protein 3 (MGB) are
positively related to severe acute respiratory syndrome coron&/(®8RSCoV-2) viral load.

It was found that plasma concentration of interleukifiL-6), regarded as a noticeable cytokine
contributing tomacrophage activation syndrome (MA®)evated both in mild and sevesiek
persongroups of coronavirus disease 2QCOVID-19), severssick person$iad a considerable
higher concentration of interleukih (IL-6) than mild or nonseversick personsMoreover,

based on evaluation of pulmonary infiltration sitck personswith acute respiratory distress
syndrome (ARDS)Jar ge area of lung injury (050 %) was
concentration of interleuki (IL-6) and subgroup of lymphocyt€ésYM) in peripheral blood.
During contagion both innate and adaptive immune cells synergistically participate Hvigadti
response. The important increment in number of neutrophils, leukocytes, and the neutrophil
lymphocyte ratio (NLR) has been realized in severe coronavirus disease 2019 (C@MID
comparison with mild case$rominent lymphopenia, referring to impaent of immune
system, develops in most coronavirus disease 2019 (CQ9)Bick persongarticularly in
severe ones. Therefore, it looks that neutrophils and leukocytes might reinforce cytokine storm
other than lymphocyte§LYM) in coronavirus disease 20 (COVID-19). Concentration of
lymphocytegLYM) and subsets of T cells which play a noticeable role in balancing of immune
responsg(IR) varies according to type of virus due to possible viral pathologic mechanism.
Previous investigations have shown tteaal count of lymphocyte YM) and subset of T cells

are decreased ift individuals with severe acute respiratory syndrome coronavirus (SGB\%)
disease. Data from later studies have supposed that severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) contagioncan cause immune dysregulation through affecting
subsets of T cell€onsiderable alleviation of T cells is recognized in coronavirus disease 2019
(COVID-19) and more pronounced in severe casedl individuals with coronavirus disease

2019 (COVID19), concentration of helper T cells (CD3+, CD4+) and cytotoxic suppressor T
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cells (CD3+, CD8+), and regulatory(Treg) cells are below normal concentration while helper

T (Th) cells and regulatory T (Treg) cells in sevdlrendividuals are significantly lower than
nonsevereill individuals. Regulatory T (Treg) cells are responsible fa@eping immune
homeostasis with suppressing activation, proliferation, and proinflammatory function of most
lymphocytes(LYM) including CD+4 T cells, CD+8& cells, natural killer (NK) cells, and B

cells. Further, percentage of naive helper T cells amplifies while percentage of memory helper T
cells and CD28+ cytotoxic suppressor T (Tc) cells decreases in severe coronavirus disease 2019
(COVID-19). Equilibrium between naive T cells and memory T cells is essential for mediating
effective immune respongtR). In addition to T cells, decrease of B cells and natural killer (NK)
cells are observed in coronavirus disease 2019 (C&D Another potent finding iaffirmed

strong relationship between inflammatory markers, including erythrocyte sedimentation rate
(ESR), Greactive protein (CRP), and interleuldn(IL-6) and subset of lymphocytes. Severe
acute respiratory syndrome coronavidus(SARSCoV-2) is respongle for immune
dysregulation with induction of aberrant cytokine and chemokine response, alteration in
concentration of subgroup of lymphocytes all of which might develop cytokine storm and further
tissue damage. Excessive inflammatory response with ¢baséics of cytokine storm cause
severdllnesscourse and worsens prognosis in coronavirus disease 2019 (CI®Y.IDefinitive

and most effective therapies for coronavirus disease 2019 (CQ¥Mrugs would be antiviral
agents that directly target segeacute respiratory syndrome coronawPu$SARSCoV-2).
Considering lack of proven antiviral drugs and hyperinflammation caused by virus, anti
inflammatory medications used in daily rheumatology practice may constitute possible treatment
options in treatrant of coronavirus disease 2019 (COVIB). Following antinflammatory
treatments are potential candidates for coronavirus disease 2019 (AAOYIW@ith their

preclinical or limited clinical evidence.

Severe lung inflammation and impaired pulmonary gas exchangeraonavirus disease 2019
(COVID-19) has been proposed to be attributed to upregulation ehflfeanmatory cytokinesin
healthy individuals, angiotensin7L(Ang-1-7) limits the synthesis gdro-inflammatory and pro
fibrotic cytokines. Thus, downregulation of angiotersomverting enzyme 2 (ACE2) by severe
acute respiratory syndrome coronavifis(SARSCoV-2), with consequent decrease in
angiotensin 47 (Ang1-7) concentrations, may exaggeratytokine storm leading to

overwhelming inflammatory response. Cytokines have been extensively studiell persons
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with heart failure (HF) due to their role in inflammatory modulation, myocyte stress/stretch,

myocyte injury and apoptosis, fibroblastigation and extracellular matrix (ECM) remodeling.

A study performed by Guet al. (2020) showed that plasma troponin (Tn) concentrations had a
noticeable positive linear correlation with plasma ksgisitivity Greactive protein (CRP)
concentrations, xhibiting that myocardial injury may be closely associated with inflammatory
pathogenesis during the progress of illnégssaddition to their direct effects on cardiomyocytes,
high concentrations of circulating cytokines also develop functional reprogrgmiof
endothelial cells, endothelial dysfunction, and atherogenesisférmation of fatty deposits in
arteries) In fact, endothelial cells are thought to play a notable role in inflammatory response in

viral contagions

Thus, systemiinflammatory responsé€SIR) with cytokine storm is rational cause of myocardial
injury in late phases of illness, usually associated with acute respiratory distress syndrome
(ARDS), multiorgan failurMOF) and deceaseHowever, high cytokine concentratemay
represent key player of myocardial injurydoronavirus disease 2019 (COVID), being related to

direct myocardial injury, endothelial dysfunction, destabilization of coronary plaque, and

microthrombogenesis.

During incubation period, often rangiigpm 1 to 14 days, and during early phaselloess

when nonrspecific symptoms are present, peripheral blood leukocyte and lymphaXNe

counts are normal or slightly decreased. Following viraemia giresence of viruses in bloqd)
severe acute spiratory syndrome coronavir®s (SARSCoV-2) fundamentally affects tissues
expressing high levels of angiotensionverting enzyme2 (ACE2) comprising lungs, heart and
gastrointestinal tract (GIT). Approximately 7 to 14 days frbeginningof initial sympbms,

there is surge in clinical manifestations iihess with pronounced systemic increase of
inflammatory mediators and cytokines, which may even be characterized as cytokine storm. At
this point, noticeable lymphopenia becomes obvious. Several factays aontribute to
coronavirus disease 2019 (COVII) associated lymphopenia. It has been demonstrated that
lymphocytegLYM) express angiotensitconverting enzyme2 (ACE2) receptor on their surface;
thus severe acute respiratory syndrome coronaif(@ARSCoV-2) may directly infect those

cells and eventually cause their lyses. Moreover, cytokine storm is characterized by considerably

elevated concentrations of interleukins [mostly interletkir{IL-6), interleukin2 (IL-2),
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interleukin7 (IL-7), granulocy¢ colony stimulating factor (&SF), interferorp i nduci bl e

protein 10 (IP10), monocyte chemoattractant protdinMCP-1), macrophage inflammatory
protein lalpha( M1 P 1 U) ] and t unratpha (TNEL)r,os ivhi cfhac may
lymphocyte(LYM) apoptosisActual cytokine activation may be also associated with atrophy of
lymphoid organs, involving spleen, and further impairs lympho@yéV) turnover. Coexisting

lactic acid acidosis, which may be more obvious among caficerdividuals who are at
increa®d risk for complications from coronavirus disease 2019 (CGM may also inhibit
lymphocyte(LYM) proliferation. Guaret al (2020) administered data on clinical characteristics

of 1,099 coronavirus disease 2019 (COMID) individuals with laboratonaffirm during first

two months ofpestilencan China. On admission, vast majorityibbfindividuals presented with
lymphocytopenia (83.2%), whereas 36.2% had thrombocytopenia, and 33.7% showed
leukopenia. Thrombocytopenia deficiency of platelets in bbd and this causes bleeding into
tissues, bruising, and slow blood clotting after injury, while leukopenia is reduction in number of
white blood cells (WBCs) in blood, typical of variousillnesses However, thg found
hematologicaldisturbancesvere moreobvious among severe versus fgavere cases (96.1%
versus 80.4% for lymphocytopenia, 57.7% versus 31.6% for thrombocytopenia and 61.1% versus
28.1% for leukopenia). These results were consistent in four other descriptive studies that were
conducted duringame period in China and included 41, 99, 138 and 201 confirmed cases with
coronavirus disease 2019 (COVID), respectively. Valuable studies highlighted association
between lymphopenia and need of intensive care unit (ICU) care, and a notablehstwely
association between lymphopenia and acute respiratory distress syndrome (ARDS) development.
Specifically, Wuet al (2020) retrospectively analyzed possipéil factors for developing acute
respiratory distress syndrome (ARDS) ateteaseamong 201ill individuals with coronavirus
disease 2019 (COVH29) pneumonia in Wuhan, China. Increagetil of acute respiratory
distress syndrome (ARDS) duringness course was noticeably associated with elevated
neutrophils levels (p<0.001), reduced lymphocy#eels (p<0.001) in a bivariate Cox regression
analysis. Elevated levels of neutrophils (p=0.03) were associated with increaseddeskade

Of interest, 69% ofill individuals with low lymphocyte (LYM) count showed reactive
lymphocyte(LYM) populationinvolving a lymphoplasmacytoid subset, which was not common

in peripheral blood oill individuals with severe acute respiratory syndrome coronavirus (SARS

CoV) contagionin 2003. Flow cytometryFC) did not reveal any inversion in the CD4+/CD8+
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lymphocyte (LYM) ratio. However, functional studies have presumed that severe acute
respiratory syndrome coronavirds(SARSCoV-2) may deteriorate function of CD4+ helper
(Th) and regulatory T (Tregells aml induce initial hyperactivation which is followed by rapid
exhaustion of cytotoxic CD8+ T (T<glls. In Singapore, it was also found tiihtndividuals
requiring intensive care unit (ICU) support had considerably lower lymphdcytel) levels
(p<0.001)at baseline. In another retrospective study including 52 criticallpdividuals from
Wuhan, China, lymphopenia was reported in 85%aoftracted individualsLymphopenia was

also clear among critically ilindividuals with coronavirus disease 2019 (€{D-19) in
Washington, United States of America. During hospitalization;susaivors demonstrated more
significant deterioration in lymphopenia compared with those who survived (p<0.05). It has also
been reported thall individuals with severeillness and fatal outcomes present with reduced
lymphocyte (LYM) /white blood cell (WBC) ratio both in admission (p<0.001) and during
hospitalization (p<0.001) compared with those who survived. Contrary tesurgivors,
survivors showed nadir (i.e., minimum valuaf) lymphocytes(LYM) count on day 7 from
symptom start and thereafterrestoration. Therefore, serial assessment of lymphdgyé/)

count dynamics may be predictiveitbfindividual outcome. It has been proposed a model based
on lymphocytgLYM) counts atwo time pointsjll individuals with less than 20% lymphocytes
(LYM) at days 1€12 from beginningof symptoms and less than 5% at days1@7which
showed worst prognosis. Studies have shown that myocardial injury among inpatients with
coronavirus dise@&s2019 (COVID19) is combined with increasel@aths In a prospective study

in Wuhan, China including 416 consecutillgpersons82 (19.7%) had documented myocardial
injury. Compared with others, thede personswith myocardial injury had higher leukaey
(p<0.001), lower lymphocyte (p<0.001) and lower platelet counts (p<0.001). A retrospective
study including 187l personswith coronavirus disease 2019 (COVID) from another hospital

in Wuhan showed thall personswith high troponinT (TnT) concentations had leukocytosis
(p<0.001), elevated neutrophils (p<0.001) and reduced lymphogytds) (p=0.01). A meta
analysis of nine studies has presumed that thrombocytopenia is significantly associated with
gravity of coronavirus disease 2019 (COVID), with very high betweestudies heterogeneity
though; a more sizeable drop in platelet counts was noticed particularly in nonsurvivors. Of
interest, a study showed that among 30 hospitabaadpersonsvith coronavirus disease 2019

(COVID-19), those preséing with a peak in platelet count durinness course had worse
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outcomes. Interestingly, platelet to lymphocgit& M) ratio at time of platelet peak emerged as
an independent prognostic factor for prolonged hospitalization in multivariate analyses It w
observed that a high platelet to lymphodit¥ M) ratio may indicate more pronounced cytokine

storm due to enhanced platelet activation.
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Antibodies (Abs) to virus are induced in those who have become infected. Prelimpinafy
supposes that some of these antibodies (Abs) are protective, but this remains to be definitively
established. Moreover, it is unknown ether all contracted individualsnount a protective
immune response and how long any protective effect will last. Data on protective immunity
following coronavirus disease 2019 (COVID) are arising. A case series assessing
convalescent plasma (CP) foe&atment of coronavirus disease 2019 (COMHE) described
neutralizing activity in plasma of recovereick personsthat seemed to be transferred to
recipients following plasma infusion. Similarly, in another study obi2R personsvho healed

from coronawus disease 2019 (COVHD9), antibodies (Abs) to receptbinding domain
(RBD) of spike (S) protein and nucleocapsid (N) protein were detected by ehnkee
immunosorbent assay (ELISA)in most sick personsby 14 days followingbeginning of
symptoms;enzymelinked immunosorbent assay (ELISA) antibody (Ab) titers associated with

neutralizing activity. However, some data propose that magnitude of antibody (Ab) response
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may be related tgravity of illnessand thatsick personsvith mild contagionmay not mount
detectable neutralizing antibodies (Nabs).

In addition, durability of neutralizing activity followingontagionis uncertain. In a study of 37

sick individualswho had symptomatic coronavirus disease 2019 (CGMP by eight weeks
following hospital discharge, neutralizing activity decreased by a median of 12 percent in 62
percent. In another study of 149 convalessick individuals 7 percent of whom had required
hospitalization, only 1 percent had high titers of neutralizingbadites (Nabs) a mean of 39
days afteinlinessstart Nevertheless, receptbmding, domairspecific B cells were identified in

six sick individuals(all of those studied), and strong neutralizing antibodies (Nabs), regardless of
serumneutralizing titerwere also identified, supposing that highly protective vaccines could be
designed to stimulate production of such antibodies (Abs).

Animal studies have presumed that immune resp@h®eto contagionmay provide some
protection against reinfection, at least in short term. In one study of nine rhesus macaques
experimentally infected with severe acute respiratory syndrome corordav{@8RSCoV-2),

all animals developed neutralizing antibodies (Nabpiin rechallenge with same viral dose 35
days later, all had amnestic immu(@@ recall)responses and, on nasal swab, had lower viral
ribonucleic acid (VRNA) concentrations and more rapid viral ribonucleic acid (VRNA) decline
compared with initial challege and with challenged naive control animals. Studies assessing
severe acute respiratory syndrome coronax@r¢(SARSCoV-2) vaccine candidates in macaques
have also supposed that immune respofig8dsto vaccination lead to lower concentrations or
more rgid clearance of viral ribonucleic acid (VRNA) in respiratory tract samples following
viral challenge compared with unvaccinated controls.

Studies have also described severe acute respiratory syndrome core2g8ARSCoV-2)-
specific CD4 and CD8 T celiesponses isick individualswho hadhealedfrom coronavirus
disease 2019 (COVH29) and in persons who had received investigational severe acute
respiratory syndrome coronavirds (SARSCoV-2) vaccine, which suggest possibility for

durable T cell immunesspons€IR).

Some studies have reported positregerse transcription polymerase chain readii®nPCR)
lab examsfor severe acute respiratory syndrome coronax@rSARSCoV-2) in individuals
with laboratoryconfirmed coronavirus disease 2019 (COMIB) following clinical

improvement and negative results on two consecudélieexams However, these positiviab
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examsoccurred shortly after negativab examswere not associated with worsening symptoms,
may not represertontagiousvirus, and probablylid not reflect reinfection. Specifically, in a
report from Korea Centers for Disease Control and Prevention of individuals with coronavirus
disease 2019 (COVH29) who had a repeat positive ribonucleic acid (RNeY) examatfter

being previously cleared from isolatiotgntagiousvirus could not be isolated in cell culture in
any of 108sick personsubjected to testingAmong 790 contacts, there were no newaiffyrmed

cases that were traced to exposure during period eatgositivdab exam

Food and Drug Administration (FD& USFDA) has granted emergency use authorization for
examsthat identify antibodies (Abs) against severe acute respiratory syndrome corofavirus
(SARSCoV-2) in serum or plasma. Shoytdoof affirm that presence of these antibodies (Abs)
reflects protective immune respongiR), serologic screening will be important tool to
understand population immunity and distinguish people who are at lower risk for reinfection.

A. CONVALESCENT PLASMA B. ANTIVIRAL EFFECTS
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Figure(29): Scheme of convalent plasma components and its mechanism of adRojag M.;
Rodriguez Y.; Monsalve D.; Acosfampudia Y.; Camacho B.; Gallo J.; Roj¥dlarraga A.;
RamirezSantana C.; Diagoronado J.; Manrique R.; Mantilla R.; Shoenfeld Y.; Anaya(d820).
Convalesent plasma in COVIEL9: possible mechanisms of action. Elsevier. Autoimmu
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In figure (29): schematiaepresentation of convalescent plasma components and its mechanisms
of action.A. Main convalescent plasma componeBtsAntiviral effects of neutralizing
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antibodies (Nabs). Imunoglobulin G (IgG) and immunoglobulin M (IgM) are major isotypes,
although imnunoglobulin A (IgA) may be also important, especially in mucosal viral
contagionsOther nomneutralizing antibodies (neNabs) may exhibit protective effe¢iumoral
immune respons€HIR) is mostly directed towards spike (S) protéAnti-inflammatory
effects of convalescent plasma (CP) involve network of autoantibGdlgdss) and control of
overactive immune system.d, cytokine storm, Th1l/Th1l7 ratio, complement activation and
regulation of hypercoagulable state). Abrreviations: Mucleoprotein; M: Membrane; E:
Envelope.

Safety of use of convalescent plasma (CP) is another issue that has been historically relevant in
epidemics. Impestilence®f Influenza A (H1N1), severe acute respiratory syndrome coronavirus
(SARSCoV) and MiddleEast respiratory syndrome coronavirus (MER&V), studies did not

find any adverse event associated to convalescent plasma (CP) administration. In case of Ebola,
convalescent plasma (CP) administration was associated with mild adverse reactions such as
nawsea, skin erythema, and fever. In coronavirus disease 2019 (CD®Y)Dreports have
indicated that administration of convalescent plasma (CP) is safe, and it was not associated with
major adverse events. Thus, due to tolerability and possible efficiemmoyalescent plasma (CP)

is better candidate to be assessed as treatment option to control coronavirus disease 2019
(COVID-19) pandemic.

Convalescent donors must undergo standaredpration assessment to ensure compliance with
current regulations regardjrplasma donation. Currently, convalescent donors between 18 and
65 years old are considered as persons witlommtagioussymptomatology and negative
examination for coronavirus disease 2019 (COVID) after 14days of recovery. These
examinationanust berepeated 48 later and at moment of donation. Donors frpestilence

areas for tropicallnesseqe.g, malaria) should be excluded. In addition to moleclalarexams

it is critical to recognize emotional situation, to explore susceptibilities, aadagiee not
exploitation of donors.

Apheresis is recommended procedure to obtain plasma. This procedure is based on continuous
centrifugation of blood from donor to allow selective collection plas&féicacy of this
technique is around 4D800mL from sirgle apheresis donation. This amount of plasma could

be storage in units of 200 or 266, and frozen within 24 of collection to be used in further
transfusions.

As convalescent plasma (CP) production requires high quality standards, it must be free of any

contagion so examinationdor human immunodeficiency virus (HIV), hepatitis B, hepatitis C,
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syphilis, human TFcell lymphotropic virudype1(HTLV-1, also called human Tcell leukemia
typel), and human TFcell lymphotropic virugype 2 (HTLV-Il, also calledhuman TFcell
leukemia typel), andTrypanosoma crudif living in pestilencearea) should be carried oun

this sense, nucleic acldb examfor human immunodeficiency virus (HIV) and hepatitis viruses

is mandatory to guarantee safety of recipients. Other protocols suppose inactivation of
pathogenic agentsith riboflavin or psoralen plus exposure to widdet (UV) light to improve

safety of convalescent plasma (CP).

There is not a standard transfusion dose of convalescent plasma (CP). In different studies for
coronaviruseqCoVs) administration of convalescent plasma (CP) ranges between 200 and
500mL in single or double scheme dosages. Currently, recommendation is to administrate
3 mL/kg per dose in two days. This strategy facilitates distribution of plasma unitsn(2p@r

unit) and provide standard option of delivery in public health strategies.

Compasition of convalescent plasma (CP) is variable and include wide variety of blooddderive
components. Plasma contains mixture of inorganic salts, organic compounds, water, and more
than 1000 proteins. Also it was found albumin (alb), immunoglobulins (syplement,
coagulation and antithrombotic factors among others. Interestingly, it is suggested that plasma
from healthy donors provides immunomodulatory effe@s infusion of antinflammatory
cytokines and antibodies (Abs) that blockade complemertlammatory cytokines and
autoantibodiegAAbs). These factors may influence immunomodulatory effect of convalescent
plasma (CP) il personswith coronavirus disease 2019 (COVID).

Neutralizing antibodies (Nabs) are crucial in virus clearance andhbwareconsidered essential

in protecting against virdlinesses Passive immunityPI) driven by convalescent plasma (CP)

can provide these neutralizing antibodies (Nabs) that rest@itagion Efficiency of this
management has been correlated with ¢vellof neutralizing antibodies (Nabs) in plasma from
recovered donorsin severe respiratory syndrome coronavirus (SARY) and Middle East
coronavirus (MERSCoV) were discovered that neutralizing antibodies (Nabs) bind to spikel
receptor binding protei (SERBD), SEN-terminal domain(NTD) and S2, thus inhibiting their

entry, limiting viral amplification. Moreover, other antibogb)-mediated pathways such as
complement activation, antibodalependent cellular cytotoxicittADCC) and/or phagocytosis

may also promote therapeutic effect of convalescent plasma (CP).
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A pseudotypedentiviral-vectorbased neutralization assay to measure specific neutralizing
antibodies (Nabs) in plasma frohealedill personswith severe acute respicay syndrome
coronavirus2 (SARSCoV-2) showed variations in neutralizing antibodies (Nabs) titers,
approximately 30% ol personsdid not develop high neutralizing antibodies (Nabs) titers after
contagion These variations are associated with age, ywoyte (LYM) count, and C reactive
protein (CRP) levels in blood, suggesting that other components from plasma contribute to
healingof theseill persons

In plasma, in addition to neutralizing antibodies (Nabs), there are other protective antibodies
(Abs), including immunoglobulin G (IgG) and immunoglobulin M (IgM). Naeutralizing
antibodies (nofNabs) thatattachto virus, but do not affect its capacity to replicate, might
contribute to prophylaxis and/bealingimprovement.

Shenet al (2020), revealedhat healeddonors from coronavirus disease 2019 (COM®)
contagion had severe acute respiratory syndrome coronairlSARSCoV-2)-specific
antibody (Ab) titers ranging between 1.800 and 16.200 and neutralizing antibodies (Nabs) titers
were between 88nd 480Plasma obtained from donors and transfused in recipients on same day
lead to viral load decreased. After transfusion of convalescent plasma (CP), titers of
immunoglobulin G (IgG) and immunoglobulin M (IgM) in recipients increased in -time
dependenmanner. Moreover, presence of neutralizing antibodies (Nabs) in recipients played
vital role in restriction of viralcontagion Another study evaluated kinetics of severe acute
respiratory syndrome coronavirds (SARSCoV-2)-specific neutralizing antibodies (Nabs)
development during course ibhess. Titers of neutralizing antibodies (Nabs) ilhindividuals
contractedwith sewere acute respiratory syndrome coronavRug§SARSCoV-2) were low
before day 10 pogtiseaséeginningand then increased, with a peak 10 talags after disease

start remaining stable thereafter in gllindividuals.

A report inill individuals with coronavirus disease 2019 (COVI), showed that critically ill
individuals exhibited positivity for antcardiolipin immunoglobulin A (IgA) antibodies as well

as for antib ylycoprotein | IgA and IgG antibodies. This evidence may suggest that
convalesceinplasma (CRgroronavirus disease 2019 (COVI®) may neutralize this type of
autoantibodie$AAbs) reducing odds of suffering from thrombotic events (i.e., antiphospholipid
syndromelike disease), especially in critically iontracted individualsin same line, report of

sick personwith Sjogren's syndromgSjS, SS)and coronavirus disease 2019 (COVIB)
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successfully treated with convalescent plasma (CP) may suppose that this strategy is safe and

efficient in autoimmune conditions.

In addition, some dibodies (Abs) inhibit complement cascade (i.e., C3a and C5a), and limit
formation of immune complexes. A study showed that compleghefidient mice with induced
severe acute respiratory syndrome coronavirus (S&B®) contagionexhibited high viral

titers, secretion of inflammatory cytokines and chemokines, and immune cell infiltration within
lung. These results propose that complement activation widely contribute to systemic
inflammation and migration of neutrophils to lungs, causing tissue damageioAdtstudies

have revealed that immunoglobulin G (IgG) transferred by plasma neutralize cytokines such as
interleukinlbeta (IL1 b)) and tumor-alpme(ENFO)s.i sl atcthors sens:
immunity (P1) by infusion of convalescent plasma (&@®yoravirus disease 2019 (COWIO)

may restrict inflammatory cascade driven by pathogenic antib@dies), as well as cellular
damage stimulated by complement cascade activation in excessive inflammatory conditions.
Antibody-dependent enhancement (ADE) is im@asm in which intensity ofcontagion
increases in presence of preexisting poorly neutralizing antibodies (Nabs), favoring replication of
virus into macrophage@vl 0 )and other cells through interaction wiitagment crystallizable
region (Fcregion)and/or complement receptaf@R). In vitro assays with human promonocyte

cell lines revealed that severe acute respiratory syndrome coronavirus-GARSntibody
dependent enhancement (ADE) was primarily mediated by antibodies (Abs) ag#esiS$
proteins, considerably elevating rate of apoptosis in these cells. This is of major importance in
regions in which coronaviruses (CoVs) are endemic. Vaccines development should take into
account this phenomenon gick individualswith coronavirusdisease 2019 (COVH29), and
administration of convalescent plasma (&€Bjonavirus disease 2019 (COVII) in these areas
should be conducted with caution since antibody dependent enhancement (ADB)isaags
mischievous reaction irsick individuals with active contagion If one suspects of this
phenomenon following convalescent plasma (€#tpnavirus disease 2019 (COVID)
administration, clinicians must soon notify health authorities and assess safety according to
endemic coronaviruses (CoVs) in tlegion.

Theneonatal Fc receptgalsoFcRn,lgG receptor FCRn large subunit p51 Byambellreceptor)

is critical regulator of immunoglobulin G (IgG) hdife. It is important to defin@eonatal Fc
recepto{FcRn) agroteinthat in humans is encoded BZGRTgene It is fragment
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crystallizable(Fc) receptorvhich is similar inconstructionto major histocompatibility complex
(MHC) class Imoleculeand also associates wibketa2-microglobulin (B2M). Other studies
showed similar receptor in huméeings leading to naming as neonatal Fc recef@Rn) In
humans, however, it is found in placenta to hedgetransport of mother's immunoglobulin G
(IgG) to growing fetus. It has also been demonstrated to play roletkingimmunoglobulin G

(IgG) andserum (alb) albumiturnover. Neonatal Fc receptdfcRn)expression is upegulated

by proinflammatory cytokine, tumor necrosis factdpha (TNF-U), and dowrregulated by
interferorgamma [FN-2). This receptor works by preventing degradation and clearance of
immunoglobulin G (IgG) by pingytotic mechanism that allow antibo¢#b) circulation within

cell for its posterior excretion. The neonatal Fc receptor (FcRn) inhibitor rozanolixizumab
demonstrated reduction of immunoglobulin G (IgG) levels in phase 1 study, and it proved to be
critical in intravenous immunoglobulin  (IVIg) catabolism in common variable
immunodeficiencyill persons It has been indicated that saturation of this receptor by
intravenous immunoglobulin (IVIg) may consider as most possible mechanism to clear
autoantibodies(AAb) in autoimmune environments by shortening their lifetime. Whether
antibodies (Abs) play critical role in coronavirus disease 2019 (C@\Dpathogenesis still
remairs to be interpretted, however, saturation of neonatal Fc receptor (FCRn) may offer
addtional immunomodulatory pathway ithpersonsreceiving convalescent plasma (CP).

Fco receptors, i . e. receptors for Fc region
immune cellsand are important in both promoting and regulating imm@sponse (IRand
inflammatoryimmunerespons€lIR) to immune complexed.hese receptors are critical factors

in modulating or inhibiting activity of immune cells, including lymphocyiegM) . Fco recept
activation by immunoglobulin G (IgG) triggersug gul at i on F&€b RE@BRI | B
receptorwhich has been associated with inhibitory effeamtsl whichblocks B cell activation

F c 2 Ri$ theBonly inhibitory Fc receptor. It controls many aspects of immesgonses (IR)

and inflammatorymmuneresponseglIR). It has been presumed that sialylation of this receptor

is critical for inhibitory effects in immune cells. However, study of T helper 17 (Th17) cells in
model ofautoimmune encephalomyelifEAE, a T-cell-mediatecautoimmunealisease of central
nervous system (CNPBrevealed that this process is dispensable for immunomodulatory effect of

intravenous immunoglobulin (IVIighedication Despite these results, convalescent plasma (CP)
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infusion may helpmodulation of immune respongédR) viaF ¢ 0 r e(c Fe g,daml)acsounts

for attention in current treatment of coronavirus disease 2019 (CQV)D

Dendritic cells (DCs), antigenpresentingells(APCs, also known as accessaglls) of
mammalianimmune systemare key regulators of innatmmune response (lIRand work as
specialized antigen presenting cells (AP@s)vitro studies have shown that administration of
intravenous immunoglobulin (IVlg) may abrogate maturation of dendritic cells (2€syell as

reduction in production of interleukib2 (IL-12). Importantly, production of interleukitO (IL-

10) was enhanced. A study found that intravenous immunoglobulin (IVIg) induced production of
interleuin33 (IL-33) thatthereafterexpanded intedukin4 (IL-4)-producing basophils. Another

study considered that intravenous immunoglobulin (IVIg) could induce production of
interleukind (IL-4) and interleukifl3 (IL-13) which correlated with concentrations of
interleukin33 (IL-33). T helper 2 Th2) cytokineme di at ed downr e ¢gathdmart i on o
platelet Fc receptorand interferongamma receptor 2IFN-0 R2cyt opl asmi ¢ b su
interferord  r e c e pot PWwas frdpdsédl to be possible mechanisms for this phenomenon.
Moreover,itwa admi ni stered that i ntr aveaansinanmmunooc
immunoglobulin G (IgG)ksialylation independent manner, which was found critical for reducing
inflammation.

Down regulation ofhuman leukocyte antigen class HIL(A-Il) and cosimulation molecules

such CD86, CD80, and CD40 have been reported in dendritic cells (DCs) after stimulation with
intravenous immunoglobulin (IVIg). It is important to say thatman leukocyte antigen class Il

(HLA-II) molecules, encoded within human majustocompatibility complexXMHC), play

central role in immune respongHR) by presenting peptide antige8gs) to helper (T4+)
lymphocytes. These molecules are expressed on surface of antigen presenting cells (APCs)
such as monocytes, B cells, and dendritic céDd€s). Much worthy is to add thato-
stimulatory moleculeare a heterogenous group of cell surfandeculesthat act to amplify or
counteract initial activating signals provided to T cells from the T cell receptor (TCR) following

its interaction with an antiger(Ag)/major histocompatibility complex (MHC), thereby
influencing T cell differentiation andafe. In ill personswith systemic lupus erythematosus
(SLE)which exhibit high pro-iinflammatory condition, administration of intravenous
immunoglobulin (IVlg) abrogated interferaaipha (IFNU Jmediated maturation. Data presume

that infusion of plasma frorhealedcoronavirus disease 2019 (COVIY®) donors may enhance
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antrinflammatory properties of dendritic cells (DCs), which could be critical in phases of
excessive inflammatory stimuli il personswith coronavirus disease 2019 (COVID).

Despite abiliy of enhancing T helper2 (Th2) cellm interleukin33 (IL-33) in dendritic cells

(DCs), it has been mentioned that intravenous immunoglobulin (IVlg) modulates balance
between CDHCDS8' T cells, as well as inducing proliferation and survival of T regmafTreq)

cells. Management with intravenous immunoglobulin (IVIg) looks to decrease antigenic
presentation of T celigia modulation and inhibition of dendritic cells (DCs). This process was

i ndependent of FCoRI I B, a n dsedoattiiagon of ITeglowas s i n
independent of immunoglobulin G (IgG) sialylation, monocytes or B cells.

Moreover,ill personsmanaged with intravenous immunoglobulin (IVIg) exhibited decrease in T
helper (Thl) cells and low concentrations of interfeggnma (IFN-0 ) and tumor ne
factoralpha (TNFU) wi t h el evation of T hel petr(i24)( Th2)
and interleukinl0 (IL-10). Clinically, it has been observed thihtpersonswith Influenza A

(H1N1) managed with convalescent plas (CP) demonstrated decrease in interlegk(ii-6)

and tumor necrosis factatpha (TNF U) with el ev-Bt(L-BOp Thismoost nt er |
concept of an aninflammatory effect of convalescent plasma (CP) in individuals with acute

viral contagions

Cytotoxicity is also regulated by administration of intravenous immunoglobulin (IVIg). A study
presented thaill personswith chronic inflammatory demyelinating polyneuropathy (CIPD)
managed with intravenous immunoglobulin (1VIg), exhibitedrdase in CD8T cells with high
concentrations of CD4T effector memory and T central memory cells. In another study,
intravenous immunoglobulin (IVIg) waaffirmedto reduce activation of CD8 cells correlated

with a T-cell receptor(TCR) blockade, ths reducing interaction between effector and target
cells. A study demonstrated that in individuals experienced Kawasaki digk&sean
inflammatoryillness in arteries, veins, and capillajiea high proportion of CD8cellswas
correlated with resistae to intravenous immunoglobulin (1VIg), thus presuming that these cells
could be taken into account a predictive factor for intravenous immunoglobulin (IVIg) response.
Studies have administered that intravenous immunoglobulin (IVIg) decreases protifefalio
helperl7 (Th17) cells, as well as decreases production of inted&dRirfIL-17A), interleukin

17F (IL-17F), interleukin21 (IL-21), andchemokine (GC motif) ligand 20 (CCL20) [also called

liver activation regulated chemokine (LARC) or Macrophagammatory Proteir8 (MIP3A)).
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In another study, intravenous immunoglobulin (IVIg) were observed to modulate Thelperl7/T
regulatory (Th17/Treg) ratio which is related to recurrent pregnancy ltassunderstood that
convalescent plasma (CP) may function in a similar way in individu#iscoronavirus disease
2019 (COVIDB19).

B cells are critical in adaptivi@cquired or specifigmmurity via production of antibodies (Abs)

and cytokines. Inll personswith demyelinating polyneuropathynflammation of nerve roots

and peripheral nergeand destruction of the fatty protective covering (myelin sheath) over the
nerves) administration of intravenous immunoglobulin (IVIg) exhibited overexpression of
FcoRII B receptors on B cell s. | nt-ikereceppo®u s i mmn
(TLR-9)-dependent B cell responses. This was combined with intravenous immunoglobulin
(IVlg) inhibitions of nuclear factor kapphght-chainenhancer of activated B cel(f\F-2 B )
signaling pathway, decrease in CD25 and CD40 expression, and redudedkirié (IL-6) and
interleukin10 (IL-10) secretion by B cells. This process looks to be regulat&tdiyomology

2 (SH2) domaiincontaining phosphatase Tyrosineprotein phosphatase noaceptor type 6,

also known a$rc homology region 2 domatgontaining phosphatade(SHR1), is
anenzymethat in humarbeingsis encoded by TPN6gene Tyrosineprotein phosphatase non
receptor type 6, also known 8sc homology region 2 domasontaining phosphatage(SHP

1), is anenzymethat in humarbeingsis encoded byhe PTPN6gene Protein encoded by this
gene is member of protein tyrosine phosphata@®TP) family. protein tyrosine
phosphatasgPTPs) are known to be signaling molecules that regulate variety of cellular
processes including cell growth, differentiation, mitotic cycle, and oncogenic transforniation.
terminalpart of thisprotein tyrosine phosphata@eTP)contains two tandem Src homoldgH2)
domains, which act as protein phosgifimsine binding PTB) domains, and mediate interaction

of this protein tyrosine phosphata@@TP) with its substrates. Thigprotein tyrosine
phosphatas@PTP) is expressed primarily rematopoieticells and functions as an important
regulator of multiple signaling pathways in hematopoietic cells.

Proliferation and survival of B cells is mediated by the Bi eelfivating factor (BAFF), which is
member of tumor necrosis factFNF) family, and this protein is best known for its role in
creation and maintenance of healthy B cells, while excessivigiion of it is often linked to
autoimmune conditionsA worthy study showed that intravenous immunoglobulin (IVIg)

contained neutralizing antibodies (Nabs) for Biaattivating factor (BAFF). This could explain

108


https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Protein_tyrosine_phosphatase
https://en.wikipedia.org/wiki/Protein_tyrosine_phosphatase
https://en.wikipedia.org/wiki/Protein_tyrosine_phosphatase
https://en.wikipedia.org/wiki/N-terminal
https://en.wikipedia.org/wiki/N-terminal
https://en.wikipedia.org/wiki/Protein_tyrosine_phosphatase
https://en.wikipedia.org/wiki/SH2_domain
https://en.wikipedia.org/wiki/Protein_tyrosine_phosphatase
https://en.wikipedia.org/wiki/Protein_tyrosine_phosphatase
https://en.wikipedia.org/wiki/Protein_tyrosine_phosphatase
https://en.wikipedia.org/wiki/Hematopoietic

decrease in proliferation, as well as el®d rates of apoptosis of B cells. Regarding latter
process, it was found that afas (aniCD95) antibodies, present in intravenous
immunoglobulin (IVIg) preparations, trigered apoptosis in B cells.

In dendritic cells (DCs), downregulation of costintaoly molecules following administration of
intravenous immunoglobulin (IVIg) has been recognized. This is similar to B cells which showed
reduction in antigemresentation activity secondary to immunoglobulin G (IgG) internalization,

in concordance with deeased interleuki (IL-2) secretion by T cells. In addition, intravenous
immunoglobulin (IVIg) administration modulatesdll receptor (BCR) signaling. It was found

that interaction between-&ell receptor (BCR) and CD22 resulted in deregulation oftyrosine

(Tyr) phosphorylation of Lyn and the-&ll linker proteins which resulted in a sustained
activation ofextracellularsignatregulated protein kinase (Erk)j2 and arrest of the cell cycle at

the gap lphase (G/1 phasa)d thus leading téor immunomodulation of the inflammatory
response in coronavirus disease 2019 (COY#) secondary to convalescent plasma (CP)
administration However,it is important to say thdtyn is nonreceptor tyrosingrotein kinase
transporting signals from cell surfaceceptors and plays a notable role in regulation of innate
and adaptive immune responses, hematopoiesis, responses to growth factors and cytokines,
integrin signaling, but also responses to deoxyribonucleic acid (DNA) destruction and genotoxic
agents. It ats principally as negative regulator, but can also serve as activator, depending on
context. It is necessary for beginning ofc8ll response, but also for its dowegulation and
termination. It plays a noticed role in regulation otél differentiation proliferation, survival

and apoptosis, and is crucial for immune $elérance.In addition, it is important to mention

that activation of extracellulasignatregulated protein kinase (Erk) is centralgmwthfactor
receptormediated signaling including that originating from T cell antigen recgfiiGR). It
integrates cytoplasmic signals to effect changes in transcription associated with differentiation,
proliferation, and survival. Extracellulaignalregulated protein kinase (Erk)1/2 constitute a
focal point of MARKinasepathway signaling in mammalian cells. These two highly
homologous serirthreonine kinases are activated by tyrosine (Tyr) and threonine (Thr) dual
phosphorylation and, in turn, br@ast this activation to both cytoplasmic signaling complexes
and nuclear transcription factors.

Reports suggest production of antiphospholipid antibodi®BAs) in ill persons with
coronavirus disease 2019 (COVID) together with antiphospholipikke syndrome(APS), and
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regulation of this cascade could be critical to avoid deleterious outcomes in these gilbup of
persongi.e., thrombosis, disseminated intravascular coagulopathy (DIC)].

Major immunological factor suspected to be associated with infiamand lungdestruction

in coronavirus disease 2019 (COVID) is activation of macrophageM (i ) It has been
supposed thatill persons with coronavirus disease 2019 (COVI®) may experience
macrophage activation syndrotikee disease associated to at@ immune migration to lung
tissues. In this context, inhibition of this immunological pathway may help to control excessive
cytokine production and prevent pulmonary damage (i.e., fibrosis). This was supported by study
of BlancoMelo et al. (2020) who ilustrated an up regulation of chemokines for innate immune
cells in ferrets as well as in individuals suffering from coronavirus disease 2019 (CI®Y.ID
Interestingly, results indicated that this scenario mainly occurred in fdays postontagion
whereas at day 14th, other cytokines such as interleukii-6) and interleukirl (IL-1)
persisted activated.

It was found that macrophaged @ )treated with intravenous immunoglobulin (IVlg) showed
increased production of interleukir® (IL-10), with decease in interleukii2 (IL-12)/23p40,

thus suggesting induction of amiflammatory macrophage@Au )profile. Although there is no
proof of macrophage M 0 )pulmonary migration inhibition by intravenous immunoglobulin
(IVIg), a study on induced peripheral neurotoxicity showed that this treatment reduced nerve
macrophageM U )infiltration in rats. These observations deserve attention in thfiseted
personsmanaged with convalescent plasma (EC@&)pnavirus disease 2019 (COVID) since

they may consider for positive results encountered in criticallpdaisonswith coronavirus
disease 2019 (COVH29). In this line, it is advised for convalescent plasma {C&pnavirus
disease 2019 (COVH29)administration in early stages iihessesto prevent innate immune
cells migration and avoid lung damage.

8. Altered Biomarkers Levels in COVID-19 Infection

Biomarkers, such high serum procalcitonin (PCT) and tiertiave alsodysplayedas bad
prognostic factors. Moreover, blood hypercoagulability is common ashongspitalized
coronavirus disease 2019 (COVID) sick personsHigher DDimer (DD) concentrations are
consistently recorded whereas their gradual ina®e duringillness course isparticularly
correlated with illness worsening. Other coagulation abnormalities sugnottsombintime
(PT) andactivated partial thromboplastin time (aPTT or APPpIglongation, fibrin degradation
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products elevate, with sene thrombocytopenia lead to lifareatening disseminated
intravascular coagulation (DIC) which necessitates continuous vigilance and prompt
intervention. Coronavirus disease 2019 (COMI®) contractedcaseswhatever hospitalized or
ambulatory are at higlseriousnesgor venous thromboembolism (VTE)and an early and
prolonged pharmacological thromboprophylaxis with low molecular weight hefidviliVH)

which is a class of anticoagulant medicatiaa$ighly recommenable

Coagulationdisturbancesare relatively often encountered among coronavirus disease 2019
(COVID-19) contracted individuals particularly amongt those with severallness In a
multicenter retrospective study during first two monthgpestilencein China, 260 out 0660
contracted subject§46.4%) with laboratoryaffirmed coronavirus disease 2019 (COVID)
contagionhad elevated Bl i me r ( DD) (00.5 mg/ L), wher eas
amongt severecontracted subject69.6% versus 43.2% for neaevere onesD-dimer (DD)
dynamics can reflecteriousnessnd their elevated levels are correlated with adverse results
among ill persons with communityacquired pneumonia (CAP), which s
definedaspneumoniahat is acquired outside hospitélevated ddi mer ( DD) (> 1. 5
detected in 36% afl personsin a descriptive study of 99 coronavirus disease 2019 (CE&ID
affected subjectsn Wuhan, China. Another retrospective study in China comprising 41 subjects
revealed that Blimer (DD) and prothrombin time (PT) levels were elevated notably on
admission among subjects requiring intensive care unit (ICU) support. Ifouad thatill
persongequiring intensive care unit (ICU) management had considerably higden&s (DD)

in comparson with lessseriouscases. Affected individuals presenting with cardiac injury in
context of coronavirus disease 2019 (COMI®) contagionare more prone to coagulation
disturbancesin comparison with those without cardialinesses Sick personswith high
troponinT (TnT) concentrations may show more often higher prothrombin time (PT), activated
partial thromboplastin time (APTT), and-ddmer (DD) levels. A study presented that among
201 sick personsvith coronavirus disease 2019 (COVID) pneumonia, icreased prothrombin
time (PT) was relatedo increased risk of acute respiratory distress syndrome (ARDS), and
additionally increased concentrations ofdiner (DD) were significantly correlated with
increased risk of acute respiratory distress syndrorRbD@) anddeceaseDifference in median
concentrations of Blimer (DD) between survivors and nearvivors was larger than that

between acute respiratory distress syndrome (ARDS) and acute respiratory distress
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syndrome (ARDS) groups, which might suppabat disseminated intravascular coagulation
(DIC)-related complications may have led subsetaftracted persorte deceaséndependently

of acute respiratory distress syndrome (ARDS). In a multicenter retrospective cohort study from
China, elevated ®i mer ( DD) <concentrations (>1egg/-mL) we
hospital deceasdn multivariable analysis. In another retrospective study encompassing data
from 183 consecutiveick personswith coronavirus disease 2019 (COVID), nonrsurvivors

had considerably higher-Bimer (DD), fibrin degradation products (FDP) levels, and prolonged
prothrombin time (PT) andctivated partial thromboplastin tinfePTT, also known gzartial
thromboplastin tim@TT) in comparison with suivors at initial assessment. Blate
hospitalization, fibrinogen and antithrombin (AT) concentrations were also noticeably lower in
non survivors. Of -survivdrseversus 0.6% o¥ surviviofs fuldilled cimicah
criteria for disseminated irgtvascular coagulation (DIC) during illness couMedian time from
admission to disseminated intravascular coagulation (DIC) manifestation was 4 days (fange: 1
12 days). Therefore, it is indicated thatdiner (DD) elevation and disseminated intravascula
coagulation (DIC) may be commonsitk personsvith severe form of coronavirus disease 2019
(COVID-19) contagion Scoring system for compensated and overt disseminated intravascular
coagulation (DIC) endorsed by International Society on Thrombosis antb$tasis should be
followed for early disseminated intravascular coagulation (DIC) identificatidenous
thromboembolisnfVTE) risk in hospitalized coronavirus disease 2019 (COYf) infected
persongs an emerging matteRate of symptomatigenous thomboembolisn{VTE) in acutely

ill hospitalized medicalll subjectsraises up to 10%. Prolonged immobilization durithgess
dehydration, an acute inflammatory state, presence of other cardiovascular (CV) risk factors [i.e.,
hypertension (HTN), diabetemellitus (DM), obesity] or cardiovascular diseasgVvp, i.e.,
coronary artery disease (CAD), history of ischemic stroke or peripheral artery diB&d3g,
previous history ofvenous thromboembolis(WTE) and classical genetic thrombophilia, such

as hetrozygous Factor V Leiden mutation are common comorbidities in hospitalized
coronavirus disease 2019 (COVID) infected subjects which possibly increaserenous
thromboembolisnfVTE) risk. Possibility of endothelial cell activation/damage due to virus
attachmentto angiotensirconverting enzyme2 (ACE2) receptor may further increase venous
thromboembolism (VTE)gravity. Release of large amount of inflammatory mediators and

application of hormones and immunoglobuli®&) in severe or critically illinfected persons
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may lead to increased blood viscosity. Furthermore, mechanical vent{lsiti9n central venous
catheterization, and surgery may promote vascular endottigsfiinction (VED) Combination

of all above factorsnay lead to deep vein thrombosis (DVT) occurrence or even possibility of
lethal pulmonary embolism (PE) due to thrombus migration. Thus, facing such venous
thromboembolism (VTE)hazard application of pharmacological thromboprophylaxis is
mandatory in hosfalized coronavirus disease 2018QVID-19) sick personsin this context,
venous thromboembolism (VTE) risk increase must be evaluated in all acutéhedted
personsadmitted to hospital, and thromboprophylaxis should be given to all theseiskgh
infected personsccording to current clinical practice guidelines. In coronavirus disease 2019
(COVID-19) infected individualswith clinical manifestations of sudden deterioration of
oxygenation, respiratory distress, or hypotension is of major impertiorcimprovement of
clinical outcomes. Although published data are very limited, it looks reasonable that D dimer
(DD) estimation as well as kinetics of their increase could offer useful information for research
of deep vein thrombosis (DVT) and/or pulnaoy embolism(PE), along with recommended
imaging techniques such as ultrasound venous-Bdppler or bedside echocardiography. A
small study in 25 pulmonary embolism (PE) suspediegersonsexplored with computed
tomography pulmonary angiography (CTP&dministered that those witkffirmed pulmonary
embolism (PE) had fimer (DD) concentrations higher than 7000 ng/ml compared to those

without pulmonary embolism (PE) with significantly lowerdimer (DD) concentrations.

Low molecular weight heparins (LMWH), or unfractionated heparin (UFH) should be preferred
over direct oral anticoagulants (DOACS) due to possible-drug interactions with concomitant
antiviral (especially artHIV protease inhibitors such as ritonavahd antibacterial (such as
azithromycin) treatment. Such therapies interfering wyttochrome P450 family 3 subfamily A
member 4 (CYP3A4)nd/or P-glycoprotein (Pgp) pathways may increase bleeding risk or
reduce antithrombotic effect in case of direal@nticoagulant (DOAC) use. In a retrospective
Chinese study, involving 449 severe coronavirus disease 2019 (CDdylibfected persons
Wuhan, low molecular weight heparin (LMWH) administration ansbmgfected personsvith
noticeably elevated fdimers(DD) or in those meeting criteria for sepsisluced disseminated
intravascular coagulation (DIC) was considerably associated with improveidy2®verall
survival. Moreover, clinicians should routinedgsessll coronavirus disease 2019 (COVID)

infected personsinder heparin treatment for indices of hepamohuced thrombocytopenia (HIT)
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syndrome performing 4T score (thrombocytopenia, timing of platelet count fall, thrombosis or
other sequalae, other causes for thrombocytopenia). Although hephred thrombocytopenia

(HIT) incidence in this patient group has not been determined yet, there is possibly increased risk
due to immune deregulation and massive inflammatory syndrome induced bgovitagion

with significant neutrophil extracellular tragNETS) and platelet factor 4 (PF4) release.

Hematological changes are commorsick personsvith coronavirus disease 2019 (COVID),

which involve decreased lymphocyeYM) count and platelet count but normal white blood

cell (WBC) count. A study indicated that prolonged activated partial thromboplastin time
(@PTT), 26% had elevated-8imer (DD) concentrations, and mastk personshad normal
prothrombin time (PT). Of sevesick personsn University of Hong KongShenzhen Hospital
(Shenzhen, Guangdong province, China), two had thrombocytopenia, and two had elevated D
dimer (DD) concentrations. A study involving 1099 personsfrom 31 provinces/direet
controlled municipalies in China revealed that 82.1% itbfpersonshad lymphopenia, 36.2%

had thrombocytopenia, and 33.7% had leukopenia. These laboratory miatkebancesvere

more considerable in severe illness cases. In 13 patients from 3 hospitals in Beijing, 72.5%
experienced thrombocytopenia. Statistics fromiklpersonsin designated hospital in Wuhan
demonstrated that 5% oll personshad thrombocytopenia on admission. In modected
persons platelet count did not reduce to concentration at which bleedingrsocelowever,

mechanisms by which this coronavirus (CoV) interferes with hematopoietic system are unclear.

A study presented results from various provinces in China, interesting biochemical findings were
described; @eactive protein (CRP) was elevated 60.7% of infected personselevated
procalcitonin (PCT), which may also be suggestive of secondary bacterial inf¢Stin
complicating clinical course of coronavirus disease 2019 (CEMJ) was present in 5.5% and
elevated lactate dehydrogenase (LD#%1% ofinfected persondViore severénfected persons
exhibited more noticeable increase in comparison with thesavere ones [81.5% versus 56.4%

for C-reactive protein (CRP), 13.7% versus 3.7% for procalcitonin (PCT) and 58.1% versus
37.2% for lactag dehydrogenase (LDH)]. Accordingly in a retrospective cohort study including
191 sick personsvith coronavirus disease 2019 (COVID) from Wuhan, China, nesurvivors,

as compared with survivors, presented mostly with elevated lactate dehydrogenase (LDH)

elevated procalcitonin (PCT), high serum ferritin levels and higher interkéukib-6). In a
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notable study 40% ahfected individualshowed higher lactate dehydrogenase (LDH). Elevated
lactate dehydrogenase (LDH) has been combined also with higikeofriacute respiratory
distress syndrome (ARDS), intensive care unit (ICU) support dewtaseacross published
studies. Elevated -@active protein (CRP) has been bound to disadvantageous aspects of
coronavirus disease 2019 (COVID) contagion such asacute respiratory distress syndrome
(ARDS) development, elevated tropofiin(TnT) concentrations and myocardial injury, and
deceaseA metaanalysis of four published studies showed that elevated procalcitonin (PCT)
levels were correlated with aboutf&@d higher risk of severeontagion Regarding ferritin, a
study showed that elevated serum ferritin was correlated with acute respiratory distress syndrome
(ARDS) development; trend of association with survival did not reach significance. At their
univariate analysis, it was supported association between elevated serum ferritin levels and
deceasebut no multivariate analysis was presented. An outstanding biomarker for coronavirus
disease 2019 (COVH29) course is interleukif (IL-6). In study by Chert al (2020) 52%
(51/99) of affected individualshad higher interleuki® (IL-6) concentrations at admission.
Elevated interleukifé (IL-6) concentrations have been bound to increased rislec#aseand

gradual increase during hospitalization has been reporteonsurvivors.

Coronaviruses (CoVs) can infect bone mar(@m) cells, leading to abnormal hematopoiesis. It

is considered that severe acute respiratory syndrome coronrav{®8RSCoV-2) similarly
obstacles hematopoiesis in bone marr@M) through certain receptors to cause reduced
primary platelet formation and develop thrombocytopenia. secondary hemophagocytic
lymphohistiocytosis (sHLH) is resulted from excessive proliferation and activation of
mononuclear macrophage system, in whichdargmber of inflammatory cytokines are secreted
and large number of blood cells are swallowed. This reaittinesshas rapid response with high
deaths and its basic characteristics involve persistent fever, hyperfer(ategecalled siderosis,
excess biron in blood,) cytopenia(i.e., reduction in number of mature blood cellahd lung
involvement. In retrospective analysis of 1&@ected individualsvith coronavirus disease 2019
(COVID-19) in Wuhan, China, it was found that increased ferritin w@s of predictors of
deceaseAfter analyzing blood samples of 33 severe and critical type coronavirus disease 2019
(CoviD-19)ill i ndi vi dual s, Wei Hai mingébs team present
syndrome coronavird® (SARSCoV-2) contagion T cells were overactivated to produce

granulocytemacrophage colongtimulating factor (GMCSF) and interleukéh (IL-6).
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Granulocytemacrophage colongtimulating factor (GMCSF) induced CD14+ CD16+,
inflammatory mononuclear macrophages to produce morelenkan6 (IL-6), and other
inflammatory factors, thus forming inflammatory storm and resulting in immune damage to
lungs and other organs. Thisiéenticalto clinical manifestation and laboratory examination of

ill personswith secondary hemophagocytiaiphohistiocytosis (sHLH). Moreover, studies have
shown that cytokine spectrundentical to secondary hemophagocytlgmphohistiocytosis
(sHLH) is related to these verity of coronavirus disease 2019 (CQW9)Dillness. It is
considered that after cytokiretorm, hematopoietic progenitor cells in bone mar(®Mm) of

sick personsvith pneumonia infected by severe acute respiratory syndrome CoroR2vireise
destroyed, primary production of platelets reduced, and at the same time, too many blood cells
were svallowed, which resulted in decrease of peripheral blood platelet déraufhas shown

that large number of megakaryocytesich arelarge multinucleated cells of bone marrow (BM)
dynamically secrete platelets during pulmonary circulati®ersistent hypertension (HTN) and
oxygen toxicity exacerbate lung injury, leading to consolidation changes such as fibrosis.
Damaged pulmonary capillary beds cause the process of megakaryocyte rupture and platelet
secretion to be blocked, which impacts reéion of platelets into pulmonary circulation and

indirectly causes decreased platelet synthesis in systemic circulation.

It is advised thasick personsvith excessive activation of inflammatory response, recommended
dose of glucocorticoid can be usedsinort period of time. This is consistent with studies to
improve thrombocytopenia. Reverse transcriptase inhibii8Es, a class of antiretroviral
drugy are effective in therapy of human immunodeficiency virus (H&lated
thrombocytopenia. For exangpl zidovudine increased platelet synthesis. Furthermore, drug
promotion of megakaryocyte synthesis can increase platelet syntieesf shows that
chemokine CXCR4 can be expressed in megakaryocytes. Because severe acute respiratory
syndrome coronavird®8 (SARSCoV-2) and human immunodeficiency virus (HIV) are both
ribonucleic acid (RNA) viruses, reverse transcriptase inhib{{@ids) and chemokine receptor
antagonistgantiviral agentsynay improveillnesscourse of coronavirus disease 2019 (COVID

19). At the same time, it is supposed that Shenmai injection can be used to manage
immunosuppression in therapy of traditional Chinese medicine (TCM) in Shenmai injection has
a scavenging effect on all kinds of pathological substances. It can improve antitoaganal

thrombocytopenia isick individualswith coronavirus disease 2019 (COVID) efficiently. In
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addition, immunotherapy scheme of monoclonal antib@adgb or moAb) drug topirazumab+
routine therapy is also enrolled in Diagnosis and Treatment Protocol for CQYIDTrial
Version 7) as valid option treating severe and critical ill coronavirus disease 2019 (dOYID
infected personMonoclonal antibody(mAb or moADb) against interleuki¥6 (IL-6) receptor
tocilizumab can efficiently block coronavirus disease 2019 (COIAD inflammatory storm,

thus improving prognosis of ill individuals.

Coronavirus disease 2019 (COVI®) may increase concentrations of autoantibo(hesB)

and immune complexekgading to particular destruction of platelets by immune system. A study
reported that phenomenon of immemediated thrombocytopenia in subjects infected with
human immunodeficiency vires (HIV-1) is widespread. Although pathogenesis is unknown,
this was proven to be associated with circulating immune complexes containing platelet
membrane components and golatelet membrane GPIllla4%6 IgG antibodies. Anfplatelet
membrane GPIll1a486 IgG antibodies can crossact with the HIVIGP 160/120 antigen.
Antibodies(Abs) and immune complexes deposited on surfaces of platelets will be recognized
by reticuloendothelial cell§RECs) and platelets will be destroyed as target tissues, causing
excessive platelet destruction. Platelets with similar antigdgs) may be coated by anti
platelet antibodies and immune complexes, which may result in immedeated damage.
Furthermore, antibodies (Abs) produced during vicahtagion may specifically attach to

antigengAgs) on platelets through molecular mimicry, l@agito increased platelet destruction.

9. Chest Computed Tomography Scan

Chest radiographfalso known agshest xray or CXR) and chest computed tomography (CT) of
infected individuals show bilateral lung involvement; findings may differ accordintintss

stage, patient age, and immune status at time of imaging. With computed tomography (CT)
scanning using thinner layers revealedthickening ofinterlobular septavhich aredelicate
strands of connective tissue separating adjacent pulmonary acini and primary pulmonary lobules
which are part of acinus thatomprisesalveolar ducts, sacs, and alveoli but does not
involve respiratorybronchioles High-resolution computed tomography (HRCT) revealed small,
honeycomHike condensation of interlobular septa in a study ofidfected subjectsThe
resolution of radiographic examination was not as good as that of computed tonyo(cd)

imaging, which revealed grourglass opacities (GGOs) with fuzzy edges iimfécted persons
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Songet al (2020) described chest computed tomography (CT) observationsilhpgtsons
infected with severe acute respiratory syndrome corona2i{ARSCoV-2), including pure
groundglass opacities (GGOs) in 77%, grougldss opacities (GGOs) with interstitial and/or
interlobular septal thickening in 75%, and growgldss opacities (GGOs) with consolidation in
59% of cases. More consolidated lungjées were found iill personsaged O50 year s c«
with youngerill individuals. Kanneet al (2020) concluded that chest computed tomography
(CT) imaging findings are key focus points for radiologistsiak individualswith severe acute
respiratorysyndrome coronavird® (SARSCoV2) contagion It was definedusual computed
tomography (CT) imaging findings, which incorporated consolidative pulmonary opacities and
bilateral pulmonary parenchymal grougthss opacities (GGOs). However, computed
tomograghy (CT) imaging also depicts peripheral lung distribution and, occasionally, rounded
morphology. On the basis of computed tomography (CT) imaginggtdh (2020) described 5
stages according to body condition during vcahtagionand time ofillness onset.Ultra-early

stage has no clinical manifestations and negative laboratory investigation results, but positive
results for severe acute respiratory syndrome corona2i({ARSCoV2) is seen when throat
swabs are examined. Chest computed tomography (CT) ngnatparacteristics include dotted
focal groundglass opacities (GGOSs) or single or double focal greylads opacities (GGOs),
patchy consolidation, and nodules positioned in central lobule area enclosed by patchy ground
glass opacities (GGOd}arly stagewhich refers to phases aB8ldays aftebeginningof clinical

signs and symptoms, is characterized by fever and dry cough, among other symptoms. Chest
computed tomography (CT) imaging features involve single or numerous agglomerated or
scattered patchygroundglass opacities (GGOs) segregated by -Gkl condensed or
honeycomHike interlobular septaRapid progression stage occurs approximatelydays after
beginningof clinical signs and symptoms. Pathological signs and symptoms include fibrous
exudation attached to every alveolus throughout Halgeolar space, creating fusion situation.
Chest computed tomography (CT) imaging characteristics involve pulmonary consolidation with
air bronchogram.Consolidation stage occurs approximatehl5 days a#r appearance of
clinical signs and symptoms. Chest computed tomography (CT) imaging reveals numerous
patchy pulmonary consolidations of lower density and range is then observed in rapid

progression stage. Finally, dissipation stage occurs at approxini4t@ly days. This stage is
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observed aftebeginningof clinical signs and symptoms, and chest computed tomography (CT)

imaging characteristics involve strfe opacity and patchy consolidation.

10.Renin Angiotensin Aldosterone System

In human physiologypeptides are degraded by limited number of-specific extracellular
enzymes known gsepidasesor proteasesThese arenembrane proteinsactive sites of which
faceextracellular spac&endopeptidases cut within peptide chain, whkepeptidaseeleaseC-

or N-terminalamino acidsAngiotensinconverting enzymes (ACEs)are exopeptidases
(carboxypeptidases)comparatively particular to amino acids (AAs) surrounding cut site,
although these may be common to several peptides. It is therefore important to be aware that
given peptidase is not as such specific to given pepAdgiotensinconverting enzyme

2 (ACEZ2) is an enzym (carboxypeptidase) mainfgund in membrane, circulating forms being
created by enzyme splicing of membrane anchor; it is homologous to angiatengarting
enzyme (formerly simplknown as ACE but now better denoted ACEL1) first described in 2000
Angiotensinconverting enzyme PACE2) downregulaesreninangiotensin systenfRAS)and

acts as deactivator ahgiotensin II(Angll) , converting it into angiotensifl-7), an active
peptide with opposite properties to angiotensin Il (Ang Beveral animal studies showed that
angiotensin(1-7), by attaching to  mitochondrial assemblseceptor (MasR),
inducedvasodilatatiorand showed anfibrosis and antinflammatory properties. Angiotensin Il
(Angll) is also deactivated yminopeptidasevhich converts angiotensin Il (Ang |I)
into angiotensin 1] (Ang ), which induces vasodilatation and
increasesatriuresisandbradykininby preferentiahttachingto angiotensinl receptordAT2RS)

with 30-fold greater affinity than for angiotensin | recept@d 1Rs) Angiotensiaconverting
enzyme 2 (ACE2) also convedsgiotensin T Angl, also known as angiotens(t-10)] into
angiotensin(1-9) [Ang(1-9)], of not knownaction, which is further converted into angiotensin
(1-7) [Ang(1-7)] by angiotensirconverting enzyme 1 (ACE1Renin angiotensin aldosterone
system (RAAS) can thus be divided into activator system comprising classical and historical
angiotensin 1I/ACE1/AT1R/aldosterone pathway, and an inhibitor system comprising
angiotensin(1-7)/ACE2/MasR pathway, the latter able both to deactivate angiotensin Il (Ang Il)
and counter its effect®harmacology of angiotensiii-7)/ACE2/MasR pathway, igontrast to

angiotensin II/ACE1/AT1R/aldosterone pathway, has been little explored, but sewteoin
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studies showed beneficial cardiovascular (CV) impact when activated, potentially involving
cyclic guanosine monophosphate (cGMé&gvation. Angiotensitonverting enzyme 2 (ACE2)

has also been reported to interact vaitigiotensinl receptoAT1R), targeted byngitensin I
receptor blocker6ARB). Angiotensin Il receptor blocker¢ARBS) counter angiotensinl
receptofAT1R)-mediated effects of angiotensin Il (Ang Il), thus inducing angiotensin Il (Ang
II) liberation; in response to this increase in angiotensin 1l (Ang II), they thus increase
angiotensirconverting enzyme 2 (ACE2) expression. Angiotertginverting enzye 2 (BE2)
seems to be expressed by cells of various organs, including heart, kidney, vessels, digestive
tract,testiclesENT region(i.e., areas in ear, nose, and thycand lung.

Angiotensinconverting enzyme 2 (ACE2) is human homolog of angiotecsinverting enzyme
(ACE), composed of 805 amino acid®As) including 17amino acid Nterminal signal
sequence and-@rminal membrane binding domaand hydrolyzes angiotensin Il (Ang Il) into
angiotensinll7 [Ang (1-7)]. Angiotensin Il (Ang 1) major component of ACE/Ang

[I/AT1(angiotensin Il type 1) axisllows vasoconstriction, contributes to cell proliferation, and
keepshydro-salinity balance. Angiotensin-4 [Ang (1-7)] is endogenous ligand for G protein
coupled receptor MagGPCR Mas)and particularly inhibits angiotensin 1l (Ang II) by the
antagonism of agiotensin Il type 1 receptofAT1RS), which is regarded as a key modulator of
the human renkangiotensin system (RAS). Moreover, angiotensin [[Ang(1-7)] enhances

vasodilation, protects heart and alleviates metabolic syndiigiae

To enter and infectells,coronavirus (CoV) has to recognize [via their spike (S) surface
glycoproteir} and toattachto amembrane receptda transmembrane proteimediatesignal
transductiorfor cellular responses to extracellular stimulihis depends on prior activation of
spike (S) protein by human proteases includiagsmembrane protease, serinelRIPRSS2).
As amembrane enzymeith extracellular domain, angiotensionverting enzyme 2 (ACEZ2)
seems to providenteranceinto human cells of coronavirus disease 2019 (COY®), and
therefore acts as a receptor $ewvere acute respiratory syndrome coronax@SARSCoV-2) .
Precise identification afevere acute respiratory syndrome coronax@rSARSCoV-2) spike
(S) glycoproteins and their angiotensionverting enzyme 2 (ACE2) binding site shows the
latter to be identical to that of severe acute respiratory syndrome coronavirus {S&RS
despite the two viruses beindistinguishedand showing no more than 80% homology.

Moreover, affinity of severe acute respiratory syndrome coronafir(SARSCoV-2) for
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angbtensinconverting enzyme 2 (ACE2) is greater than that of severe acute respiratory
syndrome coronavirus (SARSoV). This spike (S) protein activation byansmembrane
protease, serine ZI'KIPRSS2) followed by severe acute respiratory syndrome corondvirus
(SARSCoV-2) attachingto extracellular domain of membrane angioterggnverting enzyme 2
(ACEZ2) explains how the viruattachedo and penetrates cell. Conversely, circulating soluble
angiotensirconverting enzyme 2 (ACEZ2), while it caattach to severeacute respiratory
syndrome coronavird2 (SARSCoV-2), is unable to induce cetlontagion Experimentally,
antibodies (Abs) targeting severe acute respiratory syndrome coronavirus-(3ARSeem

also to block severe acute respiratory syndrome coron&ir(8ARSCoV-2) binding to
angiotensirconverting enzyme 2 (ACE2), supposing potential therapeutic strategies, noticeably
by repositioning certaiprotease inhibitoréPIs).

Certain invitro studies reported positive correlation between membrane expression and/or tissue
activity of angiotensirconverting enzyme 2 (ACE2) andsk of coronavirus disease 2019
(COVID-19) contagion. In addition, byattachingto angiotensirconverting enzyme 2 (ACE2),
virus induces decrease in angiotensomverting enzyme 2 (ACE2) tissue activity, thus
aggravating coronavirus disease 2019 (COXE}induced inflammation in organs such as,
considerably, lung. A study reported reduced membrane expression of angiotenarting
enzyme 2 (ACE2) in mouse lung following severe acute respiratory syndrome coronavirus
(SARSCoV) administration, conconaht with respiratory impairment In this context,
administration ofingiotensin Il receptor blockéARB) (losartan) improvedespiratory function
perhaps by restoring angiotensionverting enzyme 2 (ACE2) membrane expression and tissue
activity. Thus, level of angiotensitonverting enzyme 2 (ACE2) membrane expression and/or
tissue activity may influencstartof coronavirus disease 2019 (COVID) contagionand thus
hazardof developing more severe inflammatory tissue injuries. Likewise, in recent retrospective
study of 175 Chinese coronavirus disease 2019 (CQ¥Dsick personsrequiring hospital
admission, 62% showedt/pokalemiai.e.a low level of potassium (K in blood serumwhich
authors explained by altered angiotensin(Ang 1) deactivation by shift in angiotensin
converting enzyme 1 (ACE1l) / angiotensionverting enzyme 2 (ACE2) balance [reduced
angiotensirconverting enzyme 2 (ACE2) tissue activity under coronavirus disease 2019
(COVID-19)] in favor of angiotensiweonverting enzyme 1 (ACE1) , thus

inducingaldosteronesynthesis and hypokalemia occurcen If this hypothesis is
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affirmed mineralocorticoid regptorblockers(MRBs) may be able to contribute to correcting

this hypokalemia.

Therefore, it is clear that angiotensionverting enzyme 2 (ACEZ2) angarticularly its
membrane expression and tissue activity play key role in coronavirus disease 2019 {CG)VID
contagion Exact roles, however, are complex and may be deleterious in contamination phase, as
angiotensirconverting enzyme 2 (ACE2) acts as receptor to coronavirus disease 2019 (COVID
19) (and severity may correlate with membrane expression anc tesgivity) while being
beneficial in inflammatory lesion phase.

COVID-19
Angiotensin | . Angiotensin [1-9]
[1-10]
Angiotensin || _ Angiotensin [1-7]
[1-8]
Anglotensm 1
[2 8]
ARB AT1 Receptors  AT2 Receptors Mas Receptors
Vasoconstriction Vasodilatation Vasodilatation
A Inflammation A Bradykinin N Inflammation
A Fibrosis A Natriuresis N Fibrosis

A Aldosterone
(hydrosodium retention,
hypokalemia...)

Figure(30):Renirangiotensiraldosterone system in COVADO infection PAlexandre J.; Cracowsk
JL.; Richard V.; Bouhanick B.; Drugs, COWIB working group of the Frenclkociety of
Pharmacology, Therapeutics. (2020). Resmgiotensiraldosterone system and COVID
infection. El sevier]. Annales doéEndocrinol g
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In figure (30): ACElangiotensirconverting enzymé; ACE2:angiotensirconverting enzyme
2; ARB: angiotensin lreceptor blockerACEi: angiotensirconverting enzyme inhibitor

Viral spike (S) proteins are well established as significant determinant of host tropism and
represents key target for therapeutic and vaccine development agaimstvois disease 2019
(COVID-19) contagion In addition, host cell proteases are important for severe acute respiratory
syndrome coronavird® (SARSCoV-2) enteranceand contagionof cells as both spike (S)
proteins and angiotensconverting enzyme 2 (AE2) are proteolytically modified during
process.Binding affinity of severe acute respiratory syndrome coronadrgSARSCoV-2)

with angiotensirconverting enzyme 2 (ACE2) looks stronger than severe acute respiratory
syndrome coronavirus (SARSoV), with alterations in several amino acid (AA) residues
allowing for enhanced hydrophobic interactions and salt brigleling, which may interpret
noticeably larger global influence of coronavirus disease 2019 (CQ¥)Ohan initial severe
acute respiratory syirome coronavirus (SARGoV). Furthermore, severe acute respiratory
syndrome coronaviru8 (SARSCoV-2) has evolved to utilizdroad array of host proteases
including cathepsin CTSL, a lysosomal cysteine protegsegthepsin BCTSB, a lysosomal
cysteine proteasglrypsin (a serine proteasefactor X (a serine endopeptidasenzyme of
coagulation cascajleelastasda serine protease enzymé&jrin (a cellular endoproteaseand
transmembrane protease serine 2 (TMPRSS2) for spike ¢&jrppriming and facilitating cell
enterancefollowing receptorattachment Transmembrane protease serine 2 (TMPRSS2) and
cathepsin L/B mediates spike (S) protein priming of severe acute respiratory syndrome
coronavirus2 (SARSCoV-2), and camostaimesylde (a potent serine protease inhibitog
serine protease inhibitor combined with cathepsin L/B inhibitcG4& (an epoxysuccinyl
peptide and an inhibitor of cysteine protease cathepsin B, calpains 1 lslodK&dsevere acute
respiratory syndrome coronavirds (SARSCoV-2) enterance Entry of both severe acute
respiratory syndrome coronavirus (SARSV) and severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) into cells ispromotedby interaction between ral spike (S)
protein with extracellular domains of transmembrane angiotesinerting enzyme 2 (ACE2)
proteins, followed bythereafterdownregulation of surface angiotensionverting enzyme 2
(ACE2) expression. In a cohort of 12 coronavirus diseas® ZGOVID-19) sick persons
circulating angiotensin Il (Ang Il) concentrations were noticeably increased compared with

healthy controls (linearly correlated with viral load), providing direct link between tissue
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angiotensirconverting enzyme 2 (ACE2) dowmpdation with systemic reniangiotensin
system (RAS) imbalance, amtlowing development of multiorgan dama{/dOD) from severe

acute respiratory syndrome coronaviul§SARSCoV-2) contagions

Enteranceof severe acute respiratory syndrome coronax@rySARSCoV-2) into cells is
facilitated by interaction between viral spike (S) protein with extracellular domains of
transmembrane angiotengionverting enzyme 2 (ACE2) proteins, followed by subsequent

downregulation of surface angiotensionverting enzym 2 (ACE2) expression.

In a cohort study of 12 coronavirus disease 2019 (CGMPcontracted persongirculating
angiotensin 1l (Ang Il) concentrations were noticeably increased in comparison with healthy
controls (linearly correlated with viral load)qviding a direct link between tissue angiotensin
converting enzyme2 (ACE2) downregulation with systemic renin angiotensin system (RAS)
imbalance, and facilitating development of multiorgan dam@g®D) from severe acute

respiratory syndrome coronavird{SARSCoV-2) contagions

Angiotensinconverting enzyme 2 (ACE2) works as master regulator of 4@mgiotensin system
(RAS) primarily by converting angiotensin | (Ang 1) and angiotensin Il (Ang Il) into angiotensin
1-9 (Ang 1'9) and angiotensin-I (Ang 1 7), respectively. Both lossf-function and gairof-
function approaches in experimental models of huithamsseshave described critical role for
angiotensirconverting enzyme 2 (ACE2) in heart failure (HF), systehyipertensionsHTN)

and pulmonary hypertension (PH), myocardial infarction (Ml), and diabetic cardiovascular (CV)
complications. Gut dysbiosis amtiangedgut permeability havarisenas a notable mechanism

of illnesscontrolled by angiotensinonverting enzyme 2 (ACE2) axis both vascular and lung
illneses as well as in diabetes mellitus (DNt is regardable to define gut dysbiosatso known
asintestinalor gastrointestinadysbiosis, as a state in which there is imbalance of
microorganisms (MOs) withimtestinesClinical and experimental studies support physiological
and pathophysiological role for angiotenswnverting enzyme 2 (ACE2) in cardiovascular
disease (CVD), and increasing/activating angiotensimverting enzyme 2 (ACE2) may evolve
protective effects agiast hypertension (HTN) and cardiovascular disease (CVD). Angiotensin
converting enzyme 2 (ACE2) has garnered broad interest as cellular receptor of severe acute
respiratory syndrome coronavir@SARSCoV-2), causative virus of coronavirus disease 2019

(COVID-19) pandemic, which emerged from Wuhan, China, in late 2019. Angiotensin
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converting enzyme 2 (ACE2) provides protection in acute lung injury (ALI), presuming that,
although it facilitates viralenteranceat epithelial surface, angiotensionverting enzyme
2/angiotensin &7 (ACE2/Ang 17) axis can be carefully manipulated to mitigate severe acute
respiratory syndrome (SAR®)duced tissue injuries, which represents possible target for
therapeutic interventiortherapeutidnterventionis an effort peiormed by persons or groups to
enhance welbeing of someone else who either regleelp but refussit or is otherwisenot able

to initiate or accept helpn experimental models of luntiness catalytically active angiotensin
converting enzyme 2 (ACE2) alleviates pulmonary injury and vasddatructand prevent
pulmonary hypertension (PH), decreased lung fibrgsispulmonary fibrosifPF) meaning
scarring in lungs] arterial remodeling, ah improved right ventricular performance due to
combination of direct action in lungs and via angiotemsinverting enzyme 2 (ACE2)
dependent gdiung axis. In phase Il clinical trials, administration of angiotewsinverting
enzyme 2 (ACE2) was showo decrease systemic inflammat{8h the result of release of pro
inflammatorycytokines from immuneelated cellgnd shifted renikangiotensin system (RAS)
peptide balance away from angiotensin Il (Ang Il) toward angioten3ir{Ang 1 7). Ongoing
globd efforts are concentrated on manipulating angiotensmverting enzyme 2/ angiotensin 1

7 ( ACE2/Ang 17) axis to limit severe acute respiratory syndrome coronafifti\RSCoV-

2) contagionwhile granting maximal protective effects against lung andi@aadcular (CV)

destrucin sick personsvith coronavirus disease 2019 (COVID).

Severe acute respiratory syndrome coronarySARS CoV-2) majorly invades alveolar
epithelial cells (AECs), leading to respiratory symptoms. These symptoms are nmeneisév
individualswith cardiovascular disease (CVD), which might be correlated with elevated release
of angiotensinconverting enzyme 2 (ACE2) in thedleindividuals in comparison with healthy
subjects. Angiotensinconverting enzyme 2 (ACE2) lewkan be elevated by use of rénin
angiotensihaldosterone system (RAAS) inhibitorashich are a group of drugs thaerve
by inhibiting reninangiotensiraldosterone syste(RAAS) and involveangiotensirconverting
enzyme (ACE) inhibitorsangiotensirreceptorblockers(ARBs), and directenin inhibitors
(DRIs). Given that angiotensirtonverting enzyme 2 (ACE2) actualreceptor for severe acute
respiratory syndrome coronavirds (SARS CoV-2), safety and possible effects of anti
hypertension treatment with angiotensaonverting enzyme 2 (ACE2) inhibitors (ACEISs) or

angiotensin receptor blockers (ARBS) iill individuals with coronavirus diseasEd (COVID-
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19) should be carefully taken into account. Hypertension (HTN), diabetes mellitus (DM) and
cardiacdiseases (CDare often treated with angiotensgonverting enzyme 2 (ACEZ2) inhibitors
(ACEIs) or angiotensin Il recdpr blockers (ARBs) which can increase expression of
angiotensin converting enzyme 2 (ACE2); hen@mhancingcontagionwith coronavirus (CoV)

and be responsible for increassstiousnessf illnessin these group ail individuals. Whether

ill personswith coronavirus disea2819 (COVID-19) and hypertension (HTN) who are taking
angiotensin converting enzyme 2 (ACE2) inhibitor (ACEI) or angiotersgeptor blocker
(ARB) should switch to another antihypertensive drug remadfstable and furtherproof is

demanded

11.Intensive Care Unit Admission in COVID-19 Infection

Several considerable results have been noticed aheegere acute respiratory syndrome
coronavirus2 (SARSCoV-2) affected personsand admitted to intensive care unit (ICU).
Intensive care unit (ICU) individuals show higher neutrophil and white blood cell (WBC) counts,

in addition to higher levels of {dimer (DD), creatingCr), and creatine kinasgCK). Median

time from symptonstat to intensive care unit (ICU) admission has been reported to be 10 days.
Median Glasgow Coma Scale (GCS), Acute Physiology and Chronic Health Evaluation
(APACHE) Il, and Sequential Organ Failure Assessment (S@E#&es on day of intensive care

unit (ICU) admission have been calculated by investigators. It seems that median Glasgow Coma
Scale (GCS) score is 15 (IQR;19), Sequential Organ Failure Assessment (SOFA) score is 5
(IQR, 36), and Acute Physiology and Chronic Health Evaluation (APACHE) Il iIdQR, 10

22). Other factors, such as median partial pressure of oxygen (PaO2) and median of ratio of
partial pressure of oxygen to the fraction of inspired oxy§a®2/FiO2 have also been
evaluated68 mmHg(IQR, 5689) and 136 mmHJIQR, 103234), respetively]. However, it is
noticeable to describetio ofpartial pressure arterial oxygand fraction of inspired oxygen,
known as thédorowitz indexor Carrico index, as comparison between oxygen level in blood
and oxygen concentration that is breathed. This helps to define degree of any problems with how
lungs transport oxygen to blood.It was reported that ventilatassisted breathing was
administered to intensive care unit (ICthntracted individualsThey provided extracorporeal
membrane oxygenation (ECMO) and anfection treatment after admission to intensive care

unit (ICU). It isimportant to refer that in extracorporeal membrane oxygenation (ECMO), blood
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is pumped outside of body to hearhg machine that removes carbon dioxide and sends oxygen

filled blood back to tissues in body. Blood flows from right side of heart to memmbran
oxygenator in heafing machine, and then is rewarmed and sent back to body. This method
allows blood to bypass heart and lungs, allowing these organs to rest and heal. Extracorporeal
membrane oxygenation (ECM®@)used in critical care situations, wherer sonés heart a
need help so that one can heal. It may be used in cacerforavirus disease 2019 (COVID

19),acute respiratory distress syndrome (ARBSJ othercontagions It was reported that

infected personadmitted to intensive care ur(fCU) showed highdeceaseates. They noted

that intensive care unit (ICU) cases had higher plasma levels of grantutobyty stimulating

factor (GCSF or GCSF), interferon gamma (INjnducible protein 10 (also called
CXCL10/IP-10), interleukin10 (IL-10), interleukin7 (IL-7), interleukin2 (IL-2), tumor necrosis
factoralpha (TNFU) |, monocyte c h e m@®&R1}), r amct tnecrdphagep r ot e
inflammatory proteirlalpha (MIRL U/ CCL 3 ) -intehstven care onit (ICU) cases. They

also determined Bdimer (DD) levels and prothrombin time (PT) during admissiMedian D

dimer (DD) level and median prothrombin time (PT) were 2.4 mg/L (IQR10.8) and 12.2s

(IQR 11.213.4), respectively. Authors also described secondanyagionsthat developed in

intensive care unit (ICU)l persons Elevated concentrations of some cytokines were noticed by

some clinicians.

12.Risk Factors

Goodman (2020) shows that risk froooronavirus disease 201@&COVID-19) contagion
increases with advancing age. In gengratsonsn theirfifties are at higher risk thapersonsn
their forties. Likewise,personsn their sixtiesandseventiesre at higher risk than those who are

in theirfifties.

Condi tions i n wprootdh inctedisedr riskihwlve:schronakidgey disease
(CKD), chronic obstructive pulmonary diseq§#PD) (likeemphysemp personswith lower

immune health because of soficgan transplaation (SOT) obesity- those withbody mass
index BMI) greater than 3g/m?, seriousheartconditions likeheart failure(HF) andcoronary
artery diseas@CAD), sickle cell diseas€SCD), andtype 2 diabetemellitus (T2DM)
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Conditions that might place a person at gredergerfor a severe outcome froooronavirus

disease 2019QOVID-19) are: asthma dementia, cerebrovascular diseas€8\(D, such

asstroke, cystic fibrosis(CF), high blood pressur¢HBP, also called hypertension (HTN)]
lower immune health,pregnancy liver disease, pulmonary fibrosi$PF, a form of

interstitiallung diseas@lLD)], smoking type 1 diabetesnellitus (T1DM) and thalassemia
(inheritedblood disorer).

Rodet al. (2020) described total of 17 studies, with most of them relying on retrospective cross
sectional design and reporting data using descriptive statistics. Only three studies performed
multivariate analysis adjusting for confoundifagtors. Sixteen of studies reported laboratory
affirmedinfected personwith coronavirus disease 2019 (COVIID) and one reported clinically
diagnosedontracted person3here were 60 risk factodescribedor coronavirus disease 2019
(COVID-19) seriowsness Of these, 7 were regarded of high, 40 of medium and 13 of low
consistency. Increasn the followings:age, Ddimer (DD), Greactive protein (CRP¥}equential
organ failure assessment (SOFA) scaired body temperature while decreas albumin (alb,

and history of diabetes mellitus (DM) were risk factors with highest consistency as predictors for
coronavirus disease 2019 (COVID) seriousnessin addition, elevated levels of white blood
cells (WBCs) count, procalcitonin (PCT), lactate dehydrogefiaBH), cardiac troponins (cTn),
prothrombin time (PT), interleukif (IL-6), serum ferritin, neutrophils count, creatine kinase
MB (CK-MB), CURB-65 score with decreased lymphocyterM) count, and dyspnea were
classified as medium consistency risk fastaith at least positive difference of two studies
reporting statisticalljconsiderablaifference between nesevere and CSF groups. There was
high heterogeneity in definition of CSF, ranging from need for supplemental oxygen to
development of acute resaiory distress syndrome (ARDS), intensive care unit (ICU) admission
anddeceaseHowever, Rocet al. (2020) findings also suggested that diabetes mellitus (DM) is
one of most critical comorbidities in terms ilhess seriousnes®iabetes mellitus (DM) &s

been previously correlated with other respiratory viilisess severities in cross national
specimensThis might be interpretted by immunosuppressive effects of hyperglyesieould

also explain whycontracted personthat develop acute respiratory distress syndrome (ARDS)
due to coronavirus disease 2019 (COMIB) were found to have statistically significant higher
glucose (Glc) concentrations. This finding has important implications given high global

prevalence of dibetesnellitus.

128


https://www.webmd.com/asthma/what-is-asthma
https://www.webmd.com/stroke/guide/understanding-stroke-basics
https://www.webmd.com/lung/coronavirus-high-blood-pressure
https://www.webmd.com/baby/default.htm
https://www.webmd.com/smoking-cessation/quit-smoking
https://www.webmd.com/cancer/lymphoma/blood-disorder-types-and-treatment

Chenet al (2020) described eight hospital admission covariates which are independent risk
factors fordeceasen almost 200Ccontractedpoersons with coronavirus disease 2019 (COVID

19) inolving older age, smoking history, higher bodymperature (°C), and levels of-@mer

(DD), activated partial thromboplastin tim@PTT), serumcreatinine (sCr) platelet, and
neutrophitlymphocyte ratio (NLR) on admission. Several are reported by others; however,
authors were unable &ssureother rik factorsmentionedn smaller datasets. Chetal (2020)

identified LogoNLR as independent risk factor foleceasevi t h HR = 14.1 (3. 2
Logoval ues O0.4 to O1.0 but not otherwise. Al't
(LYM) concentrations and higher neutropiiyimphocyte ratio (NLR) were previously

mentioned LogioNLR has not.

A notable studyshowed that pregnancy can make course of coronavirus disease 2019 ¢(COVID

19) moreseriousf or women, though it doeédegeddelnasstudyn t o |
that compared coronavirus disease 2019 (COWApoutcomes among women between ades o

18 and 44 by pregnancy status, nearly-tiiel of pregnant women were hospitalized for their
contagions while only about 6% of the negoregnant women had to be admitted to hospital.
Pregnant women were also more likely to need intensive care unit i@&¥)and to receive

breathing support frora ventilator but they were not more likely {wass awayAbout 0.2% of

both pregnant and nepregnant womempassed awagf coronavirus diseasé29 (COVID-19)

during study period. Study authors stress that women who are pregnantpdunitegnicshould

take extra care by staying at home whenever possible, wearing magkia gtanding or sitting

at least 6 feet away from others when they do have to go out, and washing their hands often.

A study conducted by Almazeeeli al. (2020) found association between several risk factors and
admission to intensive care unit (ICU): namely, age above 50 years old, smoking, ajeneked
sepsis related organ failure assessmgBOFA also known as quickSOFAscore, elevated -C
reactive potein (GRP) and procalcitonin (PCT) levels. Also, following risk factors were
identified as having correlation witleceasan study sample: asthma, smoking and elevated

procalcitonin (PCT) levels.

A study conducted by Almazeeeli al.(2020) in Kuwait mentioned that only 19% of studsitsk
individualswere females, which is lower but in keeping with findings by Gatah. (2020) and
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Richardsoretal. (2020) who alsalocumentedower admissiorpercentfor women compared to

men (41.9% @ad 39.7%, respectively)ontributing factor to lower proportion of women in
Almazeediet al. (2020) study sample, may be higlercentsof coronavirus disease 2019
(COVID-19) detected in manual laborer of Indian ethnicity, who tend to be both male and
yourger. A breaking outin two main epicenterg\l-JileebandMahboulaareas in Kuwait, both

of which house high concentrations of Indian male manual laborers may also account for large
proportion of young, male, Indiamfected persong this study sample §1%). Also, South

Asian ethnicity and lower socieconomic state have been hypothesized to be associated with
higher percentsof coronavirus disease 2019 (COVID) and poorer outcomes, based on
epidemiological observationdlean body mass index (BMI) fatudy sample was 26k)/n?,

with 41.5% ofinfected person@n overweight category, which is reflective of normal weight
demographics in Kuwait. As reported by other studies, hypertension (HTN) (16.1%) and diabetes
mellitus (DM) (14.1%) were most commorrorbidities demonstratedn Almazeediet al.

(2020) cohort study. For symptomagpersons most common symptom was cough (57.5%),
which is in keeping with several other retrospective cohort studies. Of interest, almost half of
study sample were asymptongabn admission (46.3%) and had no signscohtagionon

clinical examination (59.7%).

Other retrospective cohort studiesdoronavirus disease 2018QVID-19) contracted persons
reported much highgrercentf temperature, i.e. studies conducted byhRidsoretal. (2020)

30.7%, Guaretal. (2020) 59.2%, and Watal. (2020) 38.3% above 3€, while Zhou etal.

(2020) 94% above 37, as almost all theicontracted individualsvere symptomatic.
Interestingly, Almazeedet al. (2020) revealed that Hge proportion ofaffected person&ad
sodium and calcium levels below reference range on admission (28.7% and 20.6%, respectively).
Hong etal. (2020) reportedcomparablefindings, where 50% of coronavirus disease 2019
(COVID-19) contracted personthey examed had hyponatremia and hypokalemia and they
supposed there was correlation with degree of renal injury in thoeeted persons
Comparably Sun etal. (2020) presented higpercentsof hypocalcaemia (74.7%) in their
coronavirus disease 2019 (COVID) contracted person®n admission. Elevated-i@active
protein (CRP)p-dimer (DD), and procalcitoniin (PCT) concentrations were found in large
percentage ofaffected individuals as notd by other studies. In addition, prothrombin

concentrations below reference range were present in over half AlImaztead(2020) study
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population (53.4%)Implications of these findings armt clear but authors presume it may be
associated with proegulant state that is thought to occur in coronavirus disease 2019 (EOVID
19) infected personsAs almost allinfected persongnrolled in Almazeedet al. (2020) cohort
study had a chestray on admission, authors determined that 76r#écted personsither had

a normal chestay or benign findings such as prominent bronghscular markings, as reported

by a radiologist. Conversely, Worggal. (2020)demonstratedhat in a cohort of 64nfected
subjectsthey studied, only 31% of coronavirus diseas@2(COVID-19) infected subjects had
normal initial chest xay. In Almazeediet al. (2020) cohort studyinfected subjectswith
abnormal chest-xay findings, 16.6% had unilateral local patchy shadowing or opacification, as
most common pathological findin@eathsrates and intensive care unit (ICU) admission rates
arecomparablg¢o Guanetal. (2020) Heath 1.4% and intensive care unit (ICU) admission, 5%],
but much lower than other large retrospective cohort studies as studies performedebgl Wu
(2020), 21.9%death, 26.4% intensive care unit (ICU) admission, and Zatal. (2020) 28.3%
death 26% intensive care unit (ICU) admission. This may refleat ibsearch articlédy Guan

etal. (2020) was one of earliesbronavirus disease 201€QVID-19) retrospective cohort
studies so includeil personsmay have had milder symptoms, comparecesearch articlethat

were published later, when health res@sr became more limited. In addition, multivariable
analysis of Almazeedit al. (2020) cohort study, indicated an association betwdeath rateand
being a smoker, having asthma and elevated procalcitonin (PCT) concentrations. There was also
associationbetween intensive care unit (ICU) admission and age above 50 yearguilkl,
sepsis related organ failure assessmg®OFA scoreabove 0, smoking, higher-@active
protein (CRP) concentrations and elevated procalcitonin (PCT) levels. Interestingly, ei
smoker and elevated procalcitonin (PCT) concentrations were only factors found to be correlated
with both pass awayand intensive care unit (ICU) admission. Both factors have also been
associated with unfavorable outcomes by offsarchesnd systenta reviews. In addition, the
fact that an elevated procalcitonin (PCT) associates with bacterial, and not viral, sepsis supposes
thatill personswith seriousillness might additionally have an element of bacterial pneumonia.
Comparably severakearchénave found correlation between older age and elevatexh@ive
protein (CRP) concentrations armhd outcomes. Highquick sepsis related organ failure
assessmer{gSOFA scoreandsequential organ failure assessm&®IEA) scorewerefound to

be correlated witldeceasdy Zhouetal. (2020). Almazeedet al.(2020) findings did not find an
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association betweequick sepsis related organ failure assessreggpOFA scoreand decease

but they did find a correlation with intensive carat (hCU) admission. This may be due to

small number ofleceasem study sample.

Age, male sex, obesity, and underlying illness have emerged as risk factors for severe and fatal
cases of coronavirus disease 2019 (COXH) in United Kingdomaccording to large cohort

study published by The BMU&Resides increasing age, and underlying heart, lung, liver and kidney

illnesse factors already known to cause poor outcomes, the researchers found that obesity and gender

were key factors associated Wwiteed for higher levels of care and higher risllaifeasén hospital.

A study found notable relationship between sex, obesity and poor outcomes for coronavirus
disease 2019 (COVH29) affected person®As an emergingontagiousliness population of &

races and ages is generally susceptible. In mainland Ciges, range fron30 to 65yearold
persons account for 71.45% and children uratpz 10 yearsold account for 0.35%. Elderly
people and persons with underlying badisturbancesuch as asthmajabeteanellitus (DM),
cardiovascular diseas€8VD), and cancer may be more susceptible to severe acute respiratory
syndrome coronavird® (SARSCoV-2) contagion Smoking and obesity are also susceptible
factors. Persons who are in close contact vegimptomatic or subclinically symptomatic
infected persons are part of highk population. Highcontagionrisk is also considered in

healthcare workers and family membersndécted persons

Susceptibility of certain viratontagionshas been linked to antigenic determinants of ABO
blood groupsTo describeantigenic determinant it isan epitope and it is part of antigen (Ag)
that is recognized by immune system, particularly by antibodies (Abs) and B and ancklls
other immune cells like antigen presenting cells (APCs) cannot recognize epitopes [only
pathogerassociated molecular pattern moleclAMPS) anddamageassociated molecular
patterns DAMPs)]. Data from Wuhan, China, first epicenter of coronavirus disS&AsO
(COVID-19) pandemic, shows ABO blood group linkage with coronavirus disease 2019
(COVID-19) contagions Zhao et al. (2020) compared ABO blood groups of controls from
general population with 2173 coronavirus disease 2019 (C&¥)xontracted personsom

three hospitals in Wuhan region. Across all three hospitals, blood group A was associated with a
higher risk for coronavirus disease 2019 (COMI® in comparison with neA blood groups,

whereas blood group @as related to significantly lower riskrfconnntagiiioncompared with

132



nonO blood groups. Another observational study on data from New York Presbyterian hospital
system, on 1559 persons examined for severe acute respiratory syndrome cor@n@ARS
CoV-2) with known blood group type, also administecminparableresults.In severe acute
respiratory syndrome coronavirds(SARSCoV-2) positive cases, there was high proportion of
blood group A, with a low proportion of blood group O.

low levels of serum testosterone (T), which may be associated with aging and obesityeand ot
chronic diseases, lead to systemic inflammation, endothelial dysfur(&ibn and increased

platelet activity, predisposing to thrombosis and thromboemboli$E) and promoting
atherosclerosis and cardiovascular diseases (CVD). In men with obstrgtée apnea
syndrome(OSAS) or in those affected by chronic obstructive pulmonary disease (COPD) or

other background pulmonary disease, a higher prevalence of hypogonadism has bedn found.
these clinical settings, men with lower level of testosterorjea(@ more prone to develop
pulmonary and systemic inflammation and worse respiratory and general parameters. Moreover,
testosterone (T) predisposes men to less effective immune resfiBhsegainstcontagious

agents and male hypogonadism may triggerimdetital cytokine dysfunction, including high
circulating levels of interleuk® (1 L 6) , t umeolrp hnae c(r TodF sU)fla ca rod |
bet a (r 16), responsi bl e for poor prognos
19). Additionally, androgens emimcetransmembrane protease, serind RIPRSS2)expression,

thus, leadingto a baseline predisposition twider severe acute respiratory syndrome
coronavirus2 ( SARS CoV 2) spread i nto man body th
mechanism could explain ger male susceptibility to more serious clinical course in
coronavirus disease 2019 (COVID 19). Of- not e,
2 (SARS CoV 2) could infect testicle, potent
young merand directly inducing (primary hypogonadism) or aggravating a preexistent condition

of hypogonadism in already predisposed men. The magnitude of this phenomenon as well as the

i mportance of gonadotropinsd | evehypgonasthdms c h v a
in affected patients (primary versus secondary or tertiary hypogonadism or mixed forms),
remains still debated and potential implications on prognosis in course of severe acute
respiratory syndrome coronavirds ( S AR S cahtagionrgquirefurther investigation for

both diagnostic and therapeutic purposes.
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13.Prevention

In states where communityansportis widespread, preventive strategies for all persons in a
health care setting are warranted to decrease possible exposures. Additional measures are
warranted for individuals with suspectedadfirmedcoronavirus disease 2019 (COVID).

If community transfer of severe acute respiratory syndrome coronax@rySARSCoV-2) is

found, residents should be encouraged to practice social distancing by avoiding crowds and
maintaining a distance of six feet (two meters) from others when in public. Individualsl shou
avoid close contact with coronavirus disease 2019 (CGMP contracted individuals

Individuals are also encouraged to wear masks when out in public.

The following general measures are recommended to dedraasportof coronavirus disease
2019 (COVD-19) contagion

1-Diligent hand washingparticularlyafter touching surfaces in public. Use of hand sanitizer that
contains at least 60 percent alcohol is adequate alternative if hands are not visibly dirty.
2-Respiratory hygiene (e.g., covering couglsioeeze).

3-Avoiding touching face (prtularly eyes, nose, and mouthimerican Academy of
Ophthalmology proposes that individuals not wear contact lenses, beramiget lensemake
individuals touch their eyes more often.

4-Cleaning and disinfecting ggrts and surfaces that are often touched.

5-Ensure suitable ventilation of indoor spaces.

These measures should be followed by all persons, but should be emphasized for older persons

and people with chronic medical conditions, in particular.

It is presumed that clinicians advise coronavirus disease 2019 (CGO3j)lihfected people to
wear normedical masks when in public spaces where social/physical distancing is not suitable.
World Health Organization (WHO) recommends madaring as part of anprehensive
approach to decreasing severe acute respiratory syndrome coro2aiBARSCoV-2)
transferenceén settings where there is diffusednsferencend social distancing is hard (e.g., in
public settings, in congregate living settings, on putshosportation). In such settings, World
Health Organization (WHO) advises that most people in community weamgadital mask
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(e.g., a cloth or fabric mask), although it specifies that persons whypester thar60 years old

or have underlying medicabmorbidities should wear medical mask, as should those who have
symptoms consistent with coronavirus disease 2019 (C&MIDIn United StatesCenters for
Disease Control and Prevention (CD&l3o recommends that persons wear cloth face covering
(e.g., acloth mask or cloth face covering made from household items) when in public settings
where social distancing is hard to achieve, particularly in areas with actual community
transferenc€enters for Disease Control and Prevention (CBJcifies that faceovering
recommendation does not involve medical masks, which shouldseevee for health care
workersWorld Health OrganizationVfHO) has also issued standards for ideal composition of
cloth mask to optimize fluid resistance and filtration af@ly. Cloth face coverings should

ideally be made with several layers of fabric.

When advisingll individuals on use of masks or other face coverings, clinicians should counsel
them to avoid touching eyes, nose, and mouth when putting on or removingtoaskgtice

hand hygiene before and after handling mask, and to launder cloth masks routinely. Clinicians
should also assert that mask or face covering does not diminish importance of other preventive
measures, such as social distancing and hand hygiene.

Reasons for all persons (regardless of symptoms) to wear mask or face covering in community is
principally to contain secretions of and prevéransferfrom infected individuals, involving

those who have asymptomatic or presymptomatntagion People wb develop acute
respiratory disease (e.g., with fever and/or respiratory symptoms) or other symptoms consistent
with coronavirus disease 2019 (COVID) should be encouraged to selflate at home (away

from other persons and pets in household) for dumaifillnessand wear mask or face covering

if they have to be around other individuals. Some may warrant evaluation for coronavirus disease
2019 (COVID19). People who are caring for suspected or documentected personsvith
coronavirus disease 2019 (COVID) at home should also wear face cover when in same room

with contracted person

Use of masks or face coverings to provide source control and dedraeaséerencein
community is boosted by indirect proof. In a retrospecstudy of 124contracted personsith
affirmed coronavirus disease 2019 (COVID) and their families in Beijing, China, secondary

transmission occurred in 41 families; use of masks by family members (including index patient)

135


https://www.uptodate.com/external-redirect.do?target_url=https%3A%2F%2Fwww.who.int%2Fpublications%2Fi%2Fitem%2Fadvice-on-the-use-of-masks-in-the-community-during-home-care-and-in-healthcare-settings-in-the-context-of-the-novel-coronavirus-%282019-ncov%29-outbreak&token=%2BfxCvT1Y76yOumTTwXnDB4AjzqMqCVU4F9GF0d%2BldfsSsTud7vhkF0KksRpr1eqB8G%2FeMCctizS368bz12WA9PW4ebKpSxyoxPNxIpMgk9t0i8bNzcBD4Xd0BxL3%2F3CruYgIxzP0uvpWw0PwvTddKqEXytNxpqpcGZZkO6E%2FY7c2Fgdpv%2BbwB7k5%2FMlxSypr&TOPIC_ID=126981

prior to diseasestart in index patient was independently combined with decreased risk of
contagion Type of mask used (medical or cloth) was not specified. In a case report of two hair
stylists with coronavirus disease 2019 (COW1B) who worked while symptomatic prior to
diagnosishut wore face coverings, there were no subsequent coronavirus disease 2019-(COVID
19) diagnoses among l138ateswith vicine contact, all of whom were also wearing face
coverings; both medical masks and cloth face coverings were used. In another study that
included 17infected individualsvith common cold coronavirusontagionsuse of medical mask
eliminated detectable viral ribonucleic acid (VRNA) in droplet and aerosol particles collected
from exhaled breath [although viral ribonucleic acid (VRNA) waly aletected in 30 and 40
percent of suckpecimensvhen infected persons were not wearing masks]. Although limited by
assumptions and estimates, modeling studies have also supposed that high adoption of mask
wearing by general public can decretrsmsport even if masks are only moderately efficient in
containingcontagiougespiratory secretions. Studies on filtration efficacy of fabrics presume that
certain fabrics [e.g., tea towel fabric (termed dish towel fabric in United Stapesdicularly

when dablelayered, can approach filtration efficacy of medical masks. For some fabrics (e.qg.,
cotton TFshirt material), more than two layers may be necessary for suitable filtration.

Maskwearing in community may also be correlated with protection for wearea.report of

382 service members who were surveyed about personal preventive strategies in setting of severe
acute respiratory syndrome coronaviul$SARSCoV-2) breaking outin United States Navy

aircraft carrier, selfeport of wearing face cover wasdiependently related to lower probability

of contagion[odds r atio (OR) 0.3], as were avoiding common areas (OR 0.6) and observing

social distancing (OR 0.5).

On January 30, 2020, World Health Organization (WHO) declared coronavirus disease 2019
(COVID-19) breaking outpublic health emergency of international interest and, in March 2020,
began to characterize it as pandemic in order to asser gravity of situation and urge all countries to
take action in detectingontagionand preventing spread. Throughamorld, countries have
employeddiffered nonpharmaceutical interventions to decreasesport In addition to personal
preventive measures (e.g., hand hygiene, respiratory etiquette and face covers, environmental
disinfection), transmission reduction sagies comprise:

1-Social/physical distancing orders
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2-Stay-athome orders

3-School, venue, and nonessential business closure

4-Bans on public gatherings

5-Travel restriction with exit and/or entry screening

6-Aggressive case identification and isolatioep@rating infected individuals from others)

7-Contact tracing and quarantine (separating people who have been exposed from others).

These measures have been associated with reductions in incidence of severe acute respiratory
syndrome coronavirug (SARSCoV-2) contagionover time, although relative contribution of

each is hard to evaluate, as most countries have employed combinatitenantions. As an
example, inpestilencestudy in Wuhan, number of these interventions (implementation of travel
restrictions in and around Wuhan with home quarantinecamgpulsory maskvearing in public,

followed by centralized quarantine for all cases and contacts, followed by proactive symptom
checkingfor all residents) were associated with progressive reductions in incideassidéd

cases in Wuhan and decreaseeffective reproduction numbdrom more than3 prior to
interventions to 0.3 after thenHowever,effective reproduction numberan be referred to as
average number of secondary cases for each case in a population made up of both susceptible
and nonsuscejile persons. In another study from China, cities in which combined control
measures were preemptively implemented prior to identification of coronavirus disease 2019
(COVID-19) cases recorded 33 percent fewer laboradaesyrtedcases during first week of
breaking outcompared with cities that implemented control measures later. In a study from
United States estimating incident cases in bordering counties in lllinois, which issued stay
home order, and lowa, which did not, counties in lowa experienced guick increase in

infected person®llowing implementation of order in lllinois, estimated to result in 217 excess
contracted persorafter one month.

Physical distancing is probably independently correlated with decrgaseaty of transference

In ametaanalysis of observational studies assessing relationship between physical distance and
transportof severe acute respiratory syndrome coronax@2rySARSCoV-2), severe acute
respiratory syndrome coronavirus (SAR®V), and Middle East respiratory reyrome
coronavirus (MERSCoV), vicinity and hazard of contagionwere closely associated, and

contagionrate was higher with contact within three feet (one meter) compared with contact
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beyond that distance (12.8 versus 2.6 percent). A distance more tHartqiixvo meters) was

bound to further decreasetnansport

For cities where incidence has fallen and relaxation of transmission reduati@sures is being
considered)Vorld Health Organization (WHO) has issued interim guidance on implementation,
which involves stepwise approach that is adjusted according to local circumstances and
prioritizes protecting vulnerable populations; it recommends that personal preventive measures
be maintained and that public health efforts to detdected individualsfor isolation and to
identify contacts for quarantine be strengthened.

In United State€enters for Disease Control and Prevention (CB&¢pmmends that persons
avoid all nonessentiaternationakravel and nonessential travel framme domestic places
Becausegravity of travel changesastely travelers should check government websites for

restrictions.

In areas where severe acute respiratory syndrome cororavi@g8RSCoV-2) is widespread,

all residents should be encouraged to stay alert for symptoms and practice social distancing by
staying lome as much as possible and maintaining six feet (two meters) distance from others
when they have to leave home.

In United StatesCenters for Disease Control and Prevention (CB@poses this way for all
residents. For those returning framternational trave{including cruise ship travel) and those
who have hadlose contacwith ill individual with suspected or confirmed coronavirus disease
2019 (Q@VID-19) (including during 48 hours prior to thabntracted persomeveloping

symptoms)Centers for Disease Control and Prevention (CBIE) supposes:

1-Selfquarantine at home for 14 days following last exposure, with maintenance of at least six
feet fwo meters) from others at all times.

2-Avoiding contact with persons at high risk for sevéheess (unless they are household
members with same exposure).

3-Twice-daily temperature checks with monitoring for fever, cough, or dyspnea. If they develop
sweh clinical manifestations, they should continue to stay at home away from other household

members and contact their medical providers.
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For asymptomatic persons who are critical infrastructure workasters for Disease Control
and Prevention (CD)asprovided guidance on returning to work duringdaly postexposure
period with symptom and temperatureecking mask use, social distancing, and workspace
disinfection.

Numerous vaccine candidates are being evaluated for prevention of coronavirus 2ld€ase
(COVID-19). These includediffered types of vaccines, comprising nucleic abaksed
[messenger ribonucleic acid (MRNA) and deoxyribonucleic acid (DNA)] vaccines,vectir
vaccines, and inactivated or recombinant protein vaccines. The differemievachemes differ

in their possible safety and immunogenicity, speed and cost of manufacturing, and other
characteristics crucial for meeting global demand. Several of these vaccines have induced
binding antibodiegAbs), neutralizing activity, and T detesponses in healthy adults during
early trials. Studies of vaccine candidates in nonhuman primates have also reported lower
concentrations or morkasteclearance of viral ribonucleic acid (VRNA) in respiratory tract

specimens following viral challenge vaccinated animals compared with unvaccinated controls.

There is also concern in Baci@almetteGuerin (BCG) immunization for prevention of
coronavirus disease 2019 (COVID), and clinical trials are underway to evaluate its use among
health care wders. Studies have presumed that, although its primary purpose is prevention of
tuberculosis, BacillkCalmetteGuerin (BCG) immunization inducefnate or nonspecific
immune response that may have protective effects againsinyoobacterial, including va
contagions Any impact of BacilleCalmetteGuerin (BCG) immunization on coronavirus
disease 2019 (COVH29) is not knownWorld Health Organization (WHO) recommends
Bacille-CalmetteGuerin (BCG) vaccination not be used for prevention or lessesgngsness

of coronavirus disease 2019 (COVID), pending further data.

Clinical trials are also being conducted in United States and elsewhere to estimate safety and
efficiency of postexposure drug prophylaxis against coronavirus disease 2019 (COYIMo
agent is known to be efficient in preventingntagion it is recommended that pesxposure

prophylaxis not be attempted outside clinical trial.

Hydroxychloroquine(HCQ)was one candidate medication for pesposure prophylaxis, but

available data propose it is not effective in preawey contagion In doubleblind trial, 821
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individuals were randomly assigned to hydroxychloroquine (HCQ) or placebo folate tablets
within four days of a household or occupational exposure to severe acute respiratory syndrome
coronavirus2 (SARSCoV-2), which was described as contact within six feet for more than 10
minutes without eye shield; most were also not wearing medical mask. Hydroxychloroquine
(HCQ) did not decreaspercentof combined outcome of polymerase chain reaction (PCR)
assirtedcoronavirs disease 2019 (COVHD9) or consistent symptoms within 14 days (11.8
versus 14.3 percent with placebo, differer2el percentage points, 95% 1.0 to 2.2); there

were also no differences in separate rates of polymerase chain reactionc@mR)ed or
presumed cases. Side effects were reported in 40.1 percent of hydroxychloroquindr@g4@d)
versus 16.8 percent of placetreated subjects. Loss to follewp in about 11 percent, a greater
rate of management discontinuation in the hydroxychloroqu#@()) group, and use of self
reported symptoms as proxy for incident coronavirus disease R008/ID-19) reduce
confidence irfindings; nevertheless, the study did not demonstrate role for hydroxychloroquine
(HCQ) for prevention of coronavirus disease 200@VID-19).
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CHAPTER THREE
COMPLICATIONS and THERAPY

1.Hypokalemia

Potassium (K) ions are predominant intracellular catiofotassium (K) ions homeostasis
depends on external balanacketary intake(usually 100 mmol per dayversus excretiori95%

via kidney; 5% via the colgrand internal balance (distribution pbtassiumK*)) ionsbetween
intracellular and extracellular fluid compartmgnidneven distribution opotassium K*) ions
across cell membran@sdicatesthat mee 1% shift in its distribution calead to50% change in
plasma potassium(K™) ions level. Hormonal mechanismgincluding i n s u ladrenergic b
agonists(BAA), and aldosterofjemodulatepotassium K*) ions distribution byinducing quick
transfer ofpotassiumK*) ionsacross plasma membrane. Under normal circumstances, kidney's

distal nephron secretpstassiumK™) ionsanddefinesfinal urinary excretion.

Hypokalemia is one oEommonestlectrolyte disturbancegbservedin clinical practice and,
although morepredominantthan hyperkalemia, mosuffering individualsare mild. Although
thresholds for definition of hypokalemdiffer a bit, excessivelyquoted lower limit for normal
serum potassium (Kion levelis 3.5 mmol/l.SerumpotassiumK™) ion level of 2.5 3.0mmol/l

is regardednoderate hypokalemia and a le¥@.5mmol/l isindicatedsevere hypokalemia.

Hypokalemiais a consequence aénal ornonrenal loss ofpotassium K+) ions . Extrarenal
potassium K¥) ions losses from body are usually small, but cannbéablein personswith
chronic diarrhea, severe burns or prolonged swedtitrgcellularpotassiumK+) ionsshift will
develop to transient hypokalemia, while inadequate dietary intakesefdom cause of
hypokalemiaHypokalaemia can be eithexsulted frondecreased intake of potassi(k), or by
excessive losses of potassil) in urine or throughgastrointestinatract (GIT). The ldter is
more recognizable Excessive excretion of potassiyi) in urine (kaliuresis) magomefrom
use of diureticsmedications endocrineillnessessuch as primary hyperaldosteronigirA),
kidneyanomaliesand genetic syndromes effectirenal function. Gastrointestinébl) losses of
potassiumK) are due to prolonged diarrhea or vomitimgestinal obstruction or infections, and
chronic laxativeabuse An intracellular shift of potassiunK) can alsoprogressto severe

hypokalemia. Insuh administration, stimulation of sympathetic nervous systEBNS)
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thyrotoxicosis (also known as hyperthyroidismor overactive thyroid and familiar periodic
paralysis(PP) are some of the reasons for this phenomenon. Congenital atisgreaplasia
(CAH) due to enzymatic defects, is genetic syndrome strongly associated with hypertension
(HTN) and hypokalemia, resulting from excessive mineralocorticoid effects. Drugs, such as
diuretics and penicillifP, PCN or PEN)can befrequentlyunderlying cause of hypokalemia.
Hypomagnesemia is very importaihcemore than 50% of clinicallyecognizedhypokalemia

has concomitant magnesium deficiency and is clinically most frequesiyin persongaking

loop or thiazide diuretienedication Concomitant magnesium deficiency has bestimatedo
aggravate hypokalemia. Hypokalem@rrelated with  magnesium deficiency igrequently

refractory tatherapywith potassiumK).

Low potassium also increases theavity of abnormal heart rhythrfalso calledarrhythmia)
which is often too slow and can cause cardiac arftb&t abrupt loss of heart function)
Regarding seriousnessof hypokalemia, symptoms cadiffer from absent to lethal heart
arrthymias It is worthy to refer to arrhythmia, arrhythmialso known asardiac
arrhythmiaor heart arrhythmia, it is group of conditions in whikartbeais irregular, too fast,

or too slow. Arrhythmias occur in the atria (the top chambers of heart) are named
supraventricular (above the ventricles) in origin, whereas ventricular arrhythmias start in
ventricles (the lower chambers of heart), and majority of potentially lethal arrhythmias are
ventricular in origin.Symptomsof arrhythmiasusually resolve with correction of hypokalemia.
Manifestationscan begroupedaccording to affected systeffffects of hypokalenia concerning
renal function can be metabolic acidgsihabdomyolysis(a breakdown of muscle fibers
syndrome) and, rarely, impairment of tubular transport, chronic tubulointerstitial dig@B¢

and cyst formationNervous system iglso affected, the patient caexperienceleg cramps,
weakness paresisor ascending paralys@@onstipation or intestinal paralgsiand respiratory
failure frequently occuias signs of severe hypokalemitypokalaemia camesult indetrimental
effects on the cardiovascula(CVD) system, causing electrocardiographic (ECG) changes
whichinclude flattening and inversion of T waves inldriiypokalemia, followed by €
interval prolongation, visible U wave and mild ST depressiomore sever@ypokalemia.
Severehypokalemiacan also result in arrhythmias such as Torsades de p@idf) and

ventricular tachycardi@/T), and heart failure (HF).
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Caseswith serumpotassiumK™) ionsin the range of 3:8.5mmol/l are usually treated with oral
potassium (K) salts as long as they can take dh&rapy Caseswith serumpotassium (K) < 3
mmol/l may requireintravenous IV) potassium K*) ions particularly in emergencies such as
arrhythmias, rhabdomyolysis and respiratory fail(R€&). In manyconditionsboth by mouth
(PO) andintravenous I), potassium K*) salts areadministeredintravenoug1V) replacement
of potassium K*) is proper for caseswith electrocardiogram (ECGxhanges, and in
hypokalemiacorrelatedwith diabetic ketoacidosi@®KA) or takingdigitalis. PotassiumK™) ions
deficit is about 2000 mmol/l for every 1 mmol/l drop in potassium K*), but effectivd
guantity differs among persons Most patierg are managedwith potassium chloride (KCI).
Potassium chloride (KCljs to large degreavailable in multiple form$extended release (ER)
tablets, capsules, liquid, andravenously)]. Potassium chloride (KCHunctionshastelyand is
the preferred agemarticularlyin caseswith concomitant metabolic alkalosis those patients,
replenishment othloride CI°) ion is essentialChloride CI) remainsespeciallyin extracellular
compartmen{ECC). If potassiumK) bicarbonate isdministeredbicarbonate HCO3) hugely
enters cell andpotassium (K*) follows, this lets potassium bicarbonate (KHCO3) (and
citrate/acete, which are precurserof bicarbonate) less effective. Intravenopetassium
chloride (V KCI) mustbe administeredat a rate that does nstirpasslO mmolh. A higher rate
up to 20mmolh is astatusin emergencyconditionssuch as cardiac arrhythmiéseart rhythm
disorders)telemetryscreenings required. Administration ahtravenous potassium chloridi/(
KCI) must be performedif available via central venous catheté€VC), which is also called
central line, centralenous line, or central venous access cathietisra catheteftocatedinto a
large vein Intravenous potassium chloridéV(KCI) can develop phlebitis (or venitis, the
inflammation of a vein)and many patientsuffer frompainful infusion It is betterto administer
intravenous potassium chloride (IVKCI) in 0.9 normal saline NS). Administration of
intravenous potassium chlori@®/ KCI) in a dextrose solution magduceinsulin secretiorand
probably aggravate hypokalemi@otassium chiade (KCI) salt substitutes arevell source of
oral potassium K*) andthey contain about 13/ molg. PotassiumK™) ions containing foods
are suitablefor chronictreatmentof mild hypokalemia. Th& are not effective for emergency
managemenbecause the amounecessaryor correction is large, and potassi§K) in food is
potassiumK) citrate or phosphate which is less effeciiveomparison with potassium chloride

(KCI) asillustrated Bananas r@ good source ogpotassium K*) ions Bananashave about 1
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mmolcm. Thereforegating2 large bananaesult in gettingdO mmol of potassium K*) ions
Examples of foods that arih in potassiumK*) ionsinvolve: dried fruits (dates, figgrunes),
spinach, broccoli, kiwis, mangos, oranges, tomatoes, avocados, bananas, milk, raisins, and lima
beans PotassiumK) sparing diureticscan be adequatdor chronictreatmentof hypokalemia
particularly in patients who are already on a thiazideadioop diuretic Aldosterone receptor
antagonists (spironolactone and eplerenarag)assistin treatmentof patients with advanced

heart failure(or advanced HFand in patients with resistant hypertens(®&HTN, defined as
uncontrolledblood pressurdep i t e use of O3 antihypert.ensive
Amiloride is betterendured it blocks epithelial sodium chann@NaQ in the collecting duct

(CD). Triamterenga potassiunsparing diuretic)s scarcelycorrelatedwith kidney stones, and
administrationof amiloride [called a water pill (diuretic)]eplerenonga potassiursparing
diuretic), or spironolactonda potassiunsparing diuretic (water pill)]s preferable Laxatives

and diureticsmust be stopped if hypokalemia ia result of their abuse. Symptomatic
managemenof diarrhea and vomiting iseneficial.If there is a need to administer to the patient

both bicarbonat§dHCO3) and potassiun(K) intravenously(lV), potassium(K) have tobe
administeredfirst because bicarbonafidCO3) leads tantracellularpotassiumK™) ionsshift.

1.1ReninAngiotensin AldosteroneSystem, Hypokalemig and COVID-19 Infection

Renini angiotensirsystem (RAS), or renimngiotensin aldosterone system (RAA$
hemodynamic and biological system that regulates blood pressure, plasma po(&$siand
stability of pulmonary epithelial membranes. menin angiotensin system (RAS)two
antagonistic pathways are balanced. The firahgiotensinoge(AGT) pathway that transforms
angiotensinoge(AGT) into angiotensin (Angl) (by renin), and then converts it into angiotensin
I (Angll) by angiotensin converting enzyme (ACE). Angiotensin(Angll) attaches to
angiotensin Il type 1 receptor (AT1R) and activates th&esy totrigger vasoconstriction,
aldosterone secretion stimulation, hypokalemia, and pulmonary epitthegradation.The
secondpathway in which the angiotensin system is balancedudesangiotensirconverting
enzym@ (ACE2). This pathway transforms part of angiotensifAhgl) and angiotensin Il
(Angll) before it attaches to imngiotensin Il type 1 receptor (ATLRngiotensin I(Angl) and

angiotensinll (Angll) phosphorylation products are angioten%i® (Angl-9) and angiotensin
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1i7 (Angl-7). They attach to angiotensin Il type 2 rece(idi2R) receiver, triggering

antagonist effects compared wéhgiotensin Il type 1 receptor (AT1R)

In the infection phasegoronavirus disease 201 QVID-19) virus uses thereceptor of
angiotensirconverting enzym&(ACE2)to penetrate host cell. Coronavir(@oV) attachmento
angiotensin converting enzy@€ACE?2) is observedo causea downregulation oangiotensin
converting enzynie (ACE2), leading toan ircrease inangiotensin [I(Angll) via angiotensin
converting enzym@ACE), as the decrease amgiotensirconverting enzynm(ACE?2) leads toa
lower conversion of angiotens{Ang) to angiotensin il7 (Ang1-7) vasodilator. Théower level
of angiotensirconverting enzyn (ACE?2), the lesser angiotensin(Angl) and angiotensin |l
(Angll) will be degraded; thus, their plasmatic concentraposgressivelyelevates A United
Stategntensive care unifuS ICU)teamshowedthat an increase in algensin 110 (Angl1-10)
and a decrease in angiotensin91(Angl1-9) which is the angiotensirconverting enzymni
(ACEZ2) processing produgcivere associatedvith poor prognosis iracute respiratory distress
syndrome ARDS). Therefore increasesin angiotensin II(Angll) levels and induction of
angiotensin 1l type 1 receptor (AT1Rgsult ina decrease in the stability of the pulmonary
endothelium and an aggravation of respiratory distress. Theiotpactsareelevatedeleaseof
aldosterone, ypokalemia stimulated by kaliuresis and elevated sodium reabsorption and
inflammation.Hypokalemia isoften presenin patients withcoronavirus disease 2018QVID-
19). A Chinese team reported that hypokalemia e@selatedwi t h a poor out come
experience) Conversely,reninangiotensin systemRAS) inhibitors can increaseangiotensin
converting enzyn&(ACE?2) and potentiallyinducevirus loading into the cellt is thoughtthat
prime imbalance in reninangiotensin system RAS) stimulated by downregulation of
angiotensirconverting enzyme (ACE2) is crucial element ofundesirablesvolution in patients
with coronavirus disease 201€QVID-19). The biological marker of this imbalanseemsbe

hypokalemia.
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LIVER Renin Angiotensin System (RAS) regulation :
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Figure(31):Renirangiotensin system in COVHD9 infection and incidence of hypokalemia [Silhol
Sarlon G.; Deharo JC.; Vaisse B. (2020). Downregulation of ACE2 induces overstimulation of the
angiotensin system in COVHD9; should we block the remangiotensin system?. Hypertens R
https://doi.org/10.1038/s414420-0476-3]

1.2Hypokalemia in COVID-19 Infection

Severe acute respiratory syndrome coronax@uSARSCoV-2) invades human cellyia
binding angiotensin | converting enzyme 2 (ACE2) on cell membrangiotensinconverting
enzyme2 ACE?2) is broadlydistributed in many human tissu@grticularlyin vital organs, such
as heart, liver, kidney, and lungAngiotensn-converting enzyme2ACE?2) is the primary
counterregulatory mechanism for the main axis of réaimgiotensin system (RAS) that as
crucial player in the control of blood pressure and electrolyte bal&eeere acute respiratory
syndrome coronaviru® (SARSCoV-2) attachesangiotensirconverting enzyme2ACE2) and
enhances the degradationasfgiotensirconverting enzyme2ACE?2), andthereforelowersthe
counteract ofangiotensirconverting enzyme2ACE?2) onreninangiotensin systenRAS). The

final impactis to elevatereabsorption of sodiuriNa) and water, and thereaftetevateblood
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pressure and excretion of potassiuni)(Kns Further patients withcoronavirus disease 2019
(COVID-19) frequently suffer from gastrointestinal(Gl) sympgoms such as diarrhea and
vomiting. Collectively, theeffectson reninangiotensin systenRAS) and gastrointestinglGl)
system bycoronavirus disease 201€QVID-19) may result indisruptions of homeostasis of
electrolytes and pH. One of the disruptidhat may reflect progression abronavirus disease
2019 COVID-19) and must be closely monitored is hypokalemiBotassium K*) ions are
prevalentintracellular cations andffect membranepolarization of cells. Hypokalemieauses
cellular hyperpolarityelevatesesting potentia{RP), and hastens depolarization in cardiac cells
and lung cellsPotassium is predominant intracellular cation. Normal serum potassium levels are
between 3.5 an8.5 mEg/L. This is much less than intracellular levels that range between 140
and 150 rikg/L. The distribution of potassium levels across cellular membranes helps determine
the resting membrane potenti@MP) as well as the timing of membrane depolariza@s
membrane depolarizatianduces sodium channels through conformation changes from closed,
nonconducting states to an open, cur@mducting state Sodium (a‘) and potassium

(K*) currents are produced responding to sustained memblegpmarization. Inwardodium

(Na") current is traditionally described as downward and the outpatassium K*) current is
shown as upwar8odium (a") current elevates due smdium (Na") channel opening and then
declines due tsodium (Na‘) channel inativation. Potassium K*) current,resultedby delayed
rectifier type ofpotassium K*) channels, is delayed regard tosodium (Na*) current because
potassiumK*) channels open more slowlpotassium K*) current declines little with sustained
depolariation because inactivation is lesbviousin potassium K*) channels compared with
sodium (Na") channelsTherefore, organ systerbsoadlydependent on membrane depolarization
for function are mo$f affected by changes in serum potassili§h) levels. In hypokalemia,
resting membrane potenti@@MP) is increased. Both action potentials and refractory periods are
prolonged. Symptoms do not generally develop unless potagkititevels are less than(B.
mEQg/L. The following signs and symptoms should raise the concern for hypokalemia: first,
cardiac manifestations involvé wave flattening, ST depression, appearance of U wave, and
arrhythmias; secondskeletal and smooth muscle manifestations invblygotonia and muscle
weakness, respiratory depression, muscle cramps, constipation and/or ileus, and rhabdomyolysis

and myoglobinuriaSevere hypokalemia of under 3 mnhgMasmapotassium K*) ions can
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trigger ventricular arrhythmia and respiratory musclesfdyction, bothissuesbeing life

threatening in patients in sevareronavirus disease 2018QVID-19) situation

A study found thapatients withserioushypokalemia had a statistically higher prevalence of
dyspnea or tachypnea, melationwas seenbetweengravity of hypokalemia and prevalence of
common respiratory symptoms, such as cough and running nose. As to the gastroig@stinal
symptoms that migt develophypokalemia, 34 (19%) patients had diarrhea with an average of 6
onset times per day arfdequently ended within 14 days, dominantly in the patients with
hypokalemia (P<0.05). Few patients had vomiting and abdominal paiients with severe
hypokalemia had statisally higher body temperaturthan patients with hypokalemia and
patients with normokalemiZomparablalifference was alscecognizedn thehi ghest pati e
temperature during hospital std8atients with severe hypokalemia alsadhasignificanthigher
heart rate and respiratory rate tham ttemaining patientsLaboratory examsshowed that
creatine kinase (CK)greatine kinaseMB (CK-MB), lactate dehydrogenageDH), aspartate
amindransferasg¢ AST), and erythrocytesedimentation ratéESR) were noticeablyassociated
with the seriousnessf hypokalemiaCollectively, these attributes withighly increasedevels
were associated withmyocardial injury. A total of 108 patients with hypokalenshowed
moderate decreasgssodium(Na), white blood cellfWBCs), and lymphocyte (LYM) than the

67 patients with normokalemi&evere and critically ill patients had highecidenceof severe
hypokalemia, hypokalemia, abnornmedéectrocardiogramECG) results as well asotablehigh
levels of creatine kinase (CK), creatine kinase MB (@B), lactate dehydrogenase (LDH)d
C-reactive protein@RP. Among these abnormal indices, hypokalemia was most common as
93% of severe and critically ill patients had bigplemia. In contrast, elevatéelvels ofblood

urea nitrogen BUN) and creatinine(Cr) were scarce Abnormal electrocardiogram HCG)
findings were usually representative of hypokalemia and improved potassium K*) ions
supplementnanagementElevatedevels ofcreatine kinase (CKkreatine kinase MBGK-MB),
andlactate dehydrogenageDH) frequentlyreturnnormal within 36 days Elevatedlevels of
alanineaminotransferaseALT) andaspartate transaminas&ST) were mild andeturnnormal

after liver supportreatment Most patients with intermittent abnormal oxygen saturation were
improved after oxygen inhalation except for three critically ill patients who were givasive
mechanical ventilation(IMV). The most considerableadwerse effect of hypokalemia is

myocardial injury that can be well reflected blectrocardiogramECG), creatine kinase (CK),
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and creatine kinase MBCK-MB). A careful checkshoweda recognizablgump of increase in

the predominanceof abnormalelectrocarddigram ECG) results and elevatedreatine kinase
(CK) levels and in particularincreasedcreatine kinase MBGK-MB) levelsin patients with
severe hypokalemiaThis study reported high prevalence of hypokalemia in patients with
coronavirus disease 201€QVID-19) and positive association between degree of hypokalemia
and severity ofcoronavirus disease 201€QVID-19). The study alsccame toproof that
hypokalemia was more attritalile to renal loss gfotassiumK™) ionsthan gastrointestind(Gl)
wasting Previousresearchhas proved that sufficient and appropriatacentration®f plasma
potassium K*) ions have a protective role imhibiting myocardial failure through weakening
cellular hyperpolarity and depolarizatidi.is crucial to patientswith coronavirus disease 2019
(COVID-19) that plasmepotassium K*) ions concentrationde checked ankept between 4.0
and 5.5 mmol/or 4.5 and 5.5nmoll for serumpotassium K*) as serumin generalhas more
potassium K*) ions than plasma. Several laboratory indices, such as elecagatine kinase
(CK), creatine kinase MBGK-MB), lactate dehydrogenas&ldH), alanine aminotransferase
(ALT) andagartate transaminasA$%T) returnedto normal level or substantially improved after
relevantmanagementSuperficial mildness contradicted with sudden progression of disease in
some patients. This contradiction might result from the fact that biomarkezsneesensitive to
reflect whole progression of thidness Therefore, a more sensitive biomarker to monitor the

ongoing condition is urgently needed foogressiorpatients.

A study conductedby researcherfom Wenzhou Medical University in Zhejiang provines |
by Chenet al. (2020)demonstratedhat almost alcoronavirus disease 2018dvid-19) patients
suffered fromhypokalemia and that supplementation with potasdikif) ions was one of the
many ways that participatedin their healing. They concludedhat assevere acute respiratory
syndrome coronavird® (SARSCoV-2) virus attacks human cells viangiotensinconverting
enzyme2 (ACE2), it also attacks renimangiotensin system (RAS)eading to decreased
electrolyte concentrationgarticularly potassium(K*) ions. Ths study icluded 175 patients in
collaboration with Wenzhou Hospitedvealedthat almost all patientsxperiencedypokalemia
and for those who already had hypokalemia, the situav@m drastically worsened dkess
progressedlt was shown from this study that patients responded well to potassiuns (&)
supplementsaind were with a better opportunity to heat. addition, in this studypatients with

coronavirus disease 20180VID-19) weredivided into three groups and as followingevere
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hypokalemia, hypokalemia, and normokalemia gsotlipe target of the study was investigate

the relationship between hypokalemia and clinical features, the underlying causes and clinical
implications of hypokalemialhe 175 patients wittcoronavirus disease 201€QVID-19) (92
women and 83 men; median age, 46 years) were admitted to hospital in Wenzhou, China,
consisting 39 severe hypokalemia, 69 hypokalemia, and 67 normokalemia patients.
Gastrointestina{Gl) symptoms were natorrelatedwith hypokalemia among 108 hypokalemia
patients (P>0.05)Body temperaturecreatine kinase(CK), creatine kinase MB lactate
dehydrogenasgLDH) , and C-reactive proteifCRP) were considerably correlated with
seriousnessf hypokalemia (P<0.01)t was found thaB3% of severe and critically ill patients
andhypokalemia was most common amongreasectreatine kinasgCK), creatine kinase MB
(CK-MB), lactatedehydrogenas€LDH), andC-reactive protein(CRP) levels Urine potassium

ions (K*) loss was themain cause of hypokalemia. Severe hypokalemia patients was given
3g/day, adding 34 (SD=4) g potassifK) during hospital stayThere was astonishing result
which wasthat patients responded well pmtassium iongK*) supplements when they were
inclined to heal. The authors concludedhat hypokalemiavas predominantin patients with
coronavirus disease 2018QVID-19). The correction of hypokalemia is challenging because of
continuous renagpotassium iongK™) loss caused bythe degradation adingiotensirconverting
enzyme2 ACE2). The end of uringotassium iongK*) lossrefers toa good prognosis anzhn

be a reliable, in time, and sensitive biomarker directly reflecting the end of advgaet on

reninangiotensin sysia (RAS).

Urine potassiumK) loss leads tohypokalemia, and it has beenentionedthat severe acute
respiratory syndrome coronavirds (SARSCoV-2) virus attaches angiotensirconverting
enzyme 2 (ACE2) on the cell membrane aticdhulatesdegradation ofirgiotensinconverting
enzyme 2 (ACE2)and thudessenghe countefact ofangiotensirconverting enzyme 2 (ACE2)

on renirangiotensin system (RAS). This mechanisievateseabsorption of sodiurfNa) and
water, andelevatesthe excretion of potassiurtK). The authorsrevealedthat correction of
hypokalemia was challengings a result ofcontinuous loss of potassiurfK), and for
cardiovascular (CV) effects and neurohormonal activation, and other vital organs by

hypokalemia.
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It was found that lectrolyte imbalancecould occur in any critical systemic illness and
precipitatel arrhythmiasgspeciallyin casesvith underlying cardiac disorderThere isa special
concern about hypokalemia inoronavirus disease 201 QVID-19), attributed to the
interaction ofsevere acute respiratory syndrome coronax@r(SARSCoV-2) virus with renin
angiotensiraldosteron systenfRAAS). Hypokalemia increases to vau® tachyarrhythmias

which are arrhythmia characterized by quickirregular heartbeat.

A study suggesd that loss of potassiunK) through kidney may battributedto elevated
angiotensin 1l Ang IlI) concentrationsresulted frombinding of severe acute respiratory
syndrome coronavird® (SARSCoV-2) virus to angiotensirconverting enzyme 2 (ACE2)
receptors. This couldnhibit the action of angiotensirconverting enzyme 2 (ACE2)n

maintaining the balance betweangiotensirconverting enzyme 2 (ACH and angiotensin Il

(Ang II) levels.

A recognizable research showed thavere and critically ill patients wittoronavirus disease
2019 COVID-19) had a highepredominancef hypokalemia that resulted from renal potassium
(K) loss This finding can be explained by downregulationasfgiotensirconverting enzyme 2
(ACEZ2) following viral intrusion causing decreased degradation of angioterisifAngll),
elevatedaldosteronereleaseand consequentlyelevatedurinary potassium(K) wasting Early
normalization of serum potassiugK) has beensupposedto predict a good prognosis in
coronavirus disease 201€QVID-19). Therefore angiotensirconverting enzyme 2 (ACE2)
overexpression, while facilitating entry slevere acute respiratory syndromeronavirus2
(SARSCoV-2) virus to cel] is not capable oprotecing against lung injury as enzymes get

degraded by the virus.

It is implied that hypokalemia may have racognizableimpact onmanagemenbutcome of
patients withcoronavirus diseas2019 COVID-19) and must be seriously tackled as these

patients have a high prevalence of dysfunction in heart, lungs, and other vital organs.
2.Antiphospholipid Syndrome

Antiphospholipid syndrome or antiphospholipid antibody syndron@PSor APLS), is
anautoimmunehypercoagulablstate  caused by  antiphospholipid(aPL) antibodies

Antiphospholipid (aPLpantibodies are autoantibodies (AAB)directed toward molecular
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complexes of phospholigs (PL) and proteinsAntiphospholipid syndromeAPS) triggersblood
clots thrombosi$ in botharteriesandveinsas well as pregnanaglated complications such
asmiscarriagestillbirth, preterm deliveryand severpreeclampsiaAntiphospholipid syndrome
(APS) leading tomultiple, and recurrent fetal losses, often accompanied by a moderate
thrombocytopenia, in the presence of antiphospholipid antibodies (aPL), namely lupus
anticoagulant (LA), antardiolipin antibodies (aCL), or arbet® glycoproteinl (b2GPI)
antibodies. It is worthy to refer tothe following antiphospholipid antibodiesupus
anticoagulants (LA) arautoantibodiegAAB) produced by thenmune systenthat mistakenly
attack certain components of the body's own cells. They specifically pdrgspholipid4PL) as
well as proteins associated with phospholigdiék) that are found in the outenost layer of cells
(cell membranes). These autoantibod®&B) interfere with the bloodlotting process in a way
that is not fully understood arglevatea person's risk of developing a blood clot; in addition,
Cardiolipin antibodies arautoantibodies (AAB) produced by thanmune systenthat
mistakenly target the body's own cardiolip{@_s), substances found in the outermost layer of
cells (cell membranes) and platelets. These autoantib¢dlAER) can affect bodg ability to
regulate blood clotting in a way that is not well understood; furéueti-cardiolipin antibodies
(aCL) and antib-2-glycoprotein | antibodies (ar8GPI) represent two out of three laboratory
criteria for detection of antiphospholipid syodre (APS). The domain | (DI) in arfii2-
glycoprotein | is a new target for better identification of antibo{#dy and may be associated
with thrombotic risk in antiphospholipid syndronf@PS). Anti-b-2-glycoprotein | antibodies
(antk2GPI) antibodies secifically reacting with domain | Dl) have a notable clinical
importance being more commonly detected amsbpgtients withantiphospholipid syndrome
(APS)and other autoimmune diseagaD).

The antiphospholipid syndrom@APS) can be found in patients having neither clinical nor
laboratoryconfirm of another definable conditigprimaryantiphospholipid syndrom@&PS)] or

it may be associated with other diseases, mainly systemic lupus erythem@bg&isbut
occasionally with other autoimmune conditiomsfections, drugs, and malignancies. Primary
antiphospholipid syndrom@PS) patients rarelydevelopsystemic lupusrythematosus (SLE)

Only 8% of 128 patients, who were followed up for about 9 years, developed lupus, and a
posi ti ve (aso knowndaantigolsulin tes(AGT)] was a clinicallyconsiderable

predictor of progressiorAntiphospholipid antibodies (aPlcan appear in different scenarios,
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such as asymptomatic carrier patients fantiphospholipid antibodies (aRL)classical
antiphospholipid syndrome(APS) with recurrent venous and/or arterial thrombosis,
antiphospholipid sydrome(APS) affecting otherwise healthy women with recurrent pregnancy
loss(RPL, also calledecurrent miscarriager habitualabortion) patients withantiphospholipid
antibodies (aPL) positivity with nonthrombotic antiphospholipid antibodies alPL)
marifestationg|i.e., thrombocytopenia, hemolytic anenfidA), or livedo reticularifLR)] or, in

a small subset of patients, as a-tifieeatening form characterized by a rapmbgressionof
microthrombosigA very smallthrombosi$ that led to rapid multiorgan failuf@®OF), which is

termed catastroph@ntiphospholipid syndromEAPS).

Despite the strong association betwesriphospholipid antibodies (aPBnd thrombosis, the
pathogenic role oantiphospholipid antibodies (aPL) the development of thrombosis has not
been fully elucidated. Available data indicate that many of the autoantif@d& associated

with antiphospholipid syndrom@APS) are directed against a number of plasma proteins and
proteinsexpressed on, or bound to, the surface of vascular endothelia(\(e{@ or platelets.

The involvement of antiphospholipid antibodies (aPLin clinically important normal
procoagulant andanicoagulant reactions and on certain cells altering the expression and
secretion of various molecules may offer a basis for definitive investigations of possible
mechanisms by whiclantiphospholipid antibodies (aPlthay develop thrombotic events in
patientswith antiphospholipid syndrom@APS). The clinical picture of theantiphospholipid
syndrome (APS) is characterized by venous and arterial thromboses, fetal losses and
thrombocytopenia. Single vessel involvement or multiple vascular occlusions may gite ais
wide variety of presentationsAntiphospholipid syndrome(APS) manifestations include
thrombocytopenia (3.7%), livedo reticulafsR) (2.6%), stroke(2.4%), transient ischemic
attacks(TIAs) (2.3%),deep vein thrombosiOVT) (2.1%), pulmonary embolisn{PE) (2.1%),
epilepsy (1.7%), valve vegetation®r vegetative endocardijis (1.4%) and myocardial
infarction (MI) (1%), among others.

Elimination of antiphospholipid antibodies (aPimay be accomplished by several therapeutic
regimens, including high dose steroid administration, immunosuppression (e.g.
cyclophosphamide) or plasma exchange. The decrease or elimination is, however, temporary and

antibodies(Abs) rapidly return (within £3 weeks) on cessation of therapy. Therefore, therapy
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should not primarily be directed at effectively reducing améiphospholipid antibodies (aPL)
levels and the use of immunotherapy is generally not indicated, unless required for the treatment
of the urerlying condition, e.gsystemidupuserythematosus (SDEor in acute lifethreatening
situations, such as the catastroptiphospholipid syndrom@APS). The risk of recurrence of
thrombosis is markedly increased in the first 6 months after disc@itbn medication
suggesting a rebound phenomenon. Therefore, for patients who have already experienced
thrombotic events, lifdong treatment with anticoagulants gsucial In cases of first venous
event, lowrisk antiphospholipid antibodies (aPlprofile or a known transient precipitating
factor[e.g. oral contraceptive®©Cs, also known dsirth control pill§, anticoagulation could be
limited to 3e6 months and antiaggaegs(antiplatelet drugs, also called platelet agglutination
inhibitors or platelet aggregation inhibitorsas well as avoidance of the triggering factors, may
indeed be sufficiently effective for future thromboprophylaxRatients with definite
antiphaspholipid syndromgAPS) with a first venous thrombosis event should receive oral
anticoagulant therapy to a targeternational normalised ratiiNR) 2.0-3.0. Patients with
definite antiphospholipid syndromgAPS) and arterial thrombosis should receive oral
anticoagulant therapy to a target around 3.0 or receive a combined therapy with antiaggregant
plus anticoagulation with amternational normatied ratio (INR)target between 2.0 and 3.0.
Long-term anticoagulatin with oral vitamin K antagonists such as warfarin is the cornerstone
treatment inantiphospholipid syndrom@éAPS) However, novel oral anticoagulation therapies
have been developed during the last years; these therapies are direa anitibitors and
included rivaroxaban, apixaban and edoxaban as well as a direct thrombin inhibitor named
dabigatran etexilatdt is worthy to talk briefly about factor Xa inhibitors which are a type of
anticoagulardgthat work by selectively and reversibly blocking tlegiaty of clotting factor Xa,
preventing clot formation. They affect both factor Xa within the blood and within a preexisting
clot. They do not affect platelet aggregation. They are used for the treatment and prevention
of deep vein thrombos(®VT) and acutgulmonary embolisnfPE), and to reduce the risk of
stroke and embolism in people with nonvalvdaral fibrillation (NVAF). Factor Xa is
generated by both extrinsic and intrinsic coagulation pathways and is responsible for activating
prothrombin(factor Il, a vitamin K dependent plasma proteit thrombin ( factor lla a Na-
activated, allosteric serine proteadedctor Xa inhibitors have predictable anticoagulant effects
and do not require routinehecking unlike some other anticoagulant®irect thrombin
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inhibitors(DTIs) are a class ahedication that act as anticoagulants (delaying blood clotting)

by directly inhibitingthe enzymehrombin(factor lla).

Although direct antiXa inhibitors and direct thrombin inhibitoare therapies for patients with
arterial or venous thrombosis, dataamiphospholipid syndrom@PS)is scare and prospective
clinical trials usually do not include patients widmtiphospholipid syndrom¢APS). The
thrombocytopenia occurring during theourse of theantiphospholipid syndroméAPS) is
usually mild and does not require any active intervention. However, in a minority of cases it can
be severe and refractory to prednisof@e corticosteroid druglreatment In these cases,
immunosuppressivetherapy (e.g. azathioprine), intravenous immunoglobul{fslG) or
rituximab which isa chimeric monoclonal antibody against the protein CD20mainly found on
the surface of immune system B cellmay be effective. A published naandomized
prospective pilb study has shown the efficacy and safety of rituximab fomtheagemenof
noncriteria antiphospholipid antibodies (aPL)jnanifestations in patients with classic
antiphospholipid syndromglassicAPS). According to the results, rituximab may be effeetin
controlling some nowriteria antiphospholipid antibodies (aPLnanifestations, such as
thrombocytopenia and skin ulcers. It is important to consider that presence of moderate to severe
thrombocytopenia in patients with -@oing thrombos is not contraindication for
anticoagulationManagement of catastrophantiphospholipid syndromgCAPS) includes an
aggressive approach with a comldrieeatment that includes anticoagulation with heparin, high
dose steroids, plasma exchange and/oawemous immunoglobulin@VIG). For patients with
refractory catastrophiantiphospholipid syndrom@CAPS), rituximab and eculizumafa long
acting humanized monoclonal antibody (mAb) targeted against complemenar€5jood
alternatives. Anotable publicgion demonstrated that 75% of patients with refractory
catastrophic antiphospholipid syndrome(CAPS) healed from the acute catastrophic
antiphospholipid syndrom@APS) episode; however, 20% of theteceaseat the time of the
event. Eculizumabis currently approved for the treatment of paroxysmal nocturnal
hemoglobinurigPNH) and is a promisingnedicationin catastrophi@ntiphospholipid syndrome
(CAPS) Eculizumab treatment benefits patients with microapaghies (or microvascular
disease, or small vessel dis@aseducing intravasculathemolysis and blocking complement

mediated pathogenic effects. Eculizumab is also a promising therapy for patients with
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antiphospholipid syndrom@PS) with renal posttransplant thrombotic microangiopatihgnal
posttransplanfTMA) .1t is valuable to say thahrombotic microangiopathff MA) is a severe
complication ofkidney transplantatiothat oftencausegraft failure (GF). Thrombotic
microangiopéaty (TMA) may occur de novo, oftetriggered by immunosuppressive drugs and
acute antibodynediated rejection, or recur in patients with previous history of hemolytic uremic
syndromgHUS).
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Figure(32):Antiphospholipid syndromfRuiz-lIrastorza G.; Crowther P.; Branch W.; Khamashta
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2.1Antiphospholipid Antibodies in COVID-19 Infection

A patientadmitted to Peking Union Medical College Hospital in the $irench New City
Branch of Tongji Hospital in Wuhan, China wagh coronavirus disease 2018QVID-19) and
clinically significant coagulopathygntiphospholipid antibodies (aRLlgnd multiple mfarcts. He

was one of three patients with these findings in an intensive car€l@Qbij designated for
patients withcoronavirus disease 2019Q@¥ID-19) in that hospitalThis unitwas set up on an
emergency basis to accept the most critically ill pasieduring the outbreak aforonavirus
disease 2019 (@VID-19). Severe acute respiratory syndrome corona@rSARS CoV-2)
infection was confirmed in all theasedy reversdranscriptasigpolymerasechainreaction (RF

PCR) assay or serologic testing. A gear old man with a history of hypertensiqiiTN),
diabetesnellitus (DM), and stroke presented with fever, cough, dyspnea, diarrhea, and headache.
Coronavirus disease 2018QVID-19) was diagnosed in the patient on January 25, 2020, on the
basis ofrevease transcriptasgolymerasechain reaction (R-PCR)testing that detectestvere

acute respiratory syndrome coronavifus(SARSCoV-2). The initial managementwas
supportive; however, the illness subsequertvelopedto hypoxemic respiratory failure
warranting thdnitiation of invasive mechanical ventilatiol.is important to add thahvasive
mechanical ventilation is a lifesaving intervention for pasiemith respiratory failureThe most
commonly used modes of mechanical ventilation are assigtol, synchronized intermittent
mandatory ventilation, and pressure support ventilation. When employed as a diagnostic tool, the
ventilator offers data on thestatic compliance of the respiratory system and airway resistance.
The clinical scenario and the dagat from the ventilatodet the clinician tooffer effective and

safe invasive mechanical ventilation through manipulation of the ventilator settings. IMéh
sustaining in many circumstances, mechanical ventilation may also be toxic and should be
withdrawn when clinically appropriat®©n examinationthe study showed thalhe patient had
evidence of ischemia in the lower limbs bilaterally as well agdigits two and three of the left
hand. Computed tomograph{CT) imaging of the brairrevealedbilateral cerebral infarcts in
multiple  vascular territories. Pertinent laboratory resuliavolved leukocytosis
thrombocytopeniaan elevated prothrombin tim@T), and partial thromboplastin tim@TT),

and elevatedoncentration®f fibrinogen andD-dimer. Subsequent serologic testing showed the
presence of anticardiolipin IgA antibodies as well asiéndB gl ycopr ot ei n |

antibodies. Two other patients with similar findings webservedat the specialized intensive
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care unit(ICU) for patierts with coronavirus disease 201€Q@VID-19) at Tongji Hospital.
Serologic tests in these patients were positive for anticardiolipin IgA antibodies as well as anti
b Zlycoprotein | IgA and IgG antibodies. Lupus anticoagulaas not detected in any of the
patients, althouglesting wasdonewhile the patients were acutely ill. AntiphospholigaPL)
antibodies abnormally target phospholipid proteins, and the presence of these antiims)iess
essentiato the diagnosis of the antiphospholipid syndrofA®S) However, these antibodies
(Abs) can also arise transiently in patients with critical illness and various infections. The
presence of these antibod{@gs) mayscarcelydevelopto thrombotic events that are difficult to
differentiate from other causes of multifocal thrombosis in critically patients, such as
disseminated intravascular coagulati@IC), heparininduced thrombocytopeniéHIT), and

thrombotic microangiopath{TMA).

Hossriet al (2020) described twoaseof patients withcoronavirus disease 2018QVID-19)
presenting with thrombotic events potentially causethisy/infection The mechanism by which
coronavirus disease 2019 (COVID) may cause thrombotic evensstheorized to be associated
with  immobilization, hypoxia, or disseminated coagulopathfalso known as
consumptiorcoagulopathy Both patients were found to have elevatsahcentrationsof
anticardiolipin antibodieACA), which may beegarded aa key association between this novel
virus and an acquired coagulopathyhile major critically ill patientsvith coronavirus disease
2019 (COVID19)initially present with respiratory failure, a sizeable portion progress to-multi
organ failure with the elvelopment of coagulopattgonsideredas crucial pertinent prognostic
factor. A study reportedcoagulopathypresentedby considerablyelevated DBdimer, fibrin
degradation products, and longer prothromtane (PT)and activated partial thromboplastin
time [aPTT, also knownpartial thromboplastin time, PTTestswas described in nesurvivors
versus survivors.Moreover 71.4% of norsurvivors met the criteria for disseminated
intravascular coagulatio(DIC) during their hospital stay vs 0.6% of survivors. As guidelines
continue to develop concerning coagulopathies severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) patients, some current recommendatiopgpose starting
prophylactic anticoagulain in all casesrequiring hospitalization in the absence of any
contraindicationAntiphospholipid syndromeAPS) describes venous and/or arterial thrombosis

with the presence of antiphospholipid antibodies (aPLs). Catastrogmiphospholipid
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syndrome (@PS) represents the most severe form of the disease, and is associated with
multiorgan failure resulting from microvascular thrombosis. While anticoagulation continues to
be the mainstay of therapy, theee still elevatedrisk of recurrent thrombosis arageeding
complications.Only three caseof severe acute respiratory syndrome coronax@r(SARS
CoV-2) patients alsgrogressing talinically highly recogniozablentiphospholipid syndrome
(APS). Thesepatientswere found in Tongji Hospital in Wuhan, Rina and demonstrated
multiple cerebral infarcts discovered on brain imaging. The cases demahstliaieally
significant antiphospholipid syndromeAPS) manifesting as multiple cerebral and splenic
infarcts in case 1, and peripheral arterial diseasease 2. There have been many different
proposed etiologies tgrogressingcoagulopathy withsevere acute respiratory syndrome
coronavirus2 (SARSCoV-2). According toan important literaturénere is also a high incidence

of lupus anticoagulant in patientsat were positive focoronavirus disease 2019 (COVID),
however none of them had any reported thrombotic evigigsworth noting there ian evidence

of association betwednmighly increased antiphospholip{dPL) antibodies and sepsis secondary

to viral illness, most commonly in hepatitis C,pdkein Barr virus (EBV), Human
immunodeficiency virugHIV), Human gtomegalovirus(HCMV), and Leprosy.Despite the
positive titers of antb Zjlycoprotein and anttardiolipn (aCL) antibodies, these are typically
not associated with clinical manifestations such as thrombdsisse casesin this study
represent a new form of coagulopathy savere acute respiratory syndrome coronax2rus
(SARSCoV-2) patients. While it remas unclear if the development of anticardioligaCL)
antibodies represents a response to the septic phase of the disease or a true manifestation of
antiphospholipid syndromeAPS), the thrombotic events presented timese patients are

concerning for théatter.
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The importance of antiphospholipid (aPlasitibodies in the development @dronavirus disease
2019 COVID-19) coagulopathy waseen indescription of multicerebral infarctions in 3
patients with antiphospholipi(aPL) antibodies that were characterized as anticardiolipin IgA,
anti B2 glycoprotein | IgA, and Ig@GVechanisms of thrombosis in antiphospholipid syndrome
(APS) comprise endotlial cell dysfunction, platelet activation, complement system activation,
inflammatory cellmediated mechanisms, alteration of anticoagulant properties (tissue factor
pathway inhibition, inhibition of the protein C pathway, interference with the action of
antithrombin), and reduced fibrinolysis (elevated RAlevels, inhibition of plasminogen

binding, and plasma activity).

CENTRAL ILLUSTRATION : COVID-19 related Coagulopathy : Key Mechanisms and Future Directions for Research
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Figure(35): Antiphospholipid antibodies in COAI® related coagulopathy [Marchandot B.; Sattler L.; J¢
L.; Matsushita K.; Saini-Kerth V.; Grunebaum L.; Morel O. (2020). COD® related coagulopathy:
distinct entity?. J. Clin. Med., 9(6), 1634ttps://doi.org/10.3390/jcm90616%1

Catastrophi@antiphospholipid syndromg&APS), also called Ashersonmglrome, is a variant of

the antiphospholipid syndrome (APS) thatincidentin less than 1% ofntiphospholipid
syndrome APS) patients The etiology ofcatastrophi@ntiphospholipid syndrom@EAPS) is
uncertain; howevereveral triggering factors have been recognized. The most common of these

are infectious diseasesspeciallythose of the respiratory tradCatastrophi@ntiphospholipid
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syndromg CAPS)pathogenesis incompletely understood, but several theories have been
proposed, such as thaolecular mimicrytheory, which describes the production of dnt2
glycoprotein | (GP1) antibody in response to infection. The process is compléaxchrdesthe
activation ofToll-like receptor 4TLR-4), which induces acytokine storm followed by

endothelial alterations thatimulatea procoagulanstate.

The catastrophicantiphospholipid syndrome (CAPS) is ascarce life-threateningsituation
characterized by multiplehtombosis,impacting mainly small vessels and involving three or
more organs, developing in less than a week and associated with persistent antiphospholipid
antibodies (aPL) positivity Catastrophicantiphospholipid syndrome (CAPS)is induced by
precipitating factors and infections, mainly in respiratory tract, are the most frequent events. The
underlying pathogenetic mechanism is not completely understood, but could be precipitated by a
cytokine storm, with diffuse vasculitis and direct odirect damage on endotheliurifhe

clinical course and the autopsy findings in patients die@¢doonavirus disease 2018QVID-

19) in Bergamo[the epicenter city oforonavirus disease 2018QVID-19) outbreak in Italy
supposethat some patients may hay@ogressedcatastrophic antiphospholipid syndrome
(CAPS)

Venous and arterial thromboembolic phenomena are well described @bewatedrate of
coronavirus disease 201€QVID-19) casesindicating high concentration®f D-dimer (DD)

and, in somepatierts, prolonged coagulation tests, especiafiyothrombin timeinternational
normalized ratio (PT-INR); in those patients, the antithrombotic prophylaxis withw-
molecularweight heparifLMWH, a class of anticoagulant medications) unfractionated
heparin (UFH) is recommended since it is associated with reduced mortality. The
thromboembolic disease iworonavirus disease 201€QVID-19) could have a multifactorial
pathogenesisHypoxia and prolonged immobilization are important fagtdout the diffuse
inflammatory state and the resulting cytokine stdaoks to be theprincipal inducers The
autopsies that have been conducted at the Pathology Department of the Papa Giovanni XXIII
Hospital in Bergamo during the recesgivere acute resptory syndrome coronavirta (SARS
CoV-2) outbreak, showed a thrombotic damage in several organs that was clinically
underestimated during the hospital stay. Several diseases sutibsasiinated intravascular

coagulation (DIC), sepsis macrophage activated syndrom@AS) and catastrophic
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antiphospholipid syndroméCAPS could be the underlying causes of such damaSese
authorsprovedthat the mostoronavirus disease 2018QVID-19) patients meet the diagnostic

criteria fordisseminagd intravascular coagulatigbIC).

Catastrophic antiphospholipid
syndrome pathogenesis

Cvtokine storm Trombotic storm

, 7 ¥ \
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Figure(36):Catastrophic antiphospholipid syndrome pathogenesis [agiasco M.; MendozRinto

C.; MaciasDiaz S.; de Lara F.; Etchegardorales |.; GalveZRRomero J.; Mendeklartinez S.; Cervers
R. (2015). The role of infectious diseases in the catalsit antiphospholipid syndrome. Autoimmuni
Reviews, 14(11):1066071.https://doi.org/10.1016/j.autrev.2015.07.J09
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3. Hyperferritinemic Syndromesand Systemid nflammation in COVID -19 I nfection
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The umbrella term hyperferritinemic syndromescompasses four clinical conditions, including
macrophage activation syndrome (MAS), aduiset Still's disease (AOSD), catastrophic-anti
phospholipid syndrome (CAPS), and septic shock, all characterized by high serum ferritin and a
life-threatening hygrinflammation sustained by a cytokines storm whidtimately causes
multiorgan failureThe severe form otoronavirus disease 201ZQVID-19) share several
clinical and laboratory characteristics with four entities gathered under the term
hyperferritinemic syndromeandinvolving macrophage activation syndrome (MAS), adiset

Still's disease (AOSD), catastrophic gpiiospholipid syndrome (CAPS) and septic shock.
Coronavirus disease 201€QVID-19) systemic inflammatory reaction ahgiperferritinemic
syndromesare all defined by high serum ferritin and a Iifthreatening hyperinflammation
sustained by a cytokines storm which eventusedlyultsc inmultiorgan failure.The idea of a

third later sage of coronavirus disease 201 QVID-19) as the dramatic result of an
overwhelming cytokine storm iboostedby the recognitionof the elevatedconcentrationof
different molecules includingnterleukinlbeta [L-1 R interleukinl receptor antagonis(IL -

1RA), interleukin7 (IL-7), interleukin8 (IL-8), interleukin9 (IL-9), interleukin10 (L-10),
fibroblast growth factor (FGF), granulocyteacrophage colongtimulating factor (GMCSF),
interferonrgamma [ F N granulocytecolony stimulating factor (€& SF), interferoro-inducible
protein (IP10), monocyte chemoattractant protein (MCP1), macrophage inflammatory protein 1
alpha (MIP1A), plateletlerived growth factor (PDGF), tumor necrosis factipmha(TNF-U) an d
vascular endothelial growth factor (VEGMParticularlyin severeconditions interleukin2 (IL-

2), interleukin7 (IL-7), interleukin10 (L-10), granulocytecolony stimulating factor (€&SF)
interferorro-inducible protein (IP1Q)monocyte chemoattractant protein (MCPacrophage
inflammatory potein 1 alpha (MIP1A)andtumor necrosis factealpha TNF-U) look to be
extremely high andoticeableelevation ofinterleukin6 (IL-6) in nonsurvival patients has been
observedIn addition to cytokine profile, other features makeonavirus disease 2018QVID-

19) similar to the members of the hyperferritinemic syndromes, at least in some of their stages:
lymphopenia,decreasecdhatural killer NK) cellsnumber and activity, abnmal liver function

tests, coagulopathy and of course hyperferritinemia.

Hyperferritinemia is thenotable markof the hyperferritinemic syndromes and increasing
evidence supports theotion that high circulating ferritin may not only reflect an acute phase

response but also play a critical role in inflammation. Ferritinnsaan intracellular iron storage
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protein and the ratio between its two subunits, H and L, may differ depending on tissue type and
physiologic status of the cell.-férritin looksto disphy not oy an immunomodulatory function

but also a proinflammatory activity culminating with tlsmulation of the expression of
different inflammatory mediators, includingnterleukinlbeta [L-1 b Hyperferritinaemia
characterizes several autoimmunsedises where it may play a pathogenetic role on the ground
of its immunomodulatoryeatures The origin of circulating serum ferritin during inflammatory
statusesis still debatedln vitro experiments demonstrated that ferritin might be actively
producedby hepatocytes as well as by macrophad#s) through a nosctlassical pathway.
Thus, it ispossiblethat in hyperferritinemic syndromes macrophddgd) activation could
actively contribute to ferritin production. In line with this hypothesis, imoathy study,it was
demonstrated that iadultonset Still's disease (AOSDgrritin serum levelswere not only
correlated with disease activity, but also with macrophada) activation. Interestingly, in a
valuable study describing a cohort of 39 hospitalizeatients withcoronavirus disease 2019
(COVID-19), ferritin serumconcentrationsvere foundrecognizablyassociatedwith disease
severity. Besides an activelease during the inflammatory reaction, rmain component of
serum ferritin derives by cellular death and, in particular, by hepatic cells deaths€ameted
ferritin loses part of the inner iron content giving rise to extremely high seongentration®f

free iron. It seems that the excess ofuating free iron detectable during severe inflammatory
environmentscan deteriorate the inflammatory reaction with speciat ability to stimulatea
notablepro-coagulant state. This capacity is related to changes in the morphology of red blood
cells (RBCs) and fibrin induced by free iron able itself to favor the production of hydroxyl
radical. Oxidative stres®S)on red blood cell§RBCs)and fibrin canpromotethe production

of dense clots responsible for stroke development. Due to the capaicidy chelation to taper

the inflammatory response through a reductioreattive oxygen specieRQS production and

to inducean antiviral activity, the utility of this therapeutic approach in patients setrere
acute respiratory syndrome coronaviluSARSCoV-2) infection has been addressed. A
clinical trial on the use of Desferal (Deferoxamine, a medication able to bind iron in case of iron
overdose) is currently ongoing in IRAN in patients with mild to seeerenavirus disease 2019
(COVID-19) infection (NCT04333550).

Coagulopathy is one of the main complications occurring in hospitalized patients with severe

coronavirus disease 201€8QVID-19). Despite prophylaxis with low molecular weight heparin
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(LMWH), the occurrence of cardiovascul@V) strdke is considerablyhigh, in some cases in

the form of a diffused intravascular coagulopathy (DIC). In a Chinese cohort from Wuhan,
disseminated intravascular coagulati@ ) occurred in about 6.4% of patients who died for
severecoronavirus disease 201@0OVID-19). Acro-ischemia is one of the most frequent
presentations of this complication being associated wittoresiderablerate of deathlt is
valuable to demonstrate thacroischemia lesions reported to be occurribgoadly in
asymptomatic children and adolescents wibronavirus disease 201€CQVID-19); they
majorly affect the feet and sometimes the hands; the toes and fingers are typically affected, but in
some cases also the plantar region; the lesions affect not sllatakefingers, on average 3,
usually separated by unaffected toes and fingers; the lesions are sometimes rounded, a few
millimeters in size and multiple or affect the entire finger usually with a clear demarcation at the
metatarsophalangeal level; initiallhey have a reddigburple or bluish color; they can become
bullous or present blackish crusts in the subsequent evolution; they are usually painful and
evolve within 2 weeks with restitutio ad integrummtrestingly, disseminatedintravascular
coagulaton @OIC) is also a major complication the other hyperferritinemic syndromes including
adultonset Still's disease (AOSDJnacrophage activation syndrom®#AS), sepsis and
catastrophic antiphospholipid syndrome (CAPI&jlammationpromotesincreased coagation

by two different effects: by activating the cascade coagulation system and by downregulating the
anticoagulant mechanisms. The endothelial cell and platelet activation occurdaigstrophic
anti-phospholipid syndrome (CAP&) a key contributor to the genesis of a thrombotic stomth

in this setting, it issignificantthe role of infections as triggers of the disedse of note that

three Chineseoronavirus disease 2012QVID-19) patients admitted tantensive care uh

(ICU) and presenting thrombotic events tested positive for anticardiolipin IgA antibodies as well
asaniib2 gl ycoprotein | |l gA and 1 gG anti bodi es.

However,it is noted thathe increased vascular coagulation occurringaronavirus disease

2019 COVID-19) patients is more close to a lung centric pulmonary intravascular coagulopathy
(PIC) rather than a classicdisseminated intravascular coagulatiddl@). However, it is
considered torefer that he lung pathology seen in patients with coronavirusadese2019
(COVID-19) showsnotable microvascular thrombosis and haemorrhage linked to extensive
alveolar and interstitial inflammation that shares features with macrophage activation syndrome

(MAS). It has beentermed the lungestricted vascular immunopalbgy associated with
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coronavirus disease 2018QVID-19) as diffuse pulmonary intravascular coagulopathy, which

in its early stages is distinct from disseminated intravascular coagul®i@). Increased
circulating Ddimer (DD) concentrations (reflecting pulmonary vascular bed thrombosis with
fibrinolysis) ard elevated cardiac enzyme concentrations (reflecting emergent ventricular stress
induced by pulmonary hypertension) in the face of normal fibrinogen and platelet levels are key
early characteristicsof severe pulmonary intravascular coagulopathy relatedotonavirus
disease 2019Q0OVID-19). Extensive immunothrombosis over large pulmonary vascular
territory without confirmation ofcoronavirus disease 201TQVID-19) viraemia in early
disease besnterpretsthe adverse impact of male sex, hypertengithN), obesity, and diabetes
mellitus (DM) on the prognosis of patients wittoronavirus disease 201€QVID-19). The
immune mechanism underlying diffuse alveolar and pulmonary interstitial inflammation in
coronavirus disease 201€8QVID-19) includesa macrghage activation syndrom&AS)-like

state that provokes extensive immunothrombosis, which might unmask subclinical
cardiovascular diseag€VD) and is distinct from thenacrophage activation syndromdAS)

and disseminated intravascular coagulafIT) that is more familiar to rheumatologists.

This peculiar presentation seems relatedrttaarophage activation syndromdAS)-like intra-
pulmonary inflammationReally, although severeoronavirus disease 201€QVID-19) has
several abnormal laboratory paneters similar tanacrophage activation syndromdAS), the
lack of other features, such as the classical organomegalynssderableleading to suppose a

hyperactivation of the immune systgmmarily confined to the lung parenchyma.

Further similarities between hyperferritinemic syndromessawtre acute respiratory syndrome
coronavirus2 (SARSCoV-2) severe infection are revealed from the few autopsies on
coronavirus disease 201LQVID-19) patients reported so far. Macroscopic eas in
autopsiescomprise pleurisy, pericarditis, lung consolidatiorpulmonary edema; microscopic
findings include diffuse alveolar damage with inflammatory infiltrates composed mainly by
monocytes and macrophag@d t), but minimal lymphocytes infiltratn, and multinucleated

giant cells alongside large atypical pneumocytes. Cardiac involvement in the form of myocarditis
has been also described. Similarly, pleurisy, pericarditis and myocarditis have been largely
described in patients witladultonset Stils disease (AOSD)nd macrophage activation

syndrome IMAS). Some recommendations and guidelines to safely perform autopsies in
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coronavirus disease 201€QVID-19) patients have been published but the literature on this
aspect is still poor even if pathological aspects are of utmost importance to better understand the

extent and type of damage associated with this infection and its possible pathogenesis.

Why some ptients with severe acute respiratory syndrome coronax2ruSARSCoV-2)
infection evolve to a hyperinflammatiacondition with such a dramatic course while others
seem to respond to treatment, is still unknown. The severity of its evolution does not seem
exclusively ascribable to viral factors, but probably to host features including different
epidemiologic and molecular factors. Among them, the presence of an age and sex preference is
evident with a higher occurrence of severe inflammation especiaydarlies and men. The
different lung expression of trengiotensirconverting enzyme2ACE?2) molecule, the receptor

used bycoronavirus disease 201Z€QVID-19) to enter cells, could be one of the reasons
responsible for a higher prevalence of the sevéseade in this specific subset of patients.
Accordingly, specific medications modulating the expression of this receptor such as
angiotensirconverting enzyme ACE) inhibitors or angiotensin receptor blockers could be
considered an additional external faciproviding a major risk for patients. @aorbidities
represent an ulterior risk factor for the development of segerenavirus disease 2019
(COVID-19) systemic inflammation and among them, typdiabetesmellitus (T2DM) is one

of the mostly describedlo this regard, the increased expression of another receptor named
human dipeptidyl peptidase 4 (DPP4), highly expressed in patients wit@ thpbetesmellitus
(T2DM), might be implicated in the worst disease outcome do to the possible abdityarke

acute respiratory syndrome coronavBugSARSCoV-2) to infect cells throughdipeptidyl
peptidase 4 (DPP4inding, as already described Middle East coronavirusMERSCoV)
infection. Ethnicity might also have some impact on virus infection auieo At birth,
differences in innate immune response between Caucasian and Asian people have been
identified. Macrophages(Mu) derived from healthy Filipinos and challenged with
Mycobacterium tuberculosis demonstrate a lower production afterleukinl (IL-1) and
interleukin6 (IL-6) as well as higher production ofterleukin8 (IL-8), compared to Chinese

and nonHispanic white people. Additionally, studies @eripheral blood mononuclear cell
(PBMC) from children vaccinated for measles showed rat&ted variation in the amount of

cytokine produced following stimulation.
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Another fascinating hypothesssipporting the differences goronavirus disease 2018QVID-

19) infection outcome is an antibodiependent enhancement sévere acute respiratory
syndrome coronavird® (SARSCoV-2) due to previous exposure to other coronavirus. Indeed,
previous contact with other coronaviruses responsible for a boost in immunesedpfore
coronavirus disease 201ZQVID-19) infection could be accountable for the differences in

disease severity observed among people.

What is sure right now is that for reasons that still need to be clarified, in conoeavirus
disease 201900VID-19) patients there is an overflammatory reaction, which strictly reminds

the one observed in other inflammatory conditions, sucida#-onset Still's disease (AOSD)
which is a prototype of idiopathic autoinflammatory disorder frequently triggereaffditions.

Due to similarities with this condition, a genetic predisposition cannot be excluded as well. In
adultonset Still's disease (AOSDthe presence of rare coding variantsniterleukinl (IL-1)

related pathways and gene polymorphism associaidd interleukinl8 (L-18) have been
identified. At the same extent, heterozygous mutations related to PRF1 and UNC13D genes,

have been linked to a specific subsetaicrophage activation syndronMAS) patients.

Besides genetic factors, the modulatminthe expression of different cytokines both by lung
epithelial cells and by innate and adaptive immune cells needs to be taken into account.
Regardingnterleukinlbeta [L-1 B it is notableto remind that previous studies severe acute
respiratory syndrome coronavirlSARSCoV) presentedhe ability of the virus to upegulate
inflammasome activity with consequent capacity to actively increase the production of
interleuinlbeta (L-1 b Due to the similarities betweesevere acute respiratory syndrome
coronavirus $ARSCoV) andsevere acute respiratory syndrome coronas2rSARSCoV-2)

(82% nucleotide sequence homology), itpiobably that severe acute respiratory syndrome
coronavirus2 (SARSCoV-2) displays the same capacity to induce an exaggenatexdeukin

lbeta [L-1 bmediated response. Thus, the link betweeronavirus disease 2018QVID-19)
induced inflammatory reaction and hyperferritinemic syndromes, suchadalsonset Sti's
disease (AOSDdr macrophage activation syndromdAS), is immediately evident being both
related to a massiviaterleukinlbeta(lL-1 p systemic release. Duringiacrophage activation
syndrome MAS), it is also important to remind the role of typdnterferon (IFN), which is a

crucial mediator of the inflammatory response and whose neutralization looks promising. In this
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regard, although it is known that typenterferon (FN) represents the main antiviral pathway,
studies orsevere acute respirayosyndrome coronaviruSARSCoV) revealed that both type |
and type llinterferon (FN) (alphabeta and gamma) synergize to inhibit virus replication with a
concomitant active virus attempt to reduce simtbrferon(IFN) production. Preliminary data
from coronavirus disease 201Z€QVID-19) patientssupposehow a suppresseuhterferon
gamma [FN-2) production by CD4+ T cells is associated with more seMeess Nonetheless,

in the advanced stages of the disease, anexmession of this molecule may occur, due to a
second wave of systemic inflammatory reaction similami@crophage activation syndrome
(MAS). For this reason, a clinical trial evaluating the efficacy of concomitant inhibition of
interleukinl (IL-1) (Anakinra) and interferongamma [FN-2) (emapalumab) in severe
coronavirus disease 201 QVID-19) patients has started (NCT04324021). However, in
patients with coronavirus disease 201CQVID-19), a clear distinction betweemcute
respiratory distress syndrem(ARDS) and macrophage activation syndroméVAS) is
challenging, especially in the first phases of the disease wdmre respiratory distress
syndrome ARDYS) represents the main sourceioferleukin6 (IL-6) and interleukinl (IL-1).
Results from Anakira/Emapalumab trial will surely provide interesting insightsoronavirus

disease 201900VID-19) associatednacrophage activation syndrondMAS) like-syndrome

Besidesinterleukinlbeta (L-1 | the majority of studies published up to ng@resumesa
predominant role ofinterleukin6 (IL-6) in severecoronavirus disease 201 QVID-19)
inflammatory reaction. In patients witicute respiratory distress syndromddRDS), the lung
epithelium and immne cell hyperexpression afterleukin6 (IL-6) is associated with a poor
disease outcome, as confirmed bya@ablestudy oncoronavirus disease 2012QVID-19)
patients. Howeverinterleukin6 (IL-6) is also & essentialregulator of the balance among
fibroblasts, macrophagegv ), and epithelial lung cells and is able to participate in the
resolution of inflammation. Thus, a prolonged therapeutic blockade of this cytokine and the
exact timing to do that needs to be carefully considered.

Finally, regarding other epidemiological factors possibly able to influence disease outcome, the
use of concomitant immune modulating/immisuppressive therapies is certainly critical.
Interestingly, preliminary observations point out that immunosuppelsart transplanted

patients present a milder form obronavirus disease 201€8QVID-19) during the later stages
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when the clinical evolution is mediated by the host inflammatory response. At the moment, the
Italian Society of Rheumatology has organizadnational registry to gather information
regarding patients with immuseumatologic disease infected Isgvere acute respiratory
syndrome coronaviru® (SARSCoV-2) and the European League Against Rheumatism
(EULAR) has proposed a similar registry togery preliminary results on a large cohort of
Italian patients with chronic arthritismanagedwith immunosuppressive agents (biologic and
targeted synthetic DMARDs), showed no increased risk of respiratory ethidatening
complication fromsevere acuteespiratory syndrome coronavirdfSARSCoV-2) infection.
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Figure(38)Proposed model of the cytokine storm in severe COWFarooqi F.; Dhawan N.
Morgan R.; Dinh J.; Nedd K.; Yatzkan G. (2020). Treatment of severe CQVYIRith Tocilizumab
mitigates cytokine storm and averts mechanical ventilation during acute respiratory distress:
report and literature review. Troplca Medicine and Infectious Disease, 5(3),11
https://doi.org/10.3390/tropicalmed50301]12

Figure 38) shows a pposed model of the cytokine storm in seveweonavirus disease 2019
(COVID-19), revealing the mechanistic complexity of the cytokine cascade and subsequent
pathology. The model is primarily based on current knowledge of cytokine storm, as seen in
macrofhage activation syndrome (MAS), hemophagocytic lymphohistiocytosis (HLH), and
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chimeric antigen receptor (CAR)-Gell therapy. Notably, cytokine storm in batmacrophage
activation syndrome (MABSandhemophagocytic lymphohistiocytosis (HLHisplays increasd
levels of cytokines interleukit (IL-1), interleukin2 (IL-2), interleukin18 (L-18), macrophage
colony stimulating factor (MCSF), interferorgamma (IFNd), and tumor necrosis factaipha

(TNF-U), in addition tointerleukin6 (IL-6), although defirtive causality due to all these
cytokines has not been determined
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Severe COVIBL9, another piece in the puzzle bkthyperferritinemic syndrome. An immunomodulatd
perspective to alleviate the storm. Front Immuhts://doi.org/10.3389/fimmu.2020.011B0

4.Coagulopathy

Coagulopathy also known asableeding disorderis a condition in which the blood's ability
to coagulateis impaired.This condition carlead toprolonged or excessive bleedingeeding
diathesi¥, which mayhappenspontaneously or following an injury or medical and dental
proceduresCoagulopathy mayprogress to uncontrolled internal or external bleeding.
Uncontrolledbleedingif left untreated cartause damage to joints, muscles, or internal organs

and may be lifdhreateningPatientsshouldbe subjected tonmediate medical care for serious

175


https://en.wikipedia.org/wiki/Coagulation
https://en.wikipedia.org/wiki/Bleeding_diathesis
https://en.wikipedia.org/wiki/Bleeding_diathesis
https://doi.org/10.3389/fimmu.2020.01130

symptoms,nvolving heavy external bleeding, blood in the urinestmol double vision severe
head or neck pain, repeateaimiting, difficulty walking, convulsions, or seizureBatientsmust
follow prompt medical care if theguffer frommild but unstoppable external bleeding or joint
swelling and stiffness.

The normal clotting process depends on the interplay of various proteins in the blood.
Coagulopathycan result fromreducedconcentrationsor absence of bloedlotting proteins,
called clotting factors or coagulation factofSoagulopathycan be incidentas a result of

dysfunction ordecreasedoncentrationsf platelets

It is supposedhat moderate and severeronavirus disease 201@QVID-19) patients present
prolongedprothrombin timgPT), activated partial thromboplastin time (aPTT), and elevated D
dimer (DD) concentrationsvith consequenpoorerresults

In coronavirus disease 201€QVID-19), elevatedplasmaconcentration®f pro-inflammatory
cytokines[interleukin2 (IL-2), interleukin? (IL-7), granulocyte colomgtimulating factor(G-
CSF) interferoninducible protein 10 1P-10), monocyte chemoattractant protdinMCP-1),
macrophageénflammatoryprotein lalpha §IP-1U0), and tumor necrosis factaipha (TNFU ) ]
have beerseenin patients admitted to intensive care urfitSUs), indicating development of
cytokine storm in patients with severe disease with a secondary hemophagocytic
lymphohistiocytosis(sHLH). While many preinflammatory cytokines trigger the coagulation
system,t wasshown that the increase iimterleukin6 (IL-6) wasdifferentwith the elevations in
D-dimer (DD); interleukin6 (IL-6) concentrationsappeared to increase only 13 days after
disease onset, whereas-dimer (DD) levels were already @ld increased by that time. This
recognition presumesthat the very high Blimer (DD) concentrationsseenin coronavirus
disease 2019 (COVHL9) patients are not only secondary to systemic inflammatiwt also
reflect true thrombotic disease, probably induced by local, cellular activatauncedby virus
infiltration. Although thedecreaseglatelet count and longer prothrombin tim@sl) seenin
patients with severecoronavirus disease 2019 (COVI®) suggest thatdisseminated
intravascular coagulatiofDIC) might be present, at the same time (pulmonary) venous

thrombosisdeep vein thrombos(®VT), and/ompulmonary embolism (PEpay be present.

176


https://en.wikipedia.org/wiki/Blood_in_stool
https://en.wikipedia.org/wiki/Double_vision
https://en.wikipedia.org/wiki/Vomiting
https://en.wikipedia.org/wiki/Platelet

CENTRAL ILLUSTRATION: Postulated Mechanisms of Coagulopathy and
Pathogenesis of Thrombosis in COVID-19
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Figure(40):Coagulopathy and thrombosis in COMI®infection [Bikdeli B.; Madhavan M.; Jimenez O
Chuich T.; Dreyfus I.; Driggin E.; Nigoghossian C.; Ageno W.; Madjid M.; Guo Y.; Tang L.; Hu Y.;
J.; Cushman M.; Quere I.; Dimakakos E.; Gibson C.; iL{pp Favaloro E.; Fareed J.; Caprini J.; Tal
A.; Burton J.; Francese D.; Wang E.; Falanga A.; McLintock C.; Hunt B.; Spyropoulos A.; Barn
Eikelboom J.; Weinberg I.; Schulman S.; Carrier M.; Piazza G.; Beckman J.; Steg P.; Stg
Rosenkranz SGoldhaber S.; Parikh S.; Monreal M.; Krumholz H.; Konstantinides S.; Weitz J.; Li
(2020). COVID19 and thrombotic or thromboembolic disease:implications for preven
antithrombotic therapy, and followp. Journal of the American College of Cardiglog@5(23)DOl:
10.1016/j.jacc.2020.04.031]
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4.1 Thrombotic Burden in COVID -19 Infection

Higher thrombotic burden in the acute phaseabnavirus disease 2018QVID-19) basewn
a complex interplay between pmflammatory cytokine/chemokinesecretion elevated
endothelial dysfunction/damage, apdssiblesepsisinduced coagulopathprogressin severe
cases, alldevelopingcoagulation activation. Thetriking highly prothromiotic features of
coronavirus disease 2018QVID-19) look to comefrom:

1-Severe and prolonged hypoxemia knownnucethrombosis

2-High incidence of cytokine storms in critically ill patienasd finally

3-A presumptiveole of local pulmonary thrombotic phenomena.

CENTRAL ILLUSTRATION : COVID-19 related Coagulopathy : Key Mechanisms and Future Directions for Research
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Figure(41): COVID19 related coagulopathy [Marchandot B.; Sattler L.; Jesel L.; Matsushit
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4.1.1Inflammation

Inflammation has been accepted as a common pathway through which various risk factors
stimulatethrombogenesis. Cytokines and chemokines have tealatedwith crucial role in
immunity and immunopathology during viral infections. The immune response to ssugee
acute respiratory syndrome coronaviu§SARSCoV-2) infection and the accompanying surge
of cytokines and inflammatory mediatdiaterleukin6 (IL-6), interleukin7 (IL-7), interleukin

22 (L-22), C-x-C motif chemokine 1qQCXCL10, also known as Interferon gaminauced
protein 10 (IP10) or smalinducible cytokine B1Q)etc] can causeactivating precoagulant
pathways. Inflammatorgytokines, together with endothelial injury, canregulate tissue factor
expression and furthéead toa preathrombotic state. In coronary arteries, circulating cytokines
can induce macrophageqM u ) within the plaque toelevatelocal cytokine synthesis and

secretion, and also triggéssue factor overexpression thratkeslesions more thrombogenic.
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This mechanism of a local, intraplaque response to systemic stimuliegasiedas an echo
phenomenon by LibbySystemic cytokinesaninduceleukocyte adhesion moleculexpression

on the endothelial cells overlying established atheraupportinglocal recruitment of these
inflammatory cellslt is worthy to refer thatheleukocyte adhesion moleculase members of
larger superfamilies of cell surface receptors that play critical roles in immunosurveillance,
inflammation, hemostasis, wound healing, morphogenesis, maintenance of tissue architecture,
atherogenesis, and tumor metastasis.

Early reports from Chinaillustrated severely elevatedconcentrationsof inflammatory
biomarkers and cytokines such @merleukin6 (IL-6), interleukinlbeta [L-1 b C-reactive
protein (CRP) Tumor necrosis factealpha(TNF-U ) granulocytecolony stimulating facto(G-

CSF) and ferritin. Advanced stages aoronavirus disease 201€6QVID-19) have beerbound

to cytokine storm syndromes and identified patients at higher ridevadlopingsevere diseases
involving disseminated intravascular coagulatioDI§), acute myocardial injurydue to
myocarditisor stresscardiomyopathyand death. Siddiget al. (2020) havepresumeda schema

to estimatethe severity of systemic hyperinflammationdaronavirus disease 201€QVID-

19). Depending orthis paradigm, the host responsectmonavirus disease 2018QVID-19) is

first localized in the lung parenchyma, but a systemic surge inflaonmatory cytokines can
happen defined as a cytokine storrwhich play a significant role in coronavirus eise 2019
(COVID-19) etiologies and manifestations.

4.1.2 Endothelial Activation

Clinical and preclinical proof booststhe hypothesis that the endothelium is a key target organ of
coronavirus disease 2018QVID-19). The importance of the endothelium in the pathogenesis
of coronavirus disease 201Z€QVID-19) infection wasconfirmed by data showing direct
endothelial cell infection and endotheliitis in the time courses®fere acute respiratory
syndrome coronavird® (SARSCoV-2) infection. In humans, the angiotengsionverting
enzyme 2 (ACE2) receptor has been found in the lung epithelium (in particular the type I
pneumocyte) and the myocardium, and is highly expressed in arterial and venous endothelial
cells. Endatelial cell activation/damage due to the virus binding toathgiotensirconverting
enzyme 2 (ACE2)eceptorprovoking acute inflammation and hypercoagulation may be of

fundamentalmportance tanterpretthe high thrombotic burdeseen
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Under physiologial conditions, pulsatile shear stredevatedangiotensirconverting enzyme 2
(ACE2) expression,triggering nitric oxide production, anddecreasinginflammation and
proliferation in vascular endothelial cells. The description of high@giotensirconvering
enzyme 2 (ACE2gxpression adefinedby ribonucleic acid RNA) sequencing andffirmed by
proteomic profiling in heart muscle disease patients migtarpret why heart failure(HF)
patients could be morgrone to heart infection bysevere acute respiratory syndrome
coronavirus2 (SARSCoV-2). Pericytes, which spread outside the endothelial cell of capillaries
and parts of venules, were alsesumedo be a key target isevere acute respiratory syndrome
coronairus-2 (SARSCoV-2) infection and mightinterpret the importance of capillary
endothelial cell dysfunction and microcirculation disorder in #tatus General mechanisms of
endothelial activation following a cytokine buisvolve calcium mobilizationoxidative stress
(OS), downregulation of the endothelial nitric oxide synthakszived nitric oxide formation,
plasma membrane remodeling, exposure of procoagulant phosphd@iiyl such as
phosphatidylserinéPS) procoagulant microparticles (MPs) shetdyitissue factor expression,
disruption of the natural anticoagulant shield represented by annéarmaBnexin V, a cellular
protein in the annexin groupgxpression of selectins and cytoadheguascular cell adhesion
molecule 1(VCAM-1), intercellular adhesion molecule (ICAM-1)], and cytokines release
[monocyte chemoattractant protdin (MCP-1/CCL2). Within pulmonary microvascular
endothelial cells, exposure to various inflammatory stimptusnor necrosis facteaslpha TNF-

U, lipopolysaccharide(LPS)] stimulatedthe secretionof endotheliaiderived microparticles
(EMPSs), harbouringangiotensirconverting enzyme (ACEpnd a simultaneous decrease of
endothelial celsurfaceangiotensirconverting enzyme (ACEgxpressionin a mouse model of
lung injury, ACE-EMPSs/EMPs were evidenced to be a marker oftexelry lung injury as a
possible witness of alveolar capillary barrier alterations. In sepsis, the importance oé#udtse
wasassuredy thedefinition of increasedevels of ACE-EMPs and ACEEMPS/EMPs in the
blood of patients whprogressedcute respiratory distress syndrolARDYS).

Endothelial cell activation/damage due to the virus binding t@atiggotensirconverting enzyme

2 (ACEZ2) receptortriggering acute inflammatory and hypercoagulable may bepidary

importance tanterpretthe high thrombotic burdemcognized
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4.1.3 Severe Hypoxemia

Hypoxemiaindicateslow level of oxygen in blood, and the more general teypoxiais an
abnormally low oxygen content eny tissue or organ, or the body as a whidigopoxemia can

lead tohypoxia(hypoxemic hypoxia), but hypoxia can aldwe incident through other
mechanisms, such asemia Hypoxemia is usually defined in terms of redupadtial
pressuref oxygen (mm Hg) in arterial blood, but also in terms of reduced content of oxygen (ml
oxygen per dl blood) or percentage saturatioheshoglobinwith oxygen, which is either found
singly or in combinationHypoxemia caread tosymptoms such as thoseraspiratory distress
Theseinvolve breathlessnessan increased rate of breathing, use of thest and abdominal

muscles to breathe, afig pursing

Chronic hypoxemia may be compensated or uncompensated. The compensation may cause
symptoms to be overlookeditially, however, further disease or a stress sudngsncrease in

oxygen demandhay finally unmask the existing hypoxemia. In a compensated state, blood
vessels supplying lesgentilated areas of the lung msglectively contractto redirect the blood

to areas of the lungs which are better ventilated. However, in a chamtext, and if the lungs

are not well ventilated generally, this mechanism can respltimonary hypertensio(PH),
overloading the right ventriclef the hart and causingor pulmonaleandright sided heart

failure. Polycythemiacan alschappenlt is important to refeto polycythemiaasan abnormally
increased concentration of haemoglobin in the blood, either through reduction of plasma volume
or increase in red cell numbers. It may be a primary disease of unknown cause, or a secondary
condition linked to respiratory or circulatory dider or cancerdn children, chronic hypoxemia

may manifest as delayed growth, neurological development and motor development and
decreased sleep quality with frequent sleep aro@hlsr symptoms of hypoxemia may
involve cyanosisdigital clubbing and symptoms that may relate to the cause of the hypoxemia,

includingcoughandhemoptysis

Serious hypoxemia typically occurs when the partial pressure of oxygen in blood is less than
60 mm Hg, the beginning of the steep pantiof theoxygeri hemoglobin dissociation curye
where a small decrease in the partial pressure of oXggels toa large decrease in the oxygen

content of the bloodsevere hypoxia cagorogresgo respiratory failure
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Acute respiratory distress syndronfRDYS) is characteried by severe hypoxemia from altered
permeability pulmonary edenwausingdecreased functional residual capacity (FRC), which in
turn leads tohypoxemia from intrapulmonary shuntirand areas of low alveolar ventilation to
perfusion.Pulmonary hypertensio(PH) is also a common feature atute respiratory distress
syndrome ARDS) arising from pulmonary vascular endothelial injury as well as from the
effects of hypoxemia, hypercapnand acidosis that, iemainel, developgo cor pulmonale and

increasednortality risk.

Because lung injury imacute respiratory distress syndrom®RDS) is nonhomogeneous,
portions of the lungs may remain functionally normal, so that tidal ventilation is preferentially
distributed to these alveolinhaled vasodilators, such as nitric oxide (N@Jl aerosolized
prostaglandin 2 usethis pathophysiologyy stimulatinglocal pulmonary vasodilation, thereby
increasing alveolar ventilation/perfusion matchihese agents also reduce pulmonary arterial
pressure iracute respiratory distress syndromdRDS). Furthermore aerosolized prostaglandin

I> possessedoth antiinflammatory propertieand anticoagulant propertids. theory, these
characteristics may lessen the impact of pulmonary vascular endothelial injury and abnormal
pro-coagulation that are prominent featuresiadite respiratory distress syndro(ARDS).

Silent hypoxemia has beanentionedn manycoronavirus disease 2018QVID-19) patients.
Patients were hypoxemic as they may have had an oxygen saturation of about 80% room air, but
clinically looked comfortable, and not dyspneic or tachypneic. Complementary reports reinforce
the high frequency and noxious impact of severe hypoxedcaite respiratory distress
syndrome ARDS) occurred in approximately 40% of 201 patients vgiélvere acute respiratory
syndrome coronavird® (SARSCoV-2) infection The coronavirus disease 201€QVID-19)
pneumonia has been addressed as a specificsdisgdh particular phenotypes. Its main
characteristic is theeparatiorbetween the severity of the hypoxemia and the maintenance of
relatively good respiratory mechanics.

Severe lung inflammation and impaired pulmonary gas exchangeramavirus disease 2019
(COVID-19) caninducethrombosis through a hypoxiaducible transcription factedependent
signaling pathwaylt is important to indicate thahe heterodimeric transption factor hypoxia
inducible factorl (HIF-1) is activated under hypoxic conditions, resulting in the upregulation of
its target genes plasminogen activator inhibitdPAI-1) and vascular endothelial growth factor

(VEGF). Plasminogen activator inhtbr-1 (PAI-1) and vascular endothelial growth factor
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(VEGF) are alsostimulatedin response to vascular injury, which is characterized by the
activation of platelets and the coagulation cascade as well as the generation of reactive oxygen
species (ROS). However, it is not known whethgpoxiainducible factorl (HIF-1) is also
induced by thrombotic factorslt is investigated the role of thrombin, plateétsociated growth
factors, andreactive oxygen species (ROSerived from the pZ2°-containing reduced
nicotinamide adenine dinucleotide phosph@@&DPH) oxidase in the activain of hypoxia
inducible factorl (HIF-1)and the induction of its target ger@asminogen activator inhibitdk
(PAI-1) andvascular endothelial growth factor (VEGIR) human vascular smooth muscle cells
(VSMCs). Thrombin, platelederived growth facteAB (PDGFAB), and transforming growth
factorbl (TGFb1) upregulatedhypoxiainducible factorlalpha (HIF1 Upjotein in cultured and
native vascular smooth muscle cells (VSMC3)his response was accompanied by nuclear
accumulation ofhypoxiainducible facto-lalpha (HIF1 Uas well as by increaseuypoxia
inducible factorl (HIF-1) deoxyribonucleic acidlfNA)-binding and reporter gene activity. The
thrombininduced expression ofhypoxiainducible factorlalpha (HIF1 U )plasminogen
activator inhibitorl (PAI-1), andvascular endothelial growth factor (VEGWas attenuated by
antioxidant treatment as well as by transfection oP{22ntisense oligonucleotides. Inhibition

of p38 mitogeractivated protein kinase and phosphatidylinosdtéinase significantly
decreased thrombimduced hypoxiainducible factorlalpha (HIF1 U plasminogen activator
inhibitor-1 (PAI-1), andvascular endothelial growth factor (VEGE&¥pression. These findings
demonstrate that theypoxiainducible factorl (HIF-1) signaling pathwy can be stimulated by
thrombin and plateleassociated growth factors and that a resemsitive cascade activated by
reactive oxygen species (RO&rived from the pZ2*-containing NADPH oxidase is crucially
involved in this response.

In addition hypoxia, andacute respiratory distress syndromARDS) particularly, is observedo
stimulate hypoxic pulmonary vasoconstriction and pulmonary hypertension, increase right
ventricular aftebad, and favor blood viscosity.

4.1.4Pulmonary Microvascular Thrombosis

Pulmonary embolisn{PE) is an acute, serious condition that can be directly life threatening.
Pulmonary embolism (PE)ccurswhen an artery in the lungs is blocked by a substance that has
traveled from elsewhere in the body through the bloodstream. This substance usually results

from a blood clot in the legs or pelvis. The blockage of an artery that supplies thddadgso
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severe damage, interrupts their smooth operation and aeggnding on the importance of the
blocked artery, directlyesult indeath. The most common form of emboli that causes pulmonary
embolism is the blood clot described above. But there are alsositingtions that magccur,

such as amniotic embaluring childbirth, scatter tumor emboli from a malignant disease or even
traumatic fat emboli originating from the bone or bone marrow in patients with sustained blunt
trauma and multiple fracturedt is important to mention that nonthrombotic pulmonary
embolism is embolization of the pulmonary arteries by microscopic fragments of tissue,
organisms, foreign material, chemical agents, or gas and excludes bland thrombus embolization

and formation in situ.

If the venous clot is dislodged from the position in which it was formed, then its embolism to a
vessel of pulmonary circulation or arterial systemic circulation foll®asadoxical embolisns
recognizedn cases of open foramen ovale. It has been axpgatally proved that when 60% of

the pulmonary artery's vascular network is blocked, then a severe drop in blood pressure and
acute bend of the right ventricular (acute cor pulmonale) is caused. In cases where the blockage
reaches 80% of the vascular netiyosudden death occurs. Cardiac hemodynamic effects on
pulmonary embolism depend on the occlusion rate of the pulmonary vasculature, the distance of
this network and the release of vasomotor substancesetithtto bronchospasm followed by

further reducthn of pulmonary perfusion and an increase of dead spauddation (VD) Acute
pulmonary heart is caused by the sudden increase in the average pressure of the pulmonary
artery, in concentrations greater than 40 mmHg due to increased pulmonary vasigiarcess

The effects of pulmonary embolism by the cardiovasdi@&f) system may be acute pulmonary
heartdisease myocardial ischemia, acute circulatory failuaed the leftsided failure and from

the lungs, hypoxia and atelectasia acute deficiency, the pressure in the right ventricle

i ncreases, resul ting i n Bwepng evaddstotitasiof thd lafic e me n
ventricular, dysfunction of botlventricles, decrease in cardiac output and a drop of blood
pressure. Coronary insufficiency due to pulmonary embolism is attributed to the significant
reduction of cardiac output, the drop in aort
a reflex through vagal which reduces the width of the coronary vessels. Pulmonary infarction
appears as thickening hemorrhagic lung area when average size pulmonary arteries are
unclogged due to left heart failure and drop of pressure in the systemic @rcufatimonary

infarction orlung infarction, is death of one or more sectionkin§ tissue due to deprivation of
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an adequate blood supplyhe section of dead tissue called arinfarct. The cessation or
lessening of blood flow results ordinarily froen obstruction in a blood vessel that serves
thelung. Pulmonary infarction occurs only in 10% of cases of pulmonary embolism because the
pulmonary parenchyma is satisfactorily oxygenated through the bronchial. The fate of
thromboembolism in the lung wisipecifythe further course of the disease. Several mechanisms
restore the circulation of the pulmonary artery, unless the episodes are repeated. When an
oversized embolous plugs in the pulmonary circulation, itlead totransient syncopéut then

it can be destroyed and dissolved within a fewhdr, otherwise when it remains, it is

organized, shrink and coalesced with the vessel wall.

Focal microvascular thrombosis and pulmonary emboli in a small autopsy series have recently
been reportedn coronavius disease 2019 (COVHDO) casesMicrovascular thrombosis has
recently been demonstrated in patients with coronavirus disease 2019 (AONV&nd has been
proposed to mediate the pathogenesis of organ injury in this disease. In many of these conditions,
microvascular thrombosis is accompanied by inflammation, an association referred to as
thromboinflammationHowever,focal thrombotic lung injury paved the way for the concept of a
focal pulmonary thrombosis phenomenonsevere acute respiratory syndrome coronaxrus
(SARSCoV-2). The entry receptor utilized tsevere acute respiratory syndrome coronax2rus
(SARSCoV-2) is angiotensirconverting enzyme2ACE2), which is highly expressed in lung
alveolar cells, principally type Il alveolar cells. High pulmonary viral loads in the alveoli of
coronavirus disease 2019 (COVID)infected patients have been reported. ian infection
initiates alveolar injury,leading toa local inflammatory response, and these microvascular
thrombi have been described in an environment of marked inflammatory chamgksng
mononuclear cell infiltrates, virally infected cells, and us# alveolar damag®AD). Diffuse
alveolar damage (DAD) represents a global injury to theegaBange surfaces due to disruption

of the bloodair barrier leading to exudative edema and fibrosis, resulting in severely impaired
blood and tissue oxygenatidime key question relies upon whetraaute respiratory distress
syndrome ARDS) and/or disseminated intravascular coagulatiddl) develop pulmonary
microvascular thrombi on one hand, and, on the other hand, whether focal pulmonary
microthrombi carcausefurther hypoxemic respiratory failure, enhanced thronmfiammation,

and hypercoagulability withacute respiratory distress syndrom&RDS) and disseminated

intravascular coagulatiorD(C) as final consequences: Both options prebable It may be
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hypothesized that lung injugausesnicrothrombus formation further enhanced in tlaseof a
hypercoagulable state likBsseminated intravascular coagulation().

Theview of a pulmonary thrombosis severe acute respiratory syndrome canorus2 (SARS
CoV-2) disease was developdthe view of a prothrombotic pulmonary endothelial dysfunction,
causing a severe acute inflammation via complement and cytskioetion and a blood
coagulation activation with vascular microthrombosis thath@r triggersa local consumption
coagulopathy, i.e., disseminated intravascular coagulati@® ), leading toacute respiratory
distress syndroméARDS) was emphasizedt was suggestedhat anticoagulant treatmemight

be helpful by limiting the vious circle of inflammatiofblood coagulation activatien
inflammation, thus improving the severely impaired gas exchange in these paiiesttedy
showed that the use of an increased dose oihhaecularweight heparin (LMWH) appeared to
reduce the dowream thrombotic effects of the marked inflammatory responsertnavirus
disease 2019 (COVH19) as itlooksto decrease the contribution of microvascular thrombosis in
severely hypoxemicoronavirus disease 2019 (COVID) patients.

4.2 D-Dimer Generation in COVID-19 Infection

High level of D-dimer (DD) is one of the abnormal laboratory parameters in patients with
coronavirus disease 201 QVID-19) infection. Ddimer (DD) is the fibrin degradation
products released upon cleavage of ctwdg®d fibrin by plasmin. Historically, the role of-D
dimer(DD) is limited due to its nospecificity, withhigh concentrationsrefrequentlyobserved
with advanced age, African Americaace, female sex, active malignancy, surgery, pregnancy,
immobility, cocaine use, connective tissue disorders,-stéage renal diseaseand prior
thromboembolic disease. The-dimer (DD) is routinely used clinically in diagnosing
disseminated intravasculaoagulation (DIC) and those with low pretékelihood for deep vein
thrombosis (DVT) and pulmonary embolism (PE)diner (DD) has beemesearchetb identify
patientsbelievedto progress tseverecoronavirus disease 2018QVID-19) infection earlier in
their course ofdisease High D-dimer (DD) level was discovered in about 3648% of
hospitalized patients witboronavirus disease 2018QVID-19) infection, the majority of whom
are those with severeoronavirus disease 201€Q@VID-19) infection. A prior metaanalysis
comprising of 4 studiesevealeda higher Ddimer (DD) concentrationn patients with severe

coronavirus disease 201€@QVID-19) infection in comparison witlthose with the nossevere
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diseaseA metaanalysisstudycompiising of 18 studiegstimatedhe prognostic role of BRlimer
(DD) in coronavirus disease 2018QVID-19) andthe key findings othis pooled analysis are:
1-The Ddimer (DD) concentrationsvere elevatedin patients with severeoronavirus disease
2019 COVID-19) infection and those whpassed awain comparison witmonsevere disease
and those who survived, respectively after adjusting for age, comorbid condittbGreactive
protein CRP concentrations

2-Patients withhigh D-dimer (DD) concentrationsvere atelevatedrisk of progressingsevere
coronavirus disease 201€QVID-19) infection andelevatedall-cause mortality compared to
those with normal Blimerconcentrations

Zhou et al. (2020)reported that Bdimer (DD) level >1 mg/L onadmission was independently
correlatedwith elevatedodds of mortality. Alsojt was found thapatients with advanced age,
higher Sequential Organ Failure Assessment (SOFA) score, elevated trOponiand Btype
natriuretic peptide (BNP)dd beencorrdatedwith poor outcomes and mortality aoronavirus
disease 201900VID-19) infection. Studies have shown that risingddmer (DD) levels during
the course of hospitalization are associated with worst long term outcdmesidition
coronavirus diseas019 COVID-19) patients with one or more comorbiditidsypertension
(HTN), diabetes mellitusC¥M), and cardiovascular diseag€d3/D)] are associated with adverse
consequencep.e. severecoronavirus disease 201€QVID-19) and/or mortality. In a pooled
analysis study, patients with severeoronavirus disease 201 QVID-19) infection had
significantly high D-dimer (DD) concentrationswith an increasing prevalence loypertension
(HTN), diabetes mellitusC¥M), andcoronary artery diseas€AD). There has been upcoming
proof concerningan elevatedincidence of venous thromboembolic events (VT&mprising
deep vein thrombosis (DVT) armmilmonary embolismRE) in patients with severeoronavirus
disease 2019Q0VID-19) infection. Further disseminad intravascular coagulation (DIC) has
been increasingly reported in these patients. Ead (2020)documentea 3.5fold increase in
D-dimer (DD) concentrationsn those whgassed awagnd 71% of them met the International
Society on Thrombosis and erhostasis (ISTH) criteria for disseminated intravascular
coagulation (DIC)n comparison witl0.6% only among those who survived. Similarly, another
study supposedhat D-dimer (DD) level >1.5mg/L may help detect venous thromboembolic
(VTE) events with aensitivity of 85.0% and specificity of 88.5%, howeverdingsshould be

explainedwith caution due to small sample size and lack of external validation. The risk of
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venous thromboembolic events (VTiBhigher in patients infected wikevereacute respiratory
syndrome coronavird® (SARSCoV-2). Due to severatausedor D-dimer (DD) increasein
these patients, imaging studies to diagnose deep vein thrombosis (Dptilinanary embolism
(PBE should only be pursued if clinicallgnsured High dinical suspicion for deep vein
thrombosis (DVT) opulmonary embolismRE) is registeredn patients with elevated -Dimer
(DD) (more so in > 2mg/dl), as failure ieanagamaylead toadverse clinicatesults Possibly is
that patients who remained untiea for this catastrophe conditioexplainedadverse clinical
results

Hemostatic changes and highdbner (DD) levels incoronavirus disease 201ZQVID-19)
patients have beeanterpretedcby:

(a)Excess thrombin generation and early fibrinolysis shatdosecondary to endothelial
activation induced by the infectious trigger;

(b)-Severe hypoxemia known taducethrombosis through both increased blood viscosity and
hypoxiainducible transcription factors; and finally

(c)-local pulmonary thrombotic phenomena with a high frequency of pulmonary -micro
thrombosis in small autopsy series. Such focal thrombotic lujpgyipaved the way for the
concept of a focal pulmonary thrombosis phenomenogeirere acute respiratory syndrome
coronavirus2 (SARSCoV-2) infection

Perhaps, empiricallymanaging all coronavirus disease 2019CQVID-19) patients with
intermediate or ful(therapeutic) doses of anticoagulationitdibit microvascular thrombosis
(MVT) might beof benefit(provided a thorough riskenefit assessment given these patients are
also at risk of spontaneous bleedinigloreover it remains unclear at this timegarding the
optimal dosing and duration ithese patientand hence needs to bevestigatedfurther.
Although, extended deep vein thrombosis (DVT) prophylaxis with oral anticoagulation at
discharge (for up to 45 days) may d&dequaten patients at highetisk for the thromboembolic
event[i.e. active malignancy, immobility and elevateetiibner (DD) level > two times the upper
limits of norma] and lower bleeding risk. Thus, usingdimer(DD) levels as aeplacedsignfor
disease severity and underlyirgdmboembolic disease, especiallycoronavirus disease 2019

(COVID-19) patients who cannot get dedicated imaging mightabeable
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4.3Role of Microparticles in COVID-19Induced Coagulopathy

Microparticles (MPs) are submicron (<1um diameteembranederived exocytic vesicles that

are released into the circulation in vivo and generated in stored blood products ex vivo. Platelets,
endothelial cells, erythrocytes, polymorphonuclear leukocy®&INL), lymphocytes, and
monocytes all produce micragicles (MPs) in a tightly controlled processlucedby stimuli

such as shear stress, complement activation, proapoptotic stimulation, or cellular damage.
Physiologic and pathologic processesareountabldor microvesicle formation in both healthy

ard diseasegersonsand the presence of these vesiclesdiffisned detrimental for recipients of
blood transfusions. Microparticles (MPssually express antigens, and contain cell surface
proteins, cytoplasmic contents, and nuclear components from takirofc origin. These
biomoleculesdefine their composition, characterization, and transfer of biologic information.
Microparticles (MPs) have beesorrelatedwith thoroughpro-inflammatory and procoagulant
influencesand have beemmplied as acrucial part of both normal and abnormal coagulation.
They also contribute to systemic inflammation and cardiovasd@si), hematologic, and
oncologic diseasevents Microparticles (MPs) are generated from their cell of origin by a
budding of the cell nmbrane secondary to disruption of the normal phosphol{pid)
asymmety, as the distribution of phospholipi@BL) across the membrane bilayer of eukaryotic
cells is highly organized and asymmetric.

In the time course o€foronavirus disease 2012QVID-19) infection, it is possiblethat the
cytokine stormstimulatesa strong activation of circulating blood cells including platelets and
leukocytes, and also of endothelial cells lining the luminal surface of the vasculature. This
activation processausescdl blebbing with the shedding of microparticles (MPs) into the
circulation. Thesemicroparticles (MPs)accommodat@ mixture of membrane proteins similar

to those of the cell membrane of origin, and carry proteingvaa ribonucleic acigmiRNA)

to transmit the activator signal to distant cells following-celll interaction, thereby contributing

to thespreadof the disease. The target cell activation and the circulatilcgoparticles (MPs)
stimulate pro-coagulant responses due to the exposurtssifie factor, and the physiological
activator of the coagulation cascade and of negateledyged phospholipidéPL) such as
phosphatidylsering(PS) neededfor the establishment of the tenase and prothrombinase
coagulation complexesventuallycausingthrombin generation. In the context of cardiovascular

disease(CVD) patients, vulnerablgeoplein the time course otoronavirus disease 2019
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(COVID-19) infection, high concentrationsf procoagulantnicroparticles (MPs)yvere described

in a variety of conditions involving arterial hypertensiofHTN), diabetes mellitugDM),
dyslipidemia, obesity, pulmonary emboligPE), acute coronary syndromgsCS), heart failure
(HF), etc. In a large communHyased Framingham Heartudy, circulating endothelial
microparticles (MPsgooncentrationgvererelated tahe presence of cardiometabolic risk factors
including hypertensio(HTN) and metabolic factors, known predisposing factors to severe
coronavirus disease 2019 (COVID) infections. It has beenindicated that circulating
microparticles (MPs)of patients with acute coronary syndrome (AMSBs), dominantly of
activated endothelial cell and platelet originduce pro-oxidant, prothrombotic, and pro
inflammatory responses in erttlelial cells developing to endothelial senescence and
dysfunction. The stimulatorynfluence of microparticles (MPs)ncludesthe upregulation of
angiotensirconverting enzyme ACE), which in turn induces a prooxidant response in
endothelial cellsln addition thecirculating microparticles (MPs) of patients with acute coronary
syndrome (ACSMPs) were observedto carry angiotensirconverting enzymeACE) activity,
presumingthat they originate predomintgy from activated endothelial cells. Another report
donein microvascular lung endothelial cells andaicute respiratory distress syndromdRDS)
patients hasassuredthe importance of ACE endothelialderived microparticles (MPskas a
probablemarker ¢ disease severity. Although the presencamgiotensirconverting enzyme?2
(ACE2) was not specifically characterized in those studies, thesepdapasethat circulating
microparticles (MPs)are key modulators of variousngiotensirconverting enzyme ACE)
activities within the vascular compartment and could therdtoretionas an important mediator

of coronavirus disease 2019CQVID-19) pathogenicity. In the context ofhuman
immunodeficiency virugHIV) infection, the transfer of the chemokine receptor between cells by
membranederived microparticles (MPs)was alsoidentified to be astrong mechanism for
celluar human immunodeficient viruafection. In line with this paradigniData haveshed light

that exosome, a subtype of extracellular microvesicles shed by endothelial progenitor cells,
stimulatessurvival and function of endothelial cells throughgiotensirconverting enzyme?2
(ACEZ2) delivery. Preliminary results iooronavirus disease 2018QVID-19) patients requiring
hospitalization relate a-fdld generation of procoagulanticroparticles (MPswith respect to

values measured in n@oronavirus disease 2018QVID-19) patients.
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4.4 Complement Activation in COVID-19 Infection
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Figure(43): Complement cascaflgerentsen S. (2015). Role of complement in autoimmune hemg
anemia. Transfusion Medicine and Hemotherapy, 423@B8 DOI110.1159/000438944

Complement is an important component of the innate immune systemdbaeisal for defense

from microbial infections and for clearance of immune complexes and injured cells. In normal
statescomplement is tightly controlled by a number of fhpdase and cell surface proteins to
avoid injury to autologous tissues. When compleimes hyperactivated, a®appensin
autoimmune diseases orimdividualswith dysfunctional regulatory proteins, it drives a severe
inflammatory response in numerous orgdrtse complement system is an important component
of the innate immunity that funons mainly as a firstline host defense against pathogenetic
infectious microorganismsdvore than 30 components and regulators have beefirmedthat

areto a large degredistributed in the circulation and in tissues, where they are synthesized and
releasedoy a number of cells under various stimidiyolving cytokines and hormones. Despite
the lack of specificity that characterizes the components of the acquired immune system,

complement recognizes selectively foreign pathogens and damageceliselfusing the
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recognition molecules of the classic, lectin, and alternative pathways. Activated complement
generates three major types of effectors:

1-Anaphylatoxins (C3a and Cb5a), which aigorouspro-inflammatory molecules that attract

and activatdeukocytes through interaction with their cognat@i@teiri coupled receptors, C3a
receptor (C3aR) and C5a receptor (C5aR);

2-Opsonins (C3b, iC3b, and C3dyhich decorate target surfaces through covalent bonding to
facilitate transport and favor removaltarget cells or immune complexes; and

3-The terminal membrane attack complex (MAC, €&Blihat directly lyses targeted (opsonized)
pathogenic agents damaged selells.

These effectordet the complement systernave an important role in host defem against
bacteria, and in the removal of immune complexes and apoptotic callggygestedby theresult

that personswith inherited and acquired complement deficiencies are susceptible to bacterial
infections and immune complex diseasdswever otherimportant functions of complement

have beemevealedinvolving regulation of the adaptive immune resporssenulationof tissue
regeneration and angiogenesis, mobilization of stem cells, proper development of the central
nervous systenfiCNS), and contrbof embryo implantationRegrettably the effector function of

the system is not focused solely on the targets to be neutralized, but alstwindgbystander

cells. The end results depend on the extent and the persistence of the activation process. The
undesired effects of complement activation are controlled by several complement regulators
acting at different steps of the cascade and thestane in the fluid phase as well as on the
surface of tissue and circulating celldnrestricted complementctwvation easily can overcome

the protection of the complement regulators and teag toextensive host tissuejury. This
situation often is encountered in acute patholetates such as sepsis or ischemgperfusion,

or in chronic diseasesustained and amplified by complement, activated by immune complexes,
an ongoing inflammatory process, and/or by apoptotic/necrotic cells.

Thrombotic microangiopathies (TMAS) represent a heterogeneous group of syndromes with the
same phenotype: a clinicatriad of microangiopathic hemolytic anemia (MAHA),
thrombocytopenia and organ damage. This heterogeneous group of syndromsgnafittant

clinical overlap comprises two principal existenceswith distinguished pathophysiology:
thrombotic thrombocytopeaipurpura (TTP) and hemolytic uremic syndrome (HUS). Besides

these two welldefined clinical conditions, théhrombotic microangiopaiés (TMA) spectrum
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also involves pathologiescorrelatedwith underlying conditionssuch as drugs, malignancy,
sclerodermaassociated renal crisiSSRC) systemic lupus erythematosus (SLE), malignant
hypertension, transplantation, HELLP syndrome, and disseminated intravascular coagulation
(DIC).

The thrombotic microangiopathies (TMAyea group of disorderdeternined by the presence

of microangiopathic hemolytic anem{MAHA) and thrombocytopenia. The most common of
these is thrombotic thrombocytopenic purpura (TTP), which is a systemic disorder of
microvascular thromboses due to deficiency of ADAMIE (a disintegrin and
metalloproteinase with a thrombospondin type 1 motif, memberAlL&ss commorthrombotic
microangiopati (TMA) is the atypical hemolytic uremic syndrome (aHUS), which is a renal
vascularthrombotic microangiopath(TMA) resulted fromcomplement dysregulatiorDespite
overlapping clinical and pathologic manifestatiotmspmbotic thrombocytopenic purpura (TTP)

and atypical hemolytic uremic syndrome (aHUS8ave distinguishedetiologies. Thrombotic
thrombocytopenic purpura (TTH frequenly developed froma deficiency ofa disintegrin and
metalloproteinase with a thrombospondin type 1 motif, membdADRAMTS-13) that is the

result of gene mutations or acquired autoantibodfgypical hemolytic uremic syndrome
(@aHUS) is resulted fromdefects of regulation and/or excessive activation of the alternative
complement pathwayThe mechanism by which complement dysragah contributes to
atypical hemolytic uremic syndrome (aHUS)not strictly determined although complement
mediated glomerular endothelial injury and enhanced complemediated platelet activation
arelikely included Atypical hemolytic uremic syndrome (aHUS) is a rare form of thrombotic
microangiopathy (TMA). Approximately 5%0% of hemolytic uremic syndrome (HUSpses

are classified aatypical hemolytic uremic syndrome (aHUBgcause they are not caused by
Shiga txin producing bacteria or streptococci; these cases comprise a heterogeneous group of
patients. The clinical outcome is unfavorable in this group, with death rates as high as 25%
during the acute phase and up to 50% of cases progressing-stagadenafailure (ESRF)
Uncontrolled complement activation through the alternative pathway is thought to be the main
underlying pathopysiology ddtypical hemolytic uremic syndrome (aHU&)d corresponds to

all the deleterious findings of the disea3@e onset ofatypical hemolytic uremic syndrome
(@HUS) is generally sudden. Most patients have the complete triad of hemolytic uremic

syndrome with anemia, thrombocytopenia, and renal failure, with or without anuria or reduced
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urine volume, and proteinuria if diuresssmaintained. Microangiopathic hemolysis is confirmed

by the presence of schistocytes, low haptoglobin, and high lactate dehydro@édsdevels.
Patients usually complain of fatigue and general iliness. Extrarenal manifestations are observed
in 20% d patients and most of them (10%) are related to central nervous s{yS8)
involvement.Central nervous systenCRS) involvement is usually manifested by irritability,
drowsiness, seizures, diplopia, cortical blindness, hemiparesis/hemiplegia, stupomalf
diagnosis is delayed, Ifthreatening hyperkalemiacidosis, and volume overload with arterial
hypertension and hyponatremia may be observed. Arterial hypertension is frequent and often
severe, due both to volume overload in the case of @igumuria and to hyperreninemia
secondary to renathrombotic microangiopath (TMA). Cardiac failure or neurological
complications (seizures) due to hypertengidmN) are possible. Myocardial infarctigiMl) due

to cardiac microangiopathy has been reported in 3% of patients. Distal ischemic gangrene can
also occur. Half of children and the majority of adults need dialysis at admission. Multiorgan
failure due to diffusehrombotic microangiopath(TMA) is preent in 5% of patientsToday

empiric plasma therapy still is recommended by expert opinion to be used as early as possible in
any patient with symptoms oétypical hemolytic uremic syndrome (aHUSJhe overall
treatment goal remains restoration of a physjical balance between activation and control of

the alternative complement pathway. So it is a reasonable approach to block the terminal
complement complex with eculizumab in order to prevent further organ injury and increase the
likelihood organ recovgr Persistence of hemolysis or lack of improvement of renal function
after 35 daily plasmaphereses have to be regarded as the major criteria for uncontrolled
thrombotic microangiopath(TMA) even if platelet count has normalized and as an indication to
switch the treatment to eculizumab. Eculizumab has changed the future perspectives of patients
with atypical hemolytic uremic syndrome (aHU&)d both thé=ood and Drug Administration

(FDA) and theEuropean Medicines AgendfEMA) have approved it as |H®ng treatment.
However, there are still some unresolved issues about the fopjasuch as the optimal duration

of eculizumab treatment and whether it can be stopped or how to stop the thérapybotic
thrombocytopenic purpur@ TP) is a clearly defined entity of the thrombotic microangiopathies
(TMA), a heterogeneous group of disorders characterized by microangiopathic hemolytic anemia
with red cell fragmentation, thrombocytopenia and organ dysfunction due to disturbed

microcirculation. Thrombotic thrombocytopenic purpura (TTB) characterized by a severe
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deficiency of a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member
13 (ADAMTS13), an enzyme responsible for physiological cleavage of von Willebigotdr
(VWEF). Thrombotic thrombocytopenic purpura (TT®as originally defined pathologically as a
systemic disease with widespreazh Willebrand factor (VWFplatelet thrombi in the arterioles

and capillaries of multiple organs. Advances in recent yéare demonstrated thaion
Willebrand factor (VWBP)platelet thrombi result from a disintegrin and metalloproteinase with a
thrombospondin type 1 motif, member 13 (ADAMTS13) deficiency. Autoimmune inhibitors
againsta disintegrin and metalloproteinase wahthrombospondin type 1 motif, member 13
(ADAMTS-13) account for most of the cases, known as acquiveainbotic thrombocytopenic
purpura (TTP)Genetic mutations are also found in a small number of patientawligintegrin

and metalloproteinase with a thrombospondin type 1 motif, membe(ADAMTS-13)
deficiency. Triggers and cdactors directing systemic platelet deposition in thrombotic
thrombocytopenic purpura (TTP) are not completely understood. Proof that complement
activation might play a role in thrombotic thrombocytopenic purpura (TTP) raises the possibility
of a crosgalk between a disintegrin and metalloproteinase with a thrombdsptype 1 motif,
member 13(ADAMTS-13)/ultra-large von Willebrand factor (ULVWF) and the complement
systemData presume that the complement system may be an importtteoincluded in the
pathogenesis othrombotic microangiopathy (TMA)Excessive leernative pathway activity
happened in a considerabt@mber ofthrombotic thrombocytopenic purpura (TTPatients
regardingthat concurrent defects e disintegrin and metalloproteinase with a thrombospondin
type 1 motif, member 13ADAMTS-13) and complement regulatiomay happen more often
than previously mentioned. Further, results demonstrate that excessive alternative pathway
activity can be correlated with ahrombocytopenic purpura (TTH#Hke thrombotic
microangiopathy (TMA)in some patiets who do not have severe deficienciesaaafisintegrin

and metalloproteinase with a thrombospondin type 1 motif, membDAMTS-13). Organ
dysfunction can be severe and Hifgeatening, and immediate start of appropriate therapy for
thrombotic thrombocytopenic purpura (TTB)necessary to avoid permanent damage or death.
Until recently, therapeutic options were limited to symptomatieasures, which were not
standardized or based on high scientific evidence. In recent years, not only considerable progress
has been made in better diagnosishodmbotic thrombocytopenic purpura (TTBut also new

therapeutic strategies have beenl@dshed. Initial treatment is still based on plasma exchange
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and symptomatic measures to protect organ function, but new concepts (immunosuppression,
targeted antVWF or anticomplement therapy, replacement with recombinant enzymes) have

recently demonsated impressive advantages.

Coronavirus disease 20180VID-19) insights haveroposedhat thrombotic microangiopathy
(TMA) could involve pathogenic complement activation. Antibealytigens complexes could
trigger the classical pathwastimulatingthe production of C3a and C5a inflammatory markers.
Data from murine models havevealedthat in the case of the C3 defectronavirus disease
2019 (COVID-19) infection was decreased, as witnessed by the decrease of respiratory
dysfunction and cytokines levels) spite ofequal virus loadsAlong this line, complement
inhibition wasindicatedto be a promisingnanagementor severecoronavirus disease 2019
(COVID-19) by decreasinghe innate immunenediated consequences of severastic acute

respiratory syndrome coronavird§SARSCoV-2) infections.
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Figure(44): Complement inhibition in COVHD9 treatmeniCampbell C.; Kahwds R. (2020). Will
complement inhibition be the new target in treating CO\lEBrelated systemic thrombosis?. Circulatid
141(22):17391741.https://doi.org/10.1161/CIRCULATIONAHA.120.0474]19

In figure@4): simplified diagramof the common complement pathway, Eculizumabblocks

C5, inhibiting breakdown into C5a and C5b, which is an integral component of the membrane
attack complex (MAC)B, In humans, overactivation of the complement pathway czarse
thrombotic microangiopathyleading torenal and cardiac dysfunction. In atypical hemolytic
uremic syndrome (aHUS), eanganagemenwith eculizumab reverses organ dysfunctiGnOn

the basis of the mouse model of severe acute respiratory syndrome coro(B&XR&CoV)
infection describedn a studylack of the C3 proteircausesimproved lung dinction, less
cytokine release, and no change in viral loadomparison withmice with an intact complement
systemD, On the basis of the mouse model of Middle East respiratory syndrome coronavirus
(MERS-CoV) infection describedn another studyantibody blockade of Ceads toimproved

lung function, less cytokine release, and less viral load compared with untreated mice.
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4.5Disseminated Intravascular Coagulation

Disseminated intravascular coagulation (DIC) is a serious;thifsatening complication,
previously known as consumptive coagulopathy or defibrination syndrorbesseminated
Intravascular Coagulation (DIC) is a disorder that is characterized by the gysteavascular
activation of the coagulation system, simultaneoussusing intravascular thrombi,
compromising an adequate blood supply to the organs, and to bleeding as consequence of
exhaustion of the platelets and coagulation factors. The cliniealrés ofdisseminated
intravascular coagulation (DIGpvolve spontaneous or induced bleeding complications and
thrombotic complications, whereas multiple organ failure may be in part a result of intravascular
fibrin formation. Further the generation ofnultiple proteolytically active enzymes of the
clotting cascade may enhance inflammatory activity, which may worsen the systemic
inflammatory syndromel hr ee f actors, commonly termed Virc
thrombosis: stasjshypercoagulabty (synonymthrombophilig and blood vessel wall injury.
Therefore, any disease process that results in capillary stasis, loss of vascular integrity, or
hypercoagulabilitycan result indisruption of the balance between hemostasis and fibrinolysis
and subsequently induciisseminatd intravascular coagulation (DIChe conditions thatesult

in disseminated intravascular coagulation (DHZ¢ the same as thoserrelatedwith systemic
inflammatory response syndrome and are characterized by activation of cytokine production. The
primay mediators are interleukih (IL-1) and interleukin6 (IL-6) and tumor necrosis factor
(TNF), which aresecretedfrom the monocytenacrophage system. These cytokineduce
macrophagefM 0 )to express several procoagulant moieties (mainly tissue factor) on their outer
surface. The reactioniacludedin coagulation initiation and amplification require a membrane
surface that contains negatively charged phosphol{gds Normally, these negaely charged
phospholipidgPL) are not expressed on cell surfaces in sufficient concentrations for initiation
and propagation of the coagulation cascadectur To express the optimal procoagulant lipid
surface, potent cell agonists, such as a combmatf collagen and thrombin, are required. In
addition, increased interleukih (IL-1) concentrationshave beenseento elevate platelet
reactivity and thrombogenic potentidctually, disseminated intravascular coagulation (DIE)

both a bleeding andhtombotic disorder. A variety of disordersjvolving infections or
inflammatory conditions and malignant disease, canseactivation of coagulation. In many

cases this activation of coagulation may result inclinical complications and may not evea b
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detected by routine laboratory tests. However, if activation of coagulation is sufficiently strong, a
lowering platelet count and prolongation of global clotting time may become manifest. The
treatmentof disseminated intravascular coagulation (Di€)mainly directed atmanagingthe
underlying disease, but supportive care may rexessary This care may consist of
supplementing the depleted coagulation factors and endogenous coagulations inhibitors, and of
inhibiting coagulation by various anticoagulant strategies, or by manipulating the fibrinolytic
system.

The premier phase ofdisseminated intravascular coagulation (Dkonsists of formation of
microvascular thrombosis in kidneys and lungs with several degree of acute renalfdfEje

and adultacuterespiratory distress syndrome (ARDS). In the second phase, wiagiiollow

rapidly, widespread activation of fibrinolysis microthrombi iéstructoagulation factors and
platelets, all of which are rapidly consumed and depleted. This severe consumption coagulopathy
causesuncontrolled bleeding from wounds and s@orous haemorrhage into tissue, gut and
brain. Organ failure due to hypercoagulopathy is considered an important aspect of the pathology
of disseminated intravascular coagulation (DISyudies havexhibitedthat several factors such

as leukocyte activain, vascular endothelial cell injury and release of chemical mediators are
involved in organ failure. Tissue factor camduce the extrinsic pathway of coagulation
(thepathwayof bloodcoagulatioractivated by tissue factor, a proteixtrinsicto blood) Its

activity in peripheral blood isotablyincreasedipon tissue injury and activation of monocytes.

The high tissue factor activityeads tothe transformation of prothrombin to form fibrin
thrombus. Elevated tissue factorsynthesisis regardedthe mostessentialfor the onset of
disseminated intravascular coagulation (DITissue factor isonsiderablyelevatedn leukemic

cells of patientsvith disseminated intravascular coagulation (DpE¢sumingthatdisseminated
intravascular coagulation (DICh leukemia is caused bkighly increasedtissue factor in
leukemic cells. Tissue factor is also significantly higldisseminated intravasculapagulation

(DIC) patients with sotl tumors such as gastric cancer
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It is acceptablethat the cornerstone for themanagementof patients with disseminated
intravascular coagulation (DIG3 thetreatmenibf the underling disorder. The consumption of
coagulation factors and platelets disseminated intravascular coagulation (DIgatients
elevateghe risk of bleedingManagemenwith plasma or platelet concentrategigsdentby the

clinical statusof the patients ahshould not beonstructednly on the basis of laboratorgsult

The efficiency of managemenwith plasma and platelets has bedservedn patients with low
laboratory concentrationsvho necessitatean invasivestep There is noproof to boost the
prophylactic administration of platelets or plasma to patients who are not bleeding and who are
not at high risk of bleeding. Tadequatelycorrect the coagulation defect, large volumes of
plasma may beequired up to 6 units per 24 hours. Theminstrationof coagulation factors

concentrates magontrol this need; however, they may be contaminated with traces of activated
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coagulation factors and may thereforedspeciallymischievoudor patients withdisseminated
intravascular coagulation (DICYCryoprecipitate, which contains fibrinogen as well as factor
VIII, von Willebrand factor, factor Xlll, and fibronectin, is alsmiministeredas replacement
remedy without however any support from controlled trials. theory interruption of
coagulation shuld be of benefit in patients witllisseminated intravascular coagulation (DIC)
Really, experimental studies hademonstratethat heparin can partiallyglock the activation of
coagulation in cases that drerelation withsepsis or other causeSppropriate prophylaxis is
also required to exclude the risk of venous thromboembolistvVTE). Heparin has been
administeredor the managemenbf disseminated intravascular coagulation (DEX)ce 1959.
Animal researche$ave revealedthat thistherapycan block the activation of coagulation in
experimental septicemia but does mopactmortality. Although the safety of heparin in patients
with disseminated intravascular coagulation (DMZho arevulnerableto bleeding has been
disputed clinical researchesiave notindicated that managementvith heparin considerably
increased bleedingcidence Taken together, there is mheckof proofin favor of the use of
heparin as routineeedyin patients withdisseminated intravascular coagulation (D16t it is
likely useful,especiallyin those with clinicallyovert thromboembolism or extensive deposition
of fibrin as occurs with purpura fulminare acral ischemiaLow molecular weight heparin
(LMWH) has a decreased risk of bleeding while having at least e aatithrombotic potential
as unfractioned heparirMoreover the impacts of dalteparine sodium in théherapy of
disseminated intravascular coagulation (DI@yve been studied in a multicenter, dotitiad,
randomized trial. This study showed thatdaltgparin sodium had greater efficiency than
unfractioned heparin irmmelioratingbleeding symptoms and imending subjective organic
symptoms scorel-rom this study it may bassumptionedhat low molecular weight heparin
(LMWH) presentthe benefit of decread bleeding complicationsn comparison with
unfractioned heparin in thenanagementof disseminated intravascular coagulation (DIC)
Hirudin seemedto be efficient in managingdisseminated intravascular coagulation (Di@)
animal studies. Thelevatedrisk of bleeding mayprobably restrict its use in patients with
disseminated intravascular coagulation (DI@ntithrombin Il is a substantialinhibitor of
coagulation, and lowoncentrations plasma areorrelatedwith increased mortality. Thaseof
this inhibitor in supraphysiologitevela decreasedepsisrelated mortality in animals. Several

controlled trials,largely in patients with sepsis, havkemonstrateddvantageousfluencesin
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conditions of improvement ofdisseminated intravascular coagulation (Dl&)d sometimes
organ function. The conclusion from the studies is that antithrombin ¢dpable oimproving
disseminated intravascular coagulation (DIBYt thatinterestin conditionsof clinical outcome

is less assured The drooping of the protein C system magonsiderablycontribute to the
pathophysiology oflisseminated intravascular coagulation (DITherefore, supplementation of
activated protein C migtgrobablybe beneficial However, activated proteiC looksto be more
efficient in higher disease severity groups , and a prospective trial in septic patients with
relatively low disease severity did nexhibit any benefit of activated protein C. Since tissue
factor functionsa key role in the initiatio of coagulation duringlisseminated intravascular
coagulation (DIC) blocking its action could beraluablein the managemenof disseminated
intravascular coagulation (DIC)n an animal study, the infusion of recombinant tissue factor
pathway inhibitor immediately after endotoxin administratioonsiderably prevented the
consumption of coagulation factors and platelets. Phase Il clinical trials of recombinant tissue
factor pathway inhibitor in patients with sepsghibitedpromisingfindings, but a phase llI trial

did not exhibit an overall survival benefit in patients who weranagedwith tissue factor
pathway inhibitor.

4.5.1 Disseminated Intravascular Coagulationn COVID -19 Infection

Tanget al (2020)reported that 71.4% of nesurvivors and 0.6% of survivors showeaof of
disseminated intravascular coagulation (DI@)esumptiveof a recurrentmanifestation with
severe coronavirus disease 2019CQVID-19). The pathophysiology ofdisseminated
intravascular coagulation (DIGh the caseof sepsis and acute respiratory distress syndrome
(ARDS) is multifactorial andincludesa complex interplay betgen cellular and plasmatic
elements of the hemostatic system with immuoresliated exhaustion of the coagulation and
fibrinolytic systemsriggeringbleeding and thrombosis in the samfering individual Severe
infections and sepsis are a leading causdisseminated intravascular coagulation (Di&nd

the preinflammatory and immune activatiorecognizedin severecoronavirus disease 2019
(COVID-19) is probablyenoughto inducedisseminated intravascular coagulation (DISyuch
involvement of the hemostatic system in sevateite respiratory syndrome coronaviéus
(SARSCoV-2) astonishedhe intensive care and hemostasis community due teléhated

probabilityto progress talisseminated intravascular coagulation (DIC)
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4.6 Venous Thromboembolsm

Venous thromboembolism (VTHE¥ the result of a venous blood clot formation which may
manifest itself as deep vein thrombosis (DVT) or pulmonary embolism (P&p vein
thrombosis (DVT)and pulmonary embolism (PEare part of the same syndrome. However,
important distinguishing faots in terms of epidemiology, diagnosis am@nagemenfound
between the twoDeep vein thrombosis (DVTis a condition in which the clotting of venous
bloodhappensn a deep vein of an extremitgarticularlyone of the legs (such as the femoral or
saph@aous vein) or the pelvis (in the ileofemoral position). Therecsrsiderabléncrease in the
occurrencef deep vein thrombosis (DVBfter the age of 40 years, with an annual incidence in
the region of 108 in 100 000 people, making it the third mostneon cardiovascular disease
(CVD). Moreover pulmonary embolism (PEjs the third most common cause of cardiovascular
(CV) mortality, after myocardial infarctio(also callecheart attackand strokesThis number is
expected tcelevatesince elderly and obeg®opleare increasing Local damage to the tunica
intima, venous stasigalso calledvenostasis and hypercoagulabilityare major predisposing
factors. As a resuleventsthat impair venous retumtevelopto endothelial injury or dysfunction

or develop tohypercoagulability, mightlead to deep vein thrombos{®VT). Deep vein
thrombosis (DVT)is themain cause ofpulmonary embolism (PEA venous thrombus usually
progressesn one of the lower extremitiedikely as a result of théigher incidence of a clot
formation in the legs, from where it also extends more proximé#lly portion of the clot
ultimately break free (i.e. an embolus), it wilimly reach the inferior vea cavalVC) and the
right-sided cardiac chambers, ateéreaftetbecomesettledin the pulmonary arterial circulation,
resulting ineither partial or complete obstruction of pulmonary blood flow4i 13% of deep
vein thrombosis (DVT)patient$. It is mentionedthat approximately half of all patients with
deep vein thrombosis (DVTalso have occulpulmonary embolism (PERnd at least 30% of
patients withpulmonary embolism (PEhave verifiable deep vein thrombosis (DVT)The
consecutive stages wénous thromboembolism (VTEpamelydeep vein thrombosis (DVip

a calf vein, proximateep vein thrombosis (DVTgnd subsequemulmonary embolism (PE)
may or may not be symptomatic. The degree or of the thrombosis or emlgfsrasthe
progressiorand extent of the symptomsufferedby the patient. The capacity of the patient to
endure such a thrombosis is an additional factor whiaffects the development of the

symptomatology. Foexample a moderately sizegulmonary embolism (PEpayfoundwith no
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symptoms in a patient who is in good health otherwise, while itcaagesevere symptoms, or
even death, in a patient who alreaperiencesadvanced cardiopulmonary disease

Virchow offered the notion in 1856 that three different pathophysiologicahts/boostthe
formation ofdeep vein thrombosis (DVTThese three eventhereaftet er med Vi r chowos
are:

1-Damage to the vessel wall

2-Alterations to the venous blood flow

3-Hypercoagulability of the blood.

These are stilindicatedto be the main causes of thrombus formation. However, more complex
pathophysiological events may beludedas well. It must also badmittedwhile taking these
complexities intoaccountthat early recognition and effective intervention assatial to
achieving satisfactory outcomes in thgreponderanceof patients and that venous
thromboembolism (VTE)s a highlyblocking status Once formed, a thrombus maguse or
undergo, any of the following:

1-Remain as an asymptomatic phenomenon.

2-Undergo spontaneous lysis.

3-Cause an obstruction in the venous circulation.

4-Spread to more proximal veins.

5-Form an embolus, or

6-Act in any combination of the aforementioned ways.

Postthrombotic syndrome (PTS) is a frequent finding followusgows thromboembolism
(VTE), with anincidenceas high as one half of all patients with ileofemodalep vein
thrombosis (DVT)who only received anticoagulation therapypibgressess an outcome of
thrombusrelated damage to the venous valves, whselisesubsequent incompetency and
retrograde blood flow, i.e. venous reflux. The combination of reflux, combined with the
possibility of residual thrombotic obstructidieads tovenous hypertensiofHTN) of the limb.

This subsequentligads tahe symptoms gbostthrombotic syndrome (PTSRisk factors for the
development opostthrombotic syndrome (PT8)cludethe involvement of a proximal vein, the
extent of the thrombus, advancing age, obesity, a history of ipsilateral thrombosis and being of
the female gender. Possible complicationsieép vein thrombosis (DVTipvolve pulmonary

embolism (PE)indicatedto be the most common complication, chronic venous insufficiency
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(CVI) and postphlebitic syndrome. The condition may even have a fatal out®oneover

there is an increased risk of recurrent episodes in patients whasbifeeda first episode of
venousthromboembolism (VTE)

4.6.1Venous Thromboembolism in COVID19 Infection

High dimerized plasmin fragment D {@mer) concentrationsand procoagulant changes in
coagulation pathways werebservedamong caseswith severe coronavirus disease 2019
(COVID-19). An increasedrate of venous and arterial thrombotonditions correlatedwith
coronavirus disease 2018QVID-19) infection has also beenentioned

Data from 1026 patients witboronavirus disease 201€QVID-19) in China presumedhat

40% of patients at the time of hospital admission weneicated at elevated venous
thromboembolic (VTE) risk on the basis of a Padua Prediction ge8®) 4 .

A total of 34 consecutive patients were included istudy performed by Nahuet al. (2020)
Coronavirus disease 2018QVID-19) diagnosis was confirmed with polymerase chain reaction

on nasopharyngeal swabs of 26 patients (76%); 8 patients (24%) had a negative result on
polymerase chain reaction but hadypical pattern ofcoronavirus disease 201€QVID-19)
pneumonia on chest computed tomography scan. Mean age was 62.2 years, and 25 patients
(78%) were men. Major comorbidities were diabetesdlitus (DM) [15 (44%)], hypertension

(HTN) [13 (38%9)], and olesity body mass index wa31.&g/m?. Overall, 26 patients (76%)
required norepinephrine at admission, 16 (47%) required prone positioning, and 4 (12%)
required venous extracorporeal membrane oxygenation. Only 1 patient (3%) received
anticoagulant therapyeffore hospitalization. Deep vein thrombo$BVT) was found in 22
patients (65%) at admission and in 27 patients (79%) when the venous ultrasonograms
performed 48 hours aftentensive care unitiCU) admission were included. Eighteen patients
(53%) had Hateral thrombosis, and 9 patients (26%) had proximal thrombidséspatients had

high concentrationof D-dimer (DD), fibrinogen and Greactive proteifCRP). Mortality of
patients withcoronavirus disease 2018QVID-19) admitted tointensive carainits (CUs) has
beenseento beelevated at 50%. Frequent venous and arterial thrombmiiditionshave been
recorded with rates from 27% to 69% of peripheral venous thromboemb@\ar&) and up to

23% of pulmonary embolisn(PE) The occurrence of pulomary embolism(PE) might be
favored by deep vein thrombogBVT). In view of theelevatedpercent(i.e, 79%) of deep vein

thrombosig(DVT) mentionedn this study, prognosis might lznelioratedwvith early detection
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and a prompt start of anticoagulaneripy. Despite anticoagulant prophylaxis, 15% of patients
suffereddeep vein thrombos(®VT) only 2 days aftentensive care uniiCU) admission.

While a number ofiteraturehave shown that coagulation dysfunctiopiedominanin patients
with severe novel coronavirus pneumonia, only a few studies hkaweentratedon the
predominanceof venous thromboembolisiiV TE) in coronavirus disease 201ZQVID-19)
patients. The firstretrospective registry cohort of 2&cute pulmonary embolismAPE)-
suspectectoronavirus disease 201@QVID-19) patients in China with computed tomography
(CT) pulmonary angiographyevealedthat those withaffirmed acute pulmonary embolism
(APE) (n= 10 had DDimer (DD) concentrationsiigher than 7000 ng/mL. In 91 hospitalized
patients with severeoronavirus disease 201€QVID-19), venous thromboembolisnVTE)
patients accounted for 25%, were older, arbibitedelevatedcoagulopathy abnormalities and
thrombotic susceptibilitylower lymphocytes count, longactivated partial thromboplastin time
(@PTT), and higher EDimer concentrationjs A study. reported a 31%ccurrenceof thrombotic
complicationsin spite ofsystemat thrombosis prophylaxis and riisseminated intravascular
coagulationDIC) development among a cohort of li&fensive care unitCU) patients.

Helms et al (2020) reportedoccurrenceof 42.6% of thrombotic complications, mainacute
pulmonary embolism APE) (16.7%) in 150activated partial thromboplastin tim@PTT)
patients admitted iimtensive care unitiCU) for hypoxemic acute respiratory failuréwenty-
eight out of twentynine patients (96.6%) receiving continuous renal rephece therapy
experienced circuit clotting, and three thrombotic occlusions of centrifugal pump occurred in 12
patients supported by extracorporeal membrane oxygenation. Most patients (>93%ghtad
dimer (DD) concentrationsnd fibrinogen, while no pant suffereddisseminated intravascular
coagulation(DIC). Most importantly, despite anticoagulation, patients veithute respiratory
distress syndromeARDS) secondary tocoronavirus disease 201€QVID-19) experienced
notably more thrombotic complicationsn comparison withnon coronavirus disease 2019
(COVID-19) acute respiratory distress syndromRDS) patients (11.7% vs. 2.1%,< 0.008).
The authorssupposedin their discussion appealing mechanisms of coagulopathy and
pahogenesis of thrombosis in severe hypoxetoionavirus disease 2018QVID-19) patients.

They underlined thprimaryimportance af
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(a) Obvious endothelial inflammation with very higiloncentration®f Von Willebrand factor
antigen (a protein helping lbod clotting) and factor VIII [a blood protein (a beta globulin)
involved in clotting;

(b)- Hypothesesonsideringprofound hypoxemia in the pulmonary capillaries that roayse
vasoconstrictiomlecreasindplood flow andstimulatingvascular occlusigrand finally

(o)- The intriguing high frequency of positive lupus anticoagulant that was detected in 50
patients out of the 57 tested (87.7%)pus anticoagulant is an immunoglobulin that binds to
phospholipids (PL) and proteins assbed with the cell membrankeupus anticoagulans a
misnomer, as it is actually a prothrombotic antibody. Lupus anticoagalaving systems leads

to an increase in inappropriate blood clotting.

Altogether, the increased presence@fious thromboendlism (VTE) holds true foicoronavirus
disease 201930VID-19) patients, mostecognizableamong those with severe disease.

4.7 Antithrombotic Therapy and COVID -19-Related Coagulopathy

Regarding antithrombotic options, theternational Society of Thrombosis and Haemostasis
(ISTH) consensus statement recommended prophylactic dosendd@cular weight heparin
(LMWH) in all patients (including nowritically ill) who required hospital admission for
coronavirus disease 2018QVID-19) infection, in the absence of any contraindicati(axgive
bleeding and/or platelet count less than 25 x 1094eparin represents thgpical thrombo
prophylactic and antithrombotic regimen endorsed by contemporary guidelines for patients
hospitalized withcoronavirus disease 201€QVID-19) relateddiseases Tanget al (2020)
described that anticoagulant therapy mainly wibkv-molecular weight heparin (LMWH)
seemedo becorrelateavith a better prognosis in 449 sevemonavirus disease 2018QVID-

19) patients meeting sepsis induced coagulopatl@ JSI cr i t eri a O4 or -wi th
dimer (DD) levels (greater than sifold at the upper limit of normal). In thstudy, however,

only 99 patients (22%) had received prophylactic heparin. Heparin therapy has several
advantages:

1-1t represents, in the time of a pandemic, an easily available anticoagulant therapy, given the
initial concerns regarding drug shortages;

2-Incremental aninflammatory effects have been reported and it may mitigate cytokine storms

in severecoronavirudisease 201930VID-19) patients;
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3-Experimental models reported a potential antiviral role of heparin still to be confirmed in
clinical practice and in the setting sévere acute respiratory syndrome coronax@rSARS
CoV-2) infection; and finally

4-There is currently no evidence from randomized clinical trials that any potential therapy
improves outcomes in patients with either suspected or conficoezhavirus disease 2019
(COVID-19).

Given the high prevalence of lupus anticoagulant and chafgésnolard hemostasis parameters
in this certain pathology, monitoring of heparin should not rely @ctivated partial
thromboplastin time(@PTT), but solely on antXa activity, whichis anassaydesigned to
measure plasma heparin (unfractionated hepfdH) and low molecular weight heparin
(LMWH)) concentrationsind to monitoanticoagulantherapy A fundamentabody of evidence
proposesow heparin can beecessaryn selected higirisk coronavirus disease 2018QVID-

19) patients.

5.COVID Toes

The term COVID toess recognizedwhen patients who have thmronavirus disease 2019
(COVID-19) virus present with extremity symptoms. These patients may or may not carry an
official diagnosis ofcoronavirus disease 201€QVID-19). These patients may present with a
digital ischemic appearance of purplish or red lesions on their toe(s) thdtegrently
painful. However, one could easily confuse the presentation of such symptoms for frostbite,
Raynaud's disease or chilblains. Most reports of such a phenomenootiaesl mostly in
youngerpeoplewith or without other symptoms.

The precisecause otthese symptoms isot known One prominent theorincludesa probably
underrecognized vascular component to the dis@asoronavirus disease 2016QVID-19)

virus is known to attack cells in the lung via the angiotensmverting enzyme 2 (ACEZ2)
recepor. The angiotensirconverting enzyme 2 (ACE2eceptor is notestrictedto just the
lungs. It is alsgpresentin other organsnvolving the heart, kidneyand intestial tract The
angiotensirconverting enzyme 2 (ACEZ2Eceptor is alsgpresenton endothelial cells that line
vessels throughout the whole circulatory systeamprisingthe very small vessels in the toes.
Researchers out of the Pathology and Cardiology Departments from University Hospital Zurich,
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in Zurich, Switzerlandconsiderthat the virus attaching in these small vesesaisseshe vascular

symptoms now known as COVID toes.

In a report out of China, Zhang and colleagues discussed seven critical patients with the
coronavirus disease 2019 (COVI) virus, who had an average age of 59 years and clinical
symptomsinvolving finger/toe cyanosis, skin bulla@and dry gangren¢o the digits. These
patients also reportedly had prolonged prothrombin time (PT), an elevatBoheDd (DD)
concentrationand diagnosed disseminated intravascular coagulation (DIC). Five of the seven

patients ended up dying from tberonavirus disease 2019 (COVIM) virus.

However, most reports on COVID toes come from various megdia andook to be in younger

age grops with many of these patients not having any respiratory sympfomess release
from the French National Union of Dermatologists and Venereologists warns of skin
manifestations ofcoronavirus disease 2019CQVID-19) that the group classifies as
acrosymromes(i.e., associated with vasomotor disorde@)is groupdeterminessymptoms as

the appearance of pseuftostbite, a sudden appearance of persistent and sometimes painful

redness, and transient hikesionson the fingers and/or toes.

In a case study out of Italy from the International Federation of Podiatrists, Mazaait
Troccoli mention selthealing lesions in children and adolescents, #madk the etiology is
vascular in naturdt is stated that the presentation is similar to chilblains but the etiology is
vascular, not thermal, in natufeis attributal to smal vessel blockages as emergimof refers

to thecoronavirus disease 2018QVID-19) virus contributing to a hypercoagulable state.

Physicians in France and Spain also report lower extremity symptoms in various younger
populations As the aforementioned report out of China shows, COVID toe is not limited to the
young but may possibly be the only symptom present in a patient wittotbeavirus disease
2019 COVID-19) virus.
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Images (1,2) (www.google.com)

On April 6,2020, a 13yearold female presented to the office complaining of severely painful

reddish and purple lesions to her toes bilatefalgimages (1, J. Her symptoms began several

weeksearlier anda specialisphysician originally treated this as ceitid with an antibiotic. The

condition eventually spread to multiple toes with blisters developing on some of the [ssi®ens

images (3,). The pain was so severe the patiemild not tolerate shoes.

The

sometype of vasculopathy. The patient denied trauma and did not exhibit any signs or symptoms

initial

Images (3,4{www.google.com)

presentation was consi

stent

of infection. The paeint had palpable dorsalis pediad posterior tibial pulses, a sluggish

capillary ref

il time and toes

shared this suspicion as they

cool

not ed

t o

a

t he

f ami

seemed to be the most likediagnosislt wasdispensed a prescription for nitroglycerin paste for
t he

patientos

pain and sympt oms.

Images (5,6) (www.google.com
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Ten days later, the patient reported an improvement in her symptoms and clinical presentation,

which was confirmed with p[seemageséd. sent by t he

At this point in time, similar symptoms began to appear in reports of chigtocemd the world

connected taoronavirus disease 2018QVID-19). Further questioning of the patient and her

mother confirmed that the patient had a serioudiKki condition the previous month. There

were also siblings in the household who had exhibited a fever, sore throat and cough
approximately two weeks in durati. These siblings also tested negative for influenza and strep.

When the patient began experiencing exhaustion and shortness of breath, she never had testing
for i nfl uenza due t o her siblingsé negati ve
mononuclesis. Her pediatrician prescribed an antibiotic and an inhaler. She did not receive a
coronavirus disease 2018QVID-19) test.

Anecdotally,it waslearned through social media of ayi@arold male from the same school of
the first patient who exhibitedirsilar symptoms and painful complaints about his toes. His
symptoms had a siweek duration and consisted of erythesna pain to his todseeimages

(7,8]. The erythema eventually progressed to purpapigearing lesions on all of the toes very

similarin nature to the previous patient.

Images (7,8) (www.google.com)

His pediatrician prescribed oral steroids three weeks after the initial presentation of symptoms
and this treatment eventually allowed the patient to tolerate shoe gear. This patient displayed no
clinical symptoms of theoronavirus disease 2018@QVID-19) virus and had no other pertinent
findings such as fever or dermatological lesions elsewhere. Accordingly, the patient was not

tested forcoronavirus disease 2018QVID-19) at that time.

The aforementioned cases provide anecdotal evidence of two patietfie same geographic
area who presented with symptoms that are possibly consistent with COVID toes albeit without a
confirmed diagnosis of theoronavirus disease 201€@QVID-19) virus. Both patients were in

their early teens and early reports haveposedthat COVID toesseemto be most prevalent in
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this age groupBoth patients described color changes and a painful presentation with four to six
weeks of symptoms before noting improvement. Only one of the patients exhibited crusted
lesions as noted ian aforementioned report out of FranG&e patient had other symptoms
suggestive of theoronavirus disease 201GQVID-19) virus and the other patient did not. This

is consistent with similar findings in another recent report out of Spain that notetDG@®/in

both symptomatic and asymptomatic patieWhile these authors recommended topical
corticosteroid treatment for patients with these lesions, other cautions exist regarding the use of
systemic steroids in patients with the COVID virus so pragioners should exercise caution in

this population.

For the presented patients above, improvement occurred with nitroglycerin paste and topical
steroids respectively.lt may also suggest that similar patients exercise caution and self

guarantine due tde possible association with tberonavirus disease 2018QVID-19) virus.

There is evidence tproposethat the two aforementioned patients who presented with pamn, red
to-blue colored lesions and vasculitis to their toes could possibly have had COVID toes. The
symptom timeline along with the presence of the virus in the United States suppotitsfus.

more research is necessary to specifically correlate krmmronavirus disease 201@QVID-

19) status and COVID toe presentation befdrecan be confirmed the true etiology and
association of COVID toes.

6.Autoimmune Hemolytic Anemia

Autoimmunehemolytic anemigAIHA) is characterised by an increased breakdown of red blood

cells (RBG) due to autoantibodies (adfob 6 s ) with or without compl
diagnosticcharacteristicef autoimmune hemolytic anem{@&IHA ) comprisethe combinabn of

clinical and laboratory signs oéd blood cellsRBCs) hemolysis together with the detection of
autoantibodies (autd b 6 anyl/or complement deposition omed blood cells RBCs) as
particularlyappearedy a positive direct antiglobulin test (DA&)socalleddirect Coombs test.

A negative direct Coombs test using standard techniques does not exclude the diagnosis of
autoimmune hemolytic anemi@AIHA). In more than 50% of the patients the development of
autoimmune hemolytic anemi@AIHA) is combinedwith an underlying diseasgsecondary
autoimmune hemolytic anemi@AlHA)], but canhappenwithout anyproof of an underlying

disorder [idiopathic or primaryautoimmune hemolytic anemi@AIHA)]. Dependenton the
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optimal temperature fautoantibodyautaAB) binding tored blood cellsRBCs), autoimmune
hemolytic anemigAIHA) is divided into a warm antibodgutoimmune hemolytic anem{@&VvA-
AIHA), cold antibody autoimmune hemolytic anemiéCA-AIHA) or autoimmune hemolytic
anemia(AlHA) due to biphasic autmtibody(paroxysmal cold haemoglobinuria, PCH). With an
incidence of 1:100,00varm antibodyautoimmune hemolytic anemi@VA-AIHA) is ascarce
disease, the incidence ofld antibodyautoimmune hemolytic anem{&A-AIHA) is even lower
(1:1,000,000). In contrast, 10% of patiemgperiencinglupus erythematosuprogress toan
autoimmune hemolytic anem{@IHA). On occasionlymphomais complicated byutoimmune
hemolytic anemigAIHA), but it can also be a herald of a lymphoma that has not yet been
diagnosed. This iprovedby certaintythat 18% of patients with primagutoimmune hemolytic
anemia (AIHA) progress toovert lymphoma at aubsequent timeLymphoma iscancer
beginning in mfectionfighting cells of the immune system, callgdhphocyteslymphocytesare
found in the lymph nodes, spleen, thymus, bone marrow, and other parts of the body; when

experiencingdymphoma lymphocyteschange and grow out of control
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Figure(47):Mechanism of hemolysis in warm antibody autoimmune haemolytic anaemia [Berentsen
A.; Hill Q.; Tvedt T.; Michel M. (2019). Novel insights into the treatment of complemesdiated
hemolytic anemias. Therapeutic Advances in Hematologyl-2@. DOI: 10.1177/204062071987332CC
BY-NC 4.0]

In figure @7): complementmediated hemolytic anemias can eitherdmulted fromdeficiencies
in regulatory complement components or by autoimmune pathogenes@ésdhatsnadequate
complement activation. In paroxysmal nocturnal hemoglobinifH, a rare acquired, life
threatening disease of the blood; characterized by destrucfiaed blood cells(RBCs)
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(hemolytic anemia), blood clots (thrombosis), and impaired bone marrow function (not making
enough of the three blood componeritejholysis iscompletelycomplemendriven. Hemolysis

is also consideredto be complementependentin cold agglutinin disease (CAD) and in
paroxysmal cold hemoglobinuri@®CH, a rare blood disorder where body's immune system
producing antibodies that destroy red blood c@RBCs) occurring when the person exposed
to cold temperaturés whereasvarm anibody autoimmune hemolytic anemi@VA-AIHA) is a
partially complementnediated disordergelying onthe subtype ofvarm antibodyautoimmune
hemolytic anemigWA-AIHA) and therangeof complement activation. Therapeutic terminal
complement inhibition using eculizumab has revolutionized rdmedy and prognosis in
paroxysmal nocturnal hemoglobinuria (PNbi)t hasevidencedess effigentin cold agglutinin
disease (CAD)Upstream conlpment modulatiorseemdo be a highly promisingemedy and

two such agents have entered phase Il and lll trials. Of these, tH@lamonoclonal antibody
sutimlimab hasexhibitedfavorable activity incold agglutinin disease (CADyhile the antiC3
cyclic peptide pegcetacoplaseemsto be promising inparoxysmal nocturnal hemoglobinuria
(PNH) as well ascold agglutinin disease (CADand may also have a therapeytossibility in
warm antibodyautoimmune hemolytic anem{@vA-AlHA) .
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Figure(48):Erythrocyte destruction in waiantibody mediated autoimmune hemolytic anerBiaréntsen
S. (2015). Role of complement in autoimmune hemolytic anemia. Transfusion Medicing
Hemotherapy, 42:30310. DOI10.1159/000438964

In figure@8): erythrocyte destruction in waramtibody mediated autoimmune hemolytic
anemialg = Immunoglobulin; C = complement.

In warm antibodyautoimmune hemolytic anem{&VA-AIHA), polyclonal autoantibodies with a
temperature optimum at 37°C bind to tieel blood cell RBC) surface. Thencludedantibody
class is mostfrequently immunoglobulin G (IgG) (mostly 1gG1 or 1gG3) but can be
immunoglobulin A [gA) or warmreactive immunogbbulin M (gM) combined with
immunoglobulin G IgG), or, rarely, immunoglobulin M {gM) or immunoglobulin A (gA)
alone. Almost 50% of warm antibodyautoimmune hemolytic anemi@VA-AIHA) cases are
secondary to (i.e. associated with or caused by) other diseéagelsjng lymphoproliferative

disorders(LPDs), autoimmune diseases, or other immune dysregulatieolving common
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variable immunodeficiencfCVID).The remaining 50% are designated as prim&ityronic
lymphocytic leukemia(CLL) is the most commonly associatganphoproliferative disorder
(LPD).

The immuneinitiatedred blood cell RBC) breakdown inwarm antibodyautoimmune hemolytic
anemia(WA-AIHA) is nottotally complemenimediated.Depending orthe direct antiglobulin
test (DAT)pattern, complement iacludedin 28 65% ofwarm antibodyautoimmune hemolytic
anemia(WA-AIHA) . Main noncomplement mechanisms are macrophiafjeted membrane
damage wh subsequent formation of spherocyt&hkich arevulnerableto destruction in the red
pulp of the spleen and, concomitantly or alternatively, phagocytosisiratinoglobulin (g)-
opsonizeded blood cellsRBC9 by the mononuclear phagocytic system, wtatmosthappens
in the spleen. Omed blood cells RBC9 opsonized withmmunoglobulin M(IgM) or heavily
coated withimmunoglobulin G IgG), the antigenantibody (Ag-Ab) complex will initiate the
complement control proteinsCCP, proteins interact with components of tll®mplement
systen). Immunoglobulin G IgG) is a weaker compleemt activator thanmmunoglobulin M
(IgM). Of theimmunoglobulin G IgG) subclasses, it is mainljnmunoglobulin G31gG3), and
to a lesser extenmmunoglobulin G11gG1), that iscapableof activaing complement, while
immunoglobulin G2 1gG2) is an even weaker activatormmunoglobulin G4 1gG4) and
immunoglobulin A [gA) do notelicit the complement system. Howevénmunoglobulin A
(IgA)-mediatedwarm antibodyautoimmune hemolytic anemi@VA-AIHA) can be fulminant,
probablyas a result o€oncomitantimmunoglobulin M [gM) participation Complement control
proteins CCP activation will leave thered blood cells RBC9 opsonized with C3b and,
therefore, susceptible to extravascular hemolysis by the mononuclear phagocytic(B4R®m
primarily by Kugdfer cells (KCs) in the liver, while intravascular hemolysis mediated by the
terminal pathway is prominent only in seveses. The explanation @ssiblythe protective
effect of the CD55 and CD59 which, unlike mocturnal hemoglobinuria (PNHgre intact in

autoimmune hemolytic anem{&IHA).

Cold agglutinins (CAs) are autoantibodies, in most cases amtmeinoglobulin M {gM) class,
that agglutinatered blood cells RBC9 upon binding to the cell surface at an optimum
temperature of i34°C. Most cold agglutinins (CAs) in cold agglutinin disese (CAD) are
specific for the surface carbohydrate antigen termed |. Rare specificities incluée antntii.
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Primarycold agglutinin disease (CAD3 determinedby chronic hemolysis, eonsiderableold
agglutinin (CA) titer (usually defined as 64) at 4°C, typical findings by thairect antiglobulin
test (DAT) and the absence of an underlying specific infection or overt (i.e. clinically or

radiologically detectable) malignancy.

Anemia incold agglutinin disease (CADY frequentlymild to moderate, and in some cases fully
compensated hemolysisappens A large number of patients, howeverxperiencesevere
anemia. In a descriptive study of 86 unselected patients, the median hemoglobin level was
8.9¢g/dl (range, 4181569/dl; lower tertile, 8.0g/dl). Up to 90% of the patients according to a
Norwegian study (possibly less in warmer climates) experience-imdlded circulatory
symptoms affecting acral parts of the bddg., belonging to the extremities of peripheral {pd
Acrocyanosids the most common circulatory symptom, but Rayrigted phenomenacan also
occur and in some patients, this can be disabling. The presence and severity of acrocyanosis does
not relate to the severity of anemia. Estimates on transfusion requiremedtbit large
variations,likely due to patient selection and variablensfusion criteria. In unselected cohorts,
approximately half of the patients received transfusions.

Cold agglutinins (CAs) bind to thered blood cell RBC) surface at temperatures below the
central body temperature. These temperatures are normallyifoandal parts of the body. This
leads tored blood cell RBC) agglutination andmore often ischemic symptoms from the
capillary circulation. These symptoms are not complemediated. In more than 90% of
patients withcold agglutinin disease (CADPdhecold agglutinins (CA)is animmunoglobulin M
kappa(l g Mand therefore @otentactivator of thecomplement control protein€CP. Cold
agglutinins (CAs)f theimmunoglobulin G IgG) class arescarcebut descriptions that thdgad

to hemolytic aemia have beepersuasiveSome differences from typicalmmunoglobulin M
(lgM)-mediatedcold agglutinin disease (CADhay refer toa different mechanism of hemolysis

in the immunoglobulinG (IgG)-mediated cases, for example, some of the cases have been
mentionedto respond to splenecton{a surgical operation involving removal of the spleen)
which is notefficient in cold agglutinin disease (CAD)f the immunoglobulin M {gM) type.
Infrequently, cold agglutinins (CAs) of the immunoglobulin A {gA) class have also been
recognized althoughimmunoglobulin A [gA) is not expected to activate complement. A study
showsthat some patients reported as having monoclonaiunoglobulin A {gA) with cold
agglutinin (CA) activity did na have hemolysis. Another patient had clinicald agglutinin
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disease (CAD}ogether with monoclonammunoglobulin A {gA) but turned out to have two
independent clonal disorders, indicating that ¢blel agglutinin (CA) was not identical to the
clonal immunoglobulin A {gA). This meansthat immunoglobulin A (IgA)-mediated cold
agglutinin disease (CADYoes notoccur Upon the binding of immunoglobulin Mcold
agglutinin (gM-CA) to its antigen, activation of theomplement control protein€CP) leaves

the red blood cells RBC9 opsonized with C3b and, therefore, susceptible to extravascular
hemolysis by the mononuclear phagtc system; thislominantlyhappensn the liver. On the
survivingred blood cellsRBC9, C3b is metabolized to C3d, which mpstbablysaveghe cell
against further phagocytic attack. The terminal pathwdikéty not considerablyactivated in

mild and steadiygtatecold agglutinin disease (CADbut has been shown to be active in severe
disease and acute exacerbations. Part ointeepretationfor the restrictedrole of the terminal
pathway ismaybethe protectiveimpact of the membranebound physiologic inhibitors CD55
and CD59, which are intact ioold agglutinin disease (CADA unique phenomenon icold
agglutinin disease (CAD)s an exacerbation of hemolytic anemia during febrile infections
[medical term for elevated body tperature (or a fevergnd other conditions with acuphase
reaction, originally described as paradoxical hemolysis and later found to occur in at least 70%
of the patientsAcute-phase proteinfAPPs) are a class pfoteinswhoseplasmaconcentrations
increase (positive acufghase proteins) or decrease (negative gol#se proteins) in response
toinflammation This response is called theutephase reactiofalso callecacutephase
response). The acuphase reaction characteristically invol¥eger, acceleration of
peripheraleukocytes circulatingneutrophilsand their precus. The constant complement
consumption during steaeblate diseaskeads tolow serum levels of C3 angbarticularly C4,
which looks to be ratdimiting for complement control proteinsCCP-dependent hemolysis.
Acute-phase reaction has been shown to increase the production of these components. The serum
concentrationsrefull, complement control protein€CP activity is boosted and exacerbation

of hemolysissucceedsThus,cold agglutinn disease (CADpatients shouldikely not receive
transfusion with complemedmich blood products, for example, plasma, even though this has not
been systematicaliested
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Figure(49):Complemesnmediated hemolysis in cold agglutinin disease andd cagglutinin
syndromeBerentsen S. (2015). Role of complement in autoimmune hemolytic anemia. Trang

Medicine and Hemotherapy, 42:36320. DOI:10.1159/000438964]

In figure@9): Complemenimediated hemolysis in cold agglutinin disease (CAD)oid
agglutinin syndrome (CAS). CA = Cold agglutinin; C = complement.
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Figure(50):Biphasic, complementediated hemolysis in paroxysmal cold hemoglobiniBeaentsen
S. (2015). Role of complement in autoimmune hemolytic anemia. Transfusion Medidine an
Hemotherapy, 42:30310. DOI10.1159/000438964

In figure®0): biphasic, complemefhediated hemolysis in paroxysmal cold hemoglobinugia.
= Immunoglobulin; ag = antigen; ab = antibody; C = complement

In warm antibodyautoimmune hemolytianemia(WA-AIHA), complementmediated cell lysis
is clinically pertinentin arateof the patients but ibarelycrucialfor hemolysis in most patients.
Cold antibodymediated autoimmune hemolytic anemigsimary cold agglutinin disease
(CAD), secondary cold agglutinin syndron{€AS) and paroxysmal cold hemoglobinuria
(PCH)] are completely complemenimediated disorders. leold agglutinin diseas€¢CAD),
effective remedieshave been developed in order to target the pathogeuellBlone, but
complement modulatiois still hopefulin some clinicatonditions No determinedherapy exists
for secondary cold agglutinin synane (CAS) and paroxysmal cold hemoglobinu(RCH), and
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the potency of therapeutic complement inhibition is interesting. Currently, complement

modulation is not clinically documented in any autoimmune hemolytic an@hia) .

The clinicalmanifestatiorof autoimmune hemolytic anemi@IHA) is not different from other
forms of acute hemolytic anemia reduction in red blood cdlRBC) survival or acute crisis of

a chronic haemolyti@anaemia.Considerably patients are icterjaffected with jaundicepand
undergoclinical signs of anemia, such as pall@n unhealthy pale appearancétigue,
shortness of breath and palpitatioms. contrast, Bemoglobinuria as a sign of intravascular
haemolysis iscarce but the patient must explicitly be asked fioatt symptom. In case of cold
agglutinins, cold exposure mapauseagglutination ofred blood cellsRBCs) in the circulation

as reflected by cyanotic discolouring of the acra, such as toes, fingers, ears and nose. After
warming up, the cyanotic discolougndisappears quickly and in contrast to a Raynaud
phenomenon, no reactive hyperaermappens The presence of a diseasken reported to be
correlatedwith autoimmune hemolytic anemigAIHA) booststhe suspected diagnosis. Since
many of these diseases are accompanied by anemia, the diagnosis of ataiifdnune

hemolytic anemigAIHA ) can easily be missed.
-For managementf warm antibodyautoimmune hemolytic anem{@vA-AIHA) :

(a)Transfusion:the blood product must be compatible with respect to compleantinating

all oanti bodi es pr eAHoantibody is mn aptdddy fermeddnsresporse tom.
pregnancy, transfusion, or transplantation targeted against a blood griggnathat is not
present on the person's red blood céilpossible the selected product must be negative for the
antigens, to which alloantibodies have bdeterminedn the antibody screenin{yloreover the
development of new or additional alloamtibes must be prevented. Therefore, a blood product
as compatible as possible with the recipient antigens will be selected. The minimal requirement
is that the selected product must be compatible to Rhesus and Kell antigens. In case of severe
haemolysis lbod product selection may also consider the specificitaudbantibodies autc

A b p 8hen there is a conflict making the right choice to saledtblood cell RBC) it is
important to keep in mind that in case of transfusion alloantibodies are moreanpthian
autoantibodies autcA b H d$f there is no time to wait for the result of the serological
examinations it must betaken into accounto prevent alloantibody formation by matching
patient and donor for the most importaad blood cell RBC) antigens: Rhesu$h), Kell, Kidd,
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Duffy, and Ss. Blood groupantigensare either sugars or proteins, and they are attached to
various components in thied blood cel[RBC) membrane. The Rh blood group system consists
of 49 defined blood grouantigensamong which the five antigens D, C, c, E, and e are the most
important. There is no d antigen. Rh(D) status of an individual is normally described with
apositiveor negativesuffix after the ABO type.TheKell antigensystem (also known aselli
Cellano system) is groupof antigens on the human rbtbodcell (RBC) surface which are
important determinants dlood typeand are tegets for autoimmune or alloimmune diseases
which destroy redbloodcells (RBCs) Kidd blood groupsystem, classification of
humanbloodbased on the presence of glycoproteins knowki@dd (Jk) antigens on the surfaces

of redbloodcells (RBCs) TheKidd glycoprotein functions to maintain the osmotic stability of
redbloodcells by acting as a transporter of urBaffy blood groupsystem, classification of
humanbloodbased on the presence of glycoproteins known as Fy antigens on the surface of
redbloodcells (RBCs) endothelial cells (cells lining the inner surfaceblofodvessels), and
epithelial cells in the alveoli of the lungs and in the collecting tubules of the kidnegs.dSSC

are the abnormal genotypes or the sickle ceéls. people have a specific pair of these
hemoglobin intheir bloodwhich areinherited from both parents.

(b)-Steroids:steroids areefficientin themanagemendf autoimmune hemolytic anem{@IHA).
Steroids decrease the production aaftoantibodies (autd b 6 sy )B-cells. Further steroids
decreasethe density of Fgamma receptors on phagocyteas the spleen.Commonly,
prednisolone, 1 mg/kg/day is started, and depending on the clinical respoeayserésl slowly.
After stabilzation of the hemoglobin a schenwten used ata department is to taper
prednisolone to a dosage to 20 mg/day in two weeks. If the hemoglobaentratiorkeeps
stable, dosage can further be reduced to 10 mg/day after h.riibetreafter, the steroid dosage
can further be tapered and be stopped after two weeks. In order to diagnoseiratacsd
diabetes mellitus early, blood glucose levels must be monitored regularly. Moreover,
osteoporosis prophylaxis must be startedesthe patients suffering froautoimmune hemolytic
anemia(AIHA) receive steroids over a long period of time. The psychological side effects of
steroidmanagemerdre often underestimated (e.g. agitation, lack of smhtrol, psychosis) and
might become aincriminatorytroublefor the patient and social environment. Therefore steroid

doses have to be redudeequentlyor the therapy has even to be stopped.
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(c)-Cytotoxic drugs: Azathioprine and cyclophosphamide are both immune suppEssirga
decrease of autoantibody production. The addition of tthesapiescan be considered if steroid
therapy does nadchievea sufficient result, when a steroid mainteoa dose of more than 20

mg/ day is needed or steroid doses must be tapered due to side effects. Cyclophosphamide (100
mg/d) or azathioprine (16050 mg/d) can bgiven as monotherapy or in combination with
steroids. Due to their myelosupressive effectspperal blood cell counts must be controlled
regularly and if needed dosage must be adapted. In refraattmynmune hemolytic anemia

(AIHA) pulse therapy with cyclophosphamide (50 mg/kg over 4 days) in combination with
mesna(a sulfhydryl compound usetd reduce the incidence of hemorrhagic cystitis associated
with certain chemotherapeutic agerdasggranulocyte colorystimulating factor G-CSH might

be successful. In desperate cases vincristine might be a valuable alternative bearing the
advantage of being less myelotoxic than cyclophosphamide. Immunosuppressive drugs, such as

cyclosporine or mycophenolataofetil seem to be effective in some ase

(d)-Splenectomyby means of splenectonmgd blood cell RBC) destruction is abated and the
production ofautoantibodiesautcA b pisdecreased. Two weeks after splenectomy anemia has
stabilized in more than 50% of the patients. Approximately 20% of the patients reaetinheng
remissions or are even cured from the disease. In half of thenisasteroids can further be
tapered. However, orthird of the patients do not reach a substantial remission. The mortality of
splenectomy by laparatomy is around 1%, in laparoscopic splenectomy it is aboulPatke¥tts
after splenectomy hava notablerisk for infections as compared with the normal population.
Vaccination againsiNeisseriamenigitidis StreptococcugppneumoniagHaemophilusnfluenzae

if possible prior to splenectomy, significantly decreases the risk for infection in these patients.

(e)-Anti-C20 antibodyrituximab is a chimeric, monoclonal antibody targeting CD20 expressed
on all B-cells except plasma cell§aking rituximab decreases autoantibody production by
targeted destruction of B cells. Retrospective stuaiestiona complete remission in 20 to 70%

of the patients. In prospective studies, >60% of the patients achieve a complete remission, but
most patients W relapse sooner or later (>24 months). Rituximab is well tolerated, occasionally
allergic reactions with hives, chills and hypotension occur. As a very rare but fatal complication,
progressive multifocal leucoencephalopafRyIL) after rituximab therapyn patients suffering

from systemic lupus erythematos{&_E) has beerobservedIn spite ofthe lack of controlled
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prospective studies rituximab has toibdicatedto replace splenectomy as therapy of choice in
steroidresistantwarm antibodyautoimmunehemolytic anemigWA-AIHA) . If splenectomy is
reconsidered after failure of rituximab therapy, it mustaben into accourthat vaccination to
encapsulated bacteria might be ineffective aftaximab therapy.

(H- Immunoglobulins:in approxinately 40% opatients administration of immunoglobulins
improves anemia temporarily. Thispsmarily attributed to a reduction oéd blood cell RBC)
destruction in the spleeMoreover immunomodulatoryimpacts of gammaglobulins might
contribute to the beneficial effect as wélkeatmentwith immunoglobulins might be considered
in acute lifethreatening cnditions in order to reduce breakdown of patients or donor

erythrocytes.
-Treatment otold antibodyautoimmune hemolytic anem{&A-AIHA) :

Luckily, anemia ircold antibodyautoimmune hemolytic anem{&A-AIHA) is usually mild and

there is no need for correction. The bas@nagemerin thatstateis quite simple: keep it warm.
Patients must protect themselves properly againstdlteby wearing gloves, a hat and warm
shoes. If necessary, transfusion mustibeeunder controlled conditions at 37 °C by means of a
controlled heating system. During surgery, body temperature must be kept at 37 °C. The criteria
to choose a blood produate similar to those iwarm antibodyautoimmune hemolytic anemia
(WA-AIHA). However, the treatment afold antibodyautoimmune hemolytic anemiéCA-

AIHA) remains a frustrating issue. Steroids are clearly éfssient than in warm antibody
autoimmune hmolytic anemia (WA-AIHA). The same holds for cyclophosphamide and
azathioprine. Incold antibodyautoimmune hemolytic anemiéCA-AIHA) there is no role
forsplenectomy. A couple of studiescordedsome beneficial effects of gammaglobulins. In two
controlled trials, rituximab was demonstrated tiigger a response in 40 to 50%, but again
achievement of complete remission is rare and relapses are commoninBme®globulin M

(IgM) are mainly located intravascularly, plasmapheresis induces a quick reduction of
immunoglobulin M [gM) concentrationsand may therefore contribute to a sherm
stabilzation of an autoimmune hemolytic anemigAIHA). It is worthy to add that
plasmapherss isa method of removing blood plasma from the body by withdrawing blood,

separating it into plasma and cells, and transfusing the cells back into the bloodstream. It is
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performed especially to remove antibodies in treating autoimmune conditiinse

plasmapheresis has to be performed at 37 °C, the technical procedure remains a challenge.

The treatment options in case of fulminant intravascular haemolydisnéezl. Therapy focuses

on supportive care with a close monitoring of vital functions, rémattion and haemolysis
parameters. In the literature, gammaglobulins and plasmapheresis havendetonedas
managementhoices In selected cases an inhibitor of the activation of complement component
C5 (eculizumab) has been administered therebyhteng the formation of the membrane

attack complex.

6.1Autoimmune Hemolytic Anemia in COVID-19 Infection

Lopezet al (2020) reported a patiestffering from simultaneous presentation cbronavirus
disease 201900VID-19) disease and warsutoimmune hemolytic anem{@IHA). A 46-year

old womanwith a medical history of congenital thrombocytopenia not on therapy presented with
dyspnea and cough to the Emergency Departiiieit She was found to have pneumonia after
chest computed tomograpli¢€T) showeda dense left upper lobe consolidation witinimal
surrounding ground glass opacities and no evidence of pulmonary emidBlismShe had

normal vital signs and pulse oximetry on ambient air. She was initiated on azithromycin 500 mg
on day 1 then 250 mg daily and discharged home. Her symptomshedrseer three days with
progressive cough and dyspnea. Her vital signs were a temperature of 40°C, pulse 130 bpm,
respiratory rate 20 breaths per min, blood pressure 123/83 mm Hg and SpO2 99% on ambient
air. Her exam was only notable for diminished -Efted breath sounds. Laboratory
investigationsshowed hemoglobin 97 g/l, white blood cell@¥BCs) 985 9 103 /Il with
lymphopenia (068 9 103 /Il), and platelets 43 9 103 /Il. Lactate dehydrogenase (LDH) was 296
U/l. She was admitted to the hospital. Her Cbsrtest was positive, with direct antibody testing
positive for immunoglobulin G IgG) and C3. A test for antinuclear antibody (ANA) was
negative. On hospital day 8he exhibited to be positive feevere acute respiratory syndrome
coronavirus2 (SARSCoV2) and started on hydroxychloroquifidCQ) 400 mg bid on day 1,

then 200 mg bid for four days because of its theoretical antiviral activity. Influenza, respiratory
syncytial virus (RSV), viral respiratory polymerase chain reaction (RGBRay blood cultues

and urine antigens fd8treptococcus pneumonia@d legionella sp. were negative. Given her

active coronavirus disease 2012QVID-19) disease she was started initially on intravenous
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immunoglobulin (IVIG) at 1 g/kg/day rather than prednisone. Despiig, tshe required
transfusion of three units of packed red blood cells, and after three days was started on
prednisone 60 mg/day. Thesusedstabilization of her blood counts. She completed a-diage

course of hydroxychloroquingHCQ). During her hospilastay, herlactate dehydrogenase
(LDH) rose from 296 to 553 U/I, falling to 355 U/l at discharge, and haptoglobin remained low.
Her reticulocyte count was normal (954 9 103 /Il) on admission and rose to 206 9 103 /Il at
discharge. Her pneumonia improveadashe was discharged on a prednisone taper on hospital
day 8. At followup after one week, her hemoglobin was 11 g/llacthte dehydrogenase (LDH)

was normal. Autoimmune hemolytic anemigAIHA) is the destruction of red cells by
autoantibodies. Upon pgentationthe patient had a warm antibodimMmunoglobulin G,IgG)
hemolytic anemia along witltoronavirus disease 201€Q@VID-19) disease. Because of
concerns for causing immunosuppression and worsening viral shedding, she was first started on
intravenous immunoglobulin (IVIG), but did not have a response, which is consistent with the
literature showing a poor response to intravenousiunoglobulin (IVIG) in autoimmune
hemolytic anemigAIHA). Her blood count stabilized with prednisone, which will be tapered.
Authors suspead that as her infection clead this would also resolve theautoimmune
hemolytic anemig(AIHA). While many hamatological complications oforonavirus disease

2019 COVID-19) infections have been reported, the findingaatfoimmune hemolytic anemia
(AIHA) is novel.

Another study concerning coronavirus disease 2019 (C@\pPand autoimmune hemolytic
anemia (AIHA)was conductedViedian ageof patientswas 62 years (range, @®P years), and

all patients presented with risk factors for developing a severe foooramavirus disease 2019
(COVID-19) such as hypertensiofHTN), diabetesmellitus (DM) and chronic renal failure
(CRF). All patients had bothgsitive oropharyngeal swab feevere acute respiratory syndrome
coronavirus2 (SARSCoV2) and typical images otoronavirus disease 201€Q@VID-19)
infection on chestomputed tomographyC({T)-scans (25% to 75% extension). Three patients
were admitted innitensive care uniiCU) but only one required invasive ventilatidnvasive
mechanical ventilation can become a lifesaving intervention for patients with respiratory and
breathing difficulties. The term invasive is used if it includes any instrumentrpgng via the
mouth (such as an endotracheal tube), nose, or the skin (such as a tracheostomy tube through a

stoma, a surgicallgreated hole in the windpipe) to serve as an artificial airM@anagement of
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coronavirus disease 201Z€QVID-19) infection dffered according to the standards of each
center. Thus, three patients received hydroxychloroquUHEQ), in association with
azithromycin for two of them, and one patient received lopinavir and ritonavir. The median time
between the firstoronavirus disease 201€8QVID-19) symptoms ancdutoimmune hemolytic
anemia(AIHA) onset was 9 days (range 4 to 13 days), and hemogtobirentratiordecreased

by more than 30 g/L in aflatients Median hemoglobigoncentratiorat the time ofutoimmune
hemolytic anemigAIHA ) diagnosis was 70 g/L (range 318.8), and all patients presented with
marked hemolysis signs. Direct antiglobulin test (DAT) was positive in all cases either for
immunoglobulin G(IgG) (n=2), for C3d (n= 2), or for botmmunoglobulin G gG) and C3d

(n=3). Antterythrocyte antibodies were warm antibodies in 4 cfBesf immunoglobulin G

(IgG) specificity and 2 1gG+C3dand cold agglutinins in 3 cases (2 of C3d specificity and 1
IgG+C3). At the time ofautoimmune hemolytic anemi@&IHA) onset, all patients haaigher
markers of inflammationi.e. fibrinogen, DBdimers (DD) and C reactive proteifCRP)].
Interestingly, among the patients with warm antibodies, 2 patients were knownalide st
untreated Binet stage A chronic lymphocytic leukef@al) and animmunoglobulin G IgG)

kappa monoclonal gammopathy of undetermined significance was evidenced in a third one. In
2/3 patients with cold agglutinin, systematic lymphocyte immunophenotyping demonstrated the
presence of a monotypic B lymphoid population with a phenotype compaitithlemarginal

zone lymphoma (MZL). The third one was diagnosed with prostate caAcgwimmune
hemolytic anemia/AIHA) treatmentinvolved corticosteroids(CS) for five patients, and red
blood cells(RBCs) infusions for two. Even if the followp is still short, 3 patients receiving
corticosteroidgCS)were evaluable for responseantoimmune hemolytic anem{@AIHA). Two
patients reached partial respomsterminedoy hemoglobinconcentratiorgreater than 100 g/L
along with an increase of 20 g/L at least 7 days after a red blood cells infusion. Corticosteroid
(CS) failure causedituximab injection in the third case (patient#6), and one responding patient
is scheduled to receivetuximab becase of themarginal zone lymphoma (MZLglone
(patient#3) At the time of last followup, all patients were alive and had at least partly recovered
from coronavirus disease 2018QVID-19). To concludeauthors repor? patientsof warm and

cold autoimmunehemolytic anemigAIHA ) associated witltoronavirus disease 2018QVID-

19) infection all of them occurring after the beginning of the symptoms of the infection and

within a timeframe compatible with that of the cytokine storm. Four out of the seven patients had
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indolent B lymphoid malignancy either already known or discovered becaudke bEmolytic
episode.Autoimmune hemolytic anemi@AIHA) is a classical complication of botthronic
lymphocytic leukemiag(CLL) and marginal zone lymphoma (MZL), and viral infections are
known to provoke autoimmune cytopeniasAutoimmune cytopenias are a group of
heterogeneous but closely related conditdenedby immunemediated destruction of
hematologic cell lineages, including white blood cells (neutrophils), red blood cells, and
platelets. This destruction can be primary or seapntb other illnessedVhether the presence

of an underlying malignant B lymphoid clone facilitated the onsedutdimmune hemolytic
anemia(AIHA) or not is unknownin the study Nonetheless, thesecognitionsargue for
systematically investigating for the presence of a lymphoid clone in patients presenting with

coronavirus disease 2018QVID-19) infections and autoimmune cytopenias.

Onset ofautoimmune hemolytic anemig@IHA ) needs to be considered ¢oronawrus disease
2019 COVID-19) patients who present with severe anemia.

7.Acute Porphyria

Acute porphyrias arscarceinherited disorders due to deficiencieshem synthesis enzymes.
The acute porphyrias belong to a wider group of porphyrias, each of ughiahcause of
deficiency of a specific enzyme of the hem synthesis pathway, apart frdmked
erythropoietic protoporphyria, which is due to gain of fiomcmutations. Clinicatharacteristics
depend on where the block in this pathweppensand the resulting accumulation of hem
precursors or porphyrinswvhich are dominantly from the bone marrofBM) and liver.
Porphyrias may beountedin two groups: acute porphyrias, presenting with acute neurovisceral
attacks, and cutaneous porphyrias, charaegiby photosensitive skin lesions, although there is
interfere The acute hepatic porphyrias (AHPs) argroup of four inherited diseases of hem
biosynthesis thatlisplaywi t h epi sodi c, acute neurovisceral
aminolevulinic acid (ALA) dehydratase deficiency porphyiADP), acute intermittent
porphyria (AIP), hereditary copropphyria (HCP), and variegate porphyri@g/P). The 4 acute
porphyrias of which the recessive delta aminolevulinic acid (ALA) dehydratase deficiency
porphyria (ADP) isextremelyscarce with only aspotof case reports in theesearch Acute
intermittent porpyria (AIP) is the most common acute porphyria in Europpeaaple and

usually most severe. Variegate porphyria (VP) and hereditary coproporphyria (HCP) are rarer
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and mayexhibit with acute attacks or photosensitive skin lesions or Bdikir diagnoses ar

frequntly missed or delayed because the clinical symptecm®other more common disorders.

Recent resultsemonstratehat acute intermittent porphyr{&IP), the most severe of the more
common types ofcute hepatic porphyrid®HP), is morepredominanthan previoushbelieved
happening n about 1 in 1600 Caucasians, but with
3%). Symptomatic attacks occur primarily in femasegedbetween 14 and 45 yearAcute

hepatic porphyriagfAHP) manifest in #acks and are characterized by overproduction of
porphyrin precursors,developing often serious abdominal, psychiatric, neurologic, or
cardiovascular (CV) symptoms. Patients with variegate porphyi(édP) and hereditary
coproporphyrig HCP) canexhibit with skin photosensitivityAcute hepatic porphyrigAHP) is

diagnosed by findingconsiderably raised concentrationso f porphyrin precur
aminolevulinic acid (ALA) and porphobilinogein urine. Acute attacks in eacpatientare

deemedo result from overproduction of a neurotoxic hem precursor from the liver, although the
exact pathophysiology is not fully understood.h e i r first degree relat
targeted gene testinBiagnosisbases omeasurement aflevatedurinary 5aminolevulinic acid

(in patients with aminolevulinic acid dehydratase deficient porphyria) or increased 5
aminolevulinic acid and porphobilinogen (in patients with other acute porphyfr@stmentof

attacks demandsintensive care, strict avoidance obrphyrinogenic therapiesand other

precipitating factors, caloric support, and often hemedy
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Figure (51): Acute hepatic porphyria [Anderson K. (2019). Acute hepatic porphyrias: current diagno
management. Molecular Genetics arietabolism, 128(3):21:227]

The nonacute porphyrias are porphyria cutanea tarda, erythropoietic protoporphymde
protoporphyria, and the rare congenital erythropoietic porphyria. They lead to the accumulation
of porphyrins that cause skin photosensitivity and occasionalgradiver damage. Secondary
high urinary or blood porphyrins camppenn patients without porphyria, for example, in live
diseases, or iron deficienclpatients with porphyria cutanea tarda benefit from iron depletion,
hydroxychloroquing HCQ) therapy,and, if applicable, elimination of the hepatitis C virus. An
Umelanocytéstimulating hormone analogue can reduce sunlight sensitivity in patients with
erythropoietic protoporphyria or-Knked protoporphyria. Strategies to address dysregulated or
dysfundional steps within the hem biosynthetic pathway aggragress

Hemcontaining proteins haverucial and diverse biological functiongvolving oxygen
transport, electron transfer and catalysis. Hem synthesigsin all nucleated cells, but 800%

of hem issynthesizedn developing redloodcells (RBCs)in the bone marroBM) where it is

used for lBRemoglobin with most of the remainder produced in hepatocytes for various hem
containing proteins,especially the microsomal cytochrome P450 enzymes. Regulatory
mechanisms differ at these two sites: erythroid hem synthesis depends mainly on the availability
of iron, while hepatic hem synthesis is regulated by the free hem pool. The first step in hem
synthesis is the formation 8f a mi no | e v ul within the raitochohdrid cathhgd)by
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5-aminolevulinic acid synthaseALAS). This enzymepresentsas 2 isoforms,ubiquitously
expressedb-aminolevulinate synthaselAl(AS1) and erythroid5-aminolevulinate synthase 2
(ALAS2). 5-Aminolevulinate synthase JALAS1) is rate limiting in hepatic hem synthesis and
strictly regulated by intracellular hem, which is the basrstie therapeutic effect of haenfan
iron-containing porphyrin with chlorine that can be formed from a haem group, such as haem b
found in the haemoglobin of human blooi) acute porphyria attacks, and the target for a new
ribonucleic acid RNA) silencing therapyndergoing clinical trials5-Aminolevulinate synthase

1 (ALAS1) transcription may also b&imulateddirectly through activation of nuclear receptors

responding to xenobiotic and steroid challenge and to transcription factors adbiyésting
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Figure62):Synthesis of haerand defects leading to porphyrias [Stolzel U.; Doss M.; Schuppd
Gastroenterology,

157(2B3654.
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In figure3): summay of the heme synthetic pathway, highlighting the enzymatic defects
associated with the porphyrias. The hem synthetic pathmaydeseight enzymes, four of
which arefunctionalin the mitochondria and four of which atenctionalin the cytoplasm. The
pahway isstartedand completed in the mitochondria. Intermediate steps in the cytoplasm begin

with

the activity of

aminolevulinatedehydratase (ALA dehydratasg also called

porphobilinogersynthase (PBG synthage Open arrows indicate progression through the
pathway. Deficiency (indicated by blocked red arrows) in any of the eight enizyohedgedin

the pathway may contribute to therogressof acute or chronic hepatic porphyrias or
erythropoietic porphyrias, agvealedin red. Abbreviations: Ac, acetate; CoA, coenzyme A;

Coprodbdgen,

coproporphyrinogen;

uroporphyrinogen; and Vi, vinyl.

Pr ,

propionat

In the dominant acute porphyrias, a functional gene is inherited from the unaffected parent, so

residual enzyme activity is typically 50% and sufficient for hem homeostasis. However, the

partial enzyme deficiency becomes rate limiting when there is upiteubf5-aminolevulinate

synthase 1ALAS1), leading toincreased metabolic flux through the pathway vadfection

and release of porphyrins and their precursors from the liver. Raised concentratidns of

aminolevulinic acid (ALA)and porphobilinogen (PBG) aoerrelatedwith inherited deficiency

of hydroxymethylbilane synthaséHMBS) in acute intermittent porphyrigAIP), while in
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variegateporphyria (VP) and hereditary coproporphyri@HCP) this is believedto come from
allosteric inhibition othydroxymethylbilane synthageiMBS) by gatheringcoproporphyrinogen

and or protoporphyrinoge complex network of transcriptional pathways regulates hepatic
aminolevulinate synthase RALAS1), and mayinterpretthe broadvariation in susceptibility to
attacks in acute porphyria gene carriers. Thgeenesis of attackemainsuncertain but it is
thoughtthat5 a mi nol e v ul iexhibitstoxe effeats orf nerve&,)either directly, or by
interacting with receptors for the structurally similar neurotransmittaminobutyric acid
(GABA), or by forming free radicals and reactive oxygen spe(R3S) Theefficiency of liver
transplantation as managementor severe acute porphyria, and the onset of acute attacks in a
patient who received a liver transplant from a symptonstite intermittent porphyriAIP)

donoraffirm thefocalrole of the liver in the pathological process.

Acute neurovisceral attacksmay happenin all the acute porphyrias and are clinically
indiscernible Recognition of an attack in a patient without a known diagnosis of acute porphyria
is difficult and frequentlydelayed, as symptoms and signs are-syecific, especiallyin the

early stages of thalisease and because porphyrias are smarce The diagnosis should be
investigatedin patients with recurrent or prolonged episodes of unexplained abdominal pain,
especiallywhen this iscorrelatedwith neurological complications, psychiatcharacteristicer
hyponatraemigoccurring when the concentration of sodium in blood is abnormally low; sodium
an electrolyte, and helps regulate the amount of water that's in and around bodoslig)f

the clinical characteristicof an attackemergefrom influenceson the central, peripheral and
autonomic nervous systems. Th&jor symptom is severe, poorly localized abdominal pain
(present in more than 90% of cases), sometimes with pain at othepaiteslarlythe back and

legs, andrequentlyaccompanied by nausea, vomiting and constipation. Raised blood pressure
and tachycardiare nearly always exist, but checkingis frequently otherwise normal. Mental
changesnvolving agitation, depression, insomraad confusiorare inédentoftenin correlation

with acute pain, andanalso befoundin the prodromal stages of an attaBkarcelythese are

more severe with psychosis, delusions and hallucinations. Mental changes solve completely on
remission. Severe attacksparticularly when diagnosis is delayed and exposure to
porphyrinogenic factors is prolongedhay be complicated by neurologicaharacteristics
comprisingan axonal neuropathy, seizures and posterior reversible encephalopathy syndrome

(PRES) A symmetrical motor neur@phy with weakness beginning proximally in the upper
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limbs is representativeand may scarcely develop quickly to give complete paralysis,
incontinenceor urinary retention, swallowing difficulties and respiratory failure. Paralysis is
usually reversible withadequate sustenancemanagementbut needs many months of
rehabilitation. Sensory disturbance may manifest as neuropathic pain, paraesthesiae or numbness
(the state of being numblrocal neuropathys unusual. Rare complications otaaksinvolve
cardiac arrhythmighich may consider for incidental studies of sudden death, and
rhabdomyolysis(i.e., the destruction of striated muscle cell§foutine biochemical and
hematologicaktudiesare frequentlynormal, apart from hyponatraemia whichppensn up to
40% of attacks. In many cases this is attributed to the syndronmeadéquateantidiuretic
hormone (SIADH), but renal or gastrointestindGl) sodium loss and over hydratiamay
contribute. Severeyponatraemia mayauseseizures. Altered urine color, darkening to red
particularly on exposure to light, isrequently noticeableand is attributed to oxidation of
porphobilinogen(PBG) to uroporphyrin and porphobilin. Although napecific, this is a wél

knowncharacteristiof acute porphyria.

Patients with variegateporphyria (VP) and hereditary coproporphyrigHCP) may exhibit
photosensitive skin lesionsfluencing exposed sitegspeciallythe face and the back of the
hands. This isttributedto demsition of porphyrins in the skin, which are activated by visible
violet light with a wavelength peak at 4@10 nmleading toa local phototoxic reaction.
Affected skin isexceedinglyfragile, resulting inblisters, milia, and scarring. Skin symptoms in
variegateporphyria(VP) andhereditary coproporphyrigtHCP) may accompany an acute attack,
or may be the only clinical manifestation of porphyparticularlyin variegateporphyria(VP).

Skin lesions do not occur i@cute intermittent porphyriAlP) except when there is end stage
renaldiseas€dESRD) Patients should be advised to keep exposed skin protected from light with
suitable clothing and wear a witbeimmed hat and gloves. Opaque sun creams blocking visible
light areefficient, but conventional sun creams blocking ultravial¢UVA) and ultraviolet B
(UVB) rays are rarely helpfult is important to refer that ultraviolet A (UVA) ray has a longer
wavelength and is associated with skin aging, while ultrav®ledy has a shorter wavelength

and is associated with skin burning.

The majority of patients with moderate or severe attaddandhospital admission for

estimation managementand monitoring. Other causes of symptoms should be excluded,
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especially manageablesituations demanding urgent management such as appendicitis,
complications of pregnancy or pancreatitreducingfactors should beeterminedand removed

if conceivable involving examining therapy for porphyrinogenicity Porphyrinogenicityis
thequality or degreeof beingporphyrinogenic the porphyrinogens are the functional
intermediates in the biosynthesis of hem and if oxidized to their corresponding porphyrins, such
as occurs in porphyrias, areeversibly removed from the biosynthetic pathway and accumulate
in tissues Symptomatic and supportiveanagementvith therapieghat are known to be safe in
acute porphyria should baeitiated soon Pain isrepresentativelgevere and opiates are usyall
prescribedfrequentlyin largequantities Administration of opiates at regular intervals, or via a
Patient Controlled Analgesia pumppsoritized It is helpful tolook for advice from a specialist

pain management team. Intravenous fluids sarggestd if there is vomiting, dehydration or
electrolyte imbalance; normal saline or glucose mixed with normal saline asuglgested
options. Hyponatraemia is common and paogressquickly; this should beestimatedhrough

paired urine and serum measuretsesf sodium and osmolality, amdtimationof extracellular

fluid volume condition with adequate managementrelying on the underlyingreason
Carbohydrate loading was the standardnagementor an acute attack of porphyria prior to
availability of haem, and the rationale i®lied on the inhibitoryinfluenceof glucose(Glc) on
5-aminolevulinate synthase RAI(AS1). Carbohydrate loading also called catbadingisan

eating routine used by some athletes that involves downing large amounts of carbohydrates
several days before a potentially exhausting endurance event.-IGadioy has no known
potential benefits for anyone except athletes under these special ¢técoess Oral
carbohydrate is often beneficial in mild attacks, but the role of intravenous carbohydrate loading
is debatableas a result othe probablerisk of hyponatraemiacausingcerebral edema and
osmotic demyelination. Experts in théited Statesand Sweden advise intravenous glucose
(Glc) offering at least 300 g carbohydrate daily together with monitoring for hyponatraemia,
while guidelines from th&nited Kingdom and South Africaadviceavoiding all intravenous
solutions of glucos€Glc) in wate. Human haemin wasupposeds amanagementor acute
attacks relied on itslikelihood to suppres®-aminolevulinic acid synthase (ALAStivity and
decreasesynthesisof hem precursors. It has become the treatment of choice for all severe or
prolonged attacks, particularly when there is hyponatraemia, convulsions, psychosis or

neuropathy. Two forms of human haemin are currer@idy haem arginate, a stable form of
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human haemin in a complex with arginine, is used in Europe and many other counties, whi
lyophilised form of human haemin is used in thated States of Americavhere haem arginate

does not have Food and Drug Administratmmsent The only placeb@ontrolled exam of

human haemimcluding 12 patients did nagxhibit a statistically ginificantimpact but clinical
experience gathered in many different countries over the past 25prepasseshat patients
managedavith haemin at an early stage in their attack have fastegationof symptoms, shorter
hospital stays and a lower incidence of complicatroredving neuropathy and seizures, than
those who did not receive haemin. Haemin will not reverse an established neuropathy, but may
prevent onset odevelopmentof nerve damage. Ehrecommended dose of haemin varies
between 1 and 4 mg/kg body weight, with doses above 6 mg/kg/day regarded as toxic. The
recommended dose of haem arginate is 3 mg/kg (up to a maximum of 250 mg) daily for 4
consecutive days, although longer courses aresmes used in severe attacks with neuropathy.
Haem arginate should be reconstituted in 100 ml normal saline, although many clinicians prefer
to use 100 ml 20% human serum alburfatb), which recordeddecreaseshe risk of local
vascular complications.He solution is stable for 1 h and should be infused through an online
filter over 30 60 min, after which the vein should be flushed immediately with saline. Haemin is
an irritant and thrombophlebit{éflammation of the wall of a vein with associated thimsis)

is the most common side effect. Infusions should therefore be given through a large peripheral
vein or a central line to reduce the risk of damage to the superficial venous system. The National
Acute Porphyria Service is a highly speaall servie providing clinical advice and haem
arginate whereadequatdor patients in mainland Britain with either eo# acute attacks or

recurrent attacks of porphyria.

A minority of patients with acute porphyrogressrecurrent attacks, usually defined asr4
more attackgequiringadmission to hospital in 1 year. Severe recurrent acute attacks affect 3
5% of newly diagnosed symptomatic patients, and are more commanute intermittent
porphyria(AIP) and in women In women withacute intermittent porphia (AIP), attacks
sometimeshappensregularly in the luteal phase of the menstrual cyaléhough in many
patients there is necognizablestyle or trigger. There is noonventionon what level of pain or
combination of symptoms and signsnisededto ascertaina new attack in this group, so the
diagnosis basesheavily on clinical resolution Urine porphobilinogen(PBG) excretion is

continuallyelevatedin patients with recurrentttacks ofacute intermittent porphyrigAIP), but
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careful urineporphobilinogen(PBG) monitoring may bebeneficialby permiting values when
symptomatic to be compared wittnavel baseline Treatentof patients with recurrent attacks is
confrontingandreaults arechanging A considerablgercentof these patients, who aagmostly

young women, suffer a prolonged period of chronic pain, depression, neuropathy and disability.
All patients with recurrent attacks shoulddmvised fora specialist porphyria service foonsult

on treatmentand longterm monitoring. The most straightieard treatmentapproach is to
manage each attack individuallyfollowing medical evaluation to exclude otherreasons
surpassingthrough direct admission to an acute medical unit \eitpertiseof treating that
patient. This shoul@hvolve monitoring uringporphobilinogenPBG) at the start of each episode
prior to the administration of haemin. This approach must be balanced against the risk of
complications with each attack and tinepact of repeated attacks and hospital admissions on
quality of life. Mostporphyria specialists wouldegininterpretingchoicesto prevent repeated
attacks if there is no improvement in the clinisglle after @ 12 months. Gonadotropin releasing
hormone (GnRH) analogues preventing ovulation may be helpful in women with requmee
menstrual attacks of porphyria. The benef@guireto be weighed against the risks of estrogen
deficiency. Menopausal sieifects may be&lecreasedy addition of a low dose estrogen patch,
although this mayelevatethe risk of acute attacks tofper with the high risk of uterine
carcinoma correlated with unopposed estrogen§onadotropin releasing hormone (GnRH)
treatmentshould benitiated within the first few days of menstruation decreasehe risk of an
attackinducedby transitory ovarian stimulation. Regular monitoring of bone mineral density,
and additional gynecology monitoring for patients on estrogen replacement, should be arranged
during themanagemenperiod, and theesolutionto continuemanagemenshould bechecked

every 12 years. Prophylactic haemin, although an unlicemsad is broadlyused todecrease

the frequency of recurrent attacks in severely affected patients. Prophylactic haemin should be
administered via a central line if possible. Liver trdasfation has beecommencedn at least

10 acute intermittent porphyrigAIP) patients in theUnited Kingdomand Ireland and is
consideredas a curativenanagementor patients with severe recurrent attacks where medical
treatmenthas been unsuccessful where complications, such as loss of vascular access, make
this unattainable The probableside effects of medicdteatmentrequireto be balanced against

the shortand longterm risks of liver transplantation and prolonged immunosuppression.
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7.1Acute Porphyria in COVID -19 Infection

It is arguedthat coronavirus disease 2018QVID-19) haselevatedprobability of being more
than a disease of pneumonia, and that critoaibnavirus disease 201€QVID-19) patients
may besuffering froma form of acquied acute porphyria. Readily available interventions exist
to manageacute porphyria and the position is advanced that urinalysis of cetecahavirus

disease 201900VID-19) patients would diagnose this pathology.

Erythrocytes areobustlyincludedin the pathophysiology aforonavirus disease 2018QVID-

19). Wuhan University researchatgussthat the role of erythrocytes in the pathophysiology of
coronavirus disease 201€QVID-19) is underestimated; the cefficient of variation of red
blood cell distribution width (RDW) is predictive of severity of diseat®us Increasedred
blood cell distribution width (RDWis associatedvith decreaseérythrocyte turnover; red blood
cells (RBCs)become smaller as they age and the delay in clearance expands-tiodulon tail

of the volume distribution. Suppressed erythrocyte turnover nefay toerythropoietic distress
and act as a compensativemechanism to maintain circulating red bloaglls (RBCSs)
concentrations Excess porphyrins in red blood cRBCs)canresultcell lysis andprogressof
hemolytic anemia. Macaques infected wgbvere acute respiratory syndrome coronaxrus
(SARSCoV-2) also havereducedred blood cel (RBCs)numbers and susceptibility severe
acute respiratory syndrome coronavitul$§SARSCoV-2) seemdgo bedefinedby blood group;
blood group A is most affected whereas blood grougp@eardo be protected. This finding is
concurrentwith previousresearchesndicating that susceptibility to the 2003 strain sévere
acute respiratory syndrome coronavir@ARSCoV) was definedby blood group. Paursory
proof proposeghat CD147, the determinant of the Ok blood group system, biedspike(S)
protein ofsevere acute respiratory syndrome coronasr8ARSCoV-2). It is valuable here to
mention that the only antigen of the OK blood group systefi<O& very high incidence blood
group character. The Okjgphenotype has thus far lmetound only in eight Japanese families.
The OR antigen is not restricted to erythrocytes but is expressed on all haematopoietic cells. It is
also found on many tissue cells (epithelial cells in particular) and various malignant cell lines.
The gene encadg the OR protein maps to chromosome 19 at position phde2.
Indiscriminately CD147works as an essential receptor for erythrocyte invasioRlagmodium

falciparum Blockade of CD147abolishesthe normal recirculation of erythrocytes, from the
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spleen into the general circulatiorsulting inselective trapping of red blood ce{RBCs)in the

spleen as development of a form of anemia. Autopsy of deceasedavirus disease 2019
(COVID-19) paientsshowsthat the spleen is significantjecreaseth size.Decreasen spleen

size would be expected in the event that the spleen has emptied its reserve of erythrocytes into

the circulation as part of a normal physiological response to anemia.

Primae models oftoronavirus disease 201€QVID-19) and humarcoronavirus disease 2019
(COVID-19) patients have subnormal hemogloboncentrationsClinical estimationof almost

100 Wuhan patientshowshemoglobinconcentration®elow the normal range in mgsatients

as well ashigh total bilirubin andincreasedserum ferritin.Hyperbilirubinemiais recognizedn

acute porphyria and would be consistent with ineffective erythropaesisapid hemoglobin
turnover.High serum ferritinconcentrationsre representativef acute porphyria and would be
anticipatedupon dissociation of iron from hem. A mechanism by wisiehlere acute respiratory
syndrome coronavird® (SARSCoV-2) might attack the 1beta chain of hemoglobin has been
presumegd the product of open reading frame 8 (ORF8) binds to the porphyrin of hem and
displaces iron(Fe), according to bioinformatics prediction analyses. The oxya@erying
capacity of erythrocytes would therefore be compromisesebgre acute respiratory siyfome
coronavirus2 (SARSCoV-2), that wayexacerbating the difficultiegerhapsexperienced by the
patient, in terms opreservingpartial pressure of oxygen in the alveoli (PaO@js important to

add thatthe partial pressure of oxygen in alveolariainbout 104 mm Hg, whereas the partial
pressure of the oxygenated pulmonary venous blood is about 100 mm Hg. When ventilation is
sufficient, oxygen enters the alveoli at a high rate, and the partial pressure of oxygen in the
alveoli remains high. In corast, when ventilation is insufficient, the partial pressure of oxygen

in the alveoli drops. Without the large difference in partial pressure between the alveoli and the

blood, oxygen does not diffuse efficiently across the respiratory membrane.

While the impact okevere acute respiratory syndrome coronax@SARSCoV-2) targeting
of hemoglobin on oxygen content of the blood would thereforgdgreficant it is supposedhat
probably of greaterinterest are possible divergencesupon homeostec regulation of hem
anabolism. Hem biosynthesis fabulously controlled by seven enzynwntrolled reactions
launchingfrom the first intermediate, aminolevulinic acid (ALA), to hem as the foput

Hem negatively regulates the first step in thehpaty by repressing expression of
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aminolevulinic acid synthase (ALAS$evere acute respiratory syndrome coronax@r(SARS
CoV-2) is foreseento directly interfere with hensynthesis and this prediction i®oostedby
experimental proof of decreasedhemodobin concentrationsin coronavirus disease 2019
(COVID-19) patients and in animal models of the dise&educedhem synthesisdampens
repression ominolevulinic acid synthase (ALASandthat way elevatethe synthesisof hem
precursorsresulting inaccumulation of porphyrin intermediate metabolites. All of the hem
pathway intermediates are gsibly toxic. During an attack of acute porphyraminolevulinic
acid synthase (ALASs stimulated and thisdisturbancecontinues until sufficient hem synthesis

is reurned

Overproduction of haem precurseraminolevulinic acid (ALA) and porphobilinogen (PB@)
severe acute respiratory syndrome coronaxru$SARSCoV-2) infection manifests life
threatening attacks with nevisceral symptoms;omprising abdominal pain (895% cases),
vomiting (4388%), constipation (484%), muscle weakness (B%), mental symptoms (40
58%), pain of the limbs, head, neck and chest5@®), hypertensiofHTN) (36-54%),
tachycardia(28-80%), convulsion (120%), sensory loss {38%), fever (937%), respiratory
paralysis (512%) and diarrhoea {52%). Neurotoxicity of aminolevulinic aci@gALA) interprets
the plethoraof neurovisceral symptoms and, interestingly, theresiggificant interference
between neurovisceral complaints ahinolevulinic acid (ALA)surplusand extrgpulmonary
symptoms of critical coronavirus disease 2019CQ@QVID-19) patients. Extrgpulmonary
symptoms ofcoronavirus disease 201Z€Q@VID-19) are considerablebut underestimated,
involving gastrointestinal symptoms, whicis suggestd to affect in the regionof 50%
coronavirus disease 2018QVID-19) patients.Neurological problems alsseemto belooked
out by the hypeffocus on respiratory symptoms. Of 2dgronavirus disease 2018QVID-19)
patients, 36.4%uffered fromneurological manifestatioriavolving: headache, dizziness, acute
cerebrovascular incidents and impaired consciousness. Loss of autonomic control of breathing
has also beementionedand autoomic neuropathys a clinicalcharacteristiof acute porphyria.
Neuropsychiatric symptoms afbronavirus disease 201€Q@VID-19) may be downstream of

irregularities in hem metabolism.

In brief, critical coronavirus disease 201€QVID-19) patients are xperiencing a form of

acquired acute porphyria; the second part is thahagingcritical coronavirus disease 2019
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(COVID-19) patients withaminolevulinic acid (ALA)synthase inhibitors magecoverextra
pulmonary symptoms of the diseageninolevulinic acid (ALA)urinary excretion of 2800
mg/d or porphobilinogen (PBG, apyrrole-containing intermediate in the biosynthesis of
porphyins) urinary excretion of 5@00 mg/d isrepresentativeof acute porphyria. Current

therapeutic interventions licensed foanagemendf porphyriainvolve:
1-Blood transfusion (erythropoietic porphyria)

2-Glucose(Glc);

3-Intravenous haematin; and,

4-Chloroquine. Chloroquinstimulatesthe release of tissd@ound porphyrins; the initial event
following chloroquine administration to porphyria cutanea tgf@T) patients is a release of
bound hepatic porphyrin and its rapid elimination. Chloroquiredsis a known zinc ionophore
and aids zinc uptake; chloroquine may indirectly facilitate zinc insertion, catalysed by
ferrochelatase, into excess protoporphyrin. Zinc protoporphyrin is less toxic than free
protoporphyrin. Protoporphyrin isa purple porphyn acidobtained from hemin or hem by

removal of bound iron

Finally, if haemoglobirtargeting is an important component of #t@onavirus disease 2019
(COVID-19) pathophysiology, susceptibility to the disease may differentiate according to
ethnicity-depending upon the particularities of hemoglefairgeting. South East Asian
ethnicities have higher prevalence of hemoglobin E; epidemiologically, this would be analogous
to maintenance of sickle cell heterozygosity in West African ethnicities selective advantage

in protecting against malaria.

8.Kawasaki Disease

Kawasaki disease (KD) is an acute systewaisculitis whichdevelopsto cause coronary artery
abnormalities in 25% ofinmanagedatients.The term vasculitisndicatesinflammation of a

blood vessel, which is characterized by the presence of an inflammatory infiltrate and destruction
of the vessel wall. Commonly, vasculitigoints to the systemic vasculitides, which are
autoimmune disorders characterized by inflammatibiolood vessels. The systemic vasculitides

are a diverse group of disorders tiradicatea broadrange of organ involvement and clinical
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severity. Though considerablelifferences in epidemiological distributicf Kawasaki disease
(KD) have beerrecognzed worldwide, a number of factorseemrelatively constant. These
comprisea male predominance, with a matefemale ratio obetweenl.5:nd2:1; remarkable

seasonality, witlelevatedncidence in winter and early springnmoderateclimates and summer
topsin some Asian countrieabout75% of cases occurring in childragedunder5 years; and a

increasedncidence inndividualsof Asian descent ,both inside and outside Asia.

A geneticinclination is boostedby theelevatedrelative risk ofKawasaki disease (KDwithin
families, whereby siblings of Kawasaki disease (KDyatient are at a ld higher risk of
Kawasaki disease (KDjp comparison witithe generapeople Linkage analysis and genome
wide association studidsavedeterminedseveral single nucleotide polymorphisf@&N\Ps)that
exhibit correlationwith genetic susceptibility tiawasaki disease (KD)A singlenucleotide
polymorphism(SNP) is a substitution of a singlecleotideat a specific position in thgenome
Rememberthat the deoxyribonucleic acid (DNA) sequence is formed from a chain of four
nucleotide bases: adenine)(Aytosine (C)guanine G), andthymine {T). If more than 1% of a
population does not carry the same nucleotide at a specific positiondedkgribonucleic acid
(DNA) sequence, then this variation can be classified amgle nucleotide polymorphism
(SNP. If a single nucleotide polymorphisnSNP happenswithin a gene, then the gene is
regardedas having more than one allele. In thegeations single nucleotide ggmorphisms
(SNP3$ maycausevariations in the amino acidA) sequenceSingle nucleotide polymorphisms
(SNP3, however, are not justorrelatedwith genes; they can aldme incidentin noncoding
regions of deoxyribonucleic acid INA). Two distinguisheddiscoveriesinvolve functional
polymorphisms of the FC gamma Rlla locus and the ITPKC gene, which havesdm®io
predisposgersonsn Japan and North America Kawasaki disease (KD3nd theaterprogress
of coronary artery aneurysmis.is noticeableto addthat coronary artery aneurysniSAAs) are
uncommon an@xhibita localized dilatation of eoronary artergegment more than féld the
normal size of adjacent normal segmefitse ITPKC gene is a-€ell activity modulator, and its
identification as a susceptibility gen@oposesthat T-cell activity regulation may be an

underlying mechanism ilentifying predisposition to and severity of the disease course.

It is broadly presumedthat, following exposure to one or multiple environmental triggers in

childhood, the immune response in a small, genetically susceptible patient subset manifests as
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systemic vasculitis. This hypothesisupheldby the suddensymptomatic onset dkawasaki
disease (KD)the seasonal and temporal clustering of cases, the spontaegemeratiomf the
disease even withoutanagementin the majority of patients and the domination of
immunoglobulin A (gA) plasma cells at mucosal surfaces in the immune nsgyacommon
featuresof the infectious diseases of childhodd.addition Kawasaki disease (KD} incident
primarily between the ages of three months and five years, when susceptibility to ubiquitous
infectiousmicrobesis at its highest. This epidemigal clusteringproposeghat most adults

have immunity to the causativeicrobe following exposure, and transplacental antibodies
protect newborn infants. It jgrobablethat bacterial or viral infections, super antigens, humoral
factors, or a combineduper antigen conventional peptide antigen response may underlie the
onset of thellness though to date, no etiological agents have lzssertedn literature Authors

have isolated intracytoplasmic inclusion bodies in the ciliated bronchial epithelium of acute
stageKawasaki disease (KDjufferers presuminghat an intracellular viraiicribe is probably

to be at work. Inclusion bodies, sometimes callel@mentary boés,
arenuclearor cytoplasmicaggregates of stable substances, usually proteins. They typically
repreent sites of viral multiplication in lacteriumor aeukaryoticcell and usually consist of

viral capsidproteins. Inclusion bodies can also hatesof geneticillnesses Inclusion bodies
contain very little host protein, ribosomal componentdemxyribonucleic acid/ribonucleic acid
(DNA/RNA) fragments.An intrinsic autoimmune causkeoks improbablerelied on current

proof, given patientsod | ack of autoanti bodi es

recurrencebservedn the condition.
The clinical course dKkawasaki disease (Konssts of four phases:

1-Acute, the period lasting-2 weeks ifunmanagedwhenthe child hasan establishedoften
remittent 40 Celsius fever andnajor symptomaticcharacteristicsand mayexhibit cardiac

manifestationgnvolving valvitis, pericarditisand myocarditis;

2-Subacute, the approximately 2 week period followingghesidencef fever when the child is

at the greatest risk adbruptdeath due to myocardial infarctioMyocardial infarction isghe
medical name for a lagt attack, a lifehreatening conditiomappensvhen blood flow to the
heart muscle isuddenlycut off, leading totissue damage. This is usually the result of a

blockage in one or more of the coronary arteries;
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3-Convalescent, the clinically invisiblgperiod following the cessation of symptoms and
continuing until acutgphase reactants return to normal serum levels important to interpret
thatacute phase reactants (APR) are inflammation markers that ectmisiderableehanges in
serumlevel during inflammation. These are also important mediasgrghesizedn the liver
during acute and chronic inflammatargnditions Interleukin6 (IL-6) is theprincipal cytokine
responsible for stimulating the synthesis in the liveterleukinl (IL-1), tumor necrosis factor
alpha (TNFU) a n d -gammmia €IFFND) ecanoalso trigger the synthesis of aephase
reactants (APR). Acute phase reactants (ARRYIt inseveral adverse effects. Thesemprise

fever, anemia of chronidisease, anorexia, somnolence, lethargy, amyloidmsiscachexiaand

4-Chronic, which refers patients who require followp treatmentdue to coronary artery

involvement.

Diagnosis should occur in the acute stages ofithistediatemanagementan be administered to
recedeinflammation anddecreasehe risk of coronary artery involvement in the later disease

phases.

Kawasaki disease (KO illnesscorrelatedwith considerablenorbidity andpossiblemortality,
yet nocertaindiagnostic test iseady Increased physician awareness ofrtfen characteristics
of Kawasaki disease (KDand adequateuse of echocardiography have togethemeliorated
patient outcomes through facilitatirappropriatemanagementbut in complete presentations
complicatediagnosis and areorrelatedwith considerablyworse coronary outcomes. Given the
severe consequences of late diagnosis,pttoenpt benefits presentedby availableremedies
involving intravenous immunoglobulin\(IG), and theelevatedincidence ofKawasakidisease
(KD) worldwide, it is notablethat neonatal and pediatric cliniciansgard Kawasaki disease

(KD) as a diagnosis in cases of prolonged pediatric fever.
8.1Kawasaki Disease in COVIBR19 Infection

Increasing evidenceroposesthat tissuedamage incoronavirus disease 201ZQVID-19) is
mostly mediated by the host innate immunity. Kawasaki dis@€Bg is an acute and usually
selflimiting vasculitis of the medium calibre vessels, which almost exclusively affects children.
In the acute plee of the disease, patients with Kawasaki dis€¢d§® might have haemo

dynamic instability, asituationknown as Kawasaki disease shock syndrome (KDS&)asaki
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disease shock syndrome (KDS&jicateKawasaki disease (KD) patients waxhibitmore than
20% decrease in systolic blood pressareomparison witthealthypersonof the same age, or
to those patients who exhibit peripheral blood circulation  perfusion
disorder Peripheralvasculadisease  (PVD) IS ablood circulation disorder
that causesthe bloodvessels outside dhe heart and brain to narrow, block, or spasHinical
manifestations ofKawasaki disease shock syndrome (KDS8§¥ atypical It has been

summarized the followinfpaturedor Kawasaki disease shock syndrome (KDSS)
1-1t is more common in males;

2-Symptomsinvolve lymphadenectasis, hypoalbuminemia, hyponatremia, hepatic insufficiency,
anemia, and electrocardiogram abnormalities; the incidence of coronary artery dilatation is high,

and some children may have severe gastrointestinal symptoms;
3-Inflammatory indicatcs are significantly increased;
4-Patientsfrequentlyexhibitintravenous immunoglobulin\(IG) resistance;
5-50% of patientsequirehormonemanagemen@and

6-Shock appears at an early stage.can rapidly develop into shock, and often with strong
inflammatory responses which coutttvelop tocoronary artery disease and multiple organ

dysfunctions.

Other patients with Kawasaki disea#€D) might attain the criteria of macrophage activation
syndrome (MAS) like secondary haemophagocytic lymphohistiocytqsidLH). Macrophage
activation syndrome (MAS) which is currently grouped under secondary or acquired
haemophagocytic lymphohistiocytosis (SHLH), iscarceand fatal disorder thamergedrom
excess activation of -Cells and macrophagds M Though the pathogenesis wfacrophage
activation syndrome (MAS)s poorly understood, various pnaflammatory cytokines like
interleukinsfinterleukin-1 (IL-1), intedeukin-6 (IL-6)], tumor necrosis factealpha(TNF-U )and
interferons(IFN) are believedto play considerabldunctions Macrophage activation syndrome
(MAS) is correlatedwith various clinicalcharacteristicsuch as nomemitting fever bleeding,
cytopenias splenomegaly hepatic dysfunctionselevatedconcentrationsof triglyceride (TG),

ferritin and reduced concentrationsof albumin (alb) and fibrinogenEarly diagnosis and
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interventions aressentiato decreasemortality risk but diagnosis is ndtequentlyeasy due to
persistence obroadrange ofcharacteristicghat interferewith other rheumatic diseases, most
commonlysystemic juvenile idiopathic arthritisJIA). CorticosteroidfCSs)and cyclosporins
are commonly adminisateredfor macrophage activation syndrome (MAShanagement
Intravenous immunoglobulingIVIG), biologic agents likeinterleukinl (IL-1) blockers
(anakinra, canakinumahpterleukin6 (IL-6) blockers (tocilizumab) aralsooftenadministered
The cause of Kawasaki diseg$d) keepsunknown; however, earlier evidenpeesumeghat

an infectiougpathogerstimulatesa cacade that causes tHisease

A study concerning Kawasaki disease (KD) as a complication of coronavirus disease 2019
(COVID-19) was performedPatients with Kawasalike presentations weraletermined
according to the 2017 criteria of the American Heart Associatiomprisingboth theclassic
typeand incomplete typeJhe classic type characterizedbye ver for O5 days pl |
clinical criteria, including bilateral bulbar nexudative conjunctivitis, changes of the lips or
oral cavity, norsuppurative laterocervical lympth@nopathy ¢ disease affecting the lymph
nodes) polymorphic rash, erythema of the palms and saed,firm induration Incomplete
typescharacterized by ever f or O5 day s afgemensoned wlinicalariterid, h r e e
the values okrythrocyte sedimentation rate (ESR) oredactive protein (CRP), or both, were
taken as an additional diagnostic criterion in association with the presence of anemia,
thrombocytosis after 7 days of fever, hypoalbuminaemia, hypertransaminasaehkuaytiasis,

sterile pyuria, or an echo cardiogram showing coronary aneurysms or cardiac dysfunction.
Kawasaki disease shock syndrome (KD8&}p defined as Kawasaki disease accompanied by
systolic arterial hypotension, a decrease from basal systolic blood prekatiteast 20%, or the
appearance of signs of peripheral hypoperfusion. Ejection fra(B)) and concentrations of
troponin | (a cardiac and skeletal muscle protein fajngynd preB-type natriuretic peptide
(proBNP)were measured anddicatedas indirect signs of myocarditis and heart fail(Hé).
Macrophage activation syndrome (MA&pas determinedusing the Paediatric Rheumatology
International Trials Organisation criteria for the classification nodcrophage actation
syndrome (MAS)in systemic juvenile idiopathic arthriti€&SJIA). The macrophage activation
syndrome (MAS)criteria are validated for systemic juvenile idiopathic arthritis, but they are
commonly used for other systemic autoinflammatory diseasesasugtawasaki diseag&D)

and pediatric systemic lupus erythematd$SisE).
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Authors in this study reported thiie mostreasonabléypothesidoostsan aberrant response of
the immune system to one or more unidentifieitrobesin genetically predisposed patients
This studyshoweda high numbewf Kawasakilike diseasepatientsin the Bergamo province
following the severe acute respiratory syndroneeonavirus2 (SARSCoV-2) epidemic, with a
monthly incidence that is at least 30 times greater than the monthly incidence of the previous 5
years, and has a clear starting point after the first caserofhavirus disease 2019 (COVIY)

was diagnosed ithatarea. Given the pathenesis of the disease, serology teskiasa more
credibletool thanreaktime polymerase chain reactioRT-PCR assayin detecting the cause of
infection. Thisproposeghat the coronavirus family miglict one of theinducersof Kawasaki
diseas€KD), severe acute respiratory syndrome coronaxrSARSCoV-2) being aspecially
virulent straincapable ofeliciting a powerful immune response in the host. In this study, the
clinical and biochemicatharacteristicsof patients with Kawasaki diseag&D) diagnosed
during thecoronavirus disease 2019 (COVID) pandemiclooked to be differentfrom the
historical cohort of patients; therefothe authordiave classified these patients as Kawalk&i
disease. From a clinicalew, they were older, had gpiratory and gastrointestinal involvement,
meningeal signs, and signs of cardiovasc(lar) involvement. From a biochemicalew, they

had leucopeniavith marked lymphopenia, thrombocytopenia, and increased ferritin, as well as
markers of myocarditis. Biilar clinical characteristicare shared by patients witoronavirus
disease 2019 (COVH29). Additionally, these patients had a more sewBsease course, with
resistance to intravenous immunoglobuli¥iG) and need of adjunctive steroids, biochemical
evidence ofmacrophage activation syndrome (MASNnd clinical signs in keeping with
Kawasaki disease shock syndrome (KDS$he proeinflammatory effect ofsevere acute
respiratory syndrome coronavirds(SARSCoV-2) has been reported in adults with the most
severe respiratory complications obronavirus disease 2019 (COVID®). Many of these
patients have a constellation dfaracteristicelassified under the term cytokine storm, such as
fever, lymphopenia, levated transaminases, lactate dehydroge(i3el), D-dimer (DD), and
ferritin, in keeping with macrophage activation syndrome (MAS)ikewise, macrophage
activation syndrome (MAS}¥ a form of cytokine storm, and might affect patients with Kawasaki
diseas (KD). All these elementapheldthe requiremento start adjunctive steroids. mut hor s 6
experience, thisnanagemenis efficient and safe, and should badicated by physicians

managingpatients with Kawasakike presentations in the context of tberonavirus disease
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2019 (COVID19) pandemic. Evidence of contact with the virus \easuredy the presence of
antibodies againsevere acute respiratory syndrome coronax@r(SARSCoV-2). The immune
response tgevere acute respiratory syndrome coronax@r¢SARSCoV-2) is accountabldor a
Kawasakilike disease in susceptible patients. The association betsesene acute respiratory
syndrome coronavirdg (SARSCoV-2) and Kawasaklike disease should lmnsiceredwhen it
comes todeterminingsocial reintegration policies for the pediatric population. However, the
Kawasakilike disease described here remainscarcesituation likely affecting no more than
one in 1000 children exposed devere acute respirayosyndrome coronavirdd (SARSCoV-

2). Thisevaluateis relied on the limited data from the case serieshimregionof the study In
brief this studyreported a strong association between an outbreak of Kawdksakisease and
the severe acute respicay syndrome coronavire® (SARSCoV-2) epidemic in the Bergamo
province of ltaly. Patients diagnosed with Kawadide disease after the viral spreading
exhibiteda severe course, includifawasaki disease shock syndrome (KD&&jmacrophage

activation syndrome (MAS)and required adjunctive steraithnagement

Another studyconducted in 202@rgues that itomparsonwith the two previous yearauthors
found a 13fold increased incidence iKawasaki disease (KD children hospitalied in the
general pediatrics department of a large university hospitakercamtParis. The temporal
association with the onset of teevere acute respiratory syndrome coronax2rgSARSCoV-
2) epidemic in France and the resultsedittime polymerase chain reactioRT-PCR assayand
immunoglobulin G(1gG) testing inthe patientsincluded in this studgupposen accidentalink.
Moreover all but one ofthe patients had npresumedsymptoms of acuteoronavirus disease
2019 COVID-19) and most had positive serummunoglobulin G IgG) responsesproposing
that the development dfawasaki disease (KDn these patients is moggobablyto be the
result of a postiral immunological reaction. Association betwaeawasaki diseaséKD) and
viral respiratory infections has been previouskuspicioned particularly rhinovirus
(RH)/enterovirus (EV) and various viralmicrobesinvolving human coronavirusegCoVs)
However, no difference in clinicalexhibition between infected and nonfected Kawasaki
disease (KD)atientswas previouslynentioned This studyrecorded an overepresentation of
incompleteKawasaki diseasdKD) (53%), which might benterpretedby a high proportion of
severeKawasaki diseas&kD) with myocarditis andawasaki disease shock syndrome (KDSS)

consistent with previous findingsThe incomplete Kawasaki disease (IK[patients share

251



Kawasaki disease (KBgpecific laboratory marker profiles in terms of complete blood cell
counts and ade phase reactant levels wittomplete Kawasaki diseas€€KD) patients.
However, the factors predicting coronary dilation differ according to the phenotype; lower acute
and subacute agmdjusted hemoglobin levels predict coronary dilation onlyincomplde
Kawasaki disease (IKDpatients.Mild myocarditis is very common in the early phase of
Kawasaki disease (K¥sshownby cardiac biopsies and scintigraphy, and genesaatigliorates
rapidly as inflammationdissipates However, more severe myocarditistiwvidecreased left
ventricular contractility can sometimbappenparticularlyin theconditionof Kawasaki disease
shock syndrome (KDSS)Kawasaki disease shock syndrome (KD&Sa scarcecomplication
affecting 1.5 to 7% oKawasaki disease (KDpatients with ancreasedncidence in Western
countries than in Asia. Iseemsto result from both myocardial dysfunction and decreased
peripheral vascular resistance, usually requiiimtgavenos (V) fluid recoverytogether with
inotropic and vasoactive agent infusioniimiensive care unitiCU). Kawasaki disease shock
syndrome (KDSS)athophysiologyis still unclear. A increasedconcentrationof circulating
pro-inflammatory cytokines may caribute to the distributive component of shodk. fact,
Kawasaki disease shock syndrome (KD8&}p previouslyobservedassociated withncreased
concentration®f interleukin6 (IL-6), C-reactive protein @RP) and procalcitonin(PCT). The
authors ofthis studyrecognizedvery high concentrationsof procalcitonin PCT). C-reactive
protein CRP) and interleukin6 (IL-6) concentrationswere alsoelevated This main pro-
inflammatoryconditionmay reflect amostly strong poswiral immunological reactionotsevere
acute respiratory syndrome coronavifulSARSCoV-2) in comparisonwith other viral
microbes A cytokine storm syndrome with elevated inflammatory markers suttieateukin6
(IL-6) was mentionedin adult coronavirus disease 2019 (COVID) patents, and has been
correlatedwith fatality. Besides inflammatory markers, clinical and biologa@racteristicof
study patients werefrequently symmetric with the diagnosis ofKawasaki disease shock
syndrome (KDSS)Really, older age, highed-dimer(DD), lower hemoglobirfHb) and albumin
(alb) concentrationsand more severe hyponatremia were previously found associated with
Kawasaki disease shock syndrome (KDS3iis study foundnly 18% of patients were above
the 75th percentile for weighyhich does noboostthe hypothesisf overweight as a risk factor
for Kawasaki disease (KDgfter severe acute respiratory syndrome coronaxrgSARSCoV-

2) infection. Intravenous immunoglobulin’\(IG) resistance and coronary artery abnormalities
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wereless frequent irthis studyseries than in previousnes However, theséndings should be
taken with caution as coronary artery abnormalities may appear later during -tigllow
Gastrointestina{Gl) symptoms were also unusually common, affecting 100%heypatients A
researchreported intestinal pseudibstruction in only 2% of 310 patients. As previously
described, othekawasaki disease (KDgymptoms appeared in all cases after the intestinal ones,
which may have led to diagnostic and therapeutic ydelm some children. Suspected
mechanismsinclude intestinal ischemia, secondary to bowel vessel vasculitis. Rapid
degeneratiorof symptoms in all patients aftamtravenous immunoglobulin\{IG) booststhis
hypothesis. Pancreatitis, detectedhiyherlipase level in 7 patients, may also reflect vasculitis.
Hypoalbuminemia was severe and may partially be attributed to exudative enteropathy. The
recognition of an increasedrate of patients originating dm subSaharan Africa and the
Caribbean islands iagreeablewith findings reported bya valuable studyproposingeither
adverse social and livingituationsor genetic susceptibilityKawasaki disease (KD} scarcely
reported in suSaharan Africa, buit may be more common than previously thought. In the
United States of America 2.5fold higher incidence was reported in children of Asian than of
European ancestry with an intermediary-fblsl risk for children of African ancestry. Besides,
African Americans have been disproportionately hit by ¢beonavirus disease 2019 (COVID
19) pandemic, alsopresuming higher susceptibility to severeacute respiratory syndrome
coronavirus2 (SARSCoV-2) infection. Therefore, African countries whe®evere acute
respiratory syndrome coronavin2s (SARSCoV-2) epidemic has spread magncountera
possiblylarge number oKawasaki disease (KDOh children, andntravenous immunoglobulin
(IVIG) supply shortages should le&pectedn such settings. The absence of regbitases of
Kawasaki disease (K¥ssociated witlsevere acute respiratory syndrome coronax@r(SARS
CoV-2) infection in Asian countries where tlsevere acute respiratory syndrome coronax2rus
(SARSCoV-2) epidemic started, and where the incidenceKafvasaki disease (KD} the
highest, is quiteecognizableEthnic differences in the developmentkawasaki disease shock
syndrome (KDSSyvere previously reported, withlewer incidence rate in Asia than in Western
countries.In conclusion his study documents an outbreakkdwasaki disease (KD the Paris
area and its association wilevere acute respiratory syndrome coronax@rSARSCoV-2)
infection. Kawasaki disase (KD)patientsreportedin this studyhavefeaturesthat differ from

classic Kawasaki disease (KD)this form looks to be much moreoften among children of
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African ancestry, withdominant acute gastrointestina{Gl) manifestations, hemodynamic

instability and myocarditis.

9. Multisystem Inflammatory Syndrome in Children

SARS-COV-2 related multisystem inflammation

Bulbar conjunctivitis 89% : :
Neurological sign 31%

Red and crackled lips 54%

Respiratory signs 34%

Left ventricle dysfunction 100%
» Shock 68%

* VA ECMO 28.6%

* Coronary dilatation 17%

* Pericarditis 8%

Cervical and mesenteric
lymphadenopathies 60%

Skin rash 57%

— Digestive involvement 83%
* Nausea, diarrhea 83%
» Exploratory laparoscopy 5.7%
(2 patients)
Fever >4 days and asthenia 100%
Median age 10 years

Figure(54): Multiinflammatory syndrome in children [Bonnet D. (2020). Immunotherapy, steroid
positive outcomes in children with COVi2lated multisysteminflammatory syndrome. Circulatio
Journal Report]

In children, coronavirus disease 201€QVID-19) is usually mild. However, irscarcecases,
children can be severely affected, and clinical manifestatansbedifferent from adults. In
April of 2020, reportsarosefrom the United Kingdom of a presentation in children similar to
incomplete Kawasaki diseas&D) or toxic shock syndromgTSS) It is important here to
define toxic shock syndromg€l'SS) as a condition caused Wyacterial toxins Symptoms may
involve fever, rash skin peeling andlow blood pressurelhere may also be symptoms
connectedto the specific underlying infection such raastitis osteomyelitisnecrotising

fasciitis, or pneumonia Since then, there have been increasing reports of similarly affected
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children in other parts of the world. The syndrome has been termed multisystem inflammatory
syndrome in chdren[MIS-C; also referred to as pediatric multisystem inflammatory syndrome
(PMIS), pediatric inflammatory multisystem syndrome temporally associatedseitbre acute
respiratory syndrome coronavirds(SARSCoV-2) (PIMS-TS), pediatric hyperinflammatory

syndrome, or pediatric hyperinflammatory shiock

While theoccurrenceof multisystem inflammatory syndrome in children (MC3 is obscure it
seemdo be ascarcecomplication ofcoronavirus disease 2019 (COVID)in children.Thefirst

reports of multisystem inflammatory syndrome in children (MC3 arosefrom the United
Kingdom in April, 2020. Since then, there have been reports of similarly affected children in
other parts of the worldnvolving Europe, Canada, and the United Stakéany children with
multisystem inflammatory syndrome in children (MT3 subtendcriteria for complete or
incomplete Kawasaki disease (KD). However, the epidemio®glfferentfrom that of classic
Kawasaki disease (KDMost multisystem inflammatory sydrome in children (MISC) cases
haveincidentin older children and adolescents who were previously healthy. Black and Hispanic
children may be disproportionallinfluenced By contrast, classiiawasaki disease (KD)
primarily affects infants and young itdiren and hasraincreasedccurrencen East Asia and in
children of Asian descent. The epidemiologymailtisystem inflammatory syndrome in children
(MIS-C) also differs from that of acutmronavirus disease 2019 (COVID)illness in children,

which tnds to be most severe in infants <1 year of age and in children with underlying health
issues The first report omultisystem inflammatory syndrome in children (MC3 was a series

of eight childrencheckedat a tertiary center in South East Englandthree subsequent case
series from the United Kingdom (n = 58), France and Switzerland (n = 35), and New York (n =
33), thepreponderancef children were previously healthy (88 percent in the United Kingdom
series, 89 percent in the French series, and éfept in the New York series). The most
common comorbidities were obesity and asthma. The average age was 9 to 11 years (range 1 to
17 years)lt is unclear if the risk of developimgultisystem inflammatory syndrome in children
(MIS-C) varies by race, thugh black and Hispanic children account for a disproportionally
elevatednumber of cases and Asian children account for only a small number of cases in the
initial reports. In the United Kingdom series, 38 percent of patients were black, 19 percent white,
11 percent Asian, and 5 percent biracial. In the New York series, 2énpexere black, 27

percent Hispanic, 9 percent white, and 9 percent Asian. In a series of 21 patients from a single
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center in France, 57 percent had at least one parent with African ancestry and 14 percent had at
least one parent of Asian ancestBasedon the patterns seen in the United Kingdom, New
York, and Italy, there seems to be a lag of several weeks between the peakakirus disease
2019 (COVID19) cases within communities to the peaknailtisystem inflammatory syndrome

in children (MISC) cases. For example, in London, the peakcofonavirus disease 2019
(COVID-19) cases occurred in the first to second weeks of April, while the peakltabystem
inflammatory syndrome in children (MHS) cases occurred in the first to second week of May.
This three to fourweek lag coincides with the timing of acquired immunity angposeshat
multisystem inflammatory syndrome in children (ML3 may characterizea postinfectious
complication of the virus rather than acute infection, at least in soifdeech

It has beemproposedhat the syndrome results from an abnormal immune response to the virus,
with some similarities to Kawasaki disease (KD), macrophage activation syndrome (MAS), and

cytokine release syndronf€RS)

Many affected children haveegative polymerase chain reaction (PCR) testingséwere acute
respiratory syndrome coronavirds(SARSCoV-2) but have positive serology, a finding that
further upholdsthe hypothesis thatultisystem inflammatory syndrome in children (MTJ is
connectdto immune dysregulatiohappeningafter acute infection has passed. However, some
children do have positiv@olymerase chain reaction (PCRsting. In case series from the
United Kingdom, New York, Italy, and France there were 142 children in whom both
polymerase chain reaction (PCRN)d serology werelone Of these, 63 percent had positive
serology with negativpolymerase chain reaction (PGR) percent were positive on both tests,

and 8 percent were negative on both tests.

In the available case reports, clinical presentations were sinmiaolving: persistent fevers
(median duration four day$)00%), gastrointestina{GIl) symptoms (abdominal pain, vomiting,
diarrhea) (60 to 10046), rash (52 to 78%6),onjunctivitis (45 to 81%), mucous membrane
involvement( 29 to 7646), neurocognitive symptoms (headache, lethargy, confugia@)to

58%), respiratory symptomg21l to 6%%6),swollen hands/feet (16%), <ore throat (10%).
Gastrointestina(Gl) symptoms (abdominal pain, vomitingiacthea) wereespeciallycommon
andnotable with some children mimicking appendicitis. Some children have been noted to have

terminal ileitis on abdominal imaging and/or colitis on colonosctigg.important todetermine
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terminalileitis as a chronic inflammatory disease of the intesitmoéuding only the end of the
small intestine (the terminal ileurih addition colitis isdentifiedas a chronic digestive diase
characterized by inflammation of the inner lining of the colbriection, loss of blood supply in
the colon,inflammatorybowel disease (IBD) and invasion of the colon wall with collagen or
lymphocytic white blood cells are all possible causes ofinflamed colon.Many patients
exhibited three to five days of fevethen continuedto progressto vasodilatory/distributive
shock. Distributive shock results from excessive vasodilation and the impaired distribution of
blood flow.Septic shocks the most common form of distributive shock andiéscribedby
significantmortality (treated, around 30%ntreated, probably >80% Patientsexhibiting fewer
days of fever have beementioned Shock isfrequently refractory to volume resuscitation,
requiring vasopressors and, scarceconditions mechanical hemodynamlwoost Pulmonary
involvement wasiota distinguishedcharacterin most cases, thougimany children required
supplemental oxygen or positive pressure ventilation for cardiovas(@M) stabilization.
Respiratory symptomsgtachypnea, labored breath)ngvhen found were most often due to

severe shock. Cough was uncommon.

In the obtainablecase reports, common clinicadsultsinvolve: shock (50 to 8@%),aiteria met
for complete Kawasaki disease (K22 to 64%), myocardial dysfunctioriby echocardiogram
or elevated troponin/brain natriuretic pepti(BNP)] (51 to 1006), acute respiratory dilure
(ARF), requiring noninvasive or invasive ventilatio(®3 to 526), acute kidney injury(AKI)
(most cases were mil@22 to 706), rositis(24 to 5B6), and acute (fulminant) hepatic failure
(AHF) (21%).

It is increasingly becominglearthat there is a wide spectrum of disease severityuhisystem
inflammatory syndrome in children (MIS). The initial case series largely reported the most
severe end of the spectrudeveloping taan increasedeportedincidence of shock, myocardial
involvement, and respiratory failure. It mobably that aspresumptionof milder forms of
multisystem inflammatory syndrome in children (MT3 hightens the incidence of shock, left

ventricular (LV) dysfunction, respiratpfailure, and acute kidney injury will be lower.

Evaluation shouldnvolve measurement of sequential inflammatory markers, including complete

blood count{CBCYdifferential, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR);
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coagulation parasters including DdimeDD) and ferritin; liver function markers; and a
cytokine panel. Children should have antibgdb) testing in addition to polymerase chain
reaction (PCR) testing fosevere acute respiratory syndrome coronax2r(SARSCoV-2),

since many children are antibo@b)-positive even when polymerase chain reaction (PCR)

negative.

Laboratory abnormalitiesecognizedn the obtainedcase seriemvolve: first, donormal blood
cell counts[lymphocytopenig80 to 984), neutrophilia (80 to 9@% ), mild anemia(70%), and
thrombocytopenig31 to 8@0)] ; second, levated inflammatory markers, includinG:reactive
protein(CRP)(90 to 100%), aythrocyte sedimentation ra(ESR)(80%), D dimer(DD) (80 to
10%), fibrinogen (90 to 100%), ferritin (55 to 78%), procalcitonin(PCT) (80 to 98%), and
interleukin6 (IL-6) (80 to 10040); third, devated cardiac markenscluding troponin(Tn) (68 to
95%), brain natriuretic peptideBNP) or N-terminal pro btype natriuretic peptideNT-proBNP)
(78 to 100%); fourth, hypoalbuminemig 73 to 9%4); fifth, mildly elevated liver enzymeg62
to 70%); sixth, devated lactate dehydrogenas@d.DH) (56 to 6Q%); seventh,
hypertriglyceridemigHTG) (70%). Laboratory markers of inflammaticseemto associatevith
severity ofdiseaseFor example, in one series, children vguffered fromshock had higher C
reactive protein(CRP) levels (mean 32.1 versus 17.6 mg/dL), higher neutrophil counts (16
versus 10.&10%L), lower lymphocyte counts (0.7 versus 1.3 4L and lower serum albumin
(alb) levels (2.2 versus 2.7 g/dL)n comparisonwith children without shock. In addition,
children with shock more commonly hhijhercardiac markers.

Findings on diagnostiimaging maynvolve:

1-Echocardiography children with this syndrome should have serial echocardiograms
comprisingparticularevaluationof the coronary arterig€As). Many to date have been found to
have low heart function, and some hardargement of the coronary arteri@sAs). Children

with serious cardiac complications should be followed loitgen. Echocardiographic findings
may involve depressedeft ventricular [V) function and coronary artery (CA) abnormalities
(including dilaton or aneurysm), mitral valve regurgitation, and pericardial effusion. The
frequency of cardiac involvement multisystem inflammatory syndrome in children (M3 is
uncertain. In the initial reports, approximately 50 to 60 percent of patients hadsaejpeds
ventricular V) function and approximately 20 to 50 percent hamtonary artery QA)
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abnormalities. However, most of the children in the early reports were severely affected, and
theseevaluationsmay not reflect the risk in thevide population.In subsequent reports that
involvedchildren with milder cases a@fultisystem inflammatory syndrome in children (MC3,

the risk of cardiac involvemenboks to berecognizablylower than the initial reports. In one
series of 58 hospitalized children,whom only a subset required intensive care, deprdefted
ventricular (V) function was seen in 31 percent of casescamdnary artery@A) abnormalities

were detected in only 14 percent.

2-Chest radiographmany patients had normal chest radiographs. Abnormal findmgdved

small pleural effusions, patchy consolidations, focal consolidation, and ateldttasisportant

to mention small pleural effusions refer ttee buildup of excesfluid between thdayers of
thepleuraoutside the lungs. Thaeuraare thin membranes that line the lungs and the inside of
the chest cavity and act to Ilubricate and facilitate breathing. In additeon
pulmonaryconsolidations a region of normally compressible lungstie that has filled with

liquid instead of air. The condition is marked by induration (swelling or hardening of normally
soft tissue) of a normally aerated lung. It is considered a radiologic sign. Further, atelectasis
refers to partial collapse or incotefe inflation of the lung.

3-Computed tomography (CT) of chesthest computed tomographyC{I) (when obtained)
generally had findings similar to those on chest radiograph. A few patients had nodular ground
glass opacificationGroundglass opacification/opacifGGO) is a descriptive term referring to

an area of increased attenuation in the lung on computed tomography (CT) with preserved
bronchial and vascular markings.

4-Abdominal imaging findings on abdominal ultrasound @omputed tomography CT)
included free fluid, ascitegi.e.the accumulation of fluid in the peritoneal cavity, causing
abdominal swelling) and bowel and mesenteric inflammation including terminal ileitis,
mesenteric adenopathy/adenifimflammation and welling in thelymph nodesnside the

abdomen)and pericholecystic edema

Patients with multisystem inflammatory syndrome in children @@)Sare at risk otindergoing
thrombotic complications. For example, patients with severe left ventricular (LV)lisysto
dysfunction are at risk for apical left ventricular (LV) thrombus, and those with Kawasaki

disease (KD) who have large or giant coronary artery (CA) aneurysms are at risk for myocardial
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infarction. In addition, patients may be at risk for venous thammibolism (VTE),involving

pulmonary embolus, due to hypercoagulabilélated tocoronavirus disease 2019 (COVID).

As more is learned abouabronavirus disease 2019 (COVI®) and multisystem inflammatory
syndrome in children (M), it is becoming apparent that the spectrum of disease ranges from
mild to severeTheunderstanding of the full spectrum, including subphenotypes, is evblving
1-Coronavirus disease 2019 (COVID) without an exaggerated immune responsemost
children coronavirus disease 2019 (COVID) causes no or only mild symptoms.

2-Coronavirus disease 2019 (COVI®)associated febrile inflammatory staseme children

may exhibit persistent fevers and mild symptomgy(eheadache, fatiguenflammatory markers
(especially ferritin) may be elevated, but signs of multisystem involvement are lacking.
3-Coronavirus disease 2019 (COVID)-associatedKawasaki disease (KD) some children
meet criteria for complete or incompléf@awasaki disease (KDgnd do not develop shock and
multisystem involvement. It is unclear if the incidence of coronary artery (CA) aneurysms is
elevated in coronavirus disease 2019 (COVII)associatedKawasaki disease (KDjn
comparisorwith classicKawasaki disease (KDoronary aneurysmare abnormal dilations of
thecoronary arteries. This can occur as gishotic dilation during ahteroslcerotioronary
diseaser can occur as a part of a vasisl Kawasaki'sliseasaluring childhood can lead

to coronary aneurysnia adulthood causing ischentieart diseasand angina.

4-coronavirus disease 2019 (COVIM)-associatedmultisystem inflammatory syndrome in
children (MISC): children withmultisystem inflammatory syndrome in children (MT3 have a

more severe presentation, with markedly elevated inflammatory markers and multisystem

involvement. Cardiac involvement and shock are common.

All patients with suspecteghultisysteminflammatory syndrome in children (MIS) should be
examinedor severe acute respiratory syndrome coronaxrgSARSCoV-2), comprisingboth
serology and reverse transcription polymerase chain reactiofP@®Rl) on a nasopharyngeal
swab.Most affected children have positive serology with neggtelymerase chain reaction

(PCR), though some have positipelymerase chain reactiorBGRS.

In addition to troponinTn) and brain natriuretic peptideN-terminal (NT}pro hormonedrain
natriurdgic peptide(BNP/NT-pro-BNP) levels, the cardiac evaluation of a patient with suspected

multisystem inflammatory syndrome in children (MI3 includes a 12ead electrocardiogram
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(ECG) and echocardiography. Echocardiography is also recommended for children with
documentedsevere acute respiratory syndrome coronax@rSARSCoV-2) who do not meet
all criteria for multisystem inflammatory syndrome in children (MC3 but who have igher

shock or features consistent with incomplete or complete Kawasaki disease (KD).

Children and adolescents with mitbronavirus disease 2019 (COVID) without signs of
systemic inflammation are unlikely to have coronary artery (CA) changes or myiscémdsuch
children, echocardiography is generally not necessary but meakée into account there are

particularclinical interests

In children with multisystem inflammatory syndrome in children (MC3, baseline
electrocardiogramsECG9 may benonspecific, though arrhythmia and heart block have been
illustrated Findings on initial echocardiography miayolve coronary artery@QA) dilation, left
ventricular (LV) systolic dysfunction, and pericardial effusion. Tdwonary artery QA)

abnormalites cardevelopto aneurysminvolving giant coronary aneurysms.

A study performed by Whittakest al. (2020 showed thafifty -eight children (median age, 9
years) were identified who met the criteria foultisystem inflammatory syndrome in children
(MIS-C) infection In total, 45 of 58 patients (78%) had evidence of current or peiere acute
respiratory syndrome coronays-2 (SARSCoV-2) illness All children exhibited fever and
nonspecific symptomsnvolving vomiting [26/58 (45%)], abdominal pain [31/58 (53%)], and
diarrhea [30/58 (52%)]. Rastxistedin 30 of 58 (52%), and conjunctival injection in 26 of 58
(45%) cass. Laboratory evaluation was consistent withtable inflammation. Of the 58
children, 29 developed shock (with biochemical evidence of myocardial dysfunction) and
required inotropic support and fluid resuscitation [including 23/29 (79%) who received
mechanical ventilation]; 13 met the American Heart Association definition of Kawasaki disease
(KD), and 23 had fever and inflammation withalnaracteristic®f shock or Kawasaki disease
(KD). Eight patients (14%)experiencedcoronary artery (CA) dilatation roaneurysm.
Comparison omultisystem inflammatory syndrome in children (MC3 with Kawasaki disease
(KD) and with Kawasaki diseasshock syndromgKDSS) showed differences clinical and
laboratory features, including older age (median age, 9 years vs 2.7 years and 3.8 years,
respectively), and greater elevation of inflammatory markers suchreactive protein (CRP)

(median, 229 mg/L vs 67 mg/L and 193 mg/L, respect)vely
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From March through May 2020, during the coronavirus disease 2019 (CO3jIpandemic,
pediatricians in the United Kingdom and elsewhere noted hospitalizations of children who
developed fever and multisystem inflammation. Some of these children waeallgrill with

shock and multiorgan failure and required intensive care, and some had characteristics that were
similar to Kawasaki disease (KD) or Kawasaki disease shock syndrome (KDSS). The clinical
evidencepresumedhe developmenbf multisystem infammatory syndrome in children (MHS

C). In this case series of 58 hospitalized children who wiee definitions for childhood
multisystem inflammatory disorders recently proposed in the United Kingdom, United States, or
by the World Health Organization (WD), there was a wide spectrum of presenting signs and
symptoms, including fever, gastrointestinal symptoms, and rash, as well as disease severity,
including myocardial injury, shock, and development of coronary artery (CA) aneurysms.
Comparison with patiga from cohorts with Kawasaki disease (KD), Kawasaki disease shock
syndrome (KDSS), and toxic shock syndrome (TSS) provides additional insights into this
syndrome, and suggests tmatiltisystem inflammatory syndrome in children (M3 differs

from these pdiatric inflammatory entities. In addition, there provisionally appears to be 3
patterns of disease among children hospitalized withtisystem inflammatory syndrome in
children (MISC). One group of children had persistent fever d&ngher concentratioa of
inflammatory markers, but withowharacteristicof Kawasaki disease (KD), shock, or organ
failure. A second groumchievedthe diagnostic criteria for Kawasaki disease (KD). A third
group had shock and clinical, echocardiographic, and laboratatgree of myocardial injury.
Cases omultisystem inflammatory syndrome in children (M3 generally occurred in children

older than those with Kawasaki disease (KD) and Kawasaki disease shock syndrome (KDSS),
and with different laboratorycharacteristics When multisystem inflammatory syndrome in
children (MISC) cases with coronary arterfCA) aneurysms were compared with pre
coronavirus disease 2019 (COVID) Kawasaki disease (KD) cases thaigressedoronary

artery (CA) aneurysms, children withultisystem inflammatory syndrome in children (MC3

tended to be older, have more intense inflammation, anddiavatedconcentrationsf markers

of cardiac injury, supposingthat these are 2 separate entities and thahagementor
multisystem inflammaty syndrome in children (MK&) may need to be different than that for
Kawasaki disease (KD). Various biomarkers, includinge@ctive protein (CRP), ferritin,

troponin (Tn), andN-terminal preB-type natriuretic peptid@NT-proBNP) concentrationsnay
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be beneficial in assumingdevelopmentof disease. However, comparison of children with
multisystem inflammatory syndrome in children (MC3 who underwentcoronary artery
dilatation or aneurysms with those who did not failed to identify any diffeseimcelinical or
laboratory markers. Of particulamterestwas the finding that coronary artef@A) aneurysms

were found in a subset of all 3 groupsnuidiltisystem inflammatory syndrome in children (MIS

C). The lack of association either between ¢haentrationsof inflammation in these groups or
markers of cardiac injury angrogressof coronary artery(CA) aneurysmssupposeshat the
coronary changes are not solely a consequence of severity of inflammation. Children with
Kawasaki disease (KD) requireoronary echocardiography to detect coronary artery (CA)
aneurysms, and the echocardiographic changes may either worsen or resolve, leading to
recommendations for both acute echocardiographic studies, as well as sequentialgcdio®

and 6 weeks. ThelevatedN-terminal preB-type natriuretic peptidéNT-proBNP) and troponin

(Tn) concentrationsaiseinterestas to myocardial cell injury, and follewp of cardiac function

as well echocardiographic studies to detect coronary artery (CA) aneurysmsrardedaacross

the spectrum ofmultisystem inflammatory syndrome in children (M3 in both the acute and
convalescent phases. Patients waanagedwith a range of immunomodulatory medications,
according to local practice. This study also cannot address niechanisms underlying
multisystem inflammatory syndrome in children (MI3. However, the timing of the disorder
emerging in relation to the epidemic, and the finding that most patients were negative for
detection of the virus but positive for antibodgainstsevere acute respiratory syndrome
coronavirus2 (SARSCoV-2), raises the possibility that the disorder may involve an aberrant
development of acquired immunity. There is evidence fsgwere acute respiratory syndrome
coronavirusl (SARSCoV-1) tha antibodies (Abs) place disease either through antibody
enhancement of viral entry or replication as has lseenin denguell or througbromotingof a

host inflammatory response either through formation of immune complexes or direct antitissue
or cellular activation. Antispike antibodies againsevere acute respiratory syndrome
coronavirusl (SARSCoV-1) have beembservedo setinflammation in primates and in human
macrophage¢M U )and it is therefore possible that as antibodies develop aga&wste acute
respiratory syndrome coronavirds(SARSCoV-2) they mayinducean inflammatory process
through a similar mechanism. Although this study has shownntiittisystem inflammatory

syndrome in children (MISC) has differences from preoronavirus disease 2019 (COVID)

263



Kawasaki disease (KD), the similarity in clinicdlaracteristicen some cases armtogressiorof
coronary artery (CA) aneurysms in both disorders oféer clues to he underlying mechanisms

of both. Immune complexes have been well documented in Kawasaki disease (KD) and may also
mediate vascular injury, through activation of inflammatory responses through the Fc gamma
receptor or neutrophil activation. In this studgpst patients withmultisystem inflammatory
syndrome in children (MI&) were managedwith intravenous immunoglobulin (IVIG) and/or
corticosteroids (CSs), and fewer patients received a range of other immunomodulating agents. In
view of the excessivelyelevated C-reactive protein (CRPgoncentrationsinterleukin6 (IL-6)

may beincludedin the myocardial depression. Finally, authors concluded that in this case series
of hospitalized children who met criteria forultisystem inflammatory syndrome in children
(MIS-C), there was droadspectrum of presenting signs and symptoms and disease severity,
ranging from fever and inflammation to myocardial injury, shock, progiressiorof coronary

artery (CA) aneurysms. The comparison with patients with Kawasaki sks¢&D) and
Kawasaki disease shock syndrome (KD&8¢rs views into this syndrome, androposesghis

disorder differs from other pediatric inflammatory entities.

Multisystem inflammatory syndrome in children (MG can present with signs asgmptoms

that mimic those of septic shoakd toxic shock syndrom@SS) Thus, patientexhibiting

severe multisystem involvemerdgspeciallythose with shock, should receive prompt empiric
broadspectrum antibiotic therapy pending culture resultsaf@uateempiric regimen consists

of ceftriaxong(CE) plusvancomycin(VA). Ceftaroline(CFT) plus piperacillinrtazobactan{P1P-

TAZ)is an alternative regimen,especially for children with acute kidney injury
(AKI). Clindamycin (CL) is added if there areharacteristicsconsistent with toxirmediated

illness (e.g., erythroderma). Antibiotics should be discontinued once bacterial infection has been
excluced if the child's clinicatonditionhas stabilized.

The role of severe acute respiratory syndrome corona2if@\RSCoV-2) antiviral therapies
(e.g.,remdesiviy in the management of multisystem inflammatsyydrome in children (MIS
C) is obscure Many patients are polymerase chain reaction (P@gntive for severe acute
respiratory syndrome coronavir@dSARSCoV-2), and multisystem inflammatory syndrome in
children (MISC) likely represents a postinfeatis complication rather than active infection.

However, some children do have positive polymerase chain reaction (PCR) testing and may have
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active infection. Thus, antiviralemedymay haveprobablyto impact the disease process in
some, but not all, paties. Use of antiviral agents is generaidgtrictedto children with severe
multisystem inflammatory syndrome in children (MC3 manifestations. Additional therapy
depends on the clinical presentation. These presentatiomstearene and it may beuitableto

offer interventions from more than one category. For example, patients presenting with
Kawasaki disease (KD) with associated distributive shock should reoswegementor
Kawasaki disease (KD) [i.e., intravenaoamunoglobulin(IVIG) andaspirin (or acetylsalicylic

acid (ASA) and appropriate hemodynamic support [i.e., volume expansion and
epinephrine(EP)]. Children presenting with shock should becovered according to
standardprotocols In the available case series, most children with multisystdiammatory
syndrome in children (MIE) experiencedvasodilatory shock that was refractory to volume
expansion. Epinephrine (EP) or norepinephrine (NE) are the preferred vasoactive agents for the
treatmentof fluid-refractory shock in children; epinemne (EP) isfavored when there is
evidence of ventricular dysfunction. In children presenting with severe ventricular dysfunction,
the addition ofmilrinone (MIL) may be helpful. Patients who meet criteria for incomplete or
complete Kawasaki disease (KD) shoulé administeredstandardremediesfor Kawasaki
disease (KD)involving intravenous immunoglobulin (IVIGaspirin and, if there are persistent
signs of inflammation or coronary artery (CA) dilation/aneurysm, glucocorticoids (GCs). During
the acute inflammatory phasee@inning within seconds to minutes following injury to tissues,
charactezed by redness, heat, swelling, and pain) difease children with myocardial
dysfunction may experience arrhythmias and hemodynamic compromise. Serial
echocardiographic assessment of cardiac function and monitoring of brain natriuretic peptide
(BNP) and troponir{Tn) levels can help guide therapy. Management focuses on supportive care
to maintain hemodynami stability and ensure adequate systemic perfusion. Intravenous
immunoglobulin (IVIG) isfrequentlyadministeredn severe cases when the clinical picture is
consistent with myocarditis, though conclusive evidence of benefit is lacking. Continuous
cardiacmonitoring iscrucialso that arrhythmias armmediatelydetected andhanagedPatients

with considerableventricular dysfunction arenanagedwith intravenous (IV) diuretics and
inotropic agents, such aslrinone (MIL), dopamine (DA), andlobutamingDOB). In cases of
fulminant disease, mechanical hemodynanbicost may be beneficial in the form of

extracorporeal membrane oxygenation (ECMO) or a ventricular assist device. All patients who
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meet criteria for complete or incomplete Kawasaki disease should receive antithcombot
therapy, which, at a minimum, includes lal@seaspirin Additional antiplatelet and/or
anticoagulant therapy may be warranted in sedatients, depending on the degree of coronary
artery (CA) dilation. Systemic anticoagulation may dsequatdor patients with moderate to
severe left ventricular (LV) dysfunction. In patients without Kawasaki disease (KD) or
considerabldeft ventricular(LV) dysfunction, the decision to initiate therapy for prevention of
venous thromboembolisVTE) is individualized. The diagnosis of coronavirus disease 2019
(COVID-19)related multisystem inflammatory syndrome in children (MIS itself should be
regaded a major risk factor for venous thromboembolism (VTE). Venous thromboembolism
(VTE) prophylaxis is generalladequateor older children and adolescents hospitalized with
moderate to severe multisystem inflammatory syndrome in children-QYli$rovidedthat
bleeding risk is low. In infants and young children, the decision is made on-byeease basis,
weighing other venous thromboembolism (VTE) risk factors and the patient's bleeding risk.
When venous thromboembolism (VTE) prophylaxis is used, loviecotar weight heparin
(LMWH) is generally the favored agent. Nonpharmacologic strategies for venous
thromboembolism (VTE) prophylaxis [e.g., intermittent pneumatic compression devices (size
permitting) and early mobilization] are encouraged, but mulgsyshflammatory syndrome in
children (MISC)-related coagulopathy mayorth a higher level of intervention. The benefits
and risks of adjunctive therapies [glucocorticoids (GCs), interleikifiL-1) inhibitors
(e.g.,anakinracanakinumaly interleukin6 (IL-6) inhibitors (e.g.tocilizumal), convalescent
plasma from recovered coronavirus disease 2019 (CE&NID patients] areobscure
Consultaion with pediatric infectious disease and rheumatology specialists is advesgdions
about the use of adjunctive therap@spendon a casdy-case basis, according to disease
severity and markers of inflammation or active severe acute respiratompsyndoronaviru
(SARSCoV-2) infection.Glucocorticoids (GCs) aradequatdor patients withcharacteristicef
Kawasaki disease (KD) who have persistent fever after intravenous immunoglobulin (IVIG) or
coronary artery (CA) dilation/aneurysm. In additiglucocorticoids (GCs) can laescribedor
patients with cytokine release syndrog@RS). Cytokine release syndrom(€RS), also called
cytokine storm, is characterized by persistent fever, markedly elevated inflammatory markers
(e.g., Greactive proteifCRP) D-dimer (DD), ferritin) and elevated proinflammatory cytokines
[e.g., interleukir (IL-6)]. Anakinra (ANA), canakinumab(INN), andtocilizumab(TOC) are
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alternative options fomanagemenotf cytokine release syndrome (CRS) in patients who cannot
receive glucocorticoids (GCs) and those who are refractory to glucocorti@®(s) Such
decisions should be made under the direction of a pediatticndtelogist and should occur in

the context of a clinical trial whenever possible.
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10.Respiratory Manifestations

10.1Pneumonia
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Main symptoms of infecsous
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Figure(58): Healthy alveolus versus Unhealthy alveolus in pneumonia [Lashkari C.; Thomas L.
Is walking pneumonia contagious?. News. Medical Life Sciences]

Pneumonia has been defined as an infeafdhe lung parenchyma. Rather than looking at it as
a single disease, health care professionals musd that pneumonia is an umbrella term for a
groupof syndromegesulted froma variety of organismieading tovaried manifestations and
sequelaeThere have been margndeavordo classify pneumoniaependedn the etiology,
clinical setting in which thapparentacquired the infection, and tiype of involvement of lung
parenchyma, among other classificatidnsbar pneumonia affects one or more sections (lobes)
of the lungs. Bronchial pneumonia (alsalled bronchopneumonia) affects patches throughout
both lungs. Communityacquired Pneumoni@CAP) is any pneumonia acquired outside aof
hospital in a communitgnvironment Hospitatacquired pneumonigHAP) is any pneumonia
acquired 48 hours after being admitted in an inpaitxitissuch as a hospital and not incubating
at the time of admission is considered lasspitatacquired pneumonigHAP). Now all
pneumonia acquired in thetatusof assistediving facilities, rehabilitation facilities, and other
healthcare facilities have be@mvolved under communityacquired pneumonia, and a hospital
environmentis requisite for classifying pneumonia abkospitatacquired pneumonia(HAP).
VentilatorassociatedoneumonigVAP) is any pneumonia acquired 48 hours after endotracheal
intubation isdescribedas ventilatorassociatedoneumonigVAP). These categories haagded
confirm the common organisms responsible for each type of pneumonisassistedto
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