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INTRODUCTION  

Wuhan was premier epicentre for coronavirus disease 2019 (COVID-19), where first 41 sick 

individuals experiencing severe pneumonia were reported after exposing to bats and pangolins at 

Huanan Seafood Wholesale market. Next sick individuals were recorded from same local place 

by Chen and colleagues. However, several ill individuals in outbreak did not expose to animals, 

indicates person to person droplets spread is highly possible. Few ill cases of heavy unexplained 

pneumonia were mentioned from Wuhan, China in December 2019. Bronchoalveolar lavage 

(BAL, also called bronchoalveolar washing) from a catalogue case was described as novel 

coronavirus (COVID-19) on 3rd January 2020 by Zhu and colleagues and thereafter World 

Health Organization (WHO) announced this disease as an epidemic. The disease quickly spread 

all over the world and the World Health Organization (WHO) declared severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) disease [named coronavirus disease 2019 (COVID-19)] 

a pandemic on 11th March 2020.  

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a novel, zoonotic, positive-

sense, single-stranded ribonucleic acid (RNA) beta coronavirus (sub-genus Sarbecovirus, sub-

family Orthocoronaviridae). This sub-family also includes severe acute respiratory syndrome 

coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV), and 

the SARS-like (SL) viruses of bats: bat-SL-CoVZC45 and bat-SL-CoVZXC21. Severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) is from a broad family of ribonucleic acid 

(RNA) viruses and has a single stand ribonucleic acid (RNA) genome with 32 kilobases length. 

It is regarded to be the largest ribonucleic acid (RNA) virus genome known to human being. 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has an individual characteristic 

i.e., recombination frequency of positive-strand ribonucleic acid (RNA) is elevated. When host is 

infected with multiple coronaviruses (CoVs), they combine genetic information from different 

sources developing high mutation percent which makes main ambiguities during diagnosing and 

vaccine manufacturin.  

Coronavirus disease 2019 (COVID-19) breakout has excessive hard impact on health; many 

infected individuals are symptomless or show a flu-like illness, but about 15-20% of sick 

individuals can progress a serious syndrome, presented by interstitial pneumonia with alveolar 

destruction and severe acute respiratory distress syndrome (ARDS), leading to about 5% of 
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patients to decease. Most severe coronavirus disease 2019 (COVID-19) affected patients need 

intensive care and present an elevated risk of thromboembolic incidents, since severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) infection cause hyperinflammatory immune 

response purposing endothelium and leading to a pro-coagulation condition, aggravated by 

hypoxia and prolonged immobilization. These ill individuals can develop pulmonary thrombosis 

and/or multi-organ dysfunction (MOD) due to thrombotic microangiopathy (TMA). 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) binds its viral spike (S) 

proteins to angiotensin-converting enzyme 2 (ACE2) proteins for cell entry and uses cellular 

serine protease transmembrane protease serine 2 (TMPRSS2) for spike (S) protein priming. Cell 

entry receptor, angiotensin-converting enzyme 2 (ACE2), is broadly expressed across body, 

involving lungs (type II alveolar cells), gastrointestinal tract (GIT, esophageal epithelial cells and 

absorptive enterocytes of ileum and colon), hepatobiliary system (hepatocytes and 

cholangiocytes), cardiovascular (CV) system (myocardial cells), renal system (proximal tubule 

cells and urothelial bladder cells) and pancreas. 

Angiotensin-converting enzyme 2 (ACE2) is much expressed in lung alveolar cells (principally 

type II alveolar cells) and functions in lung protection, and therefore viral binding to this receptor 

deregulates lung protective path, conferring viral pathogenic ability. Other noticeable loci 

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

The virus is believed to disperse primarily from human to human through respiratory droplets 

shed by infected persons. The primary way of severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) transmission is via respiratory droplets and close contact. In a comparatively 

closed environment, there is a possible way of aerosol transmission when exposed to high 

concentrations of aerosol for a long period of time. Coronavirus disease 2019 (COVID-19) ill 

individuals shed droplets temporarily staying in air within a radius of 4 m, through coughing, 

sneezing, talking, and so forth. This can cause infections in vulnerable persons, after inhalation. 

Droplets containing severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) are 

precipitated on surface objects. After hands of vulnerable persons contaminate by contact, the 

virus can then pass to mucous membranes of oral cavity, nasal cavity, eyes, and so forth, and 

cause infection. Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has been 

detected in the esophagus, gastrointestinal tract (GIT), and feces of infected persons, indicating 
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that the virus can replicate and survive in the digestive tract and presuming possibility of fecal-

oral transmission. Severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East 

respiratory syndrome-coronavirus (MERS-CoV) can cause grave complications during 

pregnancy, and the similar pathogenicity and high degree of sequence homology between severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2), severe acute respiratory syndrome 

coronavirus (SARS-CoV), and Middle East respiratory syndrome-coronavirus (MERS-CoV)  

suggests that severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) may also cause 

severe maternal and/or perinatal complications. Severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) was detected in tears and conjunctival secretions. Rhesus macaques can be 

infected with this virus via conjunctival route. Zhong et al. (2020) also isolated novel 

coronavirus from a urine sample of a coronavirus disease 2019 (COVID-19) patient. Thus, these 

must also be considered as possible ways of transmission, via contamination of environment. 

Stating particular transmission routes aid in protecting healthy individuals, and thereby reducing 

infectious rate in people. 

Since severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a novel described 

pathogenic agent, there is no pre-existing immunity to it in human community, also there is no 

conclusive medicate to interrupt or lower its astonishing breakout. These ambiguities make the 

situation more hazardous for vulnerable subjects including individuals with immune 

disturbances, co-existing comorbidity and elderly persons. In spite of novelty of the matter, there 

are a lot of proposed literature about history, transmission route, urgency of responding, 

pathogenic potential characteristics and protection plannings but there are still some underlying 

illnesses remaining not known.  

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a remarkable 

impedence to international public health. Although the virus presents to be only partially similar 

to severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory 

syndrome coronavirus (MERS-CoV), all these viral infections are accountable for intense and 

potent fatal acute respiratory syndromes in human population. Since number of coronavirus 

disease 2019 (COVID-19) cases is rising around universe and it is associated with a notable 

number of mortality and morbidity, it has led to a new world phobia called Coro phobia. 
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Once reports concerning adult individuals with coronavirus disease 2019 (COVID-19) indicated 

a high predominance of comorbidities. For example, comorbidities were reported in 26.0% of  

672 assirted patients recorded by the Chinese Novel Coronavirus Pneumonia Emergency 

Response Epidemiology Team. Most common comorbidities of adults were hypertension (HTN), 

diabetes mellitus (DM), cardiovascular disease (CVD), and chronic respiratory disease (CRD). 

The report did not give any information about prevalence of these illnesses in individuals of 

general population who were a similar age. However, 67.2% of those who deceased from 

coronavirus disease 2019 (COVID-19) had a comorbidity and this noticeable dominance 

supposes that comorbidity is a risk factor for poor prediction. Other risk factors lead to unwell 

consequences involve older age, pregnant, newborns, smoking, chronic obstructive pulmonary 

disease (COPD), lower lymphocyte counts, chronic kidney disease (CKD), malignant diseases, 

and raised D-dimer (DD) are possibly to develop more serious illness frequently necessitating 

nursing from an intensive care unit (ICU). These comorbidities sololy or in combination with age 

were mentioned to be bound to unwell prediction. Among elderly ill individuals with medical 

comorbidities, coronavirus disease 2019 (COVID-19) is often aggravated. Moreover, males 

show a disproportionately noticeable number of deceases in bodies from China and Italy. United 

States Centers for Disease Control and Prevention (CDC) also involves immunocompromising 

statuses, severe obesity (body mass index Ó40), and liver disease as prime risk factors for heavy 

illness. Risk factors are associated with unwell predictions [decease and admission to intensive 

care unit (ICU)]. Persons with A blood group have a natably higher risk for severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) infection in comparison with non-A blood 

groups, whereas O blood group has a noticeably lower susceptibility for this infection compared 

with non-O blood groups. According to case analysis of 4,707 children with coronavirus disease 

2019 (COVID19) in China and United States, it was found that rate of infant coronavirus disease 

2019 (COVID19) was comparatively higher (accounting for 15% of the children), and 10.6% of 

the infant coronavirus disease 2019 (COVID19) was sorely or critically ill, which was much 

higher than average level of child group (5.8%). It is supposed that infants are more susceptible 

to coronavirus disease 2019 (COVID19) and this illness is more dangerous. Although incidence 

is higher in men than in women, the difference is not statistically noticeable. However, based on 

meta-analysis of 77,932 sick individuals, it was affirmed that morbidity, severity, and deaths  of 

males were notably higher than females. 
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First reports from China showed incubation period of severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) was between 3 to 7 days and on occasion 2 weeks. The longest 

incubation period observed was 12.5 days . 

A study recorded the actual signs and symptoms of coronavirus disease 2019 (COVID-19) which 

included fever (98.6%), fatigue (69.6%), dry cough (59.4%), anorexia (39.9%), myalgia (34.8%), 

dyspnea (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 anorexia was more in 

intensive care unit (ICU) sick individuals. Respiratory rate, heart rate and mean arterial pressure 

(MAP) were comparable between sick individuals gaining intensive care unit (ICU) care and 

non-intensive care unit (ICU) sick individual. Common complications recognized were acute 

respiratory distress syndrome (ARDS) (19.6%), arrhythmia (16.7%), septic shock (8.7%), acute 

cardiac injury (ACI)(7.2%) and acute kidney injury (AKI)  (3.6%). Sick individuals who 

necessitate intensive care unit (ICU) care were more frequently had these complicated 

conditions. Other complicated issues such as disseminated intravascular coagulation (DIC) and 

rhabdomyolysis were noticed. In addition, it was revealed that coronavirus disease 2019 

(COVID-19)  induced liver injury. Among sick individuals with severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) infection, pneumonia, respiratory failure, and acute 

respiratory distress syndrome (ARDS) are frequently faced complicated conditions. Although 

pathophysiology underlying severe coronavirus disease 2019 (COVID19) is still unsatisfactorily 

comprehended, accumulating proof discuss for hyperinflammatory syndrome causing fulminant 

and fatal cytokines production associated disease aggravity and unwell result. 

Particular laboratory features have also been associated with worse results. These involve: 

lymphopenia, elevated liver enzymes, elevated lactate dehydrogenase (LDH), elevated 

inflammatory markers [e.g., C-reactive protein (CRP), ferritin], elevated D-dimer (DD) (>1 

mcg/mL), elevated prothrombin time (PT), elevated troponin (Tn), and elevated creatine 

phosphokinase (CPK).  

A study revealed that ill individuals with serious illness had been mentioned to have higher viral 

ribonucleic acid (RNA) levels in respiratory specimens than those with milder illness, although 
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this association was not seen in a different study that measured viral ribonucleic acid (RNA) in 

salivary samples. 

It was recorded that among ill individuals who healed from severe acute respiratory syndrome 

coronavirus  (SARS-CoV) infection, 68% continued experiencing anomalies of lipid metabolism 

at 12-years follow-up; cardiovascular (CV) disturbances were found in 40% and changed glucose 

(Glc) metabolism in 60%. Similar ýndings have also been recorded in ill individuals healing 

from other respiratory tract infections (RTIs). Taking this into account, observant follow-up of 

those healing from current coronavirus disease 2019 (COVID19) would be necessary to 

comprehend long-term impact of this illness and also to protect these ill individuals from future 

cardiovascular disease (CVD). 

With limited therapeutic options, protection by social distancing seems to be backbone to lessen 

coronavirus disease 2019 (COVID-19) propagation. Virus transfer can be lowered in different 

methods described in World Health Organization (WHO) protocol. This involves, keeping 

secured social distance, regular hand washing for 20 seconds, using 60% alcohol hand rub, not to 

touch face, nostrils or mouth, evading congested locuses and public events. Countries have 

followed various measures to decrease viral transferrence and most of countries in the universe 

have imposed óLockdownô to reduce viral transferrence. As it is a virus in a big particle, a 

surgical face mask must give appropriate protection against inhalation of the virus. N-95 masks 

must be conserved to health care individuals. Personal Protective Equipment (PPE) should be 

worn according to institutional policy. All sick individuals with a history of transport to affected 

places must be screened for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

even if these passengers are asymptomatic. Persons with high temperature, dry cough, intense 

tiredness, diarrhoea or other not common symptoms with recent travel history must be subjected 

to lab exam for coronavirus disease 2019 (COVID-19). Nations need to make and modify their 

protection, lab examining and management strategies from period to period depending on 

Guidelines issued by World Health Organization (WHO). 
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CHAPTER ONE 

SARS CORONAVIRUS-2 GENOMIC STRUCTURE and REPLICATION  

1.Introductory View  

Coronaviruses (CoVs) are a broad family of viruses that can cause a range of illnesses from 

common cold to serious illnesses such as Middle East respiratory syndrome coronavirus (MERS-

CoV) and the severe acute respiratory syndrome coronavirus (SARS-CoV), which are reported 

causing serious respiratory and intestinal illnesses. Coronaviruses (CoVs) can be isolated from 

different animal species. These include fowls, domestic animals, and mammals such as camels, 

harpies, masked palm civets, mice, pooches, and cats. The diffused distribution and contractivity 

of coronavirus (CoV) emerge it a noticeable pathogenic agent. Human pathogenic subtypes of 

coronavirus (CoV) are associated with moderate clinical presentations. However, severe acute 

respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome 

coronavirus (MERS-CoV) are two notable exemptions. In 2012, Middle East respiratory 

syndrome coronavirus (MERS-CoV) was earlier detected in Saudia Arabia. It was responsible 

for 2,494 affirmed ill indivduals, which led to 858 deceases. In 2002, a subtype of 

betacoronavirus (beta-COV) hastely propagated across Guangdong, China. This beakout resulted 

in 8,000 infections and 774 deaths in 37 countries. In late December 2019, sick individuals 

symptomizing with cough, fever, and dyspnea (i.e., difficult in breathing) with acute respiratory 

distress syndrome (ARDS) attributable to an obscured microbial infection were mentioned in 

Wuhan, China. Virus genome sequencing of five ill persons with pneumonia hospitalized from 

December 18 to December 29, 2019, revealed presence of a priorly unbeknown betacoronavirus 

(ɓ-CoV) strain in all these ill persons. This isolated novel betacoronavirus (ɓ-CoV) shows 88% 

symmetry to sequence of two harpy-derived severe acute respiratory syndromes (SARS)-like 

coronaviruses, bat-SL-CoVZC45 and bat-SL-CoVZXC21, and about 50% likeness to sequence 

of Middle East respiratory syndrome coronavirus (MERS-CoV). The International Committee on 

Taxonomy of Viruses named it as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2). This coronavirus (CoV), was initially named as the 2019novel coronavirus (2019-nCoV) on 

12 January 2020 by World Health Organization (WHO). World Health Organization (WHO) 

officially named illness as coronavirus disease 2019 (COVID19) and Coronavirus Study Group 

(CSG) of the International Committee proposed to name the new coronavirus as severe acute 
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respiratory syndrome coronavirus-2 (SARS-CoV-2), both issued on 11 February 2020. The 

Chinese scientists hastely isolated severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2) from an infected individual within a short time on 7 January 2020 and sequenced genome 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Recurring emergence and 

breakouts of coronaviruses (CoVs) indicate a public health impedence. This suggests possibility 

of animal-to-human and human-to-human transferrence of newly emerging coronaviruses 

(CoVs). Continuing alterations in ecology and weather lead to arising of such infections in time 

ahead. The virus is thought to be transferred from animals to humans at beginning, and then from 

humans to humans through airborne droplets of infected ill personsô fluids, which has made the 

virus to infect and kill thousands of commune and to emergence international interest.  

Coronaviruses (CoVs) are a broad family of ribonucleic acid (RNA) viruses that are present 

diversifiedly in animal species. They are recognized to cause illnesses of respiratory, hepatic, 

nervous system, and gastrointestinal (GI) systems in human beings . Under electron microscope, 

they realize a crown-like appearance due to the presence of envelope spike (S) glycoproteins. 

Coronaviruses (CoVs) belong to subfamily Coronavirinae in the family of Coronaviridae of the 

order Nidovirales.The Coronaviridae family can be classified into four genera of 

alphacoronavirus (alpha-COV), betacoronavirus (beta-COV), deltacoronavirus (delta-COV), and 

gammacoronavirus (gamma-COV). Gene characterization has aided describe that harpies and 

rodents are the gene origin of alphacoronavirus (alpha-COV) and betacoronavirus (beta-COV). 

On the other hand, avian species are deemed as genetic origins of deltacoronavirus (delta-COV) 

and gammacoronavirus (gamma-COV).  Within the genus beta-coronavirus (ɓ-CoV), four 

lineages (A, B, C, and D) each with a distinguished set of accessory genes are commonly 

recognized. Lineage A includes HCoV-OC43 and HCoV-HKU1, beta-coronavirus 1 (more 

commonly known as bovine coronavirus, BCoV), murine coronavirus (MHV); Lineage B 

involves severe acute respiratory syndrome-related SARS-CoV, SARS-CoV-2, and different 

species got back from harpies; Lineage C includes Tylonycteris bat coronavirus HKU4 (BtCoV-

HKU4), Pipistrellus bat coronavirus HKU5 (BtCoV-HKU5). Since April 2012, the Middle East 

Respiratory Syndrome coronavirus (MERS-CoV) has arisen as a novel member in lineage C of 

the betacoronaviruses (ɓ-CoVs), mostly related to bat coronaviruses HKU4 and HKU5. Middle 

East Respiratory Syndrome coronavirus (MERS-CoV) is premier betacoronavirus (ɓ-CoV) 

https://www.sciencedirect.com/topics/medicine-and-dentistry/bovine-coronavirus
https://www.sciencedirect.com/topics/medicine-and-dentistry/murine-coronavirus
https://www.sciencedirect.com/topics/immunology-and-microbiology/pipistrellus
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
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lineage C member isolated from human beings. Lineage D involves Rousettus bat coronavirus 

HKU9 (BtCoV-HKU9), which has only been detected in bats.  

The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a ɓ-coronavirus, which 

is enveloped non-segmented positive-sense ribonucleic acid (RNA) virus (subgenus 

sarbecovirus, Orthocoronavirinae subfamily). 

Coronaviruses (CoVs) are accountable for 5-10% of serious respiratory infectious illnesses . It 

has been estimated that 2% of commune are deemed healthy carriers of these viral agents. Some 

common human coronaviruses (CoVs) involve HCoV-OC43, HCoV-HKU1, HCoV-229E, 

and HCoV-NL63. In the immunocompetent, these coronaviruses (CoVs) clinically present with 

self-limiting respiratory infections and common colds. In elderly and immunocompromised, they 

can involve the lower respiratory tracts. Other human coronaviruses (CoVs) such as Middle East 

Respiratory Syndrome coronavirus (MERS-CoV), severe acute respiratory syndrome-

coronavirus (SARS-CoV), and severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) 

present with pulmonary and extra-pulmonary characteristics. Genomic identification researches 

of the new strain of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) have shown 

an 89% nucleotide match with bat SARS-like CoVZXC21 . There is also an 82% nucleotide 

match with the human severe acute respiratory syndrome (SARS) virus . Therefore, these 

findings think up the basis for the new strain to be called severe acute respiratory syndrome 

coronavirus-2 (SARS CoV-2).  

 

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
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Figure(1):Classification of coronaviruses [Rehman S.;Shafique L.; Ihsan A.; Liu Q. (2020). 

Evolutionary trajectory for the emergence of novel coronavirus SARS-CoV-2. Pathogens, 9(3), 

240] 
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2. Evolutionary Phylogenetic Tree Analysis of Coronaviruses and Taxonomy 

It is the ultimate precedence of scientific group to reduce public health hazardous through 

tracking down the origin and natural denizens of severe acute respiratory syndrome-coronavirus-

2  (SARS-CoV-2) to restrict human-to-human and cross-species transferrence. The phylogenetic 

tree results demonstrate that all coronaviruses (CoVs) account for breakout of concentrated 

pneumonia belong to genera Betacoronavirus . All severe acute respiratory syndrome-

coronavirus-2 (SARS-CoV-2) clade grouped with cluster of SARS/SARS-like CoVs, with harpy 

coronaviruses (CoVs) HKU9-1, HKU9-2 HKU9-3 and HKU9-4 as an immediate predecessor. 

The interior shared neighbors include SARS-CoV NS-1, SARS-CoV Sino1-11, SARS-CoV 

GZ02 and SARS-CoV GD01, and they were the human-infecting coronaviruses (CoVs). The 

whole genome-based phylogenetic analysis revealed that two Bat SARS-like CoVs (ZXC21 and 

ZC45) were the most affines of severe acute respiratory syndrome-coronavirus-2  (SARS-CoV-

2). Most of the inner and outer joint neighbors of severe acute respiratory syndrome coronavirus-

Figure(2): The species of severe acute respiratory syndrome coronaviruses and related diseases 

[Coronaviridae Study Group of International Committee on Taxonomy of Viruses. (2020). 

The species severe acure respiratory syndrome-related coronavirus: classifying 2019-nCoV 

and naming it SARS-CoV-2. Nature Microbiology, 5:536-544] 
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2  (SARS-CoV-2) were found to have bats as their natural pool including Bat SARS-CoV WIV1 

in Rhinolophus sinicus, Bat SARS-CoV HKU3-1, and Bat CoV HKU9-3 in Rousettus bats. In 

consequence, harpy would be proper native host of severe acute respiratory syndrome 

coronavirus-2  (SARS-CoV-2), thus probable intermediate host for transferrence cascade used by 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) from harpies to human beings 

would be the same as that utilized by other severe acute respiratory syndrome-coronavirus 

(SARS-CoV). 

 

 

 

Figure (3) shows evolutionary phylogenetic tree analysis of Coronaviruses: whole-genome 

sequences built on phylogenetic tree of coronaviruses (CoVs) was structured with maximum-

likelihood method using BEAST with GTR+I+G as nucleotide substitution model with an 

Figure(3): Evolutionary phylogenetic tree analysis of coronaviruses [Rehman S.;Shafique L.; 

Ihsan A.; Liu Q. (2020). Evolutionary trajectory for the emergence of novel coronavirus 

SARS-CoV-2. Pathogens, 9(3), 240] 
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applied posterior probability value of 0.5. Branches with different colors represent various 

genera of coronaviruses; black, alpha coronavirus, blue, beta coronavirus; red, severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2); green, delta coronavirus; purple, gamma 

coronavirus. 

In figure (4) below in part (a) it reveals concatenated multiple sequence alignments (MSAs) of 

the protein domain combination used for phylogenetic and DEmARC analyses of the 

family Coronaviridae. Shown are the locations of replicative domains reserved in 

ordert Nidovirales in relation to several other ORF1a/b-encoded domains and other main open 

reading frames (ORFs) in severe acute respiratory syndrome-coronavirus (SARS-CoV) genome. 

5d, 5 domains: nsp5A-3CLpro, two beta-barrel domains of the 3C-like protease; nsp12-NiRAN, 

nidovirus RdRp-associated nucleotidyltransferase; nsp12-RdRp, RNA-dependent RNA 

polymerase; nsp13-HEL1 core, superfamily 1 helicase with upstream Zn-binding domain 

(nsp13-ZBD); nt, nucleotide. In figure(4) below in part (b) it shows maximum-likelihood tree of 

severe acute respiratory syndrome coronavirus (SARS-CoV) was reconstructed by IQ-TREE 

v.1.6.1 using 83 sequences with best being the right evolutionary model. Thereafter, the tree was 

cleared out from most similar sequences and midpoint-rooted. Branch support was evaluated 

using the ShimodairaïHasegawa (SH)-like approximate likelihood ratio test with 1,000 

replicates. GenBank IDs for all viruses except four are shown; SARS-CoV, AY274119.3; SARS-

CoV-2, MN908947.3; SARSr-CoV_BtKY72, KY352407.1; SARS-CoV_PC4-

227, AY613950.1. Also in figure (4) below in part (c) shows an IQ-TREE maximum-likelihood 

tree of single virus representatives of thirteen species and five representatives of the 

species severe acute respiratory syndrome-related coronavirus of the genus Betacoronavirus. The 

tree is rooted with HCoV-NL63 and HCoV-229E, representing two species of the 

genus Alphacoronavirus. Purple text highlights zoonotic viruses with varying pathogenicity in 

human beings; orange text points to common respiratory viruses that circulate in human beings. 

Asterisks indicate two coronavirus species whose demarcations and names are pending consent 

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

not italicized. 

 

 

 

https://www.ncbi.nlm.nih.gov/nuccore/AY274119.3/
https://www.ncbi.nlm.nih.gov/nuccore/MN908947.3
https://www.ncbi.nlm.nih.gov/nuccore/KY352407.1
https://www.ncbi.nlm.nih.gov/nuccore/AY613950.1
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 Figure(4):Phylogeny of coronaviruses  (www.google.com) 
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At first, classification of coronaviruses (CoVs) was widely depended on serological (cross-) 

reactivities to the viral spike (S) protein, but is now built on comparative sequence analyses of 

replicative proteins. The choice of proteins and the methods used to analyze them have 

progressively evolved since the beginning of this century. The Coronaviridae Study Group 

(CSG) currently analyses 3CLpro, NiRAN, RdRp, ZBD and HEL1, two domains less than 

formerly served in analyses conducted between 2009 and 2015. Based on our current knowledge, 

these five crucial domains are only ones conserved in all viruses of order Nidovirales. They are 

thus used for classification by all International Committee on Taxonomy of Viruses (ICTV) 

nidovirus study groups (coordinated by the NSG). 

 

 Figure(5): Taxonomy of selected coronaviruses [Coronaviridae Study Group of International Committee 

on Taxonomy of Viruses. (2020). The species severe acure respiratory syndrome-related coronavirus: 

classifying 2019-nCoV and naming it SARS-CoV-2. Nature Microbiology, 5:536-544] 
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3.Origins of SARS-Coronavirus-2 

All coronaviruses (CoVs) that have caused illnesses to human beings have had animal descents-

generally either in harpies or rodents. Prior breakout of betacoronaviruses (ɓ-CoVs) in human 

beings involved direct exposing to animals other than harpies. In case of severe acute respiratory 

syndrome-coronavirus (SARS-CoV) and Middle East respiratory syndrome-coronavirus (MERS-

CoV), they were transferred directly to human beings from civet cats and dromedary camels, 

respectively. Severe acute respiratory syndrome (SARS)-related coronaviruses are enveloped by 

spike (S) proteins that contain a variable receptor-binding domain (RBD). This receptor-binding 

domain (RBD) attaches to angiotensin-converting enzyme-2 (ACE-2) receptor found in heart, 

lungs, kidneys, and gastrointestinal tract (GIT) thus easing viral entrance into target cells. On 

basis of genomic sequencing, the receptor-binding domain (RBD) of severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) seems to be a mutated version of its most closely 

related virus, RaTG13, specimened from harpies (Rhinolophus a nis). It is, therefore, thought 

that severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) also had its origin from 

harpies and, after mutating, was able to contract other animals. Mutation increased receptor-

binding domain (RBD) a nity to angiotensin-converting enzyme 2 (ACE-2) in human beings, 

but also other animals such as ferrets and Malayan pangolins (Manis javanica; a long-snouted, 

ant-eating mammal sold illegally for use in traditional Chinese medicine), but also decreased 

receptor-binding domain (RBD) a nity to angiotensin-converting enzyme 2 (ACE-2) in rodents 

and civets. Pangolin is deemed to be intermediate host of severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2). There was coming early speculation that severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) arose from a manmade manipulation of an existing 

coronavirus, but there is no proof to support such a theory. In fact, it was presumed that 

particular mutation that was found in the receptor-binding domain (RBD) of severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) is di erent to what would have been 

predicted on basis of precedingly used genetic systems. Authors, stated that ñit is currently 

impossible to prove or disprove the other theories of [the severe acute respiratory syndrome 

oronavirus-2 (SARS-CoV-2)]originò. 
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Figure(7): Origins of MERS-CoV, SARS-CoV and SARS-CoV-2 (www.google.com) 

Figure(6): Origins of SARS-CoV-2 (www.google.com) 
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4.Epidemiology 

Coronavirus disease (COVID-19) was detected in Wuhan, China, in December 2019. Epidemic 

of unbeknown acute respiratory tract infection surged in the beginning in Wuhan, China, since 

12 December 2019, possibly related to a seafood market. Several articles suggested that harpy 

may be the possible reservoir of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2). However, there is no proof yet that the source of severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) was from the seafood market. Harpies are the natural reservoir of 

a broad variety of coronaviruses (CoVs), involving severe acute respiratory syndrome- 

coronavirus (SARS-CoV)-like and Middle East Respiratory Syndrome coronavirus (MERS-

CoV)-like viruses. Upon virus genome sequencing, coronavirus disease (COVID-19) was 

analyzed throughout the genome to Bat CoV RaTG13 and exerted 96.2% thorough genome 

sequence identity, suggesting that bat coronavirus (CoV) and human severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) might partake same ancestor, although harpies are not 

obtainable for sale in this seafood market. Besides, protein sequences alignment and 

phylogenetic analysis showed that similar residues of receptor were observed in many species, 

which gave more possibility of alternate intermediate hosts, such as tortoise, pangolin and 

appetizers. Human-to-human transference of severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) is incident mainly between family members, including akins and mates who 

were in intimate contact with ill individuals or incubation carriers. It is mentioned that 31.3% of 

ill individuals recently tripped to Wuhan and 72.3% of ill individuals contacting with persons 

from Wuhan among the ill persons of nonresidents of Wuhan. Transmission between healthcare 

workers happened in 3.8% of coronavirus disease 2019 (COVID-19) sick persons, issued by the 

National Health Commission of China on 14 February 2020. On contrary, transportation of 

severe acute respiratory syndrome-coronavirus (SARS-CoV)and Middle East respiratory 

syndrome coronavirus (MERS-CoV) is documented to occur mainly through nosocomial 

transference. Contagions of healthcare workers in 33ï42% of severe acute respiratory syndrome 

(SARS) sick persons and transference between sick persons (62ï79%) was most common way of 

contagion in Middle East respiratory syndrome coronavirus (MERS-CoV) sick persons. Direct 

contract with intermediate host animals or eating wild animals was suspected to be major way of 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) transference. However, the 

https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
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source(s) and transmission routine(s) of severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) remain elusive. 

With no efficient control measures, the illness has propagated across the globe with more than 

one hundred countries reported asserted infected persons. Having realized that the number of 

new affirmed sick individuals outside China has elevated 13-folds, the World Health 

Organization eventually decided to characterize coronavirus disease (COVID-19) as a pandemic 

on 11 March 2020 and ordered member states to tabulate their emergency response mechanisms. 

5.Physicochemical Properties  

The virus particle has a diameter of 60~100 nm and takes shape round or oval. Most of data 

about physicochemical properties of coronaviruses (CoVs) comes from severe acute respiratory 

syndrome-coronavirus (SARS-CoV) and Middle East Respiratory Syndrome coronavirus 

(MERS-CoV). Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) can be 

inactivated by ultraviolet (UV) or heated at 56ǓC30min, and also sensitive to most disinfectants 

such as diethyl ether, 75% ethanol, chlorine, peracetic acid, and chloroform. It has been 

mentioned that severe acute respiratory syndrome coronavirus-2 (SARS-CoV-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 cardboard, half-life of severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) was longer than that of severe acute respiratory 

syndrome-coronavirus (SARS-CoV)and the longest viability of both viruses was on stainless 

steel and plastic. 

 

 

 

 

 

 

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/middle-east-respiratory-syndrome
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6.SARS-Coronavirus-2 Genome and Virus Cycle 

 

 

 

 

 

Figure (8) shows genomic structure and phylogenetic tree of coronaviruses (CoVs). A, 

phylogenetic tree of representative coronaviruses (CoVs), with new coronavirus 2019 nCoV 

highlighted in red. B, genome structure of four genera of coronaviruses. Pp1a and pp1b represent 

the two long polypeptides that are processed into 16 nonstructural proteins. S, E, M, and N 

indicate the four structural proteins spike, envelope, membrane, and nucleocapsid. 2019 nCoV, 

2019 novel coronavirus; CoVs, coronavirus; HE, hemagglutinin esterase. Viral names: HKU, 

coronaviruses identified by Hong Kong University; HCoV, human coronavirus; IBV, infectious 

bronchitis virus; MHV, murine hepatitis virus; TGEV, transmissible gastroenteritis virus. 

 

 

  

All coronaviruses (CoVs) are pleomorphic ribonucleic acid (RNA) viruses peculiarly containing 

crown-shape peplomers with 80-160 nm in size and 27-32 kb [making it the largest RNA 

Figure(8):The genomic structure and phylogenetic tree of coronaviruses [Chen Y.; Liu Q.; Guo D. 

(2020). Emerging coronaviruses: genome structure, replication, and pathogenesis. Journal of 

Medical Virology, 92(4):418-423] 

Figure(9): Coronavrus genome (www.google.com) 
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genome of the ribonucleic acid (RNA) virus family] and with positive polarity enclosed in a 

nucleocapsid of helical symmetry. Coronaviruses (CoVs) are viruses whose genome structure is 

best known among all ribonucleic acid (RNA) viruses. Coronaviruses (CoVs) have an 

unsegmented, single-stranded (ss) positive-sense ribonucleic acid (RNA) genome. Human 

coronavirus (CoV) particles are usually globular and decorated with large (~20 nm), club- or 

petal-shaped surface projections [the peplomers or spikes (S)], which confer an image looking 

like the solar crown or corona on electron micrographs of infected tissues and hence to the 

family name. Coronaviruses (CoVs) genomes are usually composed of a 5'-methylguanosine cap 

at beginning, a 3'-poly-A tail at end, and in between there are 6-10 genes. It is shown that 

genome of coronaviruses (CoVs) has a varying number (6ï11) of open reading frames (ORFs). 

The order of their genes is typically highly conserved, with ýrst one being replication-and 

transcription-related, and the rest, structural. The 5ô-most gene of the coronavirus (CoV) 

genome, gene1, lodges about two-thirds of the genome and is composed of two large overlapping 

open reading frames (ORFs), open reading frame 1a (ORF1a) and open reading frame 1b 

(ORF1b), with a ribosomal frameshifting signal at the junction of the two open reading frames 

(ORFs). The first open reading frames (ORFs) of coronaviruses (CoVs), open reading frame 1a/b 

(ORF1a/b), encode 16 nonstructural proteins (nsps) [nonstructural proteins (nsp1 16)], 

except Gammacoronavirus that lacks nonstructural protein 1 (nsp1). There is a ī1 frameshift 

between open reading frame 1a (ORF1a) and open reading frame 1b (ORF1b), leading to 

production of two polypeptides: polyprotein 1a (pp1a) and polyprotein 1b (pp1ab). Two-thirds of 

viral ribonucleic acid (RNA), principally found in the first open reading frame (ORF) [open 

reading frame 1a/b (ORF1a/b)] translates two polyproteins, polyprotein 1a (pp1a) and 

polyprotein 1b (pp1ab), and encodes 16 non-structural proteins (nsp), while the remaining open 

reading frames (ORFs) encode accessory and structural proteins. The remaining part 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 proteins, that interfere with host innate immune response (IIR). Main genomic 

encoded proteins of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) are alike to 

severe acute respiratory syndrome- coronaviruses (SARS-CoVs), as well as present particular 

differences. At protein level, there are no amino acid (AA)  substitutions that occurred in nsp7, 

nsp13, envelope (E), matrix (M), or accessory proteins p6 and 8b, except in nsp2, nsp3, spike (S) 
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protein, underpinning subdomain, i.e., receptor-binding domain (RBD). Another research 

supposed that mutation in nonstructural proteins nsp2 and nsp3 participate in infectious 

capability and differentiation mechanism of severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2). The genotypes of coronavirus disease 2019 (COVID-19) were analyzed in 

different sick persons from different districts and revealed that severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) had been mutated in various sick persons in China. Genome 

alterations coming from recombination, gene exchange, gene insertion, or deletion are usual 

amongst coronaviruses (CoVs), and this will occur in time ahead breakouts as in previous 

pestilences. Recombination percents of coronaviruses (CoVs) are very high because of on and on 

developing transcription errors and RNA dependent RNA polymerase (RdRP) leapings. It was 

conducted a population genetic analyses of 103 severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) genomes and classified out two prevailing development types of severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2), L type (~70%) and S type (~30%). Strains 

in L type, derived from S type, are developmentarily more antagonistic and infectious. Thus, 

virologists and epidemiologists need to closely keep an eye on novel coronavirus, in order to 

investigate virulence and pestilence. First step in virus infection is interaction of sensitive human 

cells with spike (S) protein. Genome encoding happens after entering to cell and eases 

expression of genes, that encode necessary accessory proteins, which progress adaptability of 

coronaviruses (CoVs) to their human host.  

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) single-stranded RNA (ssRNA) 

genome possesses 29891 nucleotides, encoding for 9860 amino acids (AAs). Severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2)genome is of 29.891 kb long, with a G + C 

content of 38%. These viruses are enclosed  with an envelope containing viral nucleocapsid. 

Nucleocapsids in coronaviruses (CoVs) are ordered in  helical coordination, which reflects an 

odd attribute in positive-sense ribonucleic acid (RNA) viruses. Electron micrographs of severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) revealed a disclosing 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 virus a semblance of a solar crown. Genome of severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) is similar to ordinary coronaviruses (CoVs) 

and possesses at least ten open reading frames (ORFs). The initial open reading frames (ORFs) 

open reading frame 1a/b (ORF1a/b), about two-thirds of viral ribonucleic acid (RNA), are 
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translated into two large polyproteins. In severe acute respiratory syndrome-coronavirus (SARS-

CoV), two polyproteins, polyprotein 1a (pp1a) and polyprotein 1ab (pp1ab), are processed into 

16 non-structural proteins (nsp1-nsp16), which construct viral replicase transcriptase complex 

(RTC). Those nonstructural proteins (nsps) rearrange membranes arising from rough 

endoplasmic reticulum (RER) into double-membrane vesicles where viral replication and 

transcription happen. Other open reading frames (ORFs) of severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) on the one-third 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 viruses (CoVs) share resemblances in organization and expression of their 

genome, in which 16 non-structural proteins (nsps) (nsp1 through nsp16), encoded by open 

reading frame(ORF) 1a/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' end. Coronaviruses (CoVs) genome is ordered  linearly as 5ǋ-leader-untranslated 

region (UTR)-replicase-structural genes-(S-E-M-N)-3ǋ untranslated region (UTR)-poly (A). 

Accessory genes such as 3a/b, 4a/b, hemagglutinin-esterase gene (HE) are also recognized  

mingled within structural genes. Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2) has also been found to be  ordered the same and encodes several accessory proteins. Main 5ô 

end is lodged by open reading frame 1a/b (ORF1a/b), which produces 16 nonstructural proteins 

(nsps). The two  polyproteins, polyprotein 1a (pp1a) and polyprotein 1ab (pp1ab), are primarily 

produced from open reading frame 1a/b (ORF1a/b) by a -1 frameshift  between open reading 

frame 1a (ORF1a) and open reading frame 1b (ORF1b). Viral encoded proteases split 

polyproteins into particular nonstructural proteins (nsps) [main protease (Mpro), chymotrypsin-

like protease (3CLpro), and papain- like protease (PLPs)]. Noticeably, a variety between severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) and other coronaviruses (CoVs) is  the 

identification of a novel short assumed protein within open reading frame 3b (ORF3b), and a 

secreted protein with  an alpha helix and beta-sheet with six strands encoded by open reading 

frame 8 (ORF8).   

As mutation percents in replication of ribonucleic acid (RNA) viruses are much higher than that 

of deoxyribonucleic acid (DNA) viruses, genomes of ribonucleic acid (RNA) viruses are often 
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less than 10kb in length. However, coronavirus (CoV) genome is much larger, with roughly 30kb 

in length, the largest recognized ribonucleic acid (RNA) viruses. Conservation of such a large 

genome of coronaviruses (CoVs) may be attributable to certain features of coronavirus (CoV) 

replication/transcription complex (RTC), which contains several ribonucleic acid (RNA) 

processing enzymes such as the 3ǋ 5ǋ exoribonuclease of nonstructural protein 14 (nsp14). The 

3ǋ 5ǋ exoribonuclease is specific to coronaviruses (CoVs) between whole ribonucleic acid (RNA) 

viruses, possibly giving a proofreading function of the replication/transcription complex (RTC).  

Sequence analysis demonstrates that severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) possesses a model genome structure of coronavirus (CoV) and belongs to cluster of 

betacoronaviruses (ɓ-CoVs) that involves Bat SARS like (SL) ZC45, Bat SL ZXC21, severe 

acute respiratory syndrome coronavirus (SARS CoV), and Middle East respiratory syndrome 

coronavirus (MERS CoV). On the basis of phylogenetic tree of coronaviruses (CoVs), severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is more relatively related to bat SL

CoV ZC45 and bat SL CoV ZXC21 and more far related to severe acute respiratory syndrome-

coronavirus (SARS-CoV). 

 

 

 

 

 

 

 

 

 

 

 

Figure(10): Genomic structure of 2019-nCoV (SARS-CoV-2) (www.google.com) 



31 
 

 

 

 

 

 

 

 

 

Figure(11):SARS-like coronaviruses genomic structure (www.google.com) 
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Figure(12): SARS-CoV-2 genome (www.google.com) 

Figure(13):Structure of Human Coronavirus [Korsman S. (2012). Virology, Pub Churchill Livingtone]  
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Severe acute respiratory syndrome-coronavirus (SARS-CoV) genome has an enveloped, single, 

positive-stranded ribonucleic acid (ssRNA) genome that encodes four major viral structural 

proteins, namely spike (S), envelope (E), membrane (M), and nucleocapsid (N) proteins, that 

follow typical gene order [5' -replicase (rep gene), spike (S), envelope (E), membrane (M), 

nucleocapsid (N)-3'] with short untranslated loci at both endings. 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, 11 on one-third of 

the genome near 3ô-terminus. Some of these proteins subject to glycosylation in Golgi apparatus 

to produce glycoproteins.Viral membrane contains spike (S), envelope (E), and membrane (M) 

proteins, and spike (S) protein functions a vital actual role in viral enterance.  

Besides these main structural proteins, different coronaviruses (CoVs) encode particular 

structural and accessory proteins, such as hemagglutinin-esterase (HE) protein, 3a/b protein, and 

Figure(14): SARS-CoV-2 structure (www.google.com) 
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4a/b protein. These mature proteins are accountable for some notable functions in genome 

conservation and virus replication. 

Replicase (rep) gene encodes the non-structural protein (nsp) and exemplifies nearly two-thirds 

of genome at 5' end. In detail, spike (S) protein is in charge of receptor-binding and subsequent 

viral enterance into host cells, and is therefore a primary therapeutic target. Membrane (M) and 

envelope (E) proteins function notable roles in viral collection, and nucleocapsid (N) protein is 

vital for ribonucleic acid (RNA) synthesis.  

According to recent research, a spike (S) mutation, which possibly happened in late November 

2019, provoked leaping to humans. In particular, authors in a significant study compared severe 

acute respiratory syndrome-coronavirus-2 (SARS-Cov-2) gene sequence with that of severe 

acute respiratory syndrome-coronavirus (SARS-Cov). They analyzed transmembrane helical 

parts in open reading frame 1ab (ORF1ab) encoded 2 nonstructural protein 2 (nsp2) and 

nonstructural protein 3 (nsp3) and demonstrated that site 723 presents a serine (Ser) instead of a 

glycine (Gly) residue, while site 1010 is lodged by proline (Pro) instead of isoleucine (Ile). State 

of viral mutations is guide for interpretting probable illness falls. 

Comparing genome of severe acute respiratory syndrome-coronavirus-2 (SARS-Cov-2) with that 

of exceedingly related severe acute respiratory syndrome/severe acute respiratory syndrome-like 

coronavirus (SARS/SARS- like CoV) showed that sequence coding for spike (S) protein with a 

total length of 1,273  amino acids (AAs) indicated 27 amino acid (AA) exchanges. Six of these 

exchanges are in locus of receptor binding domain (RBD), and another six exchanges are in 

underpinning  subdomain (SD). 

Trimers of spike (S) protein constitute spikes of severe acute respiratory syndrome-coronavirus 

(SARS-CoV) and provide the formation of a 1255-amino-acids (AAs)-length surface 

glycoprotein precursor. Most of protein and amino terminus are positioned on outside of virus 

particle or cell surface. Predictable construction of spike (S) protein comprises four sites: a signal 

peptide situated at N terminus from amino acids (AAs) 1 to 12, an extracellular domain from 

amino acids (AAs) 13 to 1195, a transmembrane domain from amino acids (AAs) 1196 to 1215, 

and an intracellular domain from amino acids (AAs) 1216 to 1255. Proteases such as factor Xa, 

trypsin, and cathepsin L split severe acute respiratory syndrome-coronavirus (SARS-CoV) spike 
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(S) protein into two subunits, S1 and S2 subunits. Minimum receptor-binding domain (RBD) 

situated in S1 subunit (amino acids 318ï510) can attach host cell receptor, angiotensin 

converting enzyme 2 (ACE2), a transmembrane receptor which is broadly expressed in lung, 

heart, kidney and gastrointestinal (GI) tissue. Human serine protease transmembrane protease, 

serine2 (TMPRSS2) is capable of priming spike (S) protein of both severe acute respiratory 

syndrome-coronavirus (SARS-CoV) and severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2), and angiotensin-converting enzyme 2 (ACE2) is regarded a receptor for 

enterance of these two viruses. The features of cellular receptor angiotensin-converting enzyme 2 

(ACE2) can also interpret pathogenesis characteristics of severe acute respiratory syndrome-

coronavirus (SARS-CoV) and severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2). 

It has been revealed that attachment of viral spike (S) protein to angiotensin-converting enzyme 

2 (ACE2) promotes a negative feedback loop that eventually results in downregulation of 

angiotensin-converting enzyme 2 (ACE2). Decrease of angiotensin-converting enzyme 2 (ACE2) 

thereafter orients its substrate angiotensin I towards its related enzyme, angiotensin-converting 

enzyme 2 (ACE2). Increased angiotensin-converting enzyme 2 (ACE2) activity consequently 

results in elevated concentrations of angiotensin II. Once angiotensin II binds to its receptor, 

angiotensin II receptor, type 1a (AGTR1A), pulmonary vascular permeability is elevated. 

Receptor-binding domain (RBD) shows a concave surface during interaction with the receptor. 

The entire receptor-binding loop, called the receptor-binding motif (RBM) (amino acids 424ï

494), is situated on receptor-binding domain (RBD) and is accountable for full  attachment with 

angiotensin-converting enzyme 2 (ACE2). Of importance, two residues in the receptor-binding 

motif (RBM) at sites 479 and 487 specify progression of the severe acute respiratory syndrome 

(SARS) illness and tropism of severe acute respiratory syndrome-coronavirus (SARS-CoV). 

Studies using civets, mice, and rats indicated that any substitution in these two residues might 

enhance animal-to-human or human-to-human transference and ease effective cross-species 

contagion. The S2 subunit mediates fusion between severe acute respiratory syndrome 

coronavirus (SARS-CoV) and target cells, and involves heptad repeat 1 (HR1) and heptad repeat 

2 (HR2) domains, whose heptad repeat 1 (HR1) locus is longer than heptad repeat 2 (HR2) locus.  

Severe acute respiratory syndrome-coronavirus (SARS-CoV) spike (S) protein function actual 

roles in viral contagion and pathogenesis. The S1 subunit recognizes and attaches host receptors, 

and thereafter conformational modification in S2 subunit mediate binding between viral 
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envelope and host cell membrane. Receptor-binding domain (RBD) in S1 subunit is accountable 

for virus attachment to host cell receptors. Angiotensin converting enzyme 2 (ACE2) is a active 

receptor for severe acute respiratory syndrome-coronavirus (SARS-CoV) that makes contact 

with 14 amino acids (AAs) in the receptor-binding domain (RBD) of severe acute respiratory 

syndrome-coronavirus (SARS-CoV) among its 18 residues. Receptor-binding domain (RBD) in 

S1 subunit is accountable for virus attachment to host cell receptors. Locus R453 in receptor-

binding domain (RBD) and locus K341 in angiotensin converting enzyme 2 (ACE2) play 

requisite roles in complex formation. Further, N479 and T487 in receptor-binding domain (RBD) 

of spike (S) protein are indispensable loci for affinity with angiotensin-converting enzyme 2 

(ACE2), and R441 or D454 in receptor-binding domain (RBD) influences antigenic construction 

and binding activity between receptor-binding domain (RBD) and angiotensin-converting 

enzyme 2 (ACE2). From a pre-fusion construction to a post-fusion construction, attachment of 

receptor-binding domain (RBD) in S1 subunit to receptor angiotensin converting enzyme 2 

(ACE2) induces a fixed change in S2. In accordance, the proposed fusion peptide (amino acids 

770ï788) constructs in target cell membrane of host. Meanwhile, a six-helix bundle fusion core 

construction is constituted by heptad repeat 1 (HR1) and heptad repeat 2 (HR2) domains for 

letting viral envelope and target cell membrane be into nearby vicinity and contributing to 

attachment. Furthermore, severe acute respiratory syndrome-coronavirus (SARS-CoV) displays 

an alternative method of fusing to host cell via other probable receptors. Dendritic cell-specific 

intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) and/or liver/lymph node- 

specific intercellular adhesion molecule-3-grabbing non-integrin (L-SIGN) are two examples of 

such receptors. Seven residue positions, at loci 109, 118, 119, 158, 227, 589, and 699 of spike 

(S) protein displaying asparagine (Asn)-linked glycosylation are fundamental for dendritic cell-

specific intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN)or liver/lymph 

node- specific intercellular adhesion molecule-3-grabbing non-integrin (L-SIGN)-mediated virus 

enterance. These residues, not like those of angiotensin-converting enzyme 2 (ACE2)-binding 

domain, serve independently of angiotensin-converting enzyme 2 (ACE2). 
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In figure(15): the construction of spike (S) protein is shown beneath genome organization. Spike 

(S) protein primarily contains S1 and S2 subunits. The residue numbers in each locus exemplify 

their situations in spike (S) protein of severe acute respiratory syndrome coronavirus (SARS-

CoV). The S1/S2 cleavage sites are highlighted by dotted lines. SARS-CoV, severe acute 

respiratory syndrome coronavirus; CP, cytoplasm domain; FP, fusion peptide; HR, heptad repeat; 

RBD, receptor-bonding domain; RBM, receptor-binding motif; SP, single peptide; TM, 

transmembrane domain. 

 

Figure(15): Schematic representation of the genome organization and functional domains of S 

protein for SARS-CoV [Song Z.; Xu Y.; Bao L.; Zhang L.; Yu P.; Qu Y.; Zhu H.; Zhao W.; Han 

Y.; Qin C. (2019). From SARS to MERS, thrusting coronaviruses into the spotlight. Viruses, 11, 

59] 



38 
 

 

 

 

 

In figure (16): part (A): severe acute respiratory syndrome-coronavirus (SARS-CoV) enters into 

target cell majorly through endosomal membrane fusion (left side) and alternatively via plasma 

membrane fusion (right side); in part (B): fusion core structure formed by heptad repeat 1 (HR1) 

and heptad repeat 2 (HR2) domains in severe acute respiratory syndrome-coronavirus (SARS-

CoV) spike (S) protein; Fusion core is a six-helix bundle (6-HB) with three heptad repeat 2 

(HR2) Ŭ-helices packed in an oblique antiparallel manner against hydrophobic grooves on 

surface of central heptad repeat 1 (HR1) trimer. 

 

Figure(16):The models of SARS-CoV entry into the target cell[Zhu X.; Liu Q.; Du L.; Lu L.; 

Jiang S. (2013). Receptor-binding domains as a target for developing SARS vaccines. Journal of 

Thoracic Disease, 5(Supplement2). 
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Identical to other betacoronaviruses (ɓ-CoVs), severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) virion possesses a nucleocapsid composed of genomic ribonucleic acid (RNA) 

and phosphorylated nucleocapsid (N) protein. The nucleocapsid is inhumed inside phospholipid 

bilayers and covered by two various types of spike (S) proteins: spike glycoprotein 

trimmer(S)that is present in all coronaviruses (CoVs), and hemagglutinin-esterase (HE) only 

shared among some coronaviruses (CoVs). Nucleocapsid protein (N) proteins attaches viral 

genome in beads on a string type structure. The N protein of coronavirus (CoV) is multipurpose. 

Two viral proteins have been shown to attach to coronavirus 5ǋUTR, nucleocapsid (N) 

protein and nonstructural protein 1 (nsp1). Amongst different functions, nucleocapsid N protein 

takes part  in complex formation with viral genome, eases membrane (M) protein interaction 

necessary during  virion collection, and enhances transcription efficacy of virus. It plays an 

important role in virion construction, replication and transcription of coronaviruses (CoVs), 

because nucleocapsid (N) protein situates in both replication/ transcriptional region of 

coronaviruses (CoVs) and endoplasmic reticulum (ER)-Golgi intermediate compartment 

(ERGIC) site where the virus is accumulated. This protein probably supports binding viral 

genome to replicase-transcriptase complex (RTC), and thereafter packs encapsulated genome 

into viral particles. It contains three  highly conserved and distinguished domains, called an N-

terminal domain (NTD), RNA-binding  domain or a linker region (LKR), and a C-terminal 

domain (CTD). N proteins contain two constructionally independently ribonucleic acid (RNA) 

binding domains, the N-terminal RNA binding domain (NTD) and a C-terminal domain (CTD, 

residues (256ï385) which also has ribonucleic acid (RNA) binding activity, joined by a charged 

linker region rich in serine (Ser) and arginine (Arg) residues (SR linker).N-terminal RNA 

binding domain (NTD)  creates a particular and high affinity complex with the transcription-

regulating sequence (TRS) or its complement transcription-regulating sequence (cTRS) and 

completely unwinds a transcription-regulating sequence (TRS)- complement transcription-

regulating sequence (cTRS) (TRS-cTRS) duplex that serves a critical role in subgenomic 

ribonucleic acid (sgRNA) synthesis and other processes necessitating ribonucleic acid (RNA) 

rebuilding. In addition a study revealed that N3 domain (residues 409ï454) which extends to the 

true C-terminus of N protein serves a role in specifying N-membrane protein interaction in 

murine hepatitis virus (MHV). A study showed that N-terminal RNA binding domain (NTD)- 

transcription-regulating sequence (TRS) (NTDïTRS) interaction includes N residues R125, 
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Y127, and Y190 and anchors adenosine-rich region in the 3ǋ end of the transcription-regulating 

sequence ribonucleic acid (TRS RNA) to ɓ-platform of N and that this interaction is necessary 

for effective subgenomic ribonucleic acid (sgRNA) production. N-terminal RNA binding domain 

(NTD) attaches 3' end of the viral genome, possibly through electrostatic interactions, and is 

highly  differed both in length as well as sequence. Charged linker region (LKR), as mentioned, 

serine (Ser) and arginine (Arg)- rich, is also known as SR (Serine and Arginine) domain. Linker 

region (LKR) is capable of  direct interaction with in vitro ribonucleic acid (RNA) interaction 

and is also accountable for cell signaling. It is reported that nucleocapsid (N) protein can attach 

nonstructural protein 3 (nsp3) protein in order to support tethering genome to 

replication/transcription complex (RTC), and pack encapsidated genome into virions. It serves a 

recognizable role in virion build, replication and transcription of coronaviruses (CoVs), because 

nucleocapsid (N) protein situates in both replication/ transcriptional region of coronaviruses 

(CoVs) and endoplasmic reticulum (ER)-Golgi intermediate compartment (ERGIC) region 

where virus is accumulated. It has also been proposed that nucleocapsid (N) protein binding to 

leader transcription regulating sequence (TRS-L) approves translation of viral viral ribonucleic 

acids (RNAs). Nucleocapsid (N) modulates antivairal response of host as it functions as an 

antagonist of interferon (IFN) and viral encoded repressor of ribonucleic acid (RNA) 

interference, which appears to be of benefit for viral replication. In comparison to severe acute 

respiratory syndrome-coronavirus (SARS-CoV), nucleocapsid (N) protein of severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) possess five amino acid (AA) mutations, 

where two are in intrinsically dispersed region (IDR, 25 and 26 positions), one each in N-

terminal RNA binding domain (NTD) (103 position), linker region (LKR) (217 position) and C-

terminal domain (CTD) (334 position). 

Coronaviruses (CoVs) envelope (E) protein is the most enigmatic and smallest among the major  

structural proteins. Envelope (E) glycoproteins are small proteins that are consisted of about 76 

to 109 amino acids (AAs). Approximately 30 amino acids (AAs) in N-terminus of envelope (E) 

proteins give binding to membrane of viruses. Coronavirus envelope (E) protein is found in 

small amounts within the virus. It is most probable a transmembrane protein and with ion 

channel activity. It is a small integral membrane polypeptide that serves as viroporin  (ion-

channel). The protein eases gathering and release of the virus and has other vital acts such as ion 

channel activity. It is not necessary for viral replication but it is for pathogenesis. Amongst 
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functions of constructional proteins, envelope (E) protein has a crucial role in virus pathogenicity 

as it induces viral collection and release. Inactivation or absence of this protein is attributable to 

altered virulence of  coronaviruses (CoVs) due to changes in morphology and tropism. Envelope 

(E) protein is composed of three  domains, namely short hydrophilic amino-terminal, a large 

hydrophobic transmembrane domain, and an excellent C terminal domain. The severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) envelope (E) protein  reveals a similar 

amino acid (AA) construction without any interchange. 

All envelope (E) proteins and nucleocapsid (N) protein are present in all virions but 

hemagglutinin (HE) is only found in some beta coronaviruses. In addition to that, it is thought 

the virus particles are bunched together owing to interaction between these proteins. 

Membrane protein (M) is most copious building protein. Membrane (M) proteins are 

glycosylated in Golgi apparatus. Modification of membrane (M) protein is crucial for the virion 

to fuse into cell and to create protein antigenic. Membrane (M) protein serves a guide role in 

regenerating virions in cell. It does not contain signal sequence and is found as a dimer in the 

virion. It may have two various figures to promote membrane curvature as well as attach to 

nucleocapsid. Nucleocapsid (N) protein constitutes a complex by binding to genomic ribonucleic 

acid (RNA) and membrane (M) protein provokes making of interacting virions in this 

endoplasmic reticulum-Golgi apparatus intermediate compartment (ERGIC) with this complex. 

Membrane (M) glycoprotein spans membrane bilayer three times, leaving a short NH2-terminal 

domain outside virus and a long COOH terminus (cytoplasmic domain) inside virion. 

Coronaviruses (CoVs) membrane (M) proteins are highly diverse  in accordance to amino acid 

(AA) constituents but conserve overall structural similarity within different genera. Membrane 

(M) protein has three transmembrane domains, flanked by short amino- terminal outside virion, 

and a long carboxy-terminal inside virion. Membrane (M) protein three transmembrane domains 

configure virions, promote membrane curvature, and attaches to nucleocapsid. As a whole,  viral 

scaffold is kept by membrane-membrane (M-M) interaction. Between envelope (E) proteins exist 

a molecular interaction that probably particulates construction and constitution of coronaviral 

membrane. Membrane (M) protein plays a predominant role in intracellular synthesis of virus 

particles without requiring spike (S) protein. In the presence of tunicamycin coronavirus (CoV) 

grows and produces spikeless, noninfectious virions that contain membrane (M) protein but 
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devoid spike (S) protein. Membrane (M) protein acts as a central organizer of coronavirus (CoV) 

collection. To the note, membrane (M) protein of severe acute respiratory syndrome coronavirus-

2 (SARS-CoV-2) does not have any amino acid (AA) exchange in comparison to severe acute 

respiratory syndrome-coronavirus (SARS-CoV). 

Hemagglutinin-esterase dimer protein (HE) is detected in a subset of betacoronaviruses (ɓ-

CoVs). The protein attaches to sialic acids (derivatives of neuraminic acid) on surface 

glycoproteins. The protein vitalities are thought to promote spike (S) protein-mediated cell 

enterance and virus disperse through mucosa. 

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

of coronaviruses (CoVs). da Silva et al. (2020)  used several calculation tools to analyze open 

reading frame (ORF) 1a and 1b of severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2). Authors record that ORF1a/b comprises about two thirds of viral genome and codes for 

16 nonstructural proteins (nsp1 16) and they interpret that there is a ī1 frameshift between 

ORF1a and ORF1b, leading to production of two polypeptides (pp1a and pp1ab), which are 

further processed by viral-encoded proteases into 16 nonstructural proteins (nsp). Severe acute 

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

3b, p6, 7a, 7b, 8b, 9b, and orf14). All these proteins function a particular role in viral replication. 

Several accessory proteins interfere with host innate immune response (IIR). Severe acute 

respiratory syndrome-coronavirus (SARS-CoV)possesses five and eight accessory proteins, 

respectively, which might support the virus to devoid immune system by being mischievous to 

innate immune response (IIR). Difference in respect to  accessory proteins with severe acute 

respiratory syndrome-coronavirus (SARS-CoV), severe acute respiratory syndrome-coronavirus-

2 (SARS-CoV-2)(2019-nCoV) does not contain 8a protein  and longer 8b, and shorter 3b 

proteins. Nonstructural protein 7 (nsp7), nonstructural protein 13 (nsp13), envelope (E), matrix 

(M), or accessory proteins p6 and 8b have not been realized with any amino acid (AA)  changes 

in comparison to  coronaviruses (CoVs).  

Coronavirus (CoV) messenger ribonucleic acid 1 (mRNA 1), which is genome length, containing 

two overlapping reading frames (ORFs),i.e.,  open reading frame 1a (ORF1a) and open reading 

frame 1b (ORF1b), orients synthesis of two precursor polyproteins, i.e., polyprotein 1a (pp1a) 

and polyprotein 1ab (pp1ab), via a ī1 frameshifting machinery involving a pseudoknot 
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construction. Polyproteins are then processed by two or three virus-encoded [in open reading 

frame 1a (ORF1a)] proteinase domains to develop a membrane-bound replicase-transcriptase 

complex (RTC). Two large precursor polyprotein 1a (pp1a) and polyprotein 1ab (pp1ab) are 

processed by open reading frame 1a (ORF1a)-encoded viral proteinases, papain-like proteinase 

(PLpro) and 3C-like proteinase (3CLpro), into 16 mature nonstructural proteins [nsp1-nsp16, 

numbered according to their order from the N-terminus to the C-terminus of the open reading 

frame 1 (ORF1) polyproteins].In accordance to proteolytic processing, frameshifted open reading 

frame 1ab (ORF 1ab) polypeptide generates 15ï16 nonstructural proteins, many of which are 

included in either ribonucleic acid (RNA) synthesis or proteolytic processing necessary for viral 

replication: nonstructural protein1-nonstructural protein11 (nsp1ïnsp11) encoded in open 

reading frame 1a (ORF 1a) and nonstructural protein12-nonstructural protein16 (nsp12ïnsp16) 

encoded in open reading frame 1b (ORF1b). Open reading frame 1a (ORF 1a) encodes three 

protease domains, one or two papain-like domains in nonstructural protein 3 (nsp3) depending on 

particular coronavirus (CoV), and one picornavirus 3C-like domain in nonstructural protein 5 

(nsp5). Nonstructural protein 8 (nsp8) in open reading frame 1a (ORF 1a) contains a 

second RNA-dependent RNA polymerase (RdRp) domain that is proposed to act as 

a primase and synthesize primers utilized by primer-dependent nonstructural protein 12 RNA-

dependent RNA polymerase  (nsp12 RdRp). Open reading frame 1b (ORF 1b) encodes an RNA-

dependent RNA polymerase (RdRp) core unit in nonstructural protein 12 (nsp12) [although a 

differed number of nucleotides (nts) of nonstructural protein 12 (nsp12) coding sequence locates 

within open reading frame 1a (ORF 1a), depending on particular virus], a superfamily 

1 helicase in nonstructural protein 13 (nsp13), an exonuclease and N-methyltransferase in 

nonstructural protein 14 (nsp14), an endoribonuclease in nonstructural protein 15 (nsp15), and an 

S-adenosylmethionine-dependent 2ǋ-O-methyl transferase in nonstructural protein 16 (nsp16). 

Enzymatic activities of the exonuclease, endoribonuclease and S-adenosylmethionine-dependent 

2ǋ-O-methyl transferase encoded by nonstructural protein (nsp)14, 15 and 16 are particular to 

Nidoviruses. Many of nonstructural proteins (nsps) perform essential functions in viral 

ribonucleic acid (RNA) replication and transcription. Besides RNA-dependent RNA polymerase 

(RdRp), helicase and proteases, some of nonstructural proteins (nsps) are ribonucleic acid 

(RNA)-processing enzymes such as poly (U)-specific endoribonuclease, 3'-5' exoribonuclease, 

ribose 2'-0 methyltransferase, adenosine diphosphate-ribose-1"-phosphatase and cyclic 
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nucleotide phosphodiesterase. The enzymatic activities and the functional domains of many of 

these fundamental nonstructural proteins (nsps) are predicted to be kept between different genera 

of coronaviruses (CoVs), indicating their noticeability in viral replication. In addition to these 

nonstructural proteins (nsps) with described actions, there are several nonstructural proteins 

(nsps) whose biological servings and roles in coronavirus (CoV) life cycle still remain to be 

illucidated.  

While nonstructural protein3-nonstructural protein16 (nsp3-nsp16) from different coronavirus 

(CoV) genera share several protected functional domains, N-terminal region of open reading 

frame 1 (ORF1) polyprotein, primarily nonstructural protein 1 (nsp1) sequence, is highly differed 

amongst coronaviruses (CoVs). Nonstructural protein 1 (nsp1) is most N-terminal cleavage yield 

released from open reading frame 1a (ORF1a) polyprotein by activity of papain-like proteinase 

(PLpro). In severe acute respiratory syndrome-coronavirus (SARS-CoV), papain-like proteinase 

(PLpro)ïmediated cleavage at consensus cleavage site LXGG in open reading frame 1a (ORF1a) 

polyprotein liberates comparable nonstructural protein 1 (nsp1) and nonstructural protein 2 

(nsp2)  as 20-KDa and 70-KDa proteins, respectively. Severe acute respiratory syndrome-

coronavirus (SARS-CoV) nonstructural protein 1 (nsp1) is positioned exclusively in cytoplasm 

of virus-infected cells. Severe acute respiratory syndrome-coronavirus (SARS-CoV) 

nonstructural protein 1 (nsp1) also attaches to a stem-loop structure, SL1, in 5' untranslated 

region (5'UTR) of severe acute respiratory syndrome-coronavirus (SARS-CoV) genome and it 

has suggested that this interaction enhances virus replication. Using transient gene expression in 

mammalian cells, severe acute respiratory syndrome-coronavirus (SARS-CoV) nonstructural 

protein 1 (nsp1) was initial coronavirus (CoV) nonstructural protein1 (nsp1) that was shown to 

block expression of reporter gene under control of constitutive promoters as well as inducible 

interferon-beta (IFN-ɓ) promoter. A study by Tanaka et al. (2012) suggested that a particular 

interaction of nonstructural protein1 (nsp1) with 5' untranslated region (5'UTR) of severe acute 

respiratory syndrome-coronavirus (SARS-CoV) messenger ribonucleic acid (mRNA) conserves 

viral messenger ribonucleic acids (mRNAs) from nonstructural protein 1 (nsp1)-mediated 

translational shutoff in severe acute respiratory syndrome-coronavirus (SARS-CoV)-infected 

cells. In addition, the researchers speculated that nonstructural protein 1 (nsp1) stimulates viral 

protein synthesis and viral ribonucleic acid (RNA) replication through this interaction because 

this influence was not observed with a mutated nonstructural protein 1 (nsp1) protein, carrying 
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R124A mutation that abolished its interaction with the 5' untranslated region (5' UTR) of viral 

messenger ribonucleic acid (mRNA). In the study by Tanaka et al. (2012), nonstructural protein 

1 (nsp1)-mediated enhancement of viral protein synthesis could be an indirect consequence of 

decay of host messenger ribonucleic acids (mRNAs), provoked by nonstructural protein 1 (nsp1) 

but not by nonstructural protein 1 (nsp1)R124A mutant, that would eliminate the competition 

between viral and host messenger ribonucleic acids (mRNAs) for finite amounts of 

translationally-competent 40S subunits, thereby tiling balance in favor of viral messenger 

ribonucleic acid (mRNA) translation. Furthermore, nonstructural protein 1 (nsp1)-induced 

deterioration of host messenger ribonucleic acids (mRNAs) could also liberate translation 

initiation factors from host messenger ribonucleic acids (mRNAs) that can be utilized by intact 

viral messenger ribonucleic acids (mRNAs) in severe acute respiratory syndrome-coronavirus 

(SARS-CoV)-infected cells. Therefore, it is believable that split of host messenger ribonucleic 

acids (mRNAs) by nonstructural protein1 (nsp1) and resistance of viral messenger ribonucleic 

acids (mRNAs) to nonstructural protein1 (nsp1)-induced ribonucleic acid (RNA) split are 

strategies that severe acute respiratory syndrome-coronavirus (SARS-CoV) could have 

developed to compensate for blocking of viral messenger ribonucleic acid (mRNA) translation 

by nonstructural protein1 (nsp1) thereby easing production of viral proteins in severe acute 

respiratory syndrome-coronavirus (SARS-CoV)-infected cells. 

Pathophysiology and virulence mechanics of coronaviruses (CoVs), and therefore also of severe 

acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) have links to function of nonstructural 

proteins (nsps) and structural proteins. For instance, research underlined that nonstructural 

protein (nsp) is able to block host innate immune response (IIR).  

Among four coronavirus (CoV) genera, only alpha-coronavirus (Ŭ-CoVs) and beta-coronaviruses 

(ɓ-CoVs) encode nonstructural protein1 (nsp1), whereas gamma-coronaviruses (ɔ-CoVs) and 

delta-coronaviruses (ŭ-CoVs) lack nonstructural protein1 (nsp1) and thus, their gene1 encode 

only 15nonstructural proteins (nsps) (nonstructural protein2-nonstructural protein16) (nsp2-

nsp16). Nonstructural protein1 (nsp1) of alpha-coronaviruses (Ŭ-CoVs) share no considerable 

sequence resemblance with beta-coronavirus (ɓ-CoV) nonstructural protein1 (nsp1) and their 

sizes are also differed. On the basis of comparative sequence analysis of the genomes of different 
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coronaviruses (CoVs), nonstructural protein1 (nsp1) could be considered as one of the genus-

specific markers.  

Severe acute respiratory syndrome-coronavirus (SARS-CoV) is a single, nonsegment and 

positive-stranded ribonucleic acid (RNA) virus with envelope. Its genomic ribonucleic acid 

(RNA) is composed of 29,736 nucleotides, two thirds of its 5'-encoding nonstructural ribonucleic 

acid (RNA) replicase polyprotein and one third of its 3'-encoding structural proteins, including 

spike (S), envelope (E), membrane (M), and nucleocapsid (N) proteins (11). Severe acute 

respiratory syndrome-coronavirus-2 (SARS-CoV-2) genome has 5'and 3' terminal sequences 

[265 nucleotides (nts) at the 5' terminal and 229 nucleotides (nts) at the 3' terminal region], 

which is usual of beta-coronaviruses (ɓ-CoVs), with a gene order 5'-replicase open reading frame 

(ORF) 1ab-spike (S)-envelope(E)-membrane(M)-nucleocapsid (N)-3'. The predicted spike (S), 

open reading frame 3a (ORF3a), envelope (E), membrane (M), and nucleocapsid (N) genes of 

severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) are 3822, 828, 228, 669, and 

1260 nucleotides (nts) in length, respectively. Alike to severe acute respiratory syndrome-

coronavirus (SARS-CoV), severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) 

carries a predicted open reading frame 8 (ORF8) gene (366 nucleotides (nts in length) situated 

between membrane (M) and nucleocapsid (N) open reading frame (ORF) genes. 

Angiotensin-converting enzyme 2 (ACE2) is a type I transmembrane protein consisted of 805 

amino acids (AAs) and is primarily expressed in the gastrointestinal tract (GIT), heart, kidney 

and lung. As a negative regulator of the renin-angiotensin system (RAS), angiotensin-converting 

enzyme 2 (ACE2) plays a notable role in keeping homeostasis of cardiovascular (CV) system 

and regulating absorption of amino acids (AAs) in kidney and gastrointestinal tract (GIT). 

Genetic studies also reveal the role of angiotensin-converting enzyme 2 (ACE2) in preventing 

stroke. Angiotensin-converting enzyme 2 (ACE2), expressed the lower respiratory tract of 

human beings, is known as cell receptor for severe acute respiratory syndrome-coronavirus 

(SARS-CoV) and regulates both the cross-species and human-to-human transference. Isolated 

from the bronchoalveolar lavage fluid (BALF) of a coronavirus disease-19 (COVID)-19 sick 

person, it has been assirted that severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) 

uses the same cellular entry receptor, angiotensin-converting enzyme 2 (ACE2), as severe acute 

respiratory syndrome-coronavirus (SARS-CoV). In order for the virus to complete enterance into 

http://jtd.amegroups.com/article/view/1209/html#B11
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the cell following this initial process, spike (S) protein has to be primed by an enzyme called a 

protease. similar to severe acute respiratory syndrome-coronavirus (SARS-CoV), severe acute 

respiratory syndrome-coronavirus-2 (SARS-CoV-2) (COVID-19) uses a protease called 

transmembrane protease, serine 2 (TMPRSS2) to complete this process. In order to attach virus 

receptor [spike (S) protein] to its cellular ligand (ACEZ), activity by transmembrane protease, 

serine 2 (TMPRSS2) as a protease is needed. Severe acute respiratory syndrome-coronavirus-2 

(SARS-CoV-2) can also construct a novel short protein encoded by open reading frame 3b 

(ORF3b) and a secreted protein encoded by open reading frame 8 (ORF8). Open reading frame 

3b (ORF3b) of severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) may play a role 

in viral pathogenicity and block expression of interferon-beta (IFNɓ); however, open reading 

frame 8 (ORF8) does not contain any known functional domain or motif. Å resolution in 

complex with the sodium-dependent neutral amino acid transporter B0AT1 (SLC6A19), they 

found that the complex, which had open and closed conformations, was collected as a dimer and 

angiotensin-converting enzyme 2 (ACE2)-B0AT1 complex can attach two spike (S) proteins, 

which gives proof for coronavirus (CoV) recognition and contagion. Sodium-dependent 

neutral amino acid transporter B0AT1 (SLC6A19) may become a therapeutic target for drug 

screening to suppress severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) 

contagion. Virion spike (S)-glycoprotein on surface of coronavirus (C0V) can attach to the 

receptor, angiotensin-converting enzyme 2 (ACE2) on surface of human cells. However, spike 

(S) protein of severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) attaches to 

human angiotensin-converting enzyme 2 (ACE2) more weakly than that of severe acute 

respiratory syndrome-coronavirus (SARS-CoV), which is coincident with the fact that severe 

acute respiratory syndrome-coronavirus-2 (SARS-CoV-2)causes less severe infection in sick 

persons than severe acute respiratory syndrome-coronavirus (SARS-CoV). Spike (S) 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 in spike (S) protein interact with each other to construct a six-helix bundle (6-HB) core, 

which brings viral envelope and the cellular plasma membrane into close vicinity for fusion. 

Spike (S) glycoprotein involves two subunits, S1 and S2. S1 determines the virus-host range and 

cellular tropism with the key function domain ïreceptor-binding domain (RBD), while S2 

mediates virus-cell membrane fusion by two tandem domains, heptad repeat 1 (HR1) and heptad 
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repeat 2 (HR2). The receptor binding domain (RBD) on S1 subunit interacts with angiotensin-

converting enzyme 2 (ACE2) to construct a virion-angiotensin-converting enzyme 2 (ACE2) 

complex. The virion-angiotensin-converting enzyme 2 (ACE2) complex is then transferred and 

enters endosome of target cells. After that, the structure domain of heptad repeats (HR)1 and 

HR2 in spike (S) proteins interact with one another to construct a six-helix bundle core. This 

core promotes fusion of the viral envelope (E) with cellular membrane. The ribonucleic acids 

(RNAs) of virus are then released into the cytoplasm of target cells. Alternatively, severe acute 

respiratory syndrome-coronavirus (SARS-CoV) may also enter target cell through plasma 

membrane fusion in a manner resembling to human immune virus (HIV). After S1 subunit of 

severe acute respiratory syndrome-coronavirus (SARS-CoV) spike (S) protein attaches to 

angiotensin-converting enzyme 2 (ACE2), S2 subunit changes conformation by inserting the 

fusion peptide into plasma membrane. Heptad repeat 2 (HR2) domain interacts with heptad 

repeat 1 (HR1) trimer to construct six-helical bundle (6-HB) core, leading to fusion between viral 

envelope (E) and cellular plasma membrane. Coronaviral ribonucleic acid (RNA) synthesis 

happens in the cytoplasm on double-walled membrane vesicles . During coronaviral ribonucleic 

acid (RNA) replication and transcription of subgenomic ribonucleic acids (sgRNAs), the 

genomic ribonucleic acid (RNA) acts as a template for the synthesis of full-length and 

subgenomic negative-strand ribonucleic acids (RNAs), the latter through a discontinuous 

transcription mechanism. In turn, full-length negative-strand ribonucleic acids (RNAs) function 

as templates for synthesis of genome ribonucleic acid (RNA) and negative strand subgenomic 

ribonucleic acids (sgRNAs) act as templates for subgenomic messenger ribonucleic acid 

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

acids (mRNAs) with coterminal 3ǋ ends, the largest of which is the genomic ribonucleic acid 

(RNA). All of the messenger ribonucleic acids (mRNAs) carry identical 70ï90 nucleotides 

(nts) leader sequences at their 5ǋ ends. The 3ǋ end of the leader sequence contains transcriptional 

regulatory sequence (TRS-L), which is also present in the genome just upstream of the coding 

sequence for each transcription unit [TRS-B (body)], where it acts as a cis-regulator of 

transcription. All coronavirus transcription regulatory sequences (TRSs) include conserved 6ï

8 nucleotides core sequence (CS) plus variable 5ǋ and 3ǋ flanking 

sequences . Betacoronaviruses (ɓ-CoVs) contain a consensus heptameric sequence, 5ǋ-

UCUAAAC-3ǋ, with the severe acute respiratory syndrome-coronavirus transcription regulatory 

https://www.sciencedirect.com/topics/medicine-and-dentistry/membrane-vesicle
https://www.sciencedirect.com/topics/medicine-and-dentistry/rna-transcription
https://www.sciencedirect.com/topics/medicine-and-dentistry/genomic-rna
https://www.sciencedirect.com/topics/medicine-and-dentistry/genomic-rna
https://www.sciencedirect.com/topics/medicine-and-dentistry/signal-peptide
https://www.sciencedirect.com/topics/medicine-and-dentistry/nucleotide
https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-flanking-region
https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-flanking-region
https://www.sciencedirect.com/topics/medicine-and-dentistry/betacoronavirus
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sequence (SARS-CoV TRS) having 5ǋ-ACGAAC-3ǋ as the core sequence. Replicative process 

happens shortly after enterance and uncoating of the virion through production of full-length 

genomic and subgenomic negative strand intermediates. Genomic ribonucleic acid (RNA) is 

used as template to directly translate polyprotein 1a/1ab (pp1a/pp1ab), which encodes 

nonstructural proteins(nsps) to make replication transcription complex (RTC) in double

membrane vesicles (DMVs).Continuously replication transcription complex (RTC)  replicate 

and synthesize a nested set of subgenomic ribonucleic acids (sgRNAs), which encode accessory 

proteins and structural proteins. Nested set of subgenomic ribonucleic acids (sgRNAs) are 

synthesized by replication transcription complex (RTC) in a pattern of discontinuous 

transcription. These subgenomic messenger ribonucleic acids (sgmRNAs) possess common 5ǋ

leader and 3ǋ terminal sequences. Transcription termination and subsequent acquisition of a 

leader ribonucleic acid (RNA) occurs at transcription regulatory sequences (TRSs), positioned 

between open reading frames (ORFs). These minus strand sugenomic ribonucleic acids 

(sgRNAs) serve as templates for production of subgenomic messenger-ribonucleic acids 

(sgmRNAs). Genome and subgenomes of a typical coronavirus (CoV) contain at least six open 

reading frames (ORFs). The premier open reading frames (ORFs) (open reading frame 

1a/b)(ORF1a/b), about two thirds of whole genome length, encode 16 nonstructural proteins 

(nsps) (nonstructural protein1-16) (nsp1 16). There is a ī1 frameshift between open reading 

frame 1a (ORF1a) and open reading frame 1b (ORF1b), leading to production of two 

polypeptides: polyprotein 1a (pp1a) and polyprotein 1ab (pp1ab). These polypeptides are 

processed by virally encoded chymotrypsin like protease (3CLpro) or main protease (Mpro) and 

one or two papain like protease (PLpro) into 16 nonstructural proteins  (nsps). Many of the 

nonstructural proteins (nsps) carry out fundamental functions in viral ribonucleic acid (RNA) 

replication and transcription. Some nonstructural proteins (nsps) construct a 

replication/transcription complex (RTC) (RNA-dependent RNA polymerase, RdRp), which use 

(+) strand genomic ribonucleic acid (RNA) as a template. Besides RNA-dependent RNA 

polymerase (RdRp), RNA helicase, and protease activities, which are usual to ribonucleic acid 

(RNA) viruses, coronavirus (CoV) replicase was recently predicted to employ a variety of 

ribonucleic acid (RNA) processing enzyms that are not (or extremely rarely) expressed in other 

ribonucleic acid (RNA) viruses and involve putative sequence-specific endoribonuclease, 3ô-to-

5ô exoribonuclease, 2ô-O-ribose methyltransferase, ADP ribose 1ô-phosphatase and, in a subset 

https://www.sciencedirect.com/topics/medicine-and-dentistry/sars-coronavirus
https://www.sciencedirect.com/topics/medicine-and-dentistry/virion
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of group 2 coronaviruses, cyclic phosphodiesterase activities. Enzymatic activities and functional 

domains of many of these essential nonstructural proteins (nsps) are predicted to be kept between 

different genera of coronaviruses (CoVs), referring their necessity in viral replicative process. 

Multiple lines of proof have proposed the role of coronavirus nonstructural protein1 (CoV nsp1) 

in regulating viral replicative process and gene expression. These 16 nonstructural proteins 

(nsps) form double-membrane vesicles (DMV). At the same time, this double-membrane vesicle 

(DMV) is virus replication and transcription complex (RTC). Nonstructural proteins (nsps), 

particularly non-structural protein3 (nsp3), has a necessary role in virion construction, the 

replication and transcription of coronavirus (CoV).Other open reading frames (ORFs) on the 

one third of the genome close to 3ǋterminus encodes at least four prime constructional proteins: 

spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins. In other words, the genes 

2 to 7 are translated from subgenomic messenger ribonucleic acid (sgmRNA), where 

subgenomic ribonucleic acids (sgRNAs) encode the prime viral constructional proteins and 

accessory proteins, which are fundamental for virus-cell receptor attachment. The newly 

constructional produced proteins are released into endoplasmic reticulum (ER). All of these 

proteins, along with nucleocapsid (N) protein, are linked to viral genomic ribonucleic acid 

(RNA) and localized in endoplasmic reticulum-Golgi intermediate compartment (ERGIC) part. 

Although, nucleocapsid (N) protein is known to be fundamental for coronavirus (CoV) 

replicative process, the particular role that this protein functions in this process remains not 

known. But, many studies presume that nucleocapsid (N) protein interaction with nonstructural 

protein 3 (nsp3) serves a critical role in virus replicative process initially  in contagion. Besides 

the four prime structural proteins, different coronaviruses (CoVs) encode particular structural 

and accessory proteins, such as hemagglutinin (HE) protein, 3a/b protein, and 4a/b protein. All 

structural and accessory proteins are translated from subgenomic ribonucleic acids (sgRNAs) of 

coronaviruses (CoVs). Mediating endoplasmic reticulum (ER) and Golgi, recently synthesized 

genomic ribonucleic acid (RNA), nucleocapsid (N) proteins and envelope (E) glycoproteins 

assemble and form viral particle buds. Spike (S), envelope (E) and membrane (M) proteins enter 

endoplasmic reticulum (ER), and the nucleocapsid (N) protein is combined with (+) strand 

genomic ribonucleic acid (RNA) to lead to a nucleoprotein complex. They merge into the entire 

virus particle in endoplasmic reticulum-Golgi apparatus compartment. Viruses bud into smooth 

walled vesicles in endoplasmic reticulumïGolgi intermediate compartment (ERGIC). 
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Subsequent budding, virus particles mature in Golgi apparatus, with a compact, electron-dense 

internal core. Viruses traverse Golgi and are transported in exocytic vesicles which ultimately 

fuse with plasma membrane to release virus into the extracellular area . 

Since mutation rates in replication of ribonucleic acid (RNA) viruses are much higher than that 

of deoxyribonucleic acid (DNA) viruses, genomes of ribonucleic acid (RNA) viruses are in usual 

less than 10 kb in length. However, coronavirus (CoV) genome is much larger, with about 30 kb 

in length, the largest known ribonucleic acid (RNA) viruses. Conservation of such a large 

genome of coronaviruses (CoVs) may be attributable to particular features of coronavirus (CoV) 

replication/transcription complex (RTC), which contains several ribonucleic acid (RNA) 

processing enzymes such as 3ǋ 5ǋ exoribonuclease of nonstructural protein 14 (nsp14). The 3ǋ 5ǋ 

exoribonuclease is specific to coronaviruses (CoVs) amongst all ribonucleic acid (RNA) viruses, 

possibly giving a proofreading function of replication/transcription complex (RTC).  
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Figure(17): SARS-CoV replication (www.google.com) 
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Figure(18): SARS-coronavirus-2life cycle in infected cell (www.google.com) 
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Figure(19): SARS-coronavirus-2 replication, transcription and translation in infected tissue (www.google.com) 
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Figure(20): SARS-CoV-2 infection (www.google.com) 



56 
 

CHAPTER TWO  

SYMPTOMS, DIAGNOSIS, ALTERED IMMUNITY , and RISK FACTORS  

1.Modes of Transmission of COVID-19  

Epidemiologic search in Wuhan at beginning of breakout described a premier association with a 

seafood market that sold live animals, where most ill individuals had worked or visited and 

which was thereafter closed for disinfection. However, as breakout progressed, person-to-person 

spread became the principal way of transference. 

Direct person-to-person transference is principal way of transmission of severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2). It is thought to be incident through close-range contact, 

particularly via respiratory droplets; virus released in respiratory secretions when an infected 

person coughs, sneezes, or talks can contract another person if it makes direct contact with 

mucous membranes; contagion might also happen if a person's hands are contaminated by 

droplets or by touching contaminated surfaces and then they touch their eyes, nose, or mouth. 

Droplets usually do not transmit more than six feet (about two meters). 

The range to which severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) can be 

transferred through airborne way (through particles smaller than droplets that remain in air over 

time and distance) under natural conditions and how much this way of transfer has contributed to 

pandemic are argumentative. A study showed that severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) grown in tissue culture remained viable experimentally generated 

aerosols for at least three hours; some studies have detected viral ribonucleic acid (vRNA) in 

ventilation systems and in air specimens of hospital rooms of ill individuals with coronavirus 

disease 2019 (COVID-19), but cultures for viable virus were negative or not performed in these 

researches. Other literature using specialized imaging to visualize respiratory exhalations have 

supposed that 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, direct link of these results to epidemiology of coronavirus disease 2019 (COVID-19) 

and their clinical implications are vague. Although some studies of clusters of cases have 

presumed a probable for short-range airborne transference of severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) within enclosed indoor spaces, long-range airborne transference of 
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severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has not obviously been 

recorded. Moreover, in a few articles of health care workers exposed to ill individuals with 

undiagnosed contagion while using only contact and droplet precautions, no secondary 

contagions were described despite absence of airborne precautions. Reflecting current suspect 

regarding transfer mechanisms, recommendations on airborne precautions in health care setting 

vary by location; airborne precautions are internationally recommended when aerosol-generating 

procedures are performed.  

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has been detected in non-

respiratory specimens, involving feces, blood, ocular secretions, and seminal fluid, but the role of 

these sites in transference is unsettled. Several researches have shown detection of severe acute 

respiratory syndrome coronavirus-2 ribonucleic acid (SARS-CoV-2 RNA) from feces specimens, 

even after viral ribonucleic acid (vRNA) could no longer be detected from upper respiratory 

specimens, and live virus has been cultured from feces in seldom infected persons. Although it 

would be difficult to state, fecal-oral transfer has not been clinically described, and according to 

a joint World Health Organization (WHO)-China report, did not appear to be an observable 

factor in contagion disperse. 

Detection of severe acute respiratory syndrome coronavirus-2 ribonucleic acid (SARS-CoV-2 

RNA) in blood has also been mentioned in some but not all articles that have examined for it. 

However, possibility of blood borne transfer (e.g., through blood products or needle sticks) 

seems low; respiratory viruses are in general not transferred through blood borne way, and 

transfusion-transmitted contagion has not been mentioned for severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) or for the related Middle East respiratory syndrome coronavirus 

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

There is also no proof that severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) can 

be transferred through contact with non-mucous membrane loci (e.g., abraded skin). 

Coronavirus disease 2019 (COVID-19) ill individuals are main source of contagion, and serious 

ill persons are regarded to be more contagious than mild ones. Asymptomatically infected 

persons or ill persons in incubation who exhibit no signs or symptoms of respiratory contagion 

proven to shed infectious virus, may also be possible sources of contagion. In addition, specines 
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obtained from ill persons healed from coronavirus disease 2019 (COVID-19) continuously show 

a positive real-time reverse transcriptionïpolymerase chain reaction (RT-PCR) lab exam, which 

has never been relazed in history of human contagious illnesses. In other words, 

asymptomatically contracted persons and sick persons in incubation or healed from coronavirus 

disease 2019 (COVID-19) may pose grave encounters for illness prevention and control. In other 

words, it seems that severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) can be 

transferred prior to the development of symptoms and throughout course of illness, particularly 

premier in the course. However, most data informing this issue are from studies evaluating viral 

ribonucleic acid (vRNA) detection from respiratory and other specimens; detection of viral 

ribonucleic acid (vRNA) does not necessarily indicate presence of contagious virus, and thus 

prolonged viral ribonucleic acid (vRNA) detection following resolution of illness does not 

necessarily indicate infectiousness. 

Largely indirect data presume that contracted persons are more possibly to be contagious in 

earlier stages of contagion. Viral ribonucleic acid (vRNA) concentrations from upper respiratory 

specimens looks to be higher soon after symptom onset in comparison with later in illness. 

Furthermore, in a study of nine ill persons with moderate coronavirus disease 2019 (COVID-19), 

contagious virus was isolated from naso/oropharyngeal and sputum specimens during first eight 

days of illness, but not after this interval, despite continued high viral ribonucleic acid (vRNA) 

concentrations at these spaces. One modeling search, based on timing of contagion among 77 

transported pairs in China (with a mean serial interval of 5.8 days between emergence of 

symptoms in each pair) and assumptions about incubation period, proposed that infectiousness 

started 2.3 days prior to symptom rise, peaked 0.7 days before symptom emerge, and declined 

within seven days; however, most affected individuals with coronavirus disease 2019 (COVID-

19) were isolated following symptom emergence, which would reduce risk of transference later 

in illness regardless of infectiousness. In another search that evaluated over 2500 close contacts 

of 100 patients with coronavirus disease 2019 (COVID-19) in Taiwan, all of the 22 secondary 

contracted individuals had their first expose to index case within six days of symptom onset; 

there were no contagions documented in the 850 contacts whose expose was after this interval. 

Transport of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) from 

asymptomatic ill persons (or ill persons within incubation period) has also been well stated. 

Biologic basis for this is supported by a research of a severe acute respiratory syndrome 
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coronavirus-2 (SARS-CoV-2) breakout in a long-term care facility, in which contagious virus 

was cultured from real-time reverse transcriptionïpolymerase chain reaction (RT-PCR)-positive 

upper respiratory tract specimens in presymptomatic and asymptomatic ill persons as early as six 

days prior to development of usual symptoms. However, the extent to which asymptomatic or 

presymptomatic transfer happpens and how much it contributes to pandemic remain unbeknown. 

In an analysis of 157 locally acquired coronavirus disease 2019 (COVID-19) patients in 

Singapore, transfer during incubation period was evaluated to account for 6.4 percent; in such ill 

patients, exposures occurred one to three days prior to symptom development. 

How long a person remains infectious is also uncertain, but available data suppose that 

prolonged viral ribonucleic acid (vRNA) shedding after symptom resolution is not obviously 

associated with prolonged infectiousness. Duration of viral ribonucleic acid (vRNA) shedding is 

variable; there seems to be a wide extent, which may depend on gravity of illness. In one study, 

asymptomatic contagion was associated with a higher possibility of nasopharyngeal viral 

ribonucleic acid (vRNA) 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 (vRNA) lab exams on nasopharyngeal swabs by 10 days after 

beginning of symptoms; lab exams were positive for longer in sick persons with more serious 

illness. On contrary, in another study of 56 ill persons with mild to moderate illness [none 

required intensive care unit (ICU) admission], median period of viral ribonucleic acid (vRNA) 

shedding from naso- or oropharyngeal samples was 24 days, and the longest was 42 days. 

Detectable viral ribonucleic acid (vRNA) does not always associate with isolation of contagious 

virus, and there may be a threshold of viral ribonucleic acid (vRNA) concentration below which 

infectivity is improbable. In the study of nine ill individuals with mild coronavirus disease 2019 

(COVID-19), contagious virus was not detected from respiratory specimens when viral 

ribonucleic acid (vRNA) concentration was <106 copies/mL. In another study, contagious virus 

was only detected on stored respiratory specimens that had a high concentration of viral 

ribonucleic acid (vRNA) [real-time reverse transcriptionïpolymerase chain reaction (RT-PCR) 

positive at cycle threshold (Ct)<24]. According to information from United States Centers for 

Disease Control and Prevention (CDC), when sick persons keep to have detectable viral 

ribonucleic acid (vRNA) in upper respiratory specimens following clinical healing, by three days 

after healing, ribonucleic acid (RNA) concentrations are mostly at or below the concentrations at 
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which replication-competent virus can be reliably isolated; additionally, isolation of contagious 

virus from upper respiratory specimens more than ten days after illness start has only scarcely 

been documented in ill individuals who had non-serious contagion and whose symptoms have 

resolved. Contagious virus has also not been isolated from respiratory specimens of ill 

individuals who have a repeat positive ribonucleic acid (RNA) lab exam following clinical 

improvement and initial viral riddance. 

Occasional searches have described isolation of contagious virus from respiratory or stool 

specimens more than 10 days after symptom start, principally in individuals with severe or 

critical coronavirus disease 2019 (COVID-19).  

Risk of transfer from a sick person with severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) contagion differs by type and period of exposure, use of preventive measures, 

and likely individual factors (e.g., the amount of virus in respiratory secretions). 

Risk of transfer after contact with a sick individual suffering from coronavirus disease 2019 

(COVID-19) increases with vicinity and period of contact and appears highest with prolonged 

contact in indoor settings. Thus, most secondary infections have been described in following 

settings: amongst household contacts, in health care settings when personal preventive 

equipment was not used (involving hospitals  and long-term care facilities), and in other 

congregate settings where persons are residing or working in near quarters (e.g., cruise ships, 

homeless shelters, and detention facilities). 

However, reported patients after social or work gatherings also shed light on hazard of transfer 

through close, non-household contact. Although outdoor settings are mostly indicated lower risk 

for transport than indoor settings, vicine contact with a contracted individual with coronavirus 

disease 2019 (COVID-19) continues a risk outdoors. 

Contact tracing in premier stages of pestilences at differed locations supposed that generally 

secondary contagions were amongst household contacts, with a secondary attack percent of up to 

15; some studies have presumed even higher household contagion percents. A large 

seroprevalence survey from Spain also underlined elevated danger of contagion with household 

contacts. Percent of detectable antibodies (Abs) to severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) was 31 to 37 (depending on serologic procedure used) among 
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persons who reported having a household member with affirmed coronavirus disease 2019 

(COVID-19), compared with percents of  10 to 14 amongst those who showed a co-worker, non-

household family member, or friend with assured coronavirus disease 2019 (COVID-19). 

Coronavirus disease 2019 (COVID-19) patients have been frequently reported following family, 

work, or social assemblances where near personal contact can happen. As an example, 

epidemiologic analysis of patients in state of Illinois showed probable transport through two 

family assemblance at which communal food was consumed, hugs were shared, and extended 

face-to-face conversations were exchanged with symptomatic patients who were thereafter 

assured to have coronavirus disease 2019 (COVID-19). A report of a breakout amongst a choir 

group, with 33 affirmed and 20 probable individuals described among 61 members who attended 

a practice session, raised likelihood of a high transport daanger through singing in close vicinity. 

Transporting with a sick individual with coronavirus disease 2019 (COVID-19) is a high-risk 

expose, as it mostly results in near contact for a prolonged time. An analysis from China looked 

at risk amongst persons who transported by train and were exposed within three rows to persons 

later affirmed to have coronavirus disease 2019 (COVID-19). The study described 2334 primary 

and 234 secondary individuals for a thorough attack percent 0.32. The gravity of secondary 

contagion was highest (3.5 percent) for persons in seats adjacent to the index sick person, and 

higher for those seated in same row than for those in front or behind. Seriosness also increased 

over time of transport. This study could not account for probability that persons seated next to 

one another could have been from same household or shared other exposes. 

Danger of transport with more indirect contact (e.g., passing someone with contagion on the 

street, handling items that were previously handled by someone with contagion) is not well 

established and is possibly low. However, many sick persons with coronavirus disease 2019 

(COVID-19) do not report having had a specific vicine contact with coronavirus disease 2019 

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

Virus present on contaminated surfaces may be another source of contagion if susceptible 

persons touch these surfaces and then transport contagious virus to mucous membranes in mouth, 

eyes, or nose. The frequency and relative importance of this type of transfer are still obscure. It 
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may be probable to be a possible source of contagion in settings where there is heavy viral 

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

Extensive severe acute respiratory syndrome coronavirus-2 ribonucleic acid (SARS-CoV-2 

RNA) contamination of environmental surfaces in hospital rooms and residential areas of 

individuals with coronavirus disease 2019 (COVID-19) has been described. In a study from 

Singapore, viral ribonucleic acid (vRNA) was detected on nearly all surfaces examed (handles, 

light switches, bed and handrails, interior doors and windows, toilet bowl, sink basin) in the 

airborne infection isolation room of an individual with symptomatic mild coronavirus disease 

2019 (COVID-19) prior to routine cleaning. Viral ribonucleic acid (vRNA) was not detected on 

similar surfaces in rooms of two other symptomatic ill individuals following routine cleaning 

(with sodium dichloroisocyanurate). Viral ribonucleic acid (vRNA) detection notably does not 

necessarily indicate the presence of contagious virus. 

It is unbeknown how long severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) can 

persist on surfaces; other coronaviruses (CoVs) have been examined and may survive on 

inanimate surfaces for up to six to nine days without disinfection. In a study estimating survival 

of viruses dried on a plastic surface at room temperature, a specimen containing severe acute 

respiratory syndrome coronavirus (SARS-CoV) [a virus mostly related to severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2)] had detectable infectivity at six but not nine 

days. However, in a systematic review of similar studies, different disinfectants (including 

ethanol at concentrations between 62 and 71%) inactivated a number of coronaviruses (CoVs) 

related to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) within one minute. 

Simulated sunlight has also been observed to inactivate severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) over duration of 15 to 20 minutes in experimental situations, with 

higher levels of ultraviolet-B (UVB) light associated with more haste inactivation. On the basis 

of information concerning other coronaviruses (CoVs), time of viral persistence on surfaces also 

possibly depends on ambient temperature, relative humidity, and size of the primary inoculum. 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection is believed to have 

originally been transported to human beings from an animal host, but the ongoing risk of transfer 

through animal contact is not conclusive. There is no proof supposing animals (involving 

domesticated animals) as a major source of contagion in humans. Severe acute respiratory 
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syndrome coronavirus-2 (SARS-CoV-2) contagion has been described in animals in both natural 

and experimental settings. There have been scarce reports of animals with severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) contagion (including asymptomatic 

contagions in canises and symptomatic contagions in cats) following too proximate contact with 

a human with coronavirus disease 2019 (COVID-19). Further, asymptomatic, experimentally 

infected domestic cats may transport severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) to cats they are in the same crate. Seriousness of contagion may be different by species. 

In one study estimating contagion in animals after intranasal viral inoculation, severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) replicated effectively in ferrets and cats; 

viral replication was also detected in canises, but they seemed to be less susceptible grossly to 

experimental contagion. Porkers and fowls were not susceptible to contagion. Mink look highly 

susceptible to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2); breakouts on 

mink farms have been mentioned in Netherlands, and in this setting, a suspected case of mink to 

human transfer was described. Given the unaffirmed transfer risk and apparent susceptibility of 

some animals to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) contagion, it 

is recommended that pets be remaining away from other animals or persons outside of household 

and that persons with affirmed or suspected coronavirus disease 2019 (COVID-19) try to devoid 

vicine contact with household pets, as they should with human household members, for time of 

their self-isolation. There have been no reports of domesticated animals transporting severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) contagion to human beings. 

2.Symptoms of COVID-19 Infection 

Like previous coronaviruses (CoVs), severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) causes respiratory illness, and symptoms affect respiratory hygiene. According to 

Centers for Disease Control and Prevention (CDC), primary symptoms of coronavirus disease 

2019 (COVID-19) can be very mild to serious and comprise fever, cough, and dyspnea 

(shortness of breath). Other symptoms can involve:  tiredness, aches, runny nose, sore throat, 

headache, diarrhea, vomiting, and some persons have experienced loss of smell or taste. Many 

persons are asymptomatic. Symptoms may onset 2 to 14 days after exposing to the illness. It is 

suggested that the virus can cause mild, flu-like symptoms, as well as more grave illness. Most 
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infected individuals look to have mild illness, and about 20% seem to develop more grave 

illness, involving pneumonia, respiratory failure, and, in some cases, decease.  

However, common presenting symptoms involve:  

1-Fever 

-Incidence differes depending on study (~40-90%). 

-Inclines to be high and persistent. 

2-Cough 

3-Breathlessness 

-Dyspnoea onset tends to be around Day 6. 

-Multiple reports, particularly in elderly, show silent hypoxiaïsevere hypoxaemia without 

breathlessness. 

4-Anosmia 

-Olfactory and/or taste disturbance is in approximately one third of sick persons.  

-In South Korea, 30% of those testing positive had anosmia as their primary apparent symptom 

in otherwise mild infected persons.  

The less common or scarce symptoms involve: 

1-Rhinorrhoea, i.e., free discharge of a thin nasal mucus fluid. The presentation, commonly 

known as a runny nose, happens almost frequently.  

2-Sore throat 

3-Myalgia which describes muscle aches and pain, which can involve ligaments, tendons and 

fascia, the soft tissues that connect muscles, bones and organs. 

4-Gastrointestinal (GI) presentations (e.g., diarrhea) 

5-Other neurological features 

-Meningitis/ encephalitis and hemorrhagic necrotizing encephalopathy (involving altered mental 

state and coma). It is worthy to define the followings: first, meningitis is an inflammation 

(swelling) of protective membranes covering brain and spinal cord; second, encephalitis is an 

inflammation of brain; and acute necrotizing encephalopathy (ANE) is a rare central nervous 

system (CNS) complication secondary to particular viral contagions which is exemplified by 

changed mental status and seizures, and frequently this further progresses to profound disability 

or decease and it is in general regarded as a parainfectious illness secondary to immune response 
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that is provoked majorly by these viral contagions, i.e., it has been related to intracranial 

cytokine storms, which result in blood-brain barrier (BBB) breakdown but without direct viral 

invasion or parainfectious demyelination.   

-Guillain-Barre Syndrome (GBS) which is a scarce but grave autoimmune disturbance in which 

immune system attacks healthy nerve cells in peripheral nervous system (PNS). This leads to 

weakness, numbness, and tingling, and can eventually cause paralysis.   

-Others are encephalopathy, agitation, confusion, and corticospinal tract signs in coronavirus 

disease 2019- intensive care unit (COVID-19-ICU) ill individuals with acute respiratory distress 

syndrome (ARDS).  

 

 

 

Figure(21): COVID-19 symptoms (www.google.com) 
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3.COVID-19 Pathogenesis and Progression  

Coronavirus disease 2019 (COVID-19) has been described as a pattern of self-limiting 

contagious illness, and most affected persons with mild symptoms can heal in 1-2 weeks. Severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) contagion can cause five different 

outcomes: asymptomatically infected individuals (1.2%); mild to medium infected individuals 

(80.9%); severely infected individuals (13.8%); critical state of infected individuals (4.7%); and 

decease (2.3% in all reported infected individuals). A study shows that proportion of 

asymptomatic contagion in children under 10-years old is as high as 15.8%.  

Coronaviruses (CoVs) express trans-membrane glycoproteins [spike (S) proteins] which allow 

the virus to attach to and gain enterance to target cell. Spike (S) proteins on severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) share many resemblances with those of 

Figure(22): COVID-19 symptoms and emergency warning signs (www.google.com) 
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severe acute respiratory syndrome coronavirus (SARS-CoV) and attach to surface angiotensin-

converting enzyme 2 (ACE2) receptors. Angiotensin-converting enzyme 2 (ACE2) is expressed 

predominantly on type II pneumocytes but also on upper respiratory tract epithelial cells and 

small intestine enterocytes. Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

spike (S) protein seems to attach angiotensin-converting enzyme 2 (ACE2) with higher affinity 

than severe acute respiratory syndrome coronavirus (SARS-CoV), which may account for its 

greater transfer. Other cofactors are possibly required, involving transmembrane protease, serine 

2 (TMPRSS2). Viral ribonucleic acid (vRNA) replication happens within target cell, utilizing 

RNA-dependent RNA polymerase (rdRp). 

Median incubation period is 4-5 days. Symptoms develop: 

-Between 2 and 7 days in 75% of infected persons  

-After 14 days in less than 1% of infected persons  

Asymptomatic viral shedding may happen at some stage in up to 50% of contracted individuals, 

although this remains debatable. Most (80%) coronavirus disease 2019 (COVID-19) ill 

individuals experience mild-to-moderate upper respiratory tract infection (URTI) symptoms for 

the first 7 days followed by healing. Approximately 20% of contracted individuals experience 

dyspnea necessitating hospital admission, usually at day 6-8. A small proportion of individuals 

with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) contagion experience life 

threatening lung illness exemplified by severe pneumonitis that may progress to acute respiratory 

distress syndrome (ARDS), involves diffuse, direct and indirect decay to alveoli. However, it is 

worthy to describe acute respiratory distress syndrome (ARDS) as a severe lung condition. It 

happens when 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) can hinder organs of body from getting oxygen they need to work, and it can 

eventually lead to organ failure. Profound hypoxemia with relatively preserved lung compliance 

appears common early. Hypoxemia is mostly described as an abnormally low level 

of oxygen in blood. More particularly, it is oxygen deficiency in arterial blood. Hypoxemia has 

many causes, and usually leads to hypoxia as blood is not supplying enough oxygen to tissues of 

body. Some severely contracted individuals also develop:  

-Cytokine storm-a severe reaction akin to hemophagocytic lymphohistiocytosis (HLH) ; 

https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Artery
https://en.wikipedia.org/wiki/Hypoxia_(medical)
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-Myocarditis/ cardiomyopathy (rare): myocarditis is an inflammation of heart muscle 

(myocardium), while cardiomyopathy indicates illnesses of heart muscle; and  

-Disseminated intravascular coagulation (DIC) which is a condition in which small blood clots 

develop throughout bloodstream, blocking small blood vessels. Increased clotting depletes 

platelets and clotting factors urgent to control bleeding, causing excessive bleeding. It portends a 

poor prognosis, and thrombotic complications. 

-Post-mortem findings involve:  

1-Diffuse alveolar damage usual for acute respiratory distress syndrome (ARDS); 

2-Lymphocytic infiltration; 

3-Microvascular and large vessel thrombosis; 

4-In some cases, a secondary bacterial pneumonia with or without underlying diffuse alveolar 

damage; 

5-Extrapulmonary features involving lymphocytic myocarditis. Any chronic inflammation in a 

heart biopsy for new-onset heart failure (HF) is considered diagnostic 

of myocarditis. Lymphocytic myocarditis as seen at autopsy is rich in T cells and macrophages 

(Mū), and the inflammation is usually diffuse, with focal myocyte necrosis; and  

6-Presence of severe acute respiratory syndrome coronavirus-2 ribonucleic acid (SARS-CoV-2 

RNA) in lung and other tissues. 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) contagion may cause illness 

ranging in gravity from no symptoms, to mild, moderate or severe coronavirus disease 2019 

(COVID-19): 

1-Asymptomatic: a small proportion may remain asymptomatic though exact proportion is not 

known; 

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

-Mild or moderate ï 81%  

-Severe ï 14 % [dyspnea, respiratory rate (RR) Ó30, oxygen saturation Ò93%, (rterial 

pO2 divided by the FIO2 (PF ratio) is less than300, and/or lung infiltrates]. Respiratory rate (RR) 

is rate at which breathing happens. This is often measured in breaths per minute. Oxygen 

saturation is a measure of the amount of hemoglobin that is attached to molecular oxygen at a 

given time point. PaO2/FiO2 ratio is the ratio of arterial oxygen partial pressure (PaO2 in 

mmHg) to fractional inspired oxygen (FiO2 expressed as a fraction, not a percentage) also called 

https://en.wikipedia.org/wiki/Breathing
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the Horowitz index for Lung Function, the Carrico index, and (most conveniently) the P/F ratio. 

A pulmonary infiltrate is a substance denser than air, such as pus, blood, or protein, which 

lingers within the parenchyma of the lungs. Pulmonary infiltrates can be correlated with 

pneumonia. Pulmonary infiltrates can be shown on a chest radiograph. 

-Critical ï 5% [respiratory failure (RF), septic shock and/or multi organ dysfunction (MOD)]. 

Respiratory failure (RF) is a syndrome in which the respiratory system fails in one or both of its 

gas exchange actions: oxygenation and carbon dioxide elimination. In practice, it may be 

classified as either hypoxemic or hypercapnic. Hypoxemic respiratory failure (type I) (HRF type 

I) 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 all serious illnesses of lung, which generally involve 

fluid filling or collapse of alveolar units. Hypercapnic respiratory failure (type II) is 

characterized by an arterial carbon dioxide tension (PaCO2) higher than 50 mm Hg. Hypoxemia 

is common in ill individuals with hypercapnic respiratory failure who are breathing room air. 

Potential of hydrogen (or power of hydrogen, pH) depends on level of bicarbonate, which, in 

turn, is dependent on duration of hypercapnia. Common etiologies involve drug overdose, 

neuromuscular illness, chest wall anomalies, and severe airway disturbances [e.g., asthma 

and chronic obstructive pulmonary disease (COPD)].Septic shock (namely, contagion throughout 

body) is a potentially grave medical condition that happens when sepsis, which is organ injury or 

destruct in response to contagion, leads to dangerously low blood pressure and anomalies in 

cellular metabolism. 

In case severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2):  

(a)-Person not presenting any clinical features supposing a complex course of illness. 

(b)-Mild illness features:  

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

-Stable clinical picture 

Stable patient presenting with respiratory and/or systemic symptoms or signs, able to preserve 

oxygen saturation above 92% [or above 90% for ill individuals with chronic lung disease (CLD, 

or bronchopulmonary dysplasia (BPD))] with up to 4L/min oxygen via nasal prongs. 

(c)-Moderate illness characteristics: 

http://emedicine.medscape.com/article/297664-overview
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-Prostration, severe asthenia, fever>38CO or persistent cough. However, it is important to 

describe the following: first, prostration indicates a condition in which a person is so tired or 

weak that he or she is unable to do anything; and second, asthenia, is an ill-defined condition 

characterized by generalized weakness and usually involves mental and physical fatigue. 

-Clinical or radiological signs of lung involvement 

-No clinical or laboratory indicators of clinical seriousness or respiratory impairment 

(d)-Severe illness: patient meeting any of the following criteria: 

-Respiratory rate (RR) Ó30 breaths/min 

-Oxygen saturation Ò92% at a rest state 

-Arterial partial pressure of oxygen (PaO2)/inspired oxygen fraction (FiO2)Ò300 

(e)-Critical illness: sick person meets 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 illness involves: 

-Patients are deteriorating despite advanced forms of respiratory support (NIV, HFNO). It is 

regarded to define the followings: first, non-invasive ventilation (NIV) is use of breathing 

support administered through a face mask, nasal mask, or a helmet, air, usually with added 

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 termed non-invasive 

because it is delivered with a mask that is tightly fitted to face or around head, but without a need 

for tracheal intubation (a tube through mouth into windpipe); and second, high-flow nasal 

oxygen therapy (HFNO) represents an alternative to conventional oxygen therapy, high-flow 

nasal oxygen therapy (HFNO) provides humidified, titrated oxygen therapy matching or even 

exceeding patients' inspiratory demand.  

-Sick persons are needing mechanical ventilation. Mechanical ventilation can be described as 

technique through which gas is moved toward and from lungs through an external device 

connected directly to sick person. Clinical objectives of mechanical ventilation can be highly 

diverse: to maintain gas exchange, to reduce or substitute respiratory effort, to diminish 

consumption of systemic and/or myocardiac O2, to obtain lung expansion, to allow sedation, 

https://en.wikipedia.org/wiki/Tracheal_intubation
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anesthesia and muscle relaxation, and to stabilize thoracic wall, etc. Ventilation can be carried 

out by negative extrathoracic pressure or intermittent positive pressure. According to cycling 

mechanism, positive-pressure ventilators are classified as pressure-cycled, flow-cycled, or 

mixed, and according to type of flow in continuous-flow ventilators, as intermittent flow or 

constant basic flow. Finally, high-frequency ventilators are classified according to their high-

frequency mechanism as intermittent positive pressure, oscillatory high-frequency and high-

frequency jet ventilators.  

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

other organ failure 

 

 

 

4.Pathology    

Pathology autopsy or biopsy studies will always be key to understanding biological 

characteristics of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). A study 

showed histological exams of two sick persons who underwent lung lobectomies for 

adenocarcinoma revealed edema, proteinaceous exudate, and focal hyperplasia of pneumocytes 

Figure(23):Proposed staging of COVID19 and potential therapies [Brogan G.; Campbell N.; Durie M.; 

Nickson C. (2020). Coronavirus disease 2019 (COVID-19). LIFE IN THE FASTLANE]  



72 
 

with only patchy inflammatory cellular infiltration without prominent hyaline membranes. Since 

both sick persons had not presented symptoms of coronavirus disease 2019 (COVID-19) 

pneumonia at time of operation, these changes likely exemplify a premier phase of lung 

pathology of coronavirus disease 2019 (COVID-19) pneumonia. Qian et al. (2020) first 

mentioned pathological features of a sick person who deceased from coronavirus disease 2019 

(COVID-19). General observation from fresh eyes demonstrated less fibrosis and consolidation, 

and instead more exudative lesions in coronavirus disease 2019 (COVID-19) than severe acute 

respiratory syndrome (SARS). Microscopic exam revealed bilateral diffuse alveolar decay with 

cellular fibromyxoid exudates, indicating acute respiratory distress syndrome (ARDS). 

Interstitial mononuclear inflammatory infiltrates were dominated by lymphocytes. 

Multinucleated syncytial cells with atypical enlarged pneumocytes indicated viral cytopathic-like 

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 status was hyper-activated. This indicated severe immune injury in later 

stages of coronavirus disease 2019 (COVID-19), but not by virus direct destruction. However, T 

helper cells (Th cells), also known as CD4+ cells, are a type of T cell that play a crucial role 

in immune system, primarily in adaptive immune system. They help the activity of other immune 

cells by releasing T cell cytokines. These cells help suppress or regulate immune responses. They 

are crucial in B cell antibody (Ab) class switching, in activation and growth of cytotoxic T cells, 

and in maximizing bactericidal activity of phagocytes such as macrophages (Mū). Mature T 

helper (Th) cells express surface protein CD4 and are referred to as CD4+ T cells. Such CD4+ T 

cells are mostly treated as having a pre-defined role as helper T cells within immune system. For 

example, when an antigen-presenting cell (APC) expresses an antigen (Ag) on major 

histocompatibility complex (MHC) class II, a CD4+ cell will aid those cells through a 

combination of cell to cell interactions [e.g., CD40 (protein) and CD40L] and through cytokines. 

CD154, also called CD40 ligand or CD40L, is a cell surface protein that mediates T cell helper 

function in a contact-dependent process and is a member of tumor necrosis factor 

(TNF) superfamily of molecules. It attaches to CD40 on antigen-presenting cells (APC), which 

develops many effects depending on target cell type. CD154 acts as a costimulatory molecule 

and is particularly important on a subset of T cells called T follicular helper cells (TFH cells). On 

T follicular helper cells (TFH cells), CD154 promotes B cell maturation and serve by engaging 

https://en.wikipedia.org/wiki/T_cell
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Adaptive_immune_system
https://en.wikipedia.org/wiki/Cytokines
https://en.wikipedia.org/wiki/B_cell
https://en.wikipedia.org/wiki/Immunoglobulin_class_switching
https://en.wikipedia.org/wiki/Cytotoxic_T_cell
https://en.wikipedia.org/wiki/Bactericidal
https://en.wikipedia.org/wiki/Phagocytes
https://en.wikipedia.org/wiki/Macrophages
https://en.wikipedia.org/wiki/CD4
https://en.wikipedia.org/wiki/Immune_system
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https://en.wikipedia.org/wiki/MHC_class_II
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73 
 

CD40 on B cell surface and therefore easing cell-cell communication. CD8+ (cytotoxic) T cells, 

like CD4+ helper T cells, are generated in thymus and express T-cell receptor. However, rather 

than CD4 molecule, cytotoxic T (Tc) cells express a dimeric co-receptor, CD8, usually 

composed of one CD8Ŭ and one CD8ɓ chain. CD8+ T cells recognize peptides presented 

by major histocompatibility complex (MHC) class I molecules, found on all nucleated cells. The 

CD8 heterodimer attaches to a conserved portion (the Ŭ3 region) of major histocompatibility 

complex (MHC) class I during T cell/antigen presenting cell (APC) interactions. CD8+ T cells 

(often called cytotoxic T lymphocytes, or CTLs) are very important for immune defense against 

intracellular pathogenic agents, involving viruses and bacteria, and for tumor surveillance. When 

a CD8+ T cell recognizes its antigen (Ag) and becomes activated, it has three major mechanisms 

to kill infected or malignant cells. First is secretion of cytokines, primarily tumor necrosis factor-

alpha (TNF-Ŭ) and interferon-gamma (IFN-ɔ), which have anti-tumor and anti-viral microbial 

effects. Second major function is production and release of cytotoxic granules. These granules, 

also found in natural killer (NK) cells, contain two families of proteins, perforin, and granzymes. 

Perforin forms a pore in membrane of target cell, resemble to membrane attack complex 

(MAC) of complement. This pore allows granzymes also contained in cytotoxic granules to enter 

infected or malignant cell. Granzymes are serine proteases (or serine endopeptidases) which 

cleave proteins inside cell, blocking production of viral proteins and eventually result 

in apoptosis of target cell. Cytotoxic granules are released only in direction of target cell, aligned 

along immune synapse, to avoid non-specific bystander destruct to 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, often referred to as serial killing. Third main function of CD8+ T cell destruction 

of infected cells is via Fas/FasL interactions. Activated CD8+ T cells express FasL on cell 

surface, which binds to its receptor, Fas, on surface of target cell. This binding causes Fas 

molecules on surface of target cell to trimerise, which pulls together signaling molecules. These 

signaling molecules result in activation of caspase cascade, which also results in apoptosis of 

target cell. Because CD8+ T cells can express both molecules, Fas/FasL interactions are a 

mechanism by which CD8+ T cells can kill each other, called fratricide, to eliminate immune 

effector cells during contraction phase at end of an immune response (IR). In addition to their 

critical role in immune defense against viruses, intracellular bacteria, and tumors, CD8+ T cells 
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can also contribute to an excessive immune response (IR) that leads to immunopathology, or 

immune-mediated damage. 

On the basis of public database and single-cell ribonucleic acid (RNA)-Seq technique, 

pathological searches showed that male donors had a higher angiotensin-converting enzyme 2 

(ACE2)- expressing cell ratio than their female counterparts. Only Asian male specimens have 

five more times as much angiotensin-converting enzyme 2 (ACE2) expressing as white and 

African American donors. This might explain why severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) and previous severe acute respiratory syndrome coronavirus 

(SARS-CoV) pandemic were concentrated in Asian population and heightened susceptibility of 

male ill persons, although more proof is needed to draw such conclusions.  

Pathological manifestations of severe acute respiratory syndrome (SARS) and Middle East 

Respiratory syndrome coronavirus (MERS-CoV) contracted individuals may focus on 

controlling current severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic. 

Histology examination revealed a realizable higher viral load of severe acute respiratory 

syndrome coronavirus ribonucleic acid (SARS-CoV 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 (SARS) contracted persons. Living severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) was also detected positive in fecal specimens and rectal swabs of 

affected persons, considering a possible oral-fecal transport path. Proper handling of infected 

corpse and disposal of human excreta of affected persons were of great importance. Thrombi 

were observed in all six autopsies of severe acute respiratory syndrome coronavirus (SARS-

CoV) affected persons, with huge thrombus formation in part of pulmonary vessels. Coagulation 

function disturbances were recorded in most of severe coronavirus disease 2019 (COVID-19) 

sick persons, by higher concentrations of D-dimer (DD) and prolonged prothrombin time (PT), 

some of whom ended in disseminated intravascular coagulation (DIC). This may explain some 

sudden deceases of clinical healing affected individuals and serve as an indication for illness 

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 immune system and careful usage of corticosteroids (CSs) 

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

A debatable report proposed that coronavirus disease 2019 (COVID-19) affected persons seem to 

have at least two phenotypes, from the perspective of intensive care unit (ICU) management. 

However, this classification is largely based on anecdote, remains preliminary and management 

should be optimized for each individual patient as clinically indicated. 

1-Coronavirus disease 2019 (COVID-19) pneumonia, Type L 

At the beginning, coronavirus disease 2019 (COVID-19) pneumonia presents with following 

characteristics:  

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

normal.  

-Low ventilation-to-perfusion (VA/Q) ratio. Since gas volume is nearly normal, hypoxemia may 

be best explained by loss of regulation of perfusion and by loss of hypoxic vasoconstriction. 

Accordingly, at this stage, pulmonary artery pressure (PAP) should be near normal.  

-Low lung weight. Only ground-glass densities are present on computed tomography (CT) scan, 

primarily positioned subpleurally and along the lung fissures. As a consequence, lung weight is 

only moderately increased.  

-Low lung recruitability. Amount of non-aerated tissue is very low; thus, recruitability is low.  

To conceptualize these phenomena, it is hypothesized the following sequence of events: viral 

contagion leads to a modest local subpleural interstitial edema (ground-glass lesions) particularly 

positioned at interfaces between lung structures with different elastic properties, where stress and 

strain are concentrated. Vasoplegia accounts for severe hypoxemia. Vasoplegia is 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 output. Normal response to 

hypoxemia is to increase minute ventilation, primarily by increasing tidal volume  (up to 15ï

20  ml/ kg), which is associated with a more negative intrathoracic inspiratory pressure. 

Undetermined factors other than hypoxemia markedly stimulate, in these sick persons, the 

respiratory drive. Near normal compliance, however, explains why some of ill persons present 

without dyspnea as ill person inhales volume person expects. This increase in minute ventilation 

causes a decrease in the partial pressure of carbon dioxide (PaCO2).  

2-COVID-19 pneumonia, Type H  

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

elastance.  

- High right-to-left shunt. This is due to fraction of cardiac output perfusing non-aerated tissue 

which develops in dependent lung regions due to increased edema and superimposed pressure.  

-High lung weight. Quantitative analysis of computed tomography (CT) scan shows a 

considerable increase in lung weight (>1.5 kg), on the order of magnitude of severe acute 

respiratory distress syndrome (ARDS).  

-High lung recruitability. Increased amount of non-aerated tissue is associated, as in severe acute 

respiratory distress syndrome (ARDS), with increased recruitability. 

Type H pattern, 20ï30% of sick persons in the series, fully fits severe acute respiratory distress 

syndrome (ARDS) criteria: hypoxemia, bilateral infiltrates, decreased respiratory system 

compliance, increased lung weight and potential for recruitment.  

 
 

 

 

 

Respiratory treatment offered to Type L and Type H patients must be different. The proposed 

management is consistent with what showed in coronavirus disease 2019 (COVID-19), even 

though overwhelming number of sick persons observed in this pandemic may restrict its broad 

applicability.  

Figure(24): COVID-19 L type and H type (www.google.com) 
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1-First step to reverse hypoxemia is through an increase in fraction of inspired oxygen (FiO2) to 

which Type L patient responds well, particularly if not yet breathless.  

2-In Type L patients with dyspnea, several noninvasive options are available: high-flow nasal 

cannula (HFNC), continuous 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, P0.1 and Pocclusion should also be determined. High positive 

end-expiratory pressure (PEEP), in some sick persons, may decrease pleural pressure swings and 

stop vicious cycle that exacerbates lung injury. However, high positive end-expiratory pressure 

(PEEP) in sick persons with normal compliance may have detrimental effects on hemodynamics. 

In any case, noninvasive options are questionable, as they may be associated with high failure 

percents and delayed intubation, in an illness which as usual lasts several weeks.  

3-Magnitude of inspiratory pleural pressures swings may determine transition from Type L to 

Type H phenotype. As esophageal pressure swings increase from 5 to 10  cmH2O-which are 

mostly well tolerated-to above 15 cm H2O, risk of lung injury increases and therefore intubation 

should be performed as soon as possible. 

4-Once intubated and deeply sedated, Type L patients, if hypercapnic, can be ventilated with 

volumes greater than 6 ml/kg (up to 8ï9 ml/kg), as high compliance results in tolerable strain 

without seriousness of ventilator-induced lung injury (VILI) . Ventilator-induced lung injury 

(VILI)  is when mechanical ventilation caused acute lung injury (ALI) . Prone positioning should 

be used only as a rescue maneuver, as lung states are too good for prone position effectiveness, 

which is based on improved stress and strain redistribution. End-expiratory pressure (PEEP) 

should be reduced to 8ï10 cmH2O, given that recruitability is low and gravity 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 respiratory distress syndrome (ARDS), 

including higher end-expiratory pressure (PEEP), if compatible with hemodynamics, prone 

positioning and extracorporeal support.  

6.Diagnosis 

Reverse transcription polymerase chain reaction (RT-PCR) is a laboratory technique 

combining reverse transcription of ribonucleic acid (RNA) into deoxyribonucleic acid 

https://en.wikipedia.org/wiki/Reverse_transcription
https://en.wikipedia.org/wiki/RNA
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(DNA) (called complementary deoxyribonucleic acid or cDNA) and amplification of particular 

deoxyribonucleic acid (DNA) targets using polymerase chain reaction (PCR). It is primarily used 

to measure amount of a certain ribonucleic acid (RNA). This is achieved by watching 

amplification reaction using fluorescence, a technique called real-time PCR or quantitative PCR 

(qPCR). Combined reverse transcription polymerase chain reaction (RT-PCR) and quantitative 

polymerase chain reaction (qPCR) are routinely used for analysis of gene expression and 

quantification of viral ribonucleic acid (vRNA) in search and clinical settings. Diagnosis reverse 

transcription polymerase chain reaction (RT-PCR) is a diagnostic lab exam that uses nasal swab, 

tracheal aspirate or bronchoalveolar lavage (BAL) specimens. Primary, and preferred, method 

for diagnosis is collection of upper respiratory specimens via nasopharyngeal and oropharyngeal 

swabs. Use of bronchoscopy as a diagnostic method for coronavirus disease 2019 (COVID-19) is 

not recommended as aerosol that is generated poses a crucial serious issue for both sick 

individuals and healthcare staff. Bronchoscopy can be considered only for intubated sick 

individuals when upper respiratory specimens are negative and other diagnostic tools would 

considerably change clinical medicate. However, bronchoscopy may be indicated when clinical 

and safety criteria are met and in case of unstated diagnosis. Alternatively, tracheal aspiration 

and nonbronchoscopic bronchoalveolar lavage (BAL)  can be used to collect respiratory 

specimens in intubated sick persons. Nonbronchoscopic bronchoalveolar lavage (NB-BAL) 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. Appropriate samples were collected in 87% of the nonbronchoscopic bronchoalveolar 

lavage (NB-BAL) specimens. Several methods of non-bronchoscopic  bronchoalveolar lavage 

(NB-BAL) have been illustrated. However, they all involve use of specialized catheters such as 

balloon-tipped24 or double-lumen catheters, specialized bronchial catheters, mucosity aspirators, 

and catheters containing a sterile brush and plug. Many require radiological affirm of catheter 

position prior to performing bronchoalveolar lavage (BAL). 

Severe acute respiratory syndrome coronavirus-2 ribonucleic acid (SARS-CoV-2 RNA) has been 

extracted from upper and lower respiratory tract specimens, and virus has been isolated in a cell 

culture of upper respiratory tract (URT) secretions and bronchoalveolar lavage (BAL) 

specimens. In one case series, Zou et al. (2020) found that concentrations of severe acute 

respiratory syndrome coronavirus-2 ribonucleic acid (SARS-CoV-2 RNA) were higher in 

https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Complementary_DNA
https://en.wikipedia.org/wiki/Polymerase_chain_reaction
https://en.wikipedia.org/wiki/Real-time_polymerase_chain_reaction
https://en.wikipedia.org/wiki/Gene_expression
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samples collected from upper respiratory tract (URT) (as demonstrated by lower cycle threshold 

values in the nose) and in first 3 days after symptom beginning, and high concentrations of 

severe acute respiratory syndrome coronavirus-2 ribonucleic acid (SARS-CoV-2 RNA) were 

also found in specimens collected from upper respiratory tract (URT) specimens from an 

asymptomatic sic person. Several studies have shown that severe acute respiratory syndrome 

coronavirus-2 ribonucleic acid (SARS-CoV-2 RNA) can also be detected in blood and fecal 

specimens. It is reasonable that viral ribonucleic acid (vRNA) would be detectable for weeks, as 

observed in some cases of contagion with severe acute respiratory syndrome coronavirus (SARS-

CoV) or Middle East respiratory syndrome coronavirus (MERS-CoV). Viable severe acute 

respiratory syndrome coronavirus (SARS-CoV) has been isolated from respiratory, blood, urine 

and fecal samples. Specificity of reverse transcription polymerase chain reaction (RT-PCR) lab 

exam looks to be very high, although there may be false-positive results due to swab 

contamination, particularly in asymptomatic sick individuals. Sensitivity rate is not clear, but is 

estimated to be around 66ï80%. Test validity in asymptomatic ill individuals who have been in 

vicine contact with symptomatic ill individuals is even less clear; the rate of positivity could 

reach 50% without any proof of symptoms or affirmed contagion. A single negative test does not 

exclude severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) contagion, particularly 

in highly exposed individuals, if the test is performed using a nasopharyngeal swab specimen 

and at start of contagion. In this case, it may be advisable to repeat the test or collect a deeper 

respiratory tract specimen, such as bronchoalveolar lavage (BAL). 

Currently, most coronavirus disease 2019 (COVID-19) examining is performed in laboratory 

environment. Accurate and scalable point-of-care (POC) lab exams for diagnosis of coronavirus 

disease 2019 (COVID-19) would increase scope for diagnosis to be made in community and 

outside laboratory setting.  

Current reference test of point-of-care (POC) tests for diagnosis of active contagion by severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a real time reverse transcriptase 

polymerase chain reaction (rRT-PCR) assay. Real time reverse transcriptase polymerase chain 

reaction (rRT-PCR) assay utilizes viral ribonucleic acid (vRNA) extracted from ill individual 

specimens [e.g. material collected by nasopharyngeal/oropharyngeal (NP/OP) swab], synthesizes 

complementary deoxyribonucleic acid (cDNA) through action of reverse transcriptase (RT) 

enzyme, and amplifies target sequences of viral genome from complementary deoxyribonucleic 
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acid (cDNA) template. Real time reverse transcriptase polymerase chain reaction (rRT-PCR) can 

be interpreted in a semi-quantitative manner, with speed of target amplification dependent on 

concentration and quality of viral ribonucleic acid (vRNA) in first specimen, and thus 

amplification percent can be used as a proxy for sample viral load. Failure to amplify can be 

explained as a negative result, but could also be attributable to bad quality of clinical specimen or 

to early illness status. These assays can be run on standard real time reverse transcriptase 

polymerase chain reaction (rRT-PCR) thermocyclers or large automated or semi-automated 

diagnostic platforms. Examining in individuals suspected of having coronavirus disease 2019 

(COVID-19) involves sending a respiratory specimen [e.g. oropharyngeal (OP)/nasopharyngeal 

(NP) swab, sputum or bronchoalveolar lavage (BAL) in seriously unwell ill individuals] to a 

reference laboratory for real time reverse transcriptase polymerase chain reaction (rRT-PCR) 

testing. Time between sample gathering and dysplay of results can range from 24 to 72 hours, but 

could be much faster with a streamlined approach from specimen to answer for urgent clinical 

scenarios. 

A point-of-care (POC) test is performed at or near site where a sick person initially encounters 

health care system, has a haste turnaround time (approximately 15 min), and provides actionable 

information that can lead to a change in sick person management. Haste results reduce need for 

multiple sick person visits, enable timely medicate, and ease containment of contagious illness 

propagation. However, there are emerging molecular technologies that enable nucleic acid-based 

approaches at point-of-care (POC). Molecular point-of-care (POC) lab exams utilize same basic 

methodology as laboratory procedure, but fundamentally automate a differed number of the steps 

required. As they could be operated in near-patient settings rather than on laboratory bench, they 

might be expected to provide a shorter time to result. Many of these point-of-care (POC) 

examinations are molecular-based polymerase chain reaction (PCR)-type tests, but others are 

serological assays, which detect presence of antibodies (Abs) in a blood sample. Serological 

assays, using enzyme-linked immunosorbent assays (ELISA), detect presence of antibodies 

(Abs) to coronavirus (CoV) in a whole blood, plasma or serum sample. These procedures detect 

immunoglobulins M and G (IgM and IgG). Immunoglobulin M (IgM) is the largest 

immunoglobulin, and is the first to appear after initial exposure to an antigen (Ag). 

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 whether an ill individual has 

https://www.nature.com/articles/d41586-020-00827-6
https://www.nature.com/articles/d41586-020-00827-6
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previously been infected with coronavirus (CoV), as they will stay positive after active contagion 

has gone. Currently, serological checking is not routinely offered as part of screening or 

diagnosis of coronavirus disease 2019 (COVID-19), as no validated methods are available. These 

lab exams will not be positive until body has started to make antibodies (Abs) to fight the virus, 

usually 5-10 days post-contagion. Widespread use of such a lab exam could indicate what 

percentage of population has had the virus, but these lab exams are less probable to detect 

contracted persons in early stages of illness. In ill persons where molecular lab exam is negative 

but there is a strong clinical suspicion of coronavirus disease 2019 (COVID-19), serological 

checking could support a diagnosis once validated assays become at hand. Antigen (Ag) lab 

exams  may also offer additional information before or at time of taking a specimen for 

molecular screening, but there are no commercially available antigen (Ag) lab exams for 

coronavirus disease 2019 (COVID-19) at time of writing. 

Most of six molecular point-of-care (POC) lab exams have either got CE marking or emergency 

the Food and Drug Administration (FDA) approbation.  

Almost all point-of-care lab exams are portable, bench top-sized analyzers, apart from the 

Microsens Dx RapiPrep©COVID-19 test and the MesaBioTech Accula Test, which are smaller, 

handheld devices. 

Usual validated specimen types include nasal, throat, oral or nasopharyngeal swabs. 

MicrosensDx also supports sputum specimens. 

All lab exams require sample preparation, which involves placing swab sample into a viral 

transport media and pipetting a proportion of sample into a single-use cartridge. Preparation step 

is typically quoted to take approximately two minutes but may take 5-10 minutes for some 

devices. The Abbot ID Now kit indicates a 1-2 minute preparation time, as swab is mixed with 

viral transport media within cartridge in analyzer. 

Most point-of-care (POC) devices are single-access and operate with single-use cartridges. 

Cepheid Xpert SARS-CoV-2 can run 2-4 specimens per run in a random access manner, and 

GenMark EPlex can run 3 specimens per run in a random access manner. 
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Storage of most cartridges requires refrigeration plus some time to equilibriate to room 

temperature, apart from the Cepheid Xpert SARS-CoV-2, Mesa BioTech Accula severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) and Abbott ID NOW COVID-19 tests, 

which can be stored at room temperature prior to use. Time to result varies from 13 minutes 

(Abbott ID NOW) to 45 minutes (Cephied Xpert Xpress). 

Of five antibody-based tests, two are lateral flow immunoassays (BioMedomics rapid test and 

Surescreen rapid test cassette), one is a time-resolved fluorescence immunoassay (TRFICA) 

(Goldsite diagnostics kit) and two are colloidal gold immunoassays (Assay Genie rapid POC kit 

and VivaDiag COVID-19 IgG-IgM test). All assays detect presence of immunoglobulin G (IgG) 

and immunoglobulin 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 pregnancy test) within 10-15 minutes. 

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

The reference standard used for comparison in these researches was reverse transcription 

polymerase chain reaction (RT-PCR) testing. Some diagnostic accuracate data was collected 

from clinical, rather than laboratory exam, the largest such research article being evaluation of 

BioMedomics IgM-IgG rapid lab exam, which estimates 89% sensitivity and 91% specificity 

among 525 sick individuals specimens. Being based on published clinical data, this assessment 

constitutes stronger affirm. It is also found a registered clinical trial protocol for VivaDiag and 

expect that further clinical accuracy data will become available as coronavirus disease 2019 

(COVID-19) pandemic progresses. 

Most common laboratory anomalies reported on admission amongst hospitalized sick individuals 

with pneumonia included leucopenia (9ï 25%) or leucocytosis (24ï30%), lymphopenia (63%) 

and elevated levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) 

(37%). Amongst 1099 coronavirus disease 2019 (COVID-19) sick individuals, lymphocytopenia 

was present in 83%; in addition, 36% had thrombocytopenia and 34% had leucopenia. A mild 

thrombocytopenia, hypertransaminasaemia and an increase in lactate dehydrogenase (LDH, also 

known as lactic acid dehydrogenase) have also been recorded. Increased inflammation indices, 

usually including reduced procalcitonin (PCT) and increased C-reactive protein (CRP) levels, are 

associated with clinical gravity. It was documented an average C-reactive protein (CRP) 

https://clinicaltrials.gov/ct2/show/NCT04316728
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concentration of 1.1 mg/dL in sick individuals with normal percentage oxygen saturation 

(SatO2) and of 6.6 mg/dL in hypoxemic sick individuals. A study noticed a correlation between 

C-reactive protein (CRP) and decease risk. Increased troponin (Tn) was also reported in 7% of 

sick individuals who in the end deceased because of fulminant myocarditis (FM). Troponin (Tn) 

seems to be a potent prognostic indicator of decease. Finally, it was noticed that D-dimer (DD) 

and ferritin concentrations were usually high in hospitalized sick individuals.  

Usual computed tomography (CT) findings in individuals with coronavirus disease 2019 

(COVID-19) were ground-glass opacities, especially on the peripheral and lower lobes, and 

bilateral multiple lobular and subsegmental areas of consolidation, especially in intensive care 

unit (ICU) ill individuals. Number of lung segments involved was found to be related to illness 

seriousness. These opacities tended to flow together and thicken with progression of illness. 

Non-usual computed tomography (CT) findings involved pleural effusion (only about 5%), 

masses, cavitations and lymphadenopathies; therefore, these would propose alternative 

diagnostic route. In one study, time period from symptom start to initial computed tomography 

(CT) scan was assessed and authors found that 56% of sick individuals who presented symptoms 

within 2 days had normal computed tomography (CT) images. Computed tomography (CT) 

sensitivity looks to be high in sick individuals with positive reverse transcription polymerase 

chain reaction (RT-PCR) (86ï97% in different case studies) and lower in sick individuals with 

only constitutional and nonrespiratory symptoms (about 50%). Conventional chest X-ray 

sensitivity is lower at around 59%. Usual chest computed tomography (CT) findings in 

coronavirus disease 2019 (COVID-19) involve bilateral infiltrates with multiple ground-glass 

opacities or consolidation, but no edema. Some sick individuals exhibit asymmetrical edematous 

lesions and atelectasis, or scattered fibrosis. Given the low resolution of plain radiography, it is 

recommended that chest computed tomography (CT) be performed in all serious sick persons. 

However, unfortunately, computed tomography (CT) scanning is not available in all emergency 

departments, and may require transfer of sick person to a radiology suite.  

Ultrasound has been used as a diagnostic tool in a very limited number of sick persons. 

Ultrasound has a very low specificity, and, despite being affected by factors such as illness 

seriousness, contracted individual weight and operator skill, sensitivity is estimated to be around 

75%. Nevertheless, ultrasound may play a role in predicting progression of illness through 

detection of interstitial lung disease (ILD, another term for pulmonary fibrosis) features, such as 
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B lines and subpleural consolidations. Lung ultrasound (LU) is a developing technique which has 

been used extensively in acute respiratory distress syndrome (ARDS) affected persons over last 

decades  and may be useful for safe, noninvasive bedside diagnosis of coronavirus disease 2019 

(COVID-19) pneumonia; specific lung ultrasound (LU) patterns have been defined. 

Nevertheless, this technique has several limitations, such as need for formal training, 

interobserver variability, and limited accuracy [especially in obese sick persons and in presence 

of subcutaneous emphysema (SCE, SE)]. 

There have been few reports of chest computed tomography (CT) findings in coronavirus disease 

2019 (COVID-19). Computed tomography (CT) imaging demonstrates five stages in accordance 

to time since onset and illness progression:  

1-Very early phase [asymptomatic, positive nasopharyngeal (NP) swab]: single, double, or 

scattered focal ground-glass opacity, nodules located in central lobule surrounded by patchy 

ground-glass opacities, patchy consolidation and air bronchogram sign;  

2-Early phase: (1ï3 days after clinical manifestations): dilatation and congestion of alveolar 

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

3-Rapid progression phase (3ï7 days after clinical manifestations): massive accumulation of 

cell-rich exudates in the alveolar cavity, vascular expansion and exudation in the interstitium, 

large-scale light consolidation with air bronchogram sign;  

4-Consolidation phase (7ï14 days after clinical manifestations): fibrous exudation of alveolar 

cavity with multiple patchy consolidations; and  

5-Dissipation phase (2ï3 weeks after clinical manifestations): grid-like thickening of interlobular 

septum, thickening and strip-like twisting of bronchial walls, and a few scattered patchy 

consolidations. 

Monitoring of chest computed tomography (CT) features is of extreme importance in these ill 

individuals to personalize medication 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 assessment of risk of pulmonary embolism (PE). It has 
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been described three main chest computed tomography (CT) patterns in coronavirus disease 

2019 (COVID-19) sick persons, representing three different phenotypes:  

1-Multiple, focal, possibly overperfused ground-glass opacities mainly in subpleural region;  

2-Inhomogeneously distributed atelectasis and peribronchial opacities; and  

3-A patchy ARDS-like pattern.  

These differing phenotypes are attributable to different pathophysiological mechanisms, and 

therefore require different ventilatory strategies; however, the phenotypes proposed look to be in 

agreement with Gattinoni et al. (2020), who presumed a phenotype L (low elastance, low 

ventilation to perfusion ratio, and low lung reclutability) compatible with the phenotype 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 superimposable; computed 

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 used. Main 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 Doppler mode in order to detect a reduced blood supply in the (usually increased in 

other inflammatory illnesses). Use of computed tomography (CT) for all ill individuals seems to 

be unreasonable in terms of time, cost and radiation exposure, particularly as management and 

therapeutic approach would not depend substantially on results. However, it is suggested that 

computed tomography (CT) scanning should be reserved for ill individuals with an undefined 

clinical picture, as well as differential diagnosis. 
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Figure(25):Chest CT finding in COVID-19[Robba et al. (2020). Distinct phenotypes require distinct 

respiratory management strategies in severe COVID-19. Respir Physiol Neurobiol, 279, 103455. 

doi:10.1016/j.resp.2020.103455.  
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In figure(25) above: summary of key points for respiratory management of coronavirus disease 

2019 (COVID-19) ill individuals according to three distinct phenotypes. 

Phenotype 1: good compliance, but severe hypoxemia. Positive end-expiratory 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 end-expiratory pressure (PEEP) according to best driving pressure, will probably lead to 

use of lower positive end-expiratory pressure (PEEP) (as compliance is good), resulting in less 

oxygenation. Inhaled nitric oxide (iNO) could be considered in these cases, and prone 

positioning can redistribute perfusion, but is generally not very useful at this stage. 

Phenotype 2: atelectasis and derecruitment are predominant. In this case, high positive end-

expiratory pressure (PEEP) and prone positioning can recruit non-aerated areas of the lung. 

Recruitment maneuvers (RMs) may play a role in these cases, whereas inhaled nitric oxide (iNO) 

is less useful. 

Phenotype 3: typical computed tomography (CT) pattern of moderate-to-severe acute respiratory 

distress syndrome (ARDS), with alveolar edema and low compliance. Respiratory settings 

should follow general principles applied for acute respiratory distress syndrome (ARDS). 

Positive end-expiratory pressure (PEEP) should be set according to best driving pressure; 

eventually, recruitment maneuvers (RMs), prone positioning, and extracorporeal membrane 

oxygenation (ECMO) may be considered. Extracorporeal membrane oxygenation (ECMO) is a 

procedure where a critical ill individual gets life support from a modified heart lung machine 

which can provide respiratory, circulatory or both respiratory and circulatory support. 

 
 

 

 

 

 

Figure(26):CT manifestations of different stages of COVID-19 [Yang W.; Sirajuddin A.; Zhang X.; 

Liu G.; Teng Z.; Zhao S.; Lu M. (2020). The role of imaging in 2019 novel coronavirus pneumonia 

(COVID-19). Springer. European Radiology. https://doi.org/10.1007/s00330-020-06827-4 ] 

https://doi.org/10.1007/s00330-020-06827-4


88 
 

7.Altered Immunity and Convalescent Plasma Treatment in COVID-19 Infection  

Immune response is vital for control and resolution of coronavirus (CoV) contagions, while it 

can also lead to immunopathogenesis, associated with immune response out of control. Spike (S) 

proteins of coronavirus (CoV) binds to host cells by angiotensin-converting enzyme 2 (ACE2), 

fusing to membrane and release viral ribonucleic acid (vRNA). Viral ribonucleic acids (vRNAs), 

as pathogen-associated molecular patterns (PAMPs), are detected by pattern recognition 

receptors (PRRs). Usually, Toll-like receptor3 (TLR3), Toll-like receptor7 (TLR7), Toll-like 

receptor8 (TLR8), and Toll-like receptor9 (TLR9) sense viral ribonucleic acid (vRNA) and 

deoxyribonucleic acid (DNA) in endosome. It is important to refer that Toll-like receptors 

(TLRs), a superfamily of transmembrane interleukin-1 receptor (IL -1R)ïlike molecules, serve in 

innate immune system by distinguishing different pathogenic agents depending on molecular 

signatures; Toll-like receptors (TLRs) are pattern recognition receptors (PRRs). They contain 

leucine (Leu)-rich motifs and a cytoplasmic region, Toll/interleukin-1 receptor (TIR) domain, 

that is necessary for cell signaling. These receptors are largely expressed on cell surface, 

although Toll-like receptors (TLRs) 7 to 9 have been found intracellularly. Signaling through 

these receptors initiates formation of Toll-like receptor (TLR) homodimers and heterodimers, 

leading to production of proinflammatory cytokines/chemokines and other mediators. Toll-like 

receptors (TLRs) are expressed in monocytes/macrophages (Mū), dendritic cells (DCs), B cells, 

and mast cells, but some are found in certain nonimmune cells, involving cells lining mucosal 

surfaces (e.g., intestinal epithelial cells). Also, receptor expression is modulated by microbial 

invasion, microbial components, and cytokines . Viral ribonucleic acid (vRNA) receptor retinoic-

acid inducible gene I (RIG-I), cytosolic receptor melanoma differentiation-associated gene 5 

(MDA5), and nucleotidyltransferase cyclic GMP-AMP synthase(cGAS) are responsible for 

recognition of viral ribonucleic acid (vRNA) and deoxyribonucleic acid (DNA) in cytoplasm. 

These complex signaling recruit adaptors, including TIR-domain-containing adapter-inducing 

interferon-ɓ (TRIF), mitochondrial antiviral-signaling protein (MAVS), and stimulator of 

interferon genes protein (STING) to induce downstream cascades molecules, including adaptor 

molecule myeloid differentiation primary response 88 (MYD88) and result in activation of 

transcription factor nuclear factor kappa-light-chain-enhancer of activated B cells (NF-əB) and 

interferon regulatory factor 3 (IRF3) and production of type I interferons (IFN-Ŭ /ɓ), and by 

some growth factors and cytokines. Many biological activities have been demonstrated such as 

https://www.sciencedirect.com/topics/medicine-and-dentistry/pattern-recognition-receptor
https://www.sciencedirect.com/topics/medicine-and-dentistry/toll-like-receptor-7
https://www.sciencedirect.com/topics/medicine-and-dentistry/homodimer
https://www.sciencedirect.com/topics/medicine-and-dentistry/heterodimer
https://www.sciencedirect.com/topics/medicine-and-dentistry/mucosal-surface
https://www.sciencedirect.com/topics/medicine-and-dentistry/mucosal-surface
https://www.sciencedirect.com/topics/medicine-and-dentistry/receptor-expression
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direct antiviral effects, regulation of immune responses, antiproliferation, and modulation of 

expression of major histocompatibility class I (MHCI) and major histocompatibility class II 

(MHCII)]  and a series of pro-inflammatory cytokines. Hence, virus-cell interactions produce a 

diverse set of immune mediators against invading virus. Innate immunity is needed in a precise 

regulation to eliminate virus, otherwise will result in immunopathology. A few plasma cytokines 

and chemokines were shown elevated in coronavirus disease 2019 (COVID-19) affected 

individuals, involving interleukin-1 (IL-1), interleukin-2 (IL-2), interleukin-4 (IL4), interleukin-7 

(IL-7), interleukin-10 (IL-10), interleukin-12 (IL-12), interleukin-13 (IL-13), interleukin-17 (IL-

17), granulocyte colony-stimulating factor (G-CSF), macrophage colony-stimulating factor 

(M-CSF) , interferon gamma-induced protein 10 [IP-10, also called as C-X-C motif chemokine 

ligand 10 (CXCL10) or small-inducible cytokine B10] , monocyte chemoattractant protein-1 

(MCP-1/CCL2), macrophage inflammatory protein-1alpha (MIP-1Ŭ), hepatocyte growth factor 

(HGF), interferon-gamma (IFN-ɔ), and tumor necrosis factor-alpha (TNF-Ŭ). An anatomy report 

of coronavirus disease 2019 (COVID-19) pneumonia corpse notably demonstrated that 

coronavirus disease 2019 (COVID-19) caused an inflammatory response in lower airway and led 

to lung injury. Collectively, virus particles invad respiratory 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 coronavirus disease 2019 (COVID-19) sick individuals. 

By retrospectively tracking dynamic changes of lymphocyte (LYM)% in deceased cases and 

cured cases, this study presumes that lymphocyte count is an efficient and reliable indicator for 

disease classification and prognosis in coronavirus disease 2019 (COVID-19) patients. A high 

correlation of blood lymphocytes (LYM)  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 lymphocyte (LYM)  concentrations might 

have a well effect on prevention and management of coronavirus disease 2019 (COVID-19).  

During development of mild illness into severe condition, proportion of lymphocytes (LYM)  in 

blood gradually decreased and maintained at a low level. By the time the illness began to 

improve, lymphocyte (LYM )% in blood gradually rose to normal or nearly normal levels. Sick 

persons with persistently low levels of blood lymphocytes (LYM) , especially less than 5%, 

usually had a poor prognosis. Therefore, it is presumed that lymphocyte (LYM )% should be used 

as an indicator for assessing effectiveness of clinical drugs or therapies.  
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Lymphocytes (LYM)  play a decisive role in keeping immune homeostasis and inflammatory 

response throughout body. Understanding mechanism of decreased blood lymphocyte (LYM) 

concentrations is anticipated to provide an efficient strategy for therapy of coronavirus disease 

2019 (COVID-19). There are four possible mechanisms leading to lymphocyte (LYM)  

deficiency and as following:  

1-Virus might directly infect lymphocytes (LYM) , causing lymphocyte death. Lymphocytes 

(LYM)  express coronavirus (CoV) receptor angiotensin-converting 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 acute respiratory syndrome coronavirus-2 

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

3-Inflammatory cytokines continued to be disordered, perhaps leading to lymphocyte (LYM)  

apoptosis. Basic researches confirmed that tumor necrosis factor-alpha (TNFŬ), interleukin-6 

(IL-6) and other pro-inflammatory cytokines could trigger lymphocyte (LYM)  deficiency. 

 4-Inhibition of lymphocytes (LYM)  by metabolic molecules that are produced by metabolic 

disturbances, such as hyperlactic acidemia. Lactate concentrations greater than 2 mmol/L 

represent hyperlactatemia, whereas lactic acidosis is in general described as serum lactate 

concentration above 4 mmol/L. Lactic acidosis happens when lactic acid (LA) production 

exceeds lactic acid (LA) clearance. Increase 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 (COVID-19) ill individuals had elevated 

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 that lymphocytes (LYM )% can be used as a reliable indicator 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 (COVID-19) ill individuals. It is suggested that Time-LYM% model (TLM) should 

be involved in diagnosis and therapeutic guidelines of coronavirus disease 2019 (COVID-19). 
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Time-LYM% model (TLM) is defined as follows: ill individuals have varying lymphocytes 

(LYM )% after start of coronavirus disease 2019 (COVID-19). 

Effective antiviral responses of host innate and adaptive immunity, involving production of 

various pro-inflammatory cytokines, activation of T cells, CD4 and CD8+ T cells, are necessary 

for controlling viral replication, limiting spread of virus, inflammation and cleaning infected 

cells. Nevertheless, tissue injury caused by the virus could stimulate exaggerated production of 

proinflammatory cytokines, the recruitment of pro-inflammatory macrophages (Mū) and 

granulocytes. This results  in 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 coronavirus-2 (SARS-CoV-2) 

contracted ill persons have 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-19), such as cytokine profile, serological markers, and 

clinical symptoms, resemble secondary hemophagocytic lymphohistiocytosis (sHLH) usually 

stimulated by viral contagion. Moreover, another important proof is that severity of coronavirus 

disease 2019 (COVID-19) is related to concentration of proinflammatory cytokines and subsets 

of immune cells. Coronavirus disease 2019 (COVID-19) possesses different concentrations of 

various cytokines and chemokines through mild to severe stage of illness. In severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) contracted individuals, retrospective 

analysis has demonstrated that initial plasma concentrations of interleukin-1beta (IL-

1ɓ),  interleukin-1 receptor antagonist (IL-1RA), interleukin-7 (IL-7), interleukin-8 (IL-8), 

interleukin-10 (IL-10), interferon-gamma (IFN-Ὓ), monocyte chemoattractant peptide (MCP)-1, 

macrophage inflammatory protein-1alpha (MIP-Ŭ), macrophage inflammatory protein-1beta 

(MIP-1ɓ), granulocyte colony stimulating factor (G-CSF), and tumor necrosis factor-alpha 

(TNF-Ŭ) are elevated in ill individuals with coronavirus disease 2019 (COVID-19). Further 

analysis has indicated that plasma levels of interleukin-2 (IL-2), interleukin-7 (IL-7), interleukin-

17 (IL-17), interleukin-10 (IL-10), monocyte chemoattractant peptide-1 (MCP-1), macrophage 

inflammatory protein-1alpha (MIP-1Ŭ), and tumor necrosis factor-alpha (TNF-Ŭ) in intensive 

care unit (ICU) contracted individuals are higher than non-intensive care unit (ICU) ill 

individuals. In addition, plasma concentrations of interleukin-2 (IL-2), interleukin-6 (IL-6), 

interleukin-8 (IL-8), interleukin-10 (IL-10), and tumor necrosis factor-alpha (TNF-Ŭ), recognized 

https://en.wikipedia.org/wiki/Macrophage_inflammatory_protein
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in severe contagion, are distinguishably greater than those in non-severe contagion. Few 

retrospective studies have demonstrated that lung injury reported with Murray score is potently 

correlated with concentration of interleukin-1alpha (IL-1Ŭ), interleukin-1 receptor antagonist 

(IL-1RA), interleukin-2 (IL-2), interleukin-7 (IL-7), interleukin-10 (IL10), interleukin-17 (IL-

17), interferon-gamma (IFN-Ὓ), interferon-gamma (IFN-ɔ) inducible protein-10 (IP-10), 

granulocyte colony stimulating factor (G-CSF), and monocyte-chemotactic protein 3 (MCP-3) 

and these cytokines and chemokines excluding monocyte-chemotactic protein 3 (MCP-3) are 

positively related to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) viral load. 

It was found that plasma concentration of interleukin-6 (IL-6), regarded as a noticeable cytokine 

contributing to macrophage activation syndrome (MAS), elevated both in mild and severe sick 

person groups of coronavirus disease 2019 (COVID-19), severe sick persons had a considerable 

higher concentration of interleukin-6 (IL-6) than mild or nonsevere sick persons. Moreover, 

based on evaluation of pulmonary infiltration in sick persons with acute respiratory distress 

syndrome (ARDS), large area of lung injury (Ó50%) was closely correlated with increased 

concentration of interleukin-6 (IL-6) and subgroup of lymphocytes (LYM)  in peripheral blood. 

During contagion, both innate and adaptive immune cells synergistically participate in anti-viral 

response. The important increment in number of neutrophils, leukocytes, and the neutrophil-

lymphocyte ratio (NLR) has been realized in severe coronavirus disease 2019 (COVID-19) in 

comparison with mild cases. Prominent lymphopenia, referring to impairment of immune 

system, develops in most coronavirus disease 2019 (COVID-19) sick persons particularly in 

severe ones. Therefore, it looks that neutrophils and leukocytes might reinforce cytokine storm 

other than lymphocytes (LYM)  in coronavirus disease 2019 (COVID-19). Concentration of 

lymphocytes (LYM)  and subsets of T cells which play a noticeable role in balancing of immune 

response (IR) varies according to type of virus due to possible viral pathologic mechanism. 

Previous investigations have shown that total count of lymphocytes (LYM)  and subset of T cells 

are decreased in ill individuals with severe acute respiratory syndrome coronavirus (SARS-CoV) 

disease. Data from later studies have supposed that severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) contagion can cause immune dysregulation through affecting 

subsets of T cells. Considerable alleviation of T cells is recognized in coronavirus disease 2019 

(COVID-19) and more pronounced in severe cases. In ill individuals with coronavirus disease 

2019 (COVID-19), concentration of helper T cells (CD3+, CD4+)  and cytotoxic suppressor T 
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cells (CD3+, CD8+), and regulatory T (Treg) cells are below normal concentration while helper 

T  (Th) cells and regulatory T (Treg) cells in severe ill individuals are significantly lower than 

nonsevere ill individuals. Regulatory T (Treg) cells are responsible for keeping immune 

homeostasis with suppressing activation, proliferation, and proinflammatory function of most 

lymphocytes (LYM)  including CD+4 T cells, CD+8 T cells, natural killer (NK) cells, and B 

cells. Further, percentage of naïve 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 naïve T cells and memory T cells is essential for mediating 

effective immune response (IR). In addition to T cells, decrease of B cells and natural killer (NK) 

cells are observed in coronavirus disease 2019 (COVID-19). Another potent finding is affirmed 

strong relationship between inflammatory markers, including erythrocyte sedimentation rate 

(ESR), C-reactive protein (CRP), and interleukin-6 (IL-6) and subset of lymphocytes. Severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is responsible 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 characteristics of cytokine storm cause 

severe illness course and worsens prognosis in coronavirus disease 2019 (COVID-19). Definitive 

and most effective therapies for coronavirus disease 2019 (COVID-19) drugs would be antiviral 

agents that directly target severe acute respiratory syndrome coronavirus-2 (SARS-CoV-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 treatment of coronavirus disease 2019 (COVID-19). Following anti-inflammatory 

treatments are potential candidates for coronavirus disease 2019 (COVID-19) with their 

preclinical or limited clinical evidence.  

Severe lung inflammation and impaired pulmonary gas exchange in coronavirus disease 2019 

(COVID-19) has been proposed to be attributed to upregulation of pro-inflammatory cytokines. In 

healthy individuals, angiotensin 1-7 (Ang-1-7) limits the synthesis of pro-inflammatory and pro-

fibrotic cytokines. Thus, downregulation of angiotensin-converting enzyme 2 (ACE2) by severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2), with consequent decrease in 

angiotensin 1-7 (Ang-1-7) concentrations, may exaggerate cytokine storm leading to 

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

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

A study performed by Guo et al. (2020) showed that plasma troponin (Tn) concentrations had a 

noticeable positive linear correlation with plasma high-sensitivity C-reactive protein (CRP) 

concentrations, exhibiting that myocardial injury may be closely associated with inflammatory 

pathogenesis during the progress of illness. In addition to their direct effects on cardiomyocytes, 

high concentrations of circulating cytokines also develop functional reprogramming of 

endothelial cells, endothelial dysfunction, and atherogenesis (i.e., formation of fatty deposits in 

arteries). In fact, endothelial cells are thought to play a notable role in inflammatory response in 

viral contagions. 

Thus, systemic inflammatory response (SIR) with cytokine storm is rational cause of myocardial 

injury in late phases of illness, usually associated with acute respiratory distress syndrome 

(ARDS), multiorgan failure (MOF) and decease. However, high cytokine concentrations may 

represent key player of myocardial injury in coronavirus disease 2019 (COVID-19), being related to 

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

microthrombogenesis. 

During incubation period, often ranging from 1 to 14 days, and during early phase of illness, 

when non-specific symptoms are present, peripheral blood leukocyte and lymphocyte (LYM)  

counts are normal or slightly decreased. Following viraemia (i.e., presence of viruses in blood), 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) fundamentally affects tissues 

expressing high levels of angiotensin-converting enzyme2 (ACE2) comprising lungs, heart and 

gastrointestinal tract (GIT). Approximately 7 to 14 days from beginning of initial symptoms, 

there is surge in clinical manifestations of illness 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 factors may contribute to 

coronavirus disease 2019 (COVID-19) associated lymphopenia. It has been demonstrated that 

lymphocytes (LYM)  express angiotensin-converting enzyme2 (ACE2) receptor on their surface; 

thus severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) may directly infect those 

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

elevated concentrations of interleukins [mostly interleukin-6 (IL-6), interleukin-2 (IL-2), 
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interleukin-7 (IL-7), granulocyte colony stimulating factor (G-CSF), interferon-ɔ inducible 

protein 10 (IP-10), monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory 

protein 1alpha (MIP1Ŭ)] and tumor necrosis factor-alpha (TNF-Ŭ), which may induce 

lymphocyte (LYM)  apoptosis. Actual cytokine activation may be also associated with atrophy of 

lymphoid organs, involving spleen, and further impairs lymphocyte (LYM)  turnover. Coexisting 

lactic acid acidosis, which may be more obvious among cancer ill individuals who are at 

increased risk for complications from coronavirus disease 2019 (COVID-19), may also inhibit 

lymphocyte (LYM)  proliferation. Guan et al. (2020)  administered data on clinical characteristics 

of 1,099 coronavirus disease 2019 (COVID-19) individuals with laboratory affirm during first 

two months of pestilence in China. On admission, vast majority of ill individuals presented with 

lymphocytopenia (83.2%), whereas 36.2% had thrombocytopenia, and 33.7% showed 

leukopenia. Thrombocytopenia is deficiency of platelets in blood 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 various illnesses. However, they found 

hematological disturbances were more obvious among severe versus non-severe 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 during same period in China and included 41, 99, 138 and 201 confirmed cases with 

coronavirus disease 2019 (COVID-19), respectively. Valuable studies highlighted association 

between lymphopenia and need of intensive care unit (ICU) care, and a notable study showed 

association between lymphopenia and acute respiratory distress syndrome (ARDS) development. 

Specifically, Wu et al. (2020) retrospectively analyzed possible peril factors for developing acute 

respiratory distress syndrome (ARDS) and decease among 201 il l individuals with coronavirus 

disease 2019 (COVID-19) pneumonia in Wuhan, China. Increased peril of acute respiratory 

distress syndrome (ARDS) during illness course was noticeably associated with elevated 

neutrophils levels (p<0.001), reduced lymphocytes levels (p<0.001) in a bivariate Cox regression 

analysis. Elevated levels of neutrophils (p=0.03) were associated with increased risk of decease. 

Of interest, 69% of ill individuals with low lymphocyte (LYM)  count showed reactive 

lymphocyte (LYM)  population involving a lymphoplasmacytoid subset, which was not common 

in peripheral blood of ill individuals with severe acute respiratory syndrome coronavirus (SARS-

CoV) contagion in 2003. Flow cytometry (FC) 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 coronavirus-2 (SARS-CoV-2) may deteriorate function of CD4+ helper 

(Th) and regulatory T (Treg)-cells and induce initial hyperactivation which is followed by rapid 

exhaustion of cytotoxic CD8+ T (Tc)-cells. In Singapore, it was also found that ill individuals 

requiring intensive care unit (ICU) support had considerably lower lymphocyte (LYM)  levels 

(p<0.001) at baseline. In another retrospective study including 52 critically ill individuals from 

Wuhan, China, lymphopenia was reported in 85% of contracted individuals. Lymphopenia was 

also clear among critically ill individuals with coronavirus disease 2019 (COVID-19) in 

Washington, United States of America. During hospitalization, non-survivors demonstrated more 

significant deterioration in lymphopenia compared with those who survived (p<0.05). It has also 

been reported that ill individuals with severe illness 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 to non-survivors, 

survivors showed nadir (i.e., minimum value) of lymphocytes (LYM)  count on day 7 from 

symptom start and thereafter restoration. Therefore, serial assessment of lymphocyte (LYM)  

count dynamics may be predictive of ill individual outcome. It has been proposed a model based 

on lymphocyte (LYM)  counts at two time points; ill individuals with less than 20% lymphocytes 

(LYM)  at days 10-12 from beginning of symptoms and less than 5% at days 17-19 which 

showed worst prognosis. Studies have shown that myocardial injury among inpatients with 

coronavirus disease 2019 (COVID-19) is combined with increased deaths. In a prospective study 

in Wuhan, China including 416 consecutive ill persons 82 (19.7%) had documented myocardial 

injury. Compared with others, these ill persons with myocardial injury had higher leukocyte 

(p<0.001), lower lymphocyte (p<0.001) and lower platelet counts (p<0.001). A retrospective 

study including 187 ill persons with coronavirus disease 2019 (COVID-19) from another hospital 

in Wuhan showed that ill persons with high troponin-T (TnT) concentrations had leukocytosis 

(p<0.001), elevated neutrophils (p<0.001) and reduced lymphocytes (LYM)  (p=0.01). A meta-

analysis of nine studies has presumed that thrombocytopenia is significantly associated with 

gravity of coronavirus disease 2019 (COVID-19), with very high between-studies heterogeneity 

though; a more sizeable drop in platelet counts was noticed particularly in nonsurvivors. Of 

interest, a study showed that among 30 hospitalized sick persons with coronavirus disease 2019 

(COVID-19), those presenting with a peak in platelet count during illness course had worse 
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outcomes. Interestingly, platelet to lymphocyte (LYM)  ratio at time of platelet peak emerged as 

an independent prognostic factor for prolonged hospitalization in multivariate analysis. It was 

observed that a high platelet to lymphocyte (LYM)  ratio may indicate more pronounced cytokine 

storm due to enhanced platelet activation. 

 

 Figure(27):Cytokine storm (www.google.com) 
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Antibodies (Abs) to virus are induced in those who have become infected. Preliminary proof 

supposes that some of these antibodies (Abs) are protective, but this remains to be definitively 

established. Moreover, it is unknown whether all contracted individuals mount a protective 

immune response and how long any protective effect will last. Data on protective immunity 

following coronavirus disease 2019 (COVID-19) are arising. A case series assessing 

convalescent plasma (CP) for treatment of coronavirus disease 2019 (COVID-19) described 

neutralizing activity in plasma of recovered sick persons that seemed to be transferred to 

recipients following plasma infusion. Similarly, in another study of 23 sick persons who healed 

from coronavirus disease 2019 (COVID-19), antibodies (Abs) to receptor-binding domain 

(RBD) of spike (S) protein and nucleocapsid (N) protein were detected by enzyme-linked 

immunosorbent assay (ELISA),  in most sick persons by 14 days following beginning of 

symptoms; enzyme-linked immunosorbent assay (ELISA) antibody (Ab) titers associated with 

neutralizing activity. However, some data propose that magnitude of antibody (Ab) response 

Figure(28): SARS-CoV-2 mediated inflammatory responses (www.google.com) 
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may be related to gravity of illness and that sick persons with mild contagion may not mount 

detectable neutralizing antibodies (Nabs). 

In addition, durability of neutralizing activity following contagion is uncertain. In a study of 37 

sick individuals who had symptomatic coronavirus disease 2019 (COVID-19), by eight weeks 

following hospital discharge, neutralizing activity decreased by a median of 12 percent in 62 

percent. In another study of 149 convalescent sick individuals, 7 percent of whom had required 

hospitalization, only 1 percent had high titers of neutralizing antibodies (Nabs) a mean of 39 

days after illness start. Nevertheless, receptor-binding, domain-specific B cells were identified in 

six sick individuals (all of those studied), and strong neutralizing antibodies (Nabs), regardless of 

serum-neutralizing titer, were also identified, supposing that highly protective vaccines could be 

designed to stimulate production of such antibodies (Abs). 

Animal studies have presumed that immune response (IR) to contagion may provide some 

protection against reinfection, at least in short term. In one study of nine rhesus macaques 

experimentally infected with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), 

all animals developed neutralizing antibodies (Nabs); upon rechallenge with same viral dose 35 

days later, all had amnestic immune (or recall) responses and, on nasal swab, had lower viral 

ribonucleic acid (vRNA) concentrations and more rapid viral ribonucleic acid (vRNA) decline 

compared with initial challenge and with challenged naïve control animals. Studies assessing 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) vaccine candidates in macaques 

have also supposed that immune responses (IR) to vaccination lead to lower concentrations or 

more rapid 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 coronavirus-2 (SARS-CoV-2)-

specific CD4 and CD8 T cell responses in sick individuals who had healed from coronavirus 

disease 2019 (COVID-19) and in persons who had received investigational severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) vaccine, which suggest possibility for 

durable T cell immune response (IR). 

Some studies have reported positive reverse transcription polymerase chain reaction (RT-PCR) 

lab exams for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) in individuals 

with laboratory-confirmed coronavirus disease 2019 (COVID-19) following clinical 

improvement and negative results on two consecutive lab exams. However, these positive lab 
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exams occurred shortly after negative lab exams, were not associated with worsening symptoms, 

may not represent contagious virus, and probably did not reflect reinfection. Specifically, in a 

report from Korea Centers for Disease Control and Prevention of individuals with coronavirus 

disease 2019 (COVID-19) who had a repeat positive ribonucleic acid (RNA) lab exam after 

being previously cleared from isolation, contagious virus could not be isolated in cell culture in 

any of 108 sick persons subjected to testing. Among 790 contacts, there were no newly affirmed 

cases that were traced to exposure during period of repeat positive lab exam. 

Food and Drug Administration (FDA or USFDA) has granted emergency use authorization for 

exams that identify antibodies (Abs) against severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) in serum or plasma. Should proof affirm that presence of these antibodies (Abs) 

reflects protective immune response (IR), serologic screening will be important tool to 

understand population immunity and distinguish people who are at lower risk for reinfection. 

 

 

 

 

In figure (29):  schematic representation of convalescent plasma components and its mechanisms 

of action. A. Main convalescent plasma components. B. Antiviral effects of neutralizing 

Figure(29): Scheme of convalescent plasma components and its mechanism of action [Rojas M.; 

Rodriguez Y.; Monsalve D.; Acosta-Ampudia Y.; Camacho B.; Gallo J.; Rojas-Villarraga A.; 

Ramirez-Santana C.; Diaz-Coronado J.; Manrique R.; Mantilla R.; Shoenfeld Y.; Anaya JM.(2020). 

Convalescent plasma in COVID-19: possible mechanisms of action. Elsevier. Autoimmunity 

Reviews, 19(7), 102554. https://doi.org/10.1016/j.autrev.2020.102554]  

https://doi.org/10.1016/j.autrev.2020.102554
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antibodies (Nabs). Imunoglobulin G (IgG) and immunoglobulin M (IgM) are major isotypes, 

although immunoglobulin A (IgA) may be also important, especially in mucosal viral 

contagions. Other non-neutralizing antibodies (non-Nabs) may exhibit protective effect. Humoral 

immune response (HIR) is mostly directed towards spike (S) protein. C. Anti-inflammatory 

effects of convalescent plasma (CP) involve network of autoantibodies (AAbs) and control of 

overactive immune system (i.e., cytokine storm, Th1/Th17 ratio, complement activation and 

regulation of hypercoagulable state). Abrreviations: N: Nucleoprotein; M: Membrane; E: 

Envelope. 

Safety of use of convalescent plasma (CP) is another issue that has been historically relevant in 

epidemics. In pestilences of Influenza A (H1N1), severe acute respiratory syndrome coronavirus 

(SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV), 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 

nausea, skin erythema, and fever. In coronavirus disease 2019 (COVID-19), reports 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 efficiency, convalescent plasma (CP) 

is better candidate to be assessed as treatment option to control coronavirus disease 2019 

(COVID-19) pandemic. 

Convalescent donors must undergo standard pre-donation assessment to ensure compliance with 

current regulations regarding plasma donation. Currently, convalescent donors between 18 and 

65 years old are considered as persons without contagious symptomatology and negative 

examination for coronavirus disease 2019 (COVID-19) after 14 days of recovery. These 

examinations must be repeated 48 h later and at moment of donation. Donors from pestilence 

areas for tropical illnesses (e.g., malaria) should be excluded. In addition to molecular lab exams, 

it is critical to recognize emotional situation, to explore susceptibilities, and guarantee 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 plasma. Efficacy of this 

technique is around 400ï800 mL from single apheresis donation. This amount of plasma could 

be storage in units of 200 or 250 mL, and frozen within 24 h 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 examinations for human immunodeficiency virus (HIV), hepatitis B, hepatitis C, 
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syphilis, human T-cell lymphotropic virus type 1(HTLV-1, also called human T-cell leukemia 

type 1), and human T-cell lymphotropic virus type 2 (HTLV-II, also called human T-cell 

leukemia type 1), and Trypanosoma cruzi (if living in pestilence area) should be carried out. In 

this sense, nucleic acid lab exam for human immunodeficiency virus (HIV) and hepatitis viruses 

is mandatory to guarantee safety of recipients. Other protocols suppose inactivation of 

pathogenic agents with riboflavin or psoralen plus exposure to ultraviolet (UV) light to improve 

safety of convalescent plasma (CP). 

There is not a standard transfusion dose of convalescent plasma (CP). In different studies for 

coronaviruses (CoVs) administration of convalescent plasma (CP) ranges between 200 and 

500 mL 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 units (250 mL per 

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

Composition of convalescent plasma (CP) is variable and include wide variety of blood derived 

components. Plasma contains mixture of inorganic salts, organic compounds, water, and more 

than 1000 proteins. Also it was found albumin (alb), immunoglobulins (Igs), complement, 

coagulation and antithrombotic factors among others. Interestingly, it is suggested that plasma 

from healthy donors provides immunomodulatory effects via  infusion of anti-inflammatory 

cytokines and antibodies (Abs) that blockade complement, inflammatory cytokines and 

autoantibodies (AAbs). These factors may influence immunomodulatory effect of convalescent 

plasma (CP) in ill persons with coronavirus disease 2019 (COVID-19). 

Neutralizing antibodies (Nabs) are crucial in virus clearance and have been considered essential 

in protecting against viral illnesses. Passive immunity (PI) driven by convalescent plasma (CP) 

can provide these neutralizing antibodies (Nabs) that restrain contagion. Efficiency of this 

management has been correlated with the level of neutralizing antibodies (Nabs) in plasma from 

recovered donors . In severe respiratory syndrome coronavirus (SARS-CoV) and Middle East 

coronavirus (MERS-CoV) were discovered that neutralizing antibodies (Nabs) bind to spike1-

receptor binding protein (S1-RBD), S1-N-terminal domain (NTD) and S2, thus inhibiting their 

entry, limiting viral amplification. Moreover, other antibody (Ab)-mediated pathways such as 

complement activation, antibody-dependent cellular cytotoxicity (ADCC) and/or phagocytosis 

may also promote therapeutic effect of convalescent plasma (CP). 



103 
 

A pseudotyped-lentiviral-vector-based neutralization assay to measure specific neutralizing 

antibodies (Nabs) in plasma from healed ill persons with severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) showed variations in neutralizing antibodies (Nabs) titers, 

approximately 30% of ill persons did not develop high neutralizing antibodies (Nabs) titers after 

contagion. These variations are associated with age, lymphocyte (LYM)  count, and C reactive 

protein (CRP) levels in blood, suggesting that other components from plasma contribute to 

healing of these ill persons. 

In plasma, in addition to neutralizing antibodies (Nabs), there are other protective antibodies 

(Abs), including immunoglobulin G (IgG) and immunoglobulin M (IgM). Non-neutralizing 

antibodies (non-Nabs) that attach to virus, but do not affect its capacity to replicate, might 

contribute to prophylaxis and/or healing improvement. 

Shen et al. (2020), revealed that healed donors from coronavirus disease 2019 (COVID-19) 

contagion had severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)-specific 

antibody (Ab) titers ranging between 1.800 and 16.200 and neutralizing antibodies (Nabs) titers 

were between 80 and 480. Plasma 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-

dependent manner. Moreover, presence of neutralizing antibodies (Nabs) in recipients played 

vital role in restriction of viral contagion. Another study evaluated kinetics of severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2)-specific neutralizing antibodies (Nabs) 

development during course of illness. Titers of neutralizing antibodies (Nabs) in ill individuals 

contracted with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) were low 

before day 10 post-disease beginning and then increased, with a peak 10 to 15 days after disease 

start, remaining stable thereafter in all ill individuals. 

A report in ill individuals with coronavirus disease 2019 (COVID-19), showed that critically ill 

individuals exhibited positivity for anti-cardiolipin immunoglobulin A (IgA) antibodies as well 

as for antiïɓ2-glycoprotein I IgA and IgG antibodies. This evidence may suggest that 

convalescent plasma  (CP)-coronavirus disease 2019 (COVID-19) may neutralize this type of 

autoantibodies (AAbs) reducing odds of suffering from thrombotic events (i.e., antiphospholipid 

syndrome-like disease), especially in critically ill contracted individuals. In same line, report of 

sick person with Sjögren's syndrome (SjS, SS) and coronavirus disease 2019 (COVID-19) 
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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 antibodies (Abs) inhibit complement cascade (i.e., C3a and C5a), and limit 

formation of immune complexes. A study showed that complement-deficient mice with induced 

severe acute respiratory syndrome coronavirus (SARS-CoV) contagion exhibited 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 damage. Additional studies 

have revealed that immunoglobulin G (IgG) transferred by plasma neutralize cytokines such as 

interleukin-1beta (IL-1ɓ) and tumor necrosis factor-alpha (TNF-Ŭ). In this sense, passive 

immunity (PI) by infusion of convalescent plasma (CP)-coronavirus disease 2019 (COVID-19) 

may restrict inflammatory cascade driven by pathogenic antibodies (Abs), as well as cellular 

damage stimulated by complement cascade activation in excessive inflammatory conditions. 

Antibody-dependent enhancement (ADE) is mechanism in which intensity of contagion 

increases in presence of preexisting poorly neutralizing antibodies (Nabs), favoring replication of 

virus into macrophages (Mū) and other cells through interaction with fragment crystallizable 

region (Fc region) and/or complement receptors (CR). In vitro assays with human promonocyte 

cell lines revealed that severe acute respiratory syndrome coronavirus (SARS-CoV) antibody-

dependent enhancement (ADE) was primarily mediated by antibodies (Abs) against spike (S) 

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 in sick individuals with coronavirus disease 2019 (COVID-19), and 

administration of convalescent plasma (CP)-coronavirus disease 2019 (COVID-19) in these areas 

should be conducted with caution since antibody dependent enhancement (ADE) may arise as 

mischievous reaction in sick individuals with active contagion. If one suspects of this 

phenomenon following convalescent plasma (CP)-coronavirus disease 2019 (COVID-19) 

administration, clinicians must soon notify health authorities and assess safety according to 

endemic coronaviruses (CoVs) in the region. 

The neonatal Fc receptor (also FcRn, IgG receptor FcRn large subunit p51, or Brambell receptor) 

is critical regulator of immunoglobulin G (IgG) half-life. It is important to define neonatal Fc 

receptor (FcRn) as protein that in humans is encoded by FCGRT gene. It is fragment 

https://en.wikipedia.org/wiki/Francis_Brambell
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crystallizable (Fc) receptor which is similar in construction to major histocompatibility complex 

(MHC) class I molecule and also associates with beta-2-microglobulin (B2M). Other studies 

showed similar receptor in human beings, leading to naming as neonatal Fc receptor (FcRn). In 

humans, however, it is found in placenta to help ease transport of mother's immunoglobulin G 

(IgG) to growing fetus. It has also been demonstrated to play role in checking immunoglobulin G 

(IgG) and serum (alb) albumin turnover. Neonatal Fc receptor (FcRn) expression is up-regulated 

by proinflammatory cytokine, tumor necrosis factor-alpha ( TNF-Ŭ), and down-regulated by 

interferon-gamma (IFN-ɔ). This receptor works by preventing degradation and clearance of 

immunoglobulin G (IgG) by pinocytotic mechanism that allow antibody (Ab) 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 

immunodeficiency ill 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 (COVID-19) pathogenesis still 

remains to be interpretted, however, saturation of neonatal Fc receptor (FcRn) may offer 

additional immunomodulatory pathway in ill persons receiving convalescent plasma (CP). 

Fcɔ receptors, i.e. receptors for Fc region of immunoglobulin G (IgG), are found in about all 

immune cells and are important in both promoting and regulating immune response (IR) and 

inflammatory immune response (IIR) to immune complexes. These receptors are critical factors 

in modulating or inhibiting activity of immune cells, including lymphocytes (LYM). Fcɔ receptor 

activation by immunoglobulin G (IgG) triggers upregulation of FCɔRIIB.  FCɔRIIB is an Fc 

receptor which has been associated with inhibitory effects and which blocks B cell activation. 

FcɔRIIB is the only inhibitory Fc receptor. It controls many aspects of immune responses (IR) 

and inflammatory immune responses (IIR).  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 of autoimmune encephalomyelitis [EAE, a T-cell-mediated autoimmune disease of central 

nervous system (CNS)] revealed that this process is dispensable for immunomodulatory effect of 

intravenous immunoglobulin (IVIg) medication. Despite these results, convalescent plasma (CP) 

https://en.wikipedia.org/wiki/Fc_receptor
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infusion may help modulation of immune response (IR) via Fcɔ receptors (FcɔR), and accounts 

for attention in current treatment of coronavirus disease 2019 (COVID-19). 

Dendritic cells (DCs), antigen-presenting cells (APCs, also known as accessory cells) of 

mammalian immune system, are key regulators of innate immune response (IIR) and work as 

specialized antigen presenting cells (APCs). In vitro studies have shown that administration of 

intravenous immunoglobulin (IVIg) may abrogate maturation of dendritic cells (DCs), as well as 

reduction in production of interleukin-12 (IL-12). Importantly, production of interleukin-10 (IL-

10) was enhanced. A study found that intravenous immunoglobulin (IVIg) induced production of 

interleuin-33 (IL-33) that thereafter expanded interleukin-4 (IL-4)-producing basophils. Another 

study considered that intravenous immunoglobulin (IVIg) could induce production of 

interleukin-4 (IL-4) and interleukin-13 (IL-13) which correlated with concentrations of 

interleukin-33 (IL-33). T helper 2 (Th2) cytokine-mediated downregulation of FcɔRIIa (a human 

platelet Fc receptor) and interferon gamma receptor 2 [IFN-ɔR2, a cytoplasmic ɓ subunit of 

interferon-ɔ receptor (IFN-ɔR)] was proposed to be possible mechanisms for this phenomenon. 

Moreover, it was administered that intravenous immunoglobulin (IVIg) activated ɓ-catenin in an 

immunoglobulin G (IgG)-sialylation independent manner, which was found critical for reducing 

inflammation. 

Down regulation of human leukocyte antigen class II (HLA-II) and costimulation molecules 

such CD86, CD80, and CD40 have been reported in dendritic cells (DCs) after stimulation with 

intravenous immunoglobulin (IVIg). It is important to say that human leukocyte antigen class II 

(HLA-II)  molecules, encoded within human major histocompatibility complex (MHC), play 

central role in immune response (IR) by presenting peptide antigens (Ags) to helper (T4+) 

lymphocytes. These molecules are expressed on surface of antigen presenting cells (APCs) 

such as monocytes, B cells, and dendritic cells (DCs).  Much worthy is to add that co-

stimulatory molecules are a heterogenous group of cell surface molecules that act to amplify or 

counteract initial activating signals provided to T cells from the T cell receptor (TCR) following 

its interaction with an antigen (Ag)/major histocompatibility complex (MHC), thereby 

influencing T cell differentiation and fate. In ill persons with systemic lupus erythematosus 

(SLE),which exhibit high pro-inflammatory condition, administration of intravenous 

immunoglobulin (IVIg) abrogated interferon-alpha (IFN-Ŭ)-mediated maturation. Data presume 

that infusion of plasma from healed coronavirus disease 2019 (COVID-19) donors may enhance 
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anti-inflammatory properties of dendritic cells (DCs), which could be critical in phases of 

excessive inflammatory stimuli in ill persons with coronavirus disease 2019 (COVID-19). 

Despite ability of enhancing T helper2 (Th2) cells via interleukin-33 (IL -33) in dendritic cells 

(DCs), it has been mentioned that intravenous immunoglobulin (IVIg) modulates balance 

between CD4+/CD8+ T cells, as well as inducing proliferation and survival of T regulatory (Treg) 

cells. Management with intravenous immunoglobulin (IVIg) looks to decrease antigenic 

presentation of T cells via  modulation and inhibition of dendritic cells (DCs). This process was 

independent of FCɔRIIB, and other reports indicated that decreased activation of T cells was 

independent of immunoglobulin G (IgG) sialylation, monocytes or B cells. 

Moreover, ill persons managed with intravenous immunoglobulin (IVIg) exhibited decrease in T 

helper (Th1) cells and low concentrations of interferon-gamma (IFN-ɔ) and tumor necrosis 

factor-alpha (TNF-Ŭ) with elevation of T helper2 (Th2) cytokines such as interleukin-4 (IL-4) 

and interleukin-10 (IL-10). Clinically, it has been observed that ill persons with Influenza A 

(H1N1) managed with convalescent plasma (CP) demonstrated decrease in interleukin-6 (IL-6) 

and tumor necrosis factor-alpha (TN-FŬ), with elevation in interleukin-10 (IL-10). This boost 

concept of an anti-inflammatory effect of convalescent plasma (CP) in individuals with acute 

viral contagions. 

Cytotoxicity is also regulated by administration of intravenous immunoglobulin (IVIg). A study 

presented that ill persons with chronic inflammatory demyelinating polyneuropathy (CIPD) 

managed with intravenous immunoglobulin (IVIg), exhibited decrease in CD8+ T cells with high 

concentrations of CD4+ T effector memory and T central memory cells. In another study, 

intravenous immunoglobulin (IVIg) was affirmed to reduce activation of CD8+ T cells correlated 

with a T-cell receptor (TCR) blockade, thus reducing interaction between effector and target 

cells. A study demonstrated that in individuals experienced Kawasaki disease (KD, an 

inflammatory illness in arteries, veins, and capillaries), a high proportion of CD8+ cells was 

correlated with resistance to intravenous immunoglobulin (IVIg), 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 proliferation of T 

helper17 (Th17) cells, as well as decreases production of interleukin-17A (IL-17A), interleukin-

17F (IL-17F), interleukin-21 (IL-21), and chemokine (C-C motif) ligand 20 (CCL20) [also called 

liver activation regulated chemokine (LARC) or Macrophage Inflammatory Protein-3 (MIP3A)]. 
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In another study, intravenous immunoglobulin (IVIg) were observed to modulate Thelper17/T 

regulatory (Th17/Treg) ratio which is related to recurrent pregnancy loss. It is understood that 

convalescent plasma (CP) may function in a similar way in individuals with coronavirus disease 

2019 (COVID-19). 

B cells are critical in adaptive (acquired or specific) immunity via production of antibodies (Abs) 

and cytokines. In ill persons with demyelinating polyneuropathy (inflammation of nerve roots 

and peripheral nerves and destruction of the fatty protective covering (myelin sheath) over the 

nerves), administration of intravenous immunoglobulin (IVIg) exhibited overexpression of 

FcɔRIIB receptors on B cells. Intravenous immunoglobulin (IVIg) inhibited Toll-like receptor 9 

(TLR-9)-dependent B cell responses. This was combined with intravenous immunoglobulin 

(IVIg) inhibitions of nuclear factor kappa-light-chain-enhancer of activated B cells (NF-əB) 

signaling pathway, decrease in CD25 and CD40 expression, and reduced interleukin-6 (IL-6) and 

interleukin-10 (IL-10) secretion by B cells. This process looks to be regulated by Src-homology 

2 (SH2) domainïcontaining phosphatase 1. Tyrosine-protein phosphatase non-receptor  type 6, 

also known as Src homology region 2 domain-containing phosphatase-1 (SHP-1), is 

an enzyme that in human beings is encoded by PTPN6 gene. Tyrosine-protein phosphatase non-

receptor type 6, also known as Src homology region 2 domain-containing phosphatase-1 (SHP-

1), is an enzyme that in human beings is encoded by the PTPN6 gene. Protein encoded by this 

gene is member of protein tyrosine phosphatase (PTP) family. protein tyrosine 

phosphatases (PTPs)  are known to be signaling molecules that regulate variety of cellular 

processes including cell growth, differentiation, mitotic cycle, and oncogenic transformation. N-

terminal part of this protein tyrosine phosphatase (PTP) contains two tandem Src homolog (SH2) 

domains, which act as protein phospho-tyrosine binding (PTB) domains, and mediate interaction 

of this protein tyrosine phosphatase (PTP) with its substrates. This protein tyrosine 

phosphatase (PTP) is expressed primarily in hematopoietic cells, and functions as an important 

regulator of multiple signaling pathways in hematopoietic cells. 

Proliferation and survival of B cells is mediated by the B cellïactivating factor (BAFF), which is 

member of tumor necrosis factor (TNF) family, and this protein is best known for its role in 

creation and maintenance of healthy B cells, while excessive production of it is often linked to 

autoimmune conditions. A worthy study showed that intravenous immunoglobulin (IVIg) 

contained neutralizing antibodies (Nabs) for B cellïactivating factor (BAFF). This could explain 
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decrease in proliferation, as well as elevated rates of apoptosis of B cells. Regarding latter 

process, it was found that anti-Fas (anti-CD95) antibodies, present in intravenous 

immunoglobulin (IVIg) preparations, trigered apoptosis in B cells. 

In dendritic cells (DCs), downregulation of costimulatory molecules following administration of 

intravenous immunoglobulin (IVIg) has been recognized. This is similar to B cells which showed 

reduction in antigen-presentation activity secondary to immunoglobulin G (IgG) internalization, 

in concordance with decreased interleukin-2 (IL-2) secretion by T cells. In addition, intravenous 

immunoglobulin (IVIg) administration modulates B-cell receptor (BCR) signaling. It was found 

that interaction between B-cell receptor (BCR) and CD22 resulted in down-regulation of tyrosine 

(Tyr) phosphorylation of Lyn and the B-cell linker proteins which resulted in a sustained 

activation of extracellular-signal-regulated protein kinase (Erk) 1/2 and arrest of the cell cycle at 

the gap 1phase (G/1 phase) and thus leading to for immunomodulation of the inflammatory 

response in coronavirus disease 2019 (COVID-19) secondary to convalescent plasma (CP) 

administration. However, it is important to say that Lyn is non-receptor tyrosine-protein kinase 

transporting signals from cell surface receptors 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 acts principally as negative regulator, but can also serve as activator, depending on 

context. It is necessary for beginning of B-cell response, but also for its down-regulation and 

termination. It plays a noticed role in regulation of B-cell differentiation, proliferation, survival 

and apoptosis, and is crucial for immune self-tolerance. In addition, it is important to mention 

that activation of extracellular-signal-regulated protein kinase (Erk) is central to growth-factor-

receptor-mediated signaling including that originating from T cell antigen receptor (TCR). It 

integrates cytoplasmic signals to effect changes in transcription associated with differentiation, 

proliferation, and survival. Extracellular-signal-regulated protein kinase (Erk)1/2 constitute a 

focal point of MAP-kinase-pathway signaling in mammalian cells. These two highly 

homologous serine-threonine kinases are activated by tyrosine (Tyr) and threonine (Thr) dual 

phosphorylation and, in turn, broadcast this activation to both cytoplasmic signaling complexes 

and nuclear transcription factors. 

Reports suggest production of antiphospholipid antibodies (APAs) in ill persons with 

coronavirus disease 2019 (COVID-19) together with antiphospholipid-like syndrome (APS), and 
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regulation of this cascade could be critical to avoid deleterious outcomes in these group of ill 

persons [i.e., thrombosis, disseminated intravascular coagulopathy (DIC)]. 

Major immunological factor suspected to be associated with inflammation and lung destruction 

in coronavirus disease 2019 (COVID-19) is activation of macrophages (Mū). It has been 

supposed that ill persons with coronavirus disease 2019 (COVID-19) may experience 

macrophage activation syndrome-like disease associated to innate 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 Blanco-Melo et al. (2020) who illustrated an up regulation of chemokines for innate immune 

cells in ferrets as well as in individuals suffering from coronavirus disease 2019 (COVID-19). 

Interestingly, results indicated that this scenario mainly occurred in first 7 days post contagion, 

whereas at day 14th, other cytokines such as interleukin-6 (IL-6) and interleukin-1 (IL-1) 

persisted activated.  

It was found that macrophages (Mū) treated with intravenous immunoglobulin (IVIg) showed 

increased production of interleukin-10 (IL-10), with decrease in interleukin-12 (IL-12)/23p40, 

thus suggesting induction of anti-inflammatory macrophage (Mū) profile. Although there is no 

proof of macrophage (Mū) pulmonary migration inhibition by intravenous immunoglobulin 

(IVIg), a study on induced peripheral neurotoxicity showed that this treatment reduced nerve 

macrophage (Mū) infiltration in rats. These observations deserve attention in those affected 

persons managed with convalescent plasma (CP)-coronavirus disease 2019 (COVID-19) since 

they may consider for positive results encountered in critically ill persons with coronavirus 

disease 2019 (COVID-19). In this line, it is advised for convalescent plasma (CP)- coronavirus 

disease 2019 (COVID-19)administration in early stages of illnesses to prevent innate immune 

cells migration and avoid lung damage. 

8. Altered Biomarkers Levels in COVID-19 Infection     

Biomarkers, such high serum procalcitonin (PCT) and ferritin have also dysplayed as bad 

prognostic factors. Moreover, blood hypercoagulability is common amongst hospitalized 

coronavirus disease 2019 (COVID-19) sick persons. Higher D-Dimer (DD) concentrations are 

consistently recorded, whereas their gradual increase during illness course is particularly 

correlated with illness worsening. Other coagulation abnormalities such as prothrombin time 

(PT) and activated partial thromboplastin time (aPTT or APTT) prolongation, fibrin degradation 
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products elevate, with severe thrombocytopenia lead to life-threatening disseminated 

intravascular coagulation (DIC) which necessitates continuous vigilance and prompt 

intervention. Coronavirus disease 2019 (COVID-19) contracted cases whatever hospitalized or 

ambulatory are at high seriousness for venous thromboembolism (VTE)  and an early and 

prolonged pharmacological thromboprophylaxis with low molecular weight heparin (LMWH) 

which is a class of anticoagulant medications, is highly recommendable.  

Coagulation disturbances are relatively often encountered among coronavirus disease 2019 

(COVID-19) contracted individuals, particularly amongst those with severe illness. In a 

multicenter retrospective study during first two months of pestilence in China, 260 out of 560 

contracted subjects (46.4%) with laboratory affirmed coronavirus disease 2019 (COVID-19) 

contagion had elevated D-dimer (DD) (Ó0.5 mg/L), whereas elevation was more observed 

amongst severe contracted subjects (59.6% versus 43.2% for non-severe ones). D-dimer (DD) 

dynamics can reflect seriousness and their elevated levels are correlated with adverse results 

among ill persons with community-acquired pneumonia (CAP), which is 

defined as pneumonia that is acquired outside hospital. Elevated D-dimer (DD) (> 1.5 ɛg/L) was 

detected in 36% of ill persons in a descriptive study of 99 coronavirus disease 2019 (COVID-19) 

affected subjects in Wuhan, China. Another retrospective study in China comprising 41 subjects 

revealed that D-dimer (DD) and prothrombin time (PT) levels were elevated notably on 

admission among subjects requiring intensive care unit (ICU) support. It was found that ill 

persons requiring intensive care unit (ICU) management had considerably higher D-dimers (DD) 

in comparison with less serious cases. Affected individuals presenting with cardiac injury in 

context of coronavirus disease 2019 (COVID-19) contagion are more prone to coagulation 

disturbances in comparison with those without cardiac illnesses. Sick persons with high 

troponin-T (TnT) concentrations may show more often higher prothrombin time (PT), activated 

partial thromboplastin time (APTT), and D-dimer (DD) levels. A study presented that among 

201 sick persons with coronavirus disease 2019 (COVID-19) pneumonia, increased prothrombin 

time (PT) was related to increased risk of acute respiratory distress syndrome (ARDS), and 

additionally increased concentrations of D-dimer (DD) were significantly correlated with 

increased risk of acute respiratory distress syndrome (ARDS) and decease. Difference in median 

concentrations of D-dimer (DD) between survivors and non-survivors was larger than that 

between acute respiratory distress syndrome (ARDS) and non- acute respiratory distress 
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syndrome (ARDS) groups, which might suppose that disseminated intravascular coagulation 

(DIC)-related complications may have led subset of contracted persons to decease independently 

of acute respiratory distress syndrome (ARDS). In a multicenter retrospective cohort study from 

China, elevated D-dimer (DD) concentrations (>1ɛg/mL) were considerably associated with in-

hospital decease in multivariable analysis. In another retrospective study encompassing data 

from 183 consecutive sick persons with coronavirus disease 2019 (COVID-19), non-survivors 

had considerably higher D-dimer (DD), fibrin degradation products (FDP) levels, and prolonged 

prothrombin time (PT) and activated partial thromboplastin time (aPTT, also known as partial 

thromboplastin time,PTT) in comparison with survivors at initial assessment. By late 

hospitalization, fibrinogen and antithrombin (AT) concentrations were also noticeably lower in 

non survivors. Of interest, 71.4% of non-survivors versus 0.6% of survivors fulfilled clinical 

criteria for disseminated intravascular coagulation (DIC) during illness course. Median time from 

admission to disseminated intravascular coagulation (DIC) manifestation was 4 days (range: 1-

12 days). Therefore, it is indicated that D-dimer (DD) elevation and disseminated intravascular 

coagulation (DIC) may be common in sick persons with 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 and Hemostasis should be 

followed for early disseminated intravascular coagulation (DIC) identification. Venous 

thromboembolism (VTE) risk in hospitalized coronavirus disease 2019 (COVID-19) infected 

persons is an emerging matter. Rate of symptomatic venous thromboembolism (VTE)  in acutely 

ill hospitalized medical ill subjects raises up to 10%. Prolonged immobilization during illness, 

dehydration, an acute inflammatory state, presence of other cardiovascular (CV) risk factors [i.e., 

hypertension (HTN), diabetes mellitus (DM), obesity] or cardiovascular disease [CVD, i.e., 

coronary artery disease (CAD), history of ischemic stroke or peripheral artery disease (PAD)], 

previous history of venous thromboembolism (VTE)  and classical genetic thrombophilia, such 

as heterozygous Factor V Leiden mutation are common comorbidities in hospitalized 

coronavirus disease 2019 (COVID-19) infected subjects, which possibly increase venous 

thromboembolism (VTE) risk. Possibility of endothelial cell activation/damage due to virus 

attachment to angiotensin-converting enzyme2 (ACE2) receptor may further increase venous 

thromboembolism (VTE) gravity. Release of large amount of inflammatory mediators and 

application of hormones and immunoglobulins (IG) in severe or critically ill infected persons 
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may lead to increased blood viscosity. Furthermore, mechanical ventilation (MV), central venous 

catheterization, and surgery may promote vascular endothelial dysfunction (VED). Combination 

of all above factors may 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 hospitalized coronavirus disease 2019 (COVID-19) sick persons. In this context, 

venous thromboembolism (VTE) risk increase must be evaluated in all acutely ill infected 

persons admitted to hospital, and thromboprophylaxis should be given to all these high-risk 

infected persons according to current clinical practice guidelines. In coronavirus disease 2019 

(COVID-19) infected individuals with clinical manifestations of sudden deterioration of 

oxygenation, respiratory distress, or hypotension is of major importance for improvement 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 pulmonary embolism(PE), along with recommended 

imaging techniques such as ultrasound venous echo-Doppler or bedside echocardiography. A 

small study in 25 pulmonary embolism (PE) suspected ill persons explored with computed 

tomography pulmonary angiography (CTPA) administered that those with affirmed pulmonary 

embolism (PE) had D-dimer (DD) concentrations higher than 7000 ng/ml compared to those 

without pulmonary embolism (PE) with significantly lower D-dimer (DD) concentrations.  

Low molecular weight heparins (LMWH), or unfractionated heparin (UFH) should be preferred 

over direct oral anticoagulants (DOACs) due to possible drug-drug interactions with concomitant 

antiviral (especially anti-HIV protease inhibitors such as ritonavir) and antibacterial (such as 

azithromycin) treatment. Such therapies interfering with cytochrome P450 family 3 subfamily A 

member 4 (CYP3A4) and/or P-glycoprotein (P-gp) pathways may increase bleeding risk or 

reduce antithrombotic effect in case of direct oral anticoagulant (DOAC) use. In a retrospective 

Chinese study, involving 449 severe coronavirus disease 2019 (COVID-19) infected persons in 

Wuhan, low molecular weight heparin (LMWH) administration amongst infected persons with 

noticeably elevated D-dimers (DD) or in those meeting criteria for sepsis-induced disseminated 

intravascular coagulation (DIC) was considerably associated with improved 28-day overall 

survival. Moreover, clinicians should routinely assess all coronavirus disease 2019 (COVID-19) 

infected persons under heparin treatment for indices of heparin-induced 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 heparin-induced 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 by viral contagion, 

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

Hematological changes are common in sick persons with coronavirus disease 2019 (COVID-19), 

which involve decreased lymphocyte (LYM)  count and platelet count but normal white blood 

cell (WBC) count. A study indicated that prolonged activated partial thromboplastin time 

(aPTT), 26% had elevated D-dimer (DD) concentrations, and most sick persons had normal 

prothrombin time (PT). Of seven sick persons in University of Hong Kong-Shenzhen Hospital 

(Shenzhen, Guangdong province, China), two had thrombocytopenia, and two had elevated D-

dimer (DD) concentrations. A study involving 1099 ill persons from 31 provinces/direct-

controlled municipalities in China revealed that 82.1% of ill persons had lymphopenia, 36.2% 

had thrombocytopenia, and 33.7% had leukopenia. These laboratory marker disturbances were 

more considerable in severe illness cases. In 13 patients from 3 hospitals in Beijing, 72.5% 

experienced thrombocytopenia. Statistics from 41 ill persons in designated hospital in Wuhan 

demonstrated that 5% of ill persons had thrombocytopenia on admission. In most infected 

persons, platelet count did not reduce to concentration at which bleeding occurs. However, 

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; C-reactive protein (CRP) was elevated in 60.7% of infected persons, elevated 

procalcitonin (PCT), which may also be suggestive of secondary bacterial infection (SBI) 

complicating clinical course of coronavirus disease 2019 (COVID-19), was present in 5.5% and 

elevated lactate dehydrogenase (LDH) in 41% of infected persons. More severe infected persons 

exhibited more noticeable increase in comparison with the non-severe 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 lactate dehydrogenase (LDH)]. Accordingly in a retrospective cohort study including 

191 sick persons with coronavirus disease 2019 (COVID-19) from Wuhan, China, non-survivors, 

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

elevated procalcitonin (PCT), high serum ferritin levels and higher interleukin-6 (IL-6). In a 
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notable study 40% of infected individuals showed higher lactate dehydrogenase (LDH). Elevated 

lactate dehydrogenase (LDH) has been combined also with higher risk of acute respiratory 

distress syndrome (ARDS), intensive care unit (ICU) support and decease across published 

studies. Elevated C-reactive protein (CRP) has been bound to disadvantageous aspects of 

coronavirus disease 2019 (COVID-19) contagion, such as acute respiratory distress syndrome 

(ARDS) development, elevated troponin-T (TnT) concentrations and myocardial injury, and 

decease. A meta-analysis of four published studies showed that elevated procalcitonin (PCT) 

levels were correlated with about 5-fold higher risk of severe contagion. 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 

decease, but no multivariate analysis was presented. An outstanding biomarker for coronavirus 

disease 2019 (COVID-19) course is interleukin-6 (IL-6). In study by Chen et al. (2020) 52% 

(51/99) of affected individuals had higher interleukin-6 (IL-6) concentrations at admission. 

Elevated interleukin-6 (IL-6) concentrations have been bound to increased risk of decease, and 

gradual increase during hospitalization has been reported in non-survivors.   

Coronaviruses (CoVs) can infect bone marrow (BM) cells, leading to abnormal hematopoiesis. It 

is considered that severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) similarly 

obstacles hematopoiesis in bone marrow (BM) 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 which large number of inflammatory cytokines are secreted 

and large number of blood cells are swallowed. This reactive illness has rapid response with high 

deaths, and its basic characteristics involve persistent fever, hyperferremia (also called siderosis, 

excess of iron in blood,), cytopenia (i.e.,  reduction in number of mature blood cells), and lung 

involvement. In retrospective analysis of 150 affected individuals with coronavirus disease 2019 

(COVID-19) in Wuhan, China, it was found that increased ferritin was one of predictors of 

decease. After analyzing blood samples of 33 severe and critical type coronavirus disease 2019 

(COVID-19) ill individuals, WeiHaimingôs team presented that after severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) contagion, T cells were overactivated to produce 

granulocyte-macrophage colony-stimulating factor (GMCSF) and interleukin-6 (IL-6). 
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Granulocyte-macrophage colony-stimulating factor (GMCSF) induced CD14+ CD16+, 

inflammatory mononuclear macrophages to produce more interleukin-6 (IL-6), and other 

inflammatory factors, thus forming inflammatory storm and resulting in immune damage to 

lungs and other organs. This is identical to clinical manifestation and laboratory examination of 

ill persons with secondary hemophagocytic lymphohistiocytosis (sHLH). Moreover, studies have 

shown that cytokine spectrum identical to secondary hemophagocytic lymphohistiocytosis 

(sHLH) is related to these verity of coronavirus disease 2019 (COVID-19) illness. It is 

considered that after cytokine storm, hematopoietic progenitor cells in bone marrow (BM) of 

sick persons with pneumonia infected by severe acute respiratory syndrome coronavirus-2 were 

destroyed, primary production of platelets reduced, and at the same time, too many blood cells 

were swallowed, which resulted in decrease of peripheral blood platelet count. Proof has shown 

that large number of megakaryocytes which are large multinucleated cells of bone marrow (BM) 

dynamically secrete platelets during pulmonary circulation. Persistent 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 secretion of platelets into pulmonary circulation and 

indirectly causes decreased platelet synthesis in systemic circulation. 

It is advised that sick persons with excessive activation of inflammatory response, recommended 

dose of glucocorticoid can be used in short period of time. This is consistent with studies to 

improve thrombocytopenia. Reverse transcriptase inhibitors (RTIs, a class of antiretroviral 

drugs) are effective in therapy of human immunodeficiency virus (HIV)-related 

thrombocytopenia. For example, zidovudine increased platelet synthesis. Furthermore, drug 

promotion of megakaryocyte synthesis can increase platelet synthesis. Proof shows that 

chemokine CXCR4 can be expressed in megakaryocytes. Because severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) and human immunodeficiency virus (HIV) are both 

ribonucleic acid (RNA) viruses, reverse transcriptase inhibitors (RTIs) and chemokine receptor 

antagonists (antiviral agents) may improve illness course 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 anticoagulation and 

thrombocytopenia in sick individuals with coronavirus disease 2019 (COVID-19) efficiently. In 
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addition, immunotherapy scheme of monoclonal antibody (mAb or moAb) drug topirazumab+ 

routine therapy is also enrolled in Diagnosis and Treatment Protocol for COVID-19 (Trial 

Version 7) as valid option treating severe and critical ill coronavirus disease 2019 (COVID-19) 

infected person. Monoclonal antibody (mAb or moAb) against interleukin-6 (IL-6) receptor 

tocilizumab can efficiently block coronavirus disease 2019 (COVID-19) inflammatory storm, 

thus improving prognosis of ill individuals.  

Coronavirus disease 2019 (COVID-19) may increase concentrations of autoantibodies (AAB)  

and immune complexes, leading to particular destruction of platelets by immune system. A study 

reported that phenomenon of immune-mediated thrombocytopenia in subjects infected with 

human immunodeficiency virus-1 (HIV-1) is widespread. Although pathogenesis is unknown, 

this was proven to be associated with circulating immune complexes containing platelet 

membrane components and anti-platelet membrane GPIIIa49-66 IgG antibodies. Anti-platelet 

membrane GPIIIa49-66 IgG antibodies can cross-react with the HIV-1GP 160/120 antigen. 

Antibodies (Abs) and immune complexes deposited on surfaces of platelets will be recognized 

by reticuloendothelial cells (RECs), and platelets will be destroyed as target tissues, causing 

excessive platelet destruction. Platelets with similar antigens (Ags) may be coated by anti-

platelet antibodies and immune complexes, which may result in immune-mediated damage. 

Furthermore, antibodies (Abs) produced during viral contagion may specifically attach to 

antigens (Ags) on platelets through molecular mimicry, leading to increased platelet destruction. 

9. Chest Computed Tomography Scan  

Chest radiography (also known as chest x-ray or CXR) and chest computed tomography (CT) of 

infected individuals show bilateral lung involvement; findings may differ according to illness 

stage, patient age, and immune status at time of imaging. With computed tomography (CT) 

scanning using thinner layers is revealed thickening of interlobular septa which are delicate 

strands of connective tissue separating adjacent pulmonary acini and primary pulmonary lobules 

which are part of acinus that comprises alveolar ducts, sacs, and alveoli but does not 

involve respiratory bronchioles. High-resolution computed tomography (HRCT) revealed small, 

honeycomb-like condensation of interlobular septa in a study of 45 infected subjects. The 

resolution of radiographic examination was not as good as that of computed tomography (CT) 

imaging, which revealed ground-glass opacities (GGOs) with fuzzy edges in 9 infected persons. 
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Song et al. (2020) described chest computed tomography (CT) observations in 51 ill persons 

infected with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), including pure 

ground-glass opacities (GGOs) in 77%, ground-glass opacities (GGOs) with interstitial and/or 

interlobular septal thickening in 75%, and ground-glass opacities (GGOs) with consolidation in 

59% of cases. More consolidated lung lesions were found in ill persons aged Ó50 years compared 

with younger ill individuals. Kanne et al. (2020) concluded that chest computed tomography 

(CT) imaging findings are key focus points for radiologists in sick individuals with severe acute 

respiratory syndrome coronavirus-2 (SARSCoV-2) contagion. It was defined usual computed 

tomography (CT) imaging findings, which incorporated consolidative pulmonary opacities and 

bilateral pulmonary parenchymal ground-glass opacities (GGOs). However, computed 

tomography (CT) imaging also depicts peripheral lung distribution and, occasionally, rounded 

morphology. On the basis of computed tomography (CT) imaging, Jin et al. (2020) described 5 

stages according to body condition during viral contagion and time of illness onset. Ultra-early 

stage has no clinical manifestations and negative laboratory investigation results, but positive 

results for severe acute respiratory syndrome coronavirus-2 (SARSCoV-2) is seen when throat 

swabs are examined. Chest computed tomography (CT) imaging characteristics include dotted 

focal ground-glass opacities (GGOs) or single or double focal ground-glass opacities (GGOs), 

patchy consolidation, and nodules positioned in central lobule area enclosed by patchy ground-

glass opacities (GGOs). Early stage, which refers to phases at 1-3 days after beginning of 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 patchy ground-glass opacities (GGOs) segregated by grid-like condensed or 

honeycomb-like interlobular septa. Rapid progression stage occurs approximately 3-7 days after 

beginning of clinical signs and symptoms. Pathological signs and symptoms include fibrous 

exudation attached to every alveolus throughout inter-alveolar space, creating fusion situation. 

Chest computed tomography (CT) imaging characteristics involve pulmonary consolidation with 

air bronchogram. Consolidation stage occurs approximately 6-15 days after 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 approximately 14-21 days. This stage is 
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observed after beginning of clinical signs and symptoms, and chest computed tomography (CT) 

imaging characteristics involve strip-like opacity and patchy consolidation. 

10.Renin Angiotensin Aldosterone System 

In human physiology, peptides are degraded by limited number of non-specific extracellular 

enzymes known as peptidases or proteases. These are membrane proteins, active sites of which 

face extracellular space. Endopeptidases cut within peptide chain, while exopeptidases release C- 

or N-terminal amino acids. Angiotensin-converting 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 peptide. Angiotensin-converting enzyme 

2 (ACE2) is an enzyme (carboxypeptidase) mainly found in membrane, circulating forms being 

created by enzyme splicing of membrane anchor; it is homologous to angiotensin-converting 

enzyme (formerly simply known as ACE but now better denoted ACE1) first described in 2000 . 

Angiotensin-converting enzyme 2 (ACE2) down-regulates renin-angiotensin system (RAS) and 

acts as deactivator of angiotensin II (AngII) , converting it into angiotensin-(1-7), an active 

peptide with opposite properties to angiotensin II (Ang II) . Several animal studies showed that 

angiotensin-(1-7), by attaching to mitochondrial assembly receptor (MasR), 

induced vasodilatation and showed anti-fibrosis and anti-inflammatory properties. Angiotensin II 

(AngII) is also deactivated by aminopeptidase which converts angiotensin II (Ang II) 

into angiotensin III (Ang III), which induces vasodilatation and 

increases natriuresis and bradykinin by preferential attaching to angiotensin II  receptors (AT2Rs) 

with 30-fold greater affinity than for angiotensin I receptors (AT1Rs). Angiotensin-converting 

enzyme 2 (ACE2) also converts angiotensin 1 [ Ang1, also known as angiotensin-(1-10)] into 

angiotensin-(1-9) [Ang(1-9)], of not known action, which is further converted into angiotensin-

(1-7) [Ang(1-7)] by angiotensin-converting enzyme 1 (ACE1). Renin angiotensin aldosterone 

system (RAAS) can thus be divided into activator system comprising classical and historical 

angiotensin II/ACE1/AT1R/aldosterone pathway, and an inhibitor system comprising 

angiotensin-(1-7)/ACE2/MasR pathway, the latter able both to deactivate angiotensin II (Ang II) 

and counter its effects. Pharmacology of angiotensin-(1-7)/ACE2/MasR pathway, in contrast to 

angiotensin II/ACE1/AT1R/aldosterone pathway, has been little explored, but some in-vitro 
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studies showed beneficial cardiovascular (CV) impact when activated, potentially involving 

cyclic guanosine monophosphate (cGMP)- elevation. Angiotensin-converting enzyme 2 (ACE2) 

has also been reported to interact with angiotensin-1 receptor (AT1R), targeted by angiotensin II 

receptor blockers (ARB). Angiotensin II receptor blockers (ARBs) counter angiotensin-1 

receptor (AT1R)-mediated effects of angiotensin II (Ang II), thus inducing angiotensin II (Ang 

II)  liberation; in response to this increase in angiotensin II (Ang II), they thus increase 

angiotensin-converting enzyme 2 (ACE2) expression. Angiotensin-converting enzye 2 (ACE2) 

seems to be expressed by cells of various organs, including heart, kidney, vessels, digestive 

tract, testicles, ENT region (i.e., areas in ear, nose, and throat)  and lung . 

Angiotensin-converting enzyme 2 (ACE2) is human homolog of angiotensin-converting enzyme 

(ACE), composed of 805 amino acids (AAs) including 17-amino acid N-terminal signal 

sequence and C-terminal membrane binding domain and hydrolyzes angiotensin II (Ang II) into 

angiotensin1ï7 [Ang (1-7)]. Angiotensin II (Ang II) major component of ACE/Ang 

II/AT1(angiotensin II type 1) axis, allows vasoconstriction, contributes to cell proliferation, and 

keeps hydro-salinity balance. Angiotensin 1-7 [Ang (1-7)] is endogenous ligand for G protein-

coupled receptor Mas (GPCR Mas) and particularly inhibits angiotensin II (Ang II) by the 

antagonism of angiotensin II type 1 receptors (AT1Rs), which is regarded as a key modulator of 

the human renin-angiotensin system (RAS). Moreover, angiotensin 1-7 [Ang(1-7)] enhances 

vasodilation, protects heart  and alleviates metabolic syndrome (MS). 

To enter and infect cells, coronavirus (CoV) has to recognize [via their spike (S) surface 

glycoprotein] and to attach to a membrane receptor (a transmembrane protein mediates signal 

transduction for cellular responses to extracellular stimuli). This depends on prior activation of 

spike (S) protein by human proteases including transmembrane protease, serine 2 (TMPRSS2). 

As a membrane enzyme with extracellular domain, angiotensin-converting enzyme 2 (ACE2) 

seems to provide enterance into human cells of coronavirus disease 2019 (COVID-19), and 

therefore acts as a receptor for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) . 

Precise identification of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) spike 

(S) glycoproteins and their angiotensin-converting enzyme 2 (ACE2) binding site shows the 

latter to be identical to that of severe acute respiratory syndrome coronavirus (SARS-CoV), 

despite the two viruses being distinguished and showing no more than 80% homology. 

Moreover, affinity of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) for 
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angiotensin-converting enzyme 2 (ACE2) is greater than that of severe acute respiratory 

syndrome coronavirus (SARS-CoV). This spike (S) protein activation by transmembrane 

protease, serine 2 (TMPRSS2) followed by severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) attaching to extracellular domain of membrane angiotensin-converting enzyme 2 

(ACE2) explains how the virus attaches to and penetrates cell. Conversely, circulating soluble 

angiotensin-converting enzyme 2 (ACE2), while it can attach to severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2), is unable to induce cell contagion. Experimentally, 

antibodies (Abs) targeting severe acute respiratory syndrome coronavirus (SARS-CoV) seem 

also to block severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) binding to 

angiotensin-converting enzyme 2 (ACE2), supposing potential therapeutic strategies, noticeably 

by repositioning certain protease inhibitors (PIs). 

Certain in-vitro studies reported positive correlation between membrane expression and/or tissue 

activity of angiotensin-converting enzyme 2 (ACE2) and risk of coronavirus disease 2019 

(COVID-19) contagion . In addition, by attaching to angiotensin-converting enzyme 2 (ACE2), 

virus induces decrease in angiotensin-converting enzyme 2 (ACE2) tissue activity, thus 

aggravating coronavirus disease 2019 (COVID-19)-induced inflammation in organs such as, 

considerably, lung. A study reported reduced membrane expression of angiotensin-converting 

enzyme 2 (ACE2) in mouse lung following severe acute respiratory syndrome coronavirus 

(SARS-CoV) administration, concomitant with respiratory impairment . In this context, 

administration of angiotensin II receptor blocker (ARB) (losartan) improved respiratory function, 

perhaps by restoring angiotensin-converting enzyme 2 (ACE2)  membrane expression and tissue 

activity. Thus, level of angiotensin-converting enzyme 2 (ACE2)  membrane expression and/or 

tissue activity may influence start of coronavirus disease 2019 (COVID-19) contagion and thus 

hazard of developing more severe inflammatory tissue injuries. Likewise, in recent retrospective 

study of 175 Chinese coronavirus disease 2019 (COVD-19) sick persons requiring hospital 

admission, 62% showed hypokalemia, i.e. a low level of potassium (K+) in blood serum, which 

authors explained by altered angiotensin II (Ang II) deactivation by shift in angiotensin-

converting enzyme 1 (ACE1) / angiotensin-converting enzyme 2 (ACE2) balance [reduced 

angiotensin-converting enzyme 2 (ACE2) tissue activity under coronavirus disease 2019 

(COVID-19)] in favor of angiotensin-converting enzyme 1 (ACE1)  , thus 

inducing aldosterone synthesis and hypokalemia occurrence . If this hypothesis is 
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affirmed, mineralocorticoid receptor blockers (MRBs) may be able to contribute to correcting 

this hypokalemia. 

Therefore, it is clear that angiotensin-converting enzyme 2 (ACE2) and particularly its 

membrane expression and tissue activity play key role in coronavirus disease 2019 (COVID-19) 

contagion. Exact roles, however, are complex and may be deleterious in contamination phase, as 

angiotensin-converting enzyme 2 (ACE2) acts as receptor to coronavirus disease 2019 (COVID-

19) (and severity may correlate with membrane expression and tissue activity)  while being 

beneficial in inflammatory lesion phase.  

 
 
 

 

Figure(30):Renin-angiotensin-aldosterone system in COVID-19 infection [Alexandre J.; Cracowski 

JL.; Richard V.; Bouhanick B.; Drugs, COVID-19 working group of the French Society of 

Pharmacology, Therapeutics. (2020). Renin-angiotensin-aldosterone system and COVID-19 

infection. Elsevier. Annales dôEndocrinologie]  
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In figure (30): ACE1: angiotensin-converting enzyme 1; ACE2: angiotensin-converting enzyme 

2; ARB: angiotensin II receptor blocker; ACEi: angiotensin-converting enzyme inhibitor. 

Viral spike (S) proteins are well established as significant determinant of host tropism and 

represents key target for therapeutic and vaccine development against coronavirus disease 2019 

(COVID-19) contagion. In addition, host cell proteases are important for severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) enterance and contagion of cells as both spike (S) 

proteins and angiotensin-converting enzyme 2 (ACE2) are proteolytically modified during 

process. Binding affinity of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

with angiotensin-converting enzyme 2 (ACE2) looks stronger than severe acute respiratory 

syndrome coronavirus (SARS-CoV), with alterations in several amino acid (AA) residues 

allowing for enhanced hydrophobic interactions and salt bridge building, which may interpret 

noticeably larger global influence of coronavirus disease 2019 (COVID-19) than initial severe 

acute respiratory syndrome coronavirus (SARS-CoV). Furthermore, severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) has evolved to utilize broad array of host proteases 

including cathepsin L (CTSL, a lysosomal cysteine protease), cathepsin B (CTSB, a lysosomal 

cysteine protease), trypsin (a serine protease), factor X (a serine endopeptidase enzyme of 

coagulation cascade), elastase (a serine protease enzyme), furin (a cellular endoprotease), and 

transmembrane protease serine 2 (TMPRSS2) for spike (S) protein priming and facilitating cell 

enterance following receptor attachment. Transmembrane protease serine 2 (TMPRSS2) and 

cathepsin L/B mediates spike (S) protein priming of severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2), and camostat mesylate (a potent serine protease inhibitor), a 

serine protease inhibitor combined with cathepsin L/B inhibitor, E-64d (an epoxysuccinyl 

peptide and an inhibitor of cysteine protease cathepsin B, calpains 1 and 2) blocked severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) enterance. Entry of both severe acute 

respiratory syndrome coronavirus (SARS-CoV) and severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) into cells is promoted by interaction between viral spike (S) 

protein with extracellular domains of transmembrane angiotensin-converting enzyme 2 (ACE2) 

proteins, followed by thereafter downregulation of surface angiotensin-converting enzyme 2 

(ACE2) expression. In a cohort of 12 coronavirus disease 2019 (COVID-19) sick persons, 

circulating angiotensin II (Ang II) concentrations were noticeably increased compared with 

healthy controls (linearly correlated with viral load), providing direct link between tissue 
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angiotensin-converting enzyme 2 (ACE2) downregulation with systemic renin-angiotensin 

system (RAS) imbalance, and allowing development of multiorgan damage (MOD) from severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) contagions. 

Enterance of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) into cells is 

facilitated by interaction between viral spike (S) protein with extracellular domains of 

transmembrane angiotensin-converting enzyme 2 (ACE2) proteins, followed by subsequent 

downregulation of surface angiotensin-converting enzyme 2 (ACE2) expression. 

In a cohort study of 12 coronavirus disease 2019 (COVID-19) contracted persons, circulating 

angiotensin II (Ang II) concentrations were noticeably increased in comparison with healthy 

controls (linearly correlated with viral load), providing a direct link between tissue angiotensin-

converting enzyme2 (ACE2) downregulation with systemic renin angiotensin system (RAS) 

imbalance, and facilitating development of multiorgan damage (MOD) from severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) contagions. 

Angiotensin-converting enzyme 2 (ACE2) works as master regulator of renin-angiotensin system 

(RAS) primarily by converting angiotensin I (Ang I) and angiotensin II (Ang II) into angiotensin 

1-9 (Ang 1ï9) and angiotensin 1-7 (Ang 1ï7), respectively. Both loss-of-function and gain-of-

function approaches in experimental models of human illnesses have described critical role for 

angiotensin-converting enzyme 2 (ACE2) in heart failure (HF), systemic hypertension (sHTN) 

and pulmonary hypertension (PH), myocardial infarction (MI), and diabetic cardiovascular (CV) 

complications. Gut dysbiosis and changed gut permeability have arisen as a notable mechanism 

of illness controlled by angiotensin-converting enzyme 2 (ACE2) axis in both vascular and lung 

illneses, as well as in diabetes mellitus (DM). It is regardable to define gut dysbiosis, also known 

as intestinal or gastrointestinal dysbiosis, as a state in which there is imbalance of 

microorganisms (MOs) within intestines. Clinical and experimental studies support physiological 

and pathophysiological role for angiotensin-converting enzyme 2 (ACE2) in cardiovascular 

disease (CVD), and increasing/activating angiotensin-converting enzyme 2 (ACE2) may evolve 

protective effects against hypertension (HTN) and cardiovascular disease (CVD). Angiotensin-

converting enzyme 2 (ACE2) has garnered broad interest as cellular receptor of severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-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 viral enterance at epithelial surface, angiotensin-converting enzyme 

2/angiotensin 1-7 (ACE2/Ang 1ï7) axis can be carefully manipulated to mitigate severe acute 

respiratory syndrome (SARS)-induced tissue injuries, which represents possible target for 

therapeutic intervention. Therapeutic intervention is an effort performed by persons or groups to 

enhance well-being of someone else who either needs help but refuses it or is otherwise not able 

to initiate or accept help. In experimental models of lung illness, catalytically active angiotensin-

converting enzyme 2 (ACE2) alleviates pulmonary injury and vascular destruct and prevent 

pulmonary hypertension (PH), decreased lung fibrosis [or pulmonary fibrosis (PF) meaning 

scarring in lungs], arterial remodeling, and improved right ventricular performance due to 

combination of direct action in lungs and via angiotensin-converting enzyme 2 (ACE2)-

dependent gut-lung axis. In  phase II clinical trials, administration of angiotensin-converting 

enzyme 2 (ACE2)  was shown to decrease systemic inflammation(SI, the result of release of pro-

inflammatory cytokines from immune-related cells)and shifted renin-angiotensin system (RAS) 

peptide balance away from angiotensin II (Ang II) toward angiotensin 1-7 (Ang 1ï7). Ongoing 

global efforts are concentrated on manipulating angiotensin-converting enzyme 2/ angiotensin 1-

7 ( ACE2/Ang 1ï7) axis to limit severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2) contagion while granting maximal protective effects against lung and cardiovascular (CV) 

destruct in sick persons with coronavirus disease 2019 (COVID-19).  

Severe acute respiratory syndrome coronavirus-2 (SARS- CoV-2) majorly invades alveolar 

epithelial cells (AECs), leading to respiratory symptoms. These symptoms are more severe in ill 

individuals with cardiovascular disease (CVD), which might be correlated with elevated release 

of angiotensin- converting enzyme 2 (ACE2) in these ill individuals in comparison with healthy 

subjects. Angiotensin- converting enzyme 2 (ACE2) levels can be elevated by use of reninï

angiotensinïaldosterone system (RAAS) inhibitors, which are a group of drugs that serve 

by inhibiting  renin-angiotensin-aldosterone system (RAAS) and involve angiotensin-converting 

enzyme (ACE) inhibitors, angiotensin-receptor blockers (ARBs), and direct renin inhibitors 

(DRIs). Given that angiotensin- converting enzyme 2 (ACE2) is actual receptor for severe acute 

respiratory syndrome coronavirus-2 (SARS- CoV-2), safety and possible effects of anti-

hypertension treatment with angiotensin- converting enzyme 2 (ACE2) inhibitors  (ACEIs) or 

angiotensin- receptor blockers (ARBs) in ill individuals with coronavirus disease-19 (COVID-
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19) should be carefully taken into account. Hypertension (HTN), diabetes mellitus (DM) and 

cardiac diseases (CD) are often treated with angiotensin- converting enzyme 2 (ACE2) inhibitors 

(ACEIs) or angiotensin II receptor blockers (ARBs) which can increase expression of 

angiotensin- converting enzyme 2 (ACE2); hence, enhancing contagion with coronavirus (CoV) 

and be responsible for increased seriousness of illness in these group of ill individuals. Whether 

ill persons with coronavirus disease2019 (COVID-19) and hypertension (HTN) who are taking 

angiotensin- converting enzyme 2 (ACE2) inhibitor (ACEI) or angiotensin-receptor blocker 

(ARB) should switch to another antihypertensive drug remains debatablel, and further proof is 

demanded. 

11.Intensive Care Unit Admission in COVID-19 Infection        

Several considerable results have been noticed amongst severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) affected persons and 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 D-dimer (DD), creatine (Cr), and creatine kinase (CK). Median 

time from symptom start 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) II, and Sequential Organ Failure Assessment (SOFA) scores 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, 9-15), Sequential Organ Failure Assessment (SOFA)  score is 5 

(IQR, 3-6), and Acute Physiology and Chronic Health Evaluation (APACHE) II is 17 (IQR, 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 oxygen PaO2/FiO2, have also been 

evaluated [68 mmHg (IQR, 56-89) and 136 mmHg (IQR, 103-234), respectively]. However, it is 

noticeable to describe ratio of partial pressure arterial oxygen and fraction of inspired oxygen, 

known as the Horowitz index or 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 ventilator-assisted breathing was 

administered to intensive care unit (ICU) contracted individuals. They provided extracorporeal 

membrane oxygenation (ECMO) and anti-infection treatment after admission to intensive care 

unit (ICU). It is important to refer that in extracorporeal membrane oxygenation (ECMO), blood 

https://en.wikipedia.org/wiki/Blood_gas_tension
https://en.wikipedia.org/wiki/Horowitz_index
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is pumped outside of body to heart-lung machine that removes carbon dioxide and sends oxygen-

filled blood back to tissues in body. Blood flows from right side of heart to membrane 

oxygenator in heart-lung 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 (ECMO) is used in critical care situations, when personôs heart and lungs 

need help so that one can heal. It may be used in care for coronavirus disease 2019 (COVID-

19), acute respiratory distress syndrome (ARDS) and other contagions. It was reported that 

infected persons admitted to intensive care unit (ICU) showed high decease rates. They noted 

that intensive care unit (ICU) cases had higher plasma levels of granulocyte-colony stimulating 

factor (G-CSF or GCSF), interferon gamma (IFN-ɔ)-inducible protein 10 (also called 

CXCL10/IP-10), interleukin-10 (IL-10), interleukin-7 (IL-7), interleukin-2 (IL-2), tumor necrosis 

factor-alpha (TNF-Ŭ), monocyte chemoattractant protein-1(MCP1), and macrophage 

inflammatory protein-1alpha (MIP-1Ŭ/CCL3) than non-intensive care unit (ICU) cases. They 

also determined D-dimer (DD) levels and prothrombin time (PT) during admission. Median D-

dimer (DD) level and median prothrombin time (PT) were 2.4 mg/L (IQR, 0.6-14.4) and 12.2s 

(IQR 11.2-13.4), respectively. Authors also described secondary contagions that developed in 

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

some clinicians.  

12.Risk Factors  

Goodman (2020) shows that risk from coronavirus disease 2019 (COVID-19) contagion 

increases with advancing age. In general, persons in their fifties are at higher risk than persons in 

their forties. Likewise, persons in their sixties and seventies are at higher risk than those who are 

in their fifties. 

Conditions in which thereôs strong proof of increased risk involve: chronic kidney disease 

(CKD), chronic obstructive pulmonary disease (COPD) (like emphysema), persons with lower 

immune health because of solid organ transplantation (SOT), obesity - those with body mass 

index (BMI) greater than 30Kg/m2, serious heart conditions like heart failure (HF) and coronary 

artery disease (CAD), sickle cell disease (SCD), and type 2 diabetes mellitus (T2DM).  

https://www.webmd.com/a-to-z-guides/understanding-kidney-disease-basic-information
https://www.webmd.com/lung/copd/ss/slideshow-copd-overview
https://www.webmd.com/lung/copd/what-is-emphysema
https://www.webmd.com/a-to-z-guides/organ-transplant-donor-information
https://www.webmd.com/diet/obesity/features/am-i-obese
https://www.webmd.com/heart/picture-of-the-heart
https://www.webmd.com/heart-disease/heart-failure/default.htm
https://www.webmd.com/heart-disease/guide/heart-disease-coronary-artery-disease
https://www.webmd.com/heart-disease/guide/heart-disease-coronary-artery-disease
https://www.webmd.com/a-to-z-guides/what-is-sickle-cell-disease
https://www.webmd.com/diabetes/rm-quiz-type-2-diabetes
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Conditions that might place a person at greater danger for a severe outcome from coronavirus 

disease 2019 (COVID-19) are: asthma, dementia, cerebrovascular diseases (CBVD, such 

as stroke), cystic fibrosis (CF), high blood pressure [HBP, also called hypertension (HTN)], 

lower immune health, pregnancy, liver disease, pulmonary fibrosis [PF, a form of 

interstitial lung disease(ILD)], smoking, type 1 diabetes mellitus (T1DM), and thalassemia 

(inherited blood disorder). 

Rod et 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 confounding factors. Sixteen of studies reported laboratory-

affirmed infected persons with coronavirus disease 2019 (COVID-19) and one reported clinically 

diagnosed contracted persons. There were 60 risk factors described for coronavirus disease 2019 

(COVID-19) seriousness. Of these, 7 were regarded of high, 40 of medium and 13 of low 

consistency. Increase in the followings: age, D-dimer (DD), C-reactive protein (CRP), sequential 

organ failure assessment (SOFA) score, and body temperature while decrease in albumin (alb), 

and history of diabetes mellitus (DM) were risk factors with highest consistency as predictors for 

coronavirus disease 2019 (COVID-19) seriousness. In addition, elevated levels of white blood 

cells (WBCs) count, procalcitonin (PCT), lactate dehydrogenase (LDH), cardiac troponins (cTn), 

prothrombin time (PT), interleukin-6 (IL-6), serum ferritin, neutrophils count, creatine kinase 

MB (CK-MB), CURB-65 score with decreased lymphocyte (LYM)  count, and dyspnea were 

classified as medium consistency risk factors with at least positive difference of two studies 

reporting statistically considerable difference between non-severe and CSF groups. There was 

high heterogeneity in definition of CSF, ranging from need for supplemental oxygen to 

development of acute respiratory distress syndrome (ARDS), intensive care unit (ICU) admission 

and decease. However, Rod et al. (2020) findings also suggested that diabetes mellitus (DM) is 

one of most critical comorbidities in terms of illness seriousness. Diabetes mellitus (DM) has 

been previously correlated with other respiratory virus illness severities in cross national 

specimens. This might be interpretted by immunosuppressive effects of hyperglycemia and could 

also explain why contracted persons that develop acute respiratory distress syndrome (ARDS) 

due to coronavirus disease 2019 (COVID-19) were found to have statistically significant higher 

glucose (Glc) concentrations. This finding has important implications given high global 

prevalence of diabetes mellitus.  

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
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Chen et al. (2020) described eight hospital admission covariates which are independent risk 

factors for decease in almost 2000 contracted persons with coronavirus disease 2019 (COVID-

19) inolving older age, smoking history, higher body temperature (°C), and levels of D-dimer 

(DD), activated partial thromboplastin time (aPTT), serum creatinine (sCr), platelet, and 

neutrophil-lymphocyte ratio (NLR) on admission. Several are reported by others; however, 

authors were unable to assure other risk factors mentioned in smaller datasets. Chen et al. (2020) 

identified Log10 NLR as independent risk factor for decease with HR = 14.1 (3.2, 61.2) with 

Log10 values Ó0.4 to Ò1.0 but not otherwise. Although higher neutrophil and lower lymphocyte 

(LYM)  concentrations and higher neutrophil-lymphocyte ratio (NLR) were previously 

mentioned, Log10NLR has not.  

A notable study showed that pregnancy can make course of coronavirus disease 2019 (COVID-

19) more serious for women, though it doesnôt seem to increase their risk of decease. In a study 

that compared coronavirus disease 2019 (COVID-19) outcomes among women between ages of 

18 and 44 by pregnancy status, nearly one-third of pregnant women were hospitalized for their 

contagions, while only about 6% of the non-pregnant women had to be admitted to hospital. 

Pregnant women were also more likely to need intensive care unit (ICU) care and to receive 

breathing support from a ventilator, but they were not more likely to pass away. About 0.2% of 

both pregnant and non-pregnant women passed away of coronavirus disease 2019 (COVID-19) 

during study period. Study authors stress that women who are pregnant during pandemic should 

take extra care by staying at home whenever possible, wearing mask in public, standing 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 Almazeedi et al. (2020) found association between several risk factors and 

admission to intensive care unit (ICU): namely, age above 50 years old, smoking, elevated quick 

sepsis related organ failure assessment (qSOFA, also known as quickSOFA ) score, elevated C-

reactive protein (C-RP) and procalcitonin (PCT) levels. Also, following risk factors were 

identified as having correlation with decease in study sample: asthma, smoking and elevated 

procalcitonin (PCT) levels. 

A study conducted by Almazeedi et al. (2020) in Kuwait mentioned that only 19% of study's sick 

individuals were females, which is lower but in keeping with findings by Guan et al. (2020) and 

https://www.webmd.com/lung/coronavirus-ventilators
https://www.webmd.com/cold-and-flu/features/what-is-pandemic
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Richardson et al. (2020) who also documented lower admission percent for women compared to 

men (41.9% and 39.7%, respectively). Contributing factor to lower proportion of women in 

Almazeedi et al. (2020) study sample, may be high percents of coronavirus disease 2019 

(COVID-19) detected in manual laborer of Indian ethnicity, who tend to be both male and 

younger. A breaking out in two main epicenters, Al -Jileeb and Mahboula areas in Kuwait, both 

of which house high concentrations of Indian male manual laborers may also account for large 

proportion of young, male, Indian infected persons in this study sample (48.1%). Also, South 

Asian ethnicity and lower socio-economic state have been hypothesized to be associated with 

higher percents of coronavirus disease 2019 (COVID-19) and poorer outcomes, based on 

epidemiological observations. Mean body mass index (BMI) for study sample was 26.6 kg/m2, 

with 41.5% of infected persons in 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 common comorbidities demonstrated in Almazeedi et al. 

(2020) cohort study. For symptomatic persons, 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 asymptomatic on admission (46.3%) and had no signs of contagion on 

clinical examination (59.7%).  

Other retrospective cohort studies in coronavirus disease 2019 (COVID-19) contracted persons 

reported much higher percents of temperature, i.e. studies conducted by Richardson et al. (2020) 

30.7%, Guan et al. (2020) 59.2%, and Wu et al. (2020) 38.3% above 39 °C, while Zhou  et al. 

(2020) 94% above 37.3 °C, as almost all their contracted individuals were symptomatic. 

Interestingly, Almazeedi et al. (2020) revealed that large proportion of affected persons had 

sodium and calcium levels below reference range on admission (28.7% and 20.6%, respectively). 

Hong et al. (2020) reported comparable findings, where 50% of coronavirus disease 2019 

(COVID-19) contracted persons they examed had hyponatremia and hypokalemia and they 

supposed there was correlation with degree of renal injury in those infected persons. 

Comparably, Sun et al. (2020) presented high percents of hypocalcaemia (74.7%) in their 

coronavirus disease 2019 (COVID-19) contracted persons, on admission. Elevated C-reactive 

protein (CRP), D-dimer (DD), and procalcitoniin (PCT) concentrations were found in large 

percentage of affected individuals, as noted by other studies. In addition, prothrombin 

concentrations below reference range were present in over half Almazeedi et al. (2020) study 
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population (53.4%). Implications of these findings are not clear, but authors presume it may be 

associated with procoagulant state that is thought to occur in coronavirus disease 2019 (COVID-

19) infected persons. As almost all infected persons enrolled in Almazeedi et al. (2020) cohort 

study had a chest x-ray on admission, authors determined that 76.3% infected persons either had 

a normal chest-ray or benign findings such as prominent broncho-vascular markings, as reported 

by a radiologist. Conversely, Wong et al. (2020) demonstrated that in a cohort of 64 infected 

subjects they studied, only 31% of coronavirus disease 2019 (COVID-19) infected subjects had 

normal initial chest x-ray. In Almazeedi et al. (2020) cohort study infected subjects with 

abnormal chest x-ray findings, 16.6% had unilateral local patchy shadowing or opacification, as 

most common pathological finding. Deaths rates and intensive care unit (ICU) admission rates 

are comparable to Guan et al. (2020) [death, 1.4% and intensive care unit (ICU) admission, 5%], 

but much lower than other large retrospective cohort studies as studies performed by Wu et al. 

(2020), 21.9% death , 26.4% intensive care unit (ICU) admission, and Zhou et al. (2020) 28.3% 

death, 26% intensive care unit (ICU) admission. This may reflect that research article by Guan 

et al. (2020) was one of earliest coronavirus disease 2019 (COVID-19) retrospective cohort 

studies so included ill persons may have had milder symptoms, compared to research articles that 

were published later, when health resources became more limited. In addition, multivariable 

analysis of Almazeedi et al. (2020) cohort study, indicated an association between death rate and 

being a smoker, having asthma and elevated procalcitonin (PCT) concentrations. There was also 

association between intensive care unit (ICU) admission and age above 50 years old, quick 

sepsis related organ failure assessment (qSOFA) score above 0, smoking, higher C-reactive 

protein (CRP) concentrations and elevated procalcitonin (PCT) levels. Interestingly, being a 

smoker and elevated procalcitonin (PCT) concentrations were only factors found to be correlated 

with both pass away and intensive care unit (ICU) admission. Both factors have also been 

associated with unfavorable outcomes by other searches and systematic reviews. In addition, the 

fact that an elevated procalcitonin (PCT) associates with bacterial, and not viral, sepsis supposes 

that ill persons with serious illness might additionally have an element of bacterial pneumonia. 

Comparably, several searche have found correlation between older age  and elevated C-reactive 

protein (CRP) concentrations  and bad outcomes. High quick sepsis related organ failure 

assessment (qSOFA) score and sequential organ failure assessment (SOFA) score were found to 

be correlated with decease by Zhou et al. (2020). Almazeedi et al. (2020) findings did not find an 
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association between quick sepsis related organ failure assessment (qSOFA) score and decease, 

but they did find a correlation with intensive care unit (ICU) admission. This may be due to 

small number of deceases in study sample.  

Age, male sex, obesity, and underlying illness have emerged as risk factors for severe and fatal 

cases of coronavirus disease 2019 (COVID-19) in United Kingdom, according to large cohort 

study published by The BMJ. Besides 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 with need for higher levels of care and higher risk of decease in hospital. 

A study found notable relationship between sex, obesity and poor outcomes  for coronavirus 

disease 2019 (COVID-19) affected persons. As an emerging contagious illness, population of all 

races and ages is generally susceptible. In mainland China, ages range from 30 to 65year old 

persons account for 71.45% and children under age 10 years old account for 0.35%. Elderly 

people and persons with underlying basic disturbances such as asthma, diabetes mellitus (DM), 

cardiovascular diseases (CVD), and cancer may be more susceptible to severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) contagion. Smoking and obesity are also susceptible 

factors. Persons who are in close contact with symptomatic or subclinically symptomatic 

infected persons are part of high-risk population. High contagion risk is also considered in 

healthcare workers and family members of infected persons. 

Susceptibility of certain viral contagions has been linked to antigenic determinants of ABO 

blood groups. To describe antigenic determinant it is  an epitope and it is part of antigen (Ag) 

that is recognized by immune system, particularly by antibodies (Abs) and B and T cells and 

other immune cells like antigen presenting cells (APCs) cannot recognize epitopes [only 

pathogen-associated molecular pattern molecules (PAMPS) and damage-associated molecular 

patterns (DAMPs)]. Data from Wuhan, China, first epicenter of coronavirus disease 2019 

(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 (COVID-19) contracted persons from 

three hospitals in Wuhan region. Across all three hospitals, blood group A was associated with a 

higher risk for coronavirus disease 2019 (COVID-19) in comparison with non-A blood groups, 

whereas blood group O was related to significantly lower risk for connntagiiion compared with 
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non-O blood groups. Another observational study on data from New York Presbyterian hospital 

system, on 1559 persons examined for severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) with known blood group type, also administered comparable results. In severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-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 obesity and other 

chronic diseases, lead to systemic inflammation, endothelial dysfunction (EtD) and increased 

platelet activity, predisposing to thrombosis and thromboembolism (TE) and promoting 

atherosclerosis and cardiovascular diseases (CVD). In men with obstructive sleep apnea 

syndrome (OSAS) or in those affected by chronic obstructive pulmonary disease (COPD) or 

other background pulmonary disease, a higher prevalence of hypogonadism has been found. In 

these clinical settings, men with lower level of testosterone (T) are more prone to develop 

pulmonary and systemic inflammation and worse respiratory and general parameters. Moreover, 

testosterone (T) predisposes men to less effective immune response (IR) against contagious 

agents and male hypogonadism may trigger detrimental cytokine dysfunction, including high 

circulating levels of interleukin-6 (IL 6), tumor necrosis factor-alpha (TNF Ŭ), and interleukin-1 

beta (IL 1ɓ), responsible for poor prognosis in coronavirus disease 2019 (COVID

19). Additionally, androgens enhance transmembrane protease, serine 2 (TMPRSS2) expression, 

thus, leading to a baseline predisposition to wider severe acute respiratory syndrome 

coronavirus-2 (SARS CoV 2) spread into man body than that occurring in women. This 

mechanism could explain greater male susceptibility to more serious clinical course in 

coronavirus disease 2019 (COVID 19). Of note, severe acute respiratory syndrome coronavirus-

2 (SARS CoV 2) could infect testicle, potentially affecting testosterone (T) secretion also in 

young men and directly inducing (primary hypogonadism) or aggravating a preexistent condition 

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

importance of gonadotropinsô levels, which varies among the different forms of hypogonadisms 

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 coronavirus-2 (SARS CoV 2) contagion require further investigation for 

both diagnostic and therapeutic purposes. 
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13.Prevention  

In states where community transport is widespread, preventive strategies for all persons in a 

health care setting are warranted to decrease possible exposures. Additional measures are 

warranted for individuals with suspected or affirmed coronavirus disease 2019 (COVID-19).  

If community transfer of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-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. Individuals should 

avoid close contact with coronavirus disease 2019 (COVID-19) contracted individuals. 

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

The following general measures are recommended to decrease transport of coronavirus disease 

2019 (COVID-19) contagion: 

1-Diligent hand washing, particularly after 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 cough or sneeze). 

3-Avoiding touching face (prticularly eyes, nose, and mouth).American Academy of 

Ophthalmology proposes that individuals not wear contact lenses, because contact lenses make 

individuals touch their eyes more often. 

4-Cleaning and disinfecting objects 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 (COVID-19) infected people to 

wear non-medical masks when in public spaces where social/physical distancing is not suitable. 

World Health Organization (WHO) recommends mask-wearing as part of comprehensive 

approach to decreasing severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

transference in settings where there is diffused transference and social distancing is hard (e.g., in 

public settings, in congregate living settings, on public transportation). In such settings, World 

Health Organization (WHO) advises that most people in community wear non-medical mask 
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(e.g., a cloth or fabric mask), although it specifies that persons who are greater than 60 years old 

or have underlying medical comorbidities should wear medical mask, as should those who have 

symptoms consistent with coronavirus disease 2019 (COVID-19). In United States, Centers for 

Disease Control and Prevention (CDC) also recommends that persons wear cloth face covering 

(e.g., a cloth 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 

transference.Centers for Disease Control and Prevention (CDC) specifies that face covering 

recommendation does not involve medical masks, which should be reserved for health care 

workers.World Health Organization (WHO) has also issued standards for ideal composition of 

cloth mask to optimize fluid resistance and filtration efficacy. Cloth face coverings should 

ideally be made with several layers of fabric. 

When advising ill individuals on use of masks or other face coverings, clinicians should counsel 

them to avoid touching eyes, nose, and mouth when putting on or removing mask, to practice 

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 prevent transfer from infected individuals, involving 

those who have asymptomatic or presymptomatic contagion. People who develop acute 

respiratory disease (e.g., with fever and/or respiratory symptoms) or other symptoms consistent 

with coronavirus disease 2019 (COVID-19) should be encouraged to self-isolate at home (away 

from other persons and pets in household) for duration of illness and wear mask or face covering 

if they have to be around other individuals. Some may warrant evaluation for coronavirus disease 

2019 (COVID-19). People who are caring for suspected or documented infected persons with 

coronavirus disease 2019 (COVID-19) 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 decrease transference in 

community is boosted by indirect proof. In a retrospective study of 124 contracted persons with 

affirmed coronavirus disease 2019 (COVID-19) and their families in Beijing, China, secondary 

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

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
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prior to disease start 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 (COVID-19) who worked while symptomatic prior to 

diagnosis but wore face coverings, there were no subsequent coronavirus disease 2019 (COVID-

19) diagnoses among 139 mates with vicine contact, all of whom were also wearing face 

coverings; both medical masks and cloth face coverings were used. In another study that 

included 17 infected individuals with common cold coronavirus contagions, use of medical mask 

eliminated detectable viral ribonucleic acid (vRNA) in droplet and aerosol particles collected 

from exhaled breath [although viral ribonucleic acid (vRNA) was only detected in 30 and 40 

percent of such specimens when 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 decrease transport, even if masks are only moderately efficient in 

containing contagious respiratory secretions. Studies on filtration efficacy of fabrics presume that 

certain fabrics [e.g., tea towel fabric (termed dish towel fabric in United States)], particularly 

when double-layered, can approach filtration efficacy of medical masks. For some fabrics (e.g., 

cotton T-shirt material), more than two layers may be necessary for suitable filtration. 

Mask-wearing in community may also be correlated with protection for wearer. In a report of 

382 service members who were surveyed about personal preventive strategies in setting of severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) breaking out in United States Navy 

aircraft carrier, self-report of wearing face cover was independently 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 out public 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 detecting contagion and preventing spread. Throughout world, countries have 

employed differed nonpharmaceutical interventions to decrease transport. In addition to personal 

preventive measures (e.g., hand hygiene, respiratory etiquette and face covers, environmental 

disinfection), transmission reduction strategies comprise: 

1-Social/physical distancing orders 
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2-Stay-at-home 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 isolation (separating 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 coronavirus-2 (SARS-CoV-2) contagion over time, although relative contribution of 

each is hard to evaluate, as most countries have employed combination of interventions. As an 

example, in pestilence study in Wuhan, number of these interventions (implementation of travel 

restrictions in and around Wuhan with home quarantine and compulsory mask-wearing in public, 

followed by centralized quarantine for all cases and contacts, followed by proactive symptom 

checking for all residents) were associated with progressive reductions in incidence of assirted 

cases in Wuhan and decrease in effective reproduction number from more than 3 prior to 

interventions to 0.3 after them. However, effective reproduction number can be referred to as 

average number of secondary cases for each case in a population made up of both susceptible 

and nonsusceptible 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 laboratory-assirted cases during first week of 

breaking out compared with cities that implemented control measures later. In a study from 

United States estimating incident cases in bordering counties in Illinois, which issued stay-at-

home order, and Iowa, which did not, counties in Iowa experienced more quick increase in 

infected persons following implementation of order in Illinois, estimated to result in 217 excess 

contracted persons after one month. 

Physical distancing is probably independently correlated with decreased gravity of transference. 

In a meta-analysis of observational studies assessing relationship between physical distance and 

transport of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), severe acute 

respiratory syndrome coronavirus (SARS-CoV), and Middle East respiratory syndrome 

coronavirus (MERS-CoV), vicinity and hazard of contagion were closely associated, and 

contagion rate 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 than six feet (two meters) was 

bound to further decrease in transport. 

For cities where incidence has fallen and relaxation of transmission reduction measures is being 

considered,World Health Organization (WHO) has issued interim guidance on implementation, 

which involves step-wise 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 detect infected individuals for isolation and to 

identify contacts for quarantine be strengthened. 

In United States,Centers for Disease Control and Prevention (CDC) recommends that persons 

avoid all nonessential international travel and nonessential travel from some domestic places . 

Because gravity of travel changes hastely, travelers should check government websites for 

restrictions. 

In areas where severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is widespread, 

all residents should be encouraged to stay alert for symptoms and practice social distancing by 

staying home as much as possible and maintaining six feet (two meters) distance from others 

when they have to leave home. 

In United States, Centers for Disease Control and Prevention (CDC) supposes this way for all 

residents. For those returning from international travel (including cruise ship travel) and those 

who have had close contact with ill individual with suspected or confirmed coronavirus disease 

2019 (COVID-19) (including during 48 hours prior to that contracted person developing 

symptoms), Centers for Disease Control and Prevention (CDC) also supposes: 

1-Self-quarantine at home for 14 days following last exposure, with maintenance of at least six 

feet (two meters) from others at all times. 

2-Avoiding contact with persons at high risk for severe illness (unless they are household 

members with same exposure).  

3-Twice-daily temperature checks with monitoring for fever, cough, or dyspnea. If they develop 

such clinical manifestations, they should continue to stay at home away from other household 

members and contact their medical providers.  

https://www.uptodate.com/external-redirect.do?target_url=http%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Ftravelers%2Fmap-and-travel-notices.html%23travel-1&token=Cih4IaTHjZE1UkcMcrmKy%2FM737IBXsiqlevKr254IxBgna7G4sRqeDlMuLfgo0iUimCGg9ck89do3SSNZQMi82Lzsh%2FhifvtJ6i3xWkq1nmvALUkLBSw0hah5bEtTSir&TOPIC_ID=126981
https://www.uptodate.com/external-redirect.do?target_url=http%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Ftravelers%2Ftravel-in-the-us.html&token=lsZ7dsi2TOHcdTPXmSGz0Pl4e0mS5CPTgvG8FyYEYle3Re4Vowhja5j47KYzf1C2qpVPm66jZMlwinOVVMA%2BBKC9P3YfJX%2BlKbEeh7JTzTk%3D&TOPIC_ID=126981
https://www.uptodate.com/external-redirect.do?target_url=http%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fphp%2Frisk-assessment.html&token=Sh2dirKnjbc%2BdBK6qCdj3vc8YzEBFtFE7fWsCVfUm%2BMQ%2FiIfFTsSEeZ4S4WEbSEJLABMic88XYiTC2rRay9GOHlTIDcioV3ldssByV0B2AM%3D&TOPIC_ID=126981
https://www.uptodate.com/external-redirect.do?target_url=http%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fphp%2Fpublic-health-recommendations.html&token=cDYeQM1aakavkeTkY0rk9HFEVahDpoHbRnuaWpIZuTytmw78cPqWrSax2fFl6WxRWTlXlO1yP81tBVKgfCJ3vsyoAEREvKxx0%2B8ahB9euZM%3D&TOPIC_ID=126981
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For asymptomatic persons who are critical infrastructure workers, Centers for Disease Control 

and Prevention (CDC) has provided guidance on returning to work during 14-day post-exposure 

period with symptom and temperature checking, mask use, social distancing, and workspace 

disinfection. 

Numerous vaccine candidates are being evaluated for prevention of coronavirus disease 2019 

(COVID-19). These include differed types of vaccines, comprising nucleic acid-based 

[messenger ribonucleic acid (mRNA) and deoxyribonucleic acid (DNA)] vaccines, viral-vector 

vaccines, and inactivated or recombinant protein vaccines. The different vaccine schemes 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 antibodies (Abs), neutralizing activity, and T cell responses in healthy adults during 

early trials. Studies of vaccine candidates in nonhuman primates have also reported lower 

concentrations or more haste clearance of viral ribonucleic acid (vRNA) in respiratory tract 

specimens following viral challenge in vaccinated animals compared with unvaccinated controls. 

There is also concern in Bacille-Calmette-Guerin (BCG) immunization for prevention of 

coronavirus disease 2019 (COVID-19), and clinical trials are underway to evaluate its use among 

health care workers. Studies have presumed that, although its primary purpose is prevention of 

tuberculosis, Bacille-Calmette-Guerin (BCG) immunization induces innate or nonspecific 

immune response that may have protective effects against non-mycobacterial, including viral 

contagions. Any impact of Bacille-Calmette-Guerin (BCG)  immunization on coronavirus 

disease 2019 (COVID-19) is not known.World Health Organization (WHO) recommends 

Bacille-Calmette-Guerin (BCG) vaccination not be used for prevention or lessening seriousness 

of coronavirus disease 2019 (COVID-19), pending further data. 

Clinical trials are also being conducted in United States and elsewhere to estimate safety and 

efficiency of post-exposure drug prophylaxis against coronavirus disease 2019 (COVID-19). No 

agent is known to be efficient in preventing contagion; it is recommended that post-exposure 

prophylaxis not be attempted outside clinical trial. 

Hydroxychloroquine (HCQ) was one candidate medication for post-exposure prophylaxis, but 

available data propose it is not effective in preventing contagion. In double-blind trial, 821 

https://www.uptodate.com/contents/hydroxychloroquine-drug-information?topicRef=126981&source=see_link
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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 

coronavirus-2 (SARS-CoV-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 decrease percent of combined outcome of polymerase chain reaction (PCR)-

assirted coronavirus disease 2019 (COVID-19) or consistent symptoms within 14 days (11.8 

versus 14.3 percent with placebo, difference -2.4 percentage points, 95% CI -7.0 to 2.2); there 

were also no differences in separate rates of polymerase chain reaction (PCR)-confirmed or 

presumed cases. Side effects were reported in 40.1 percent of hydroxychloroquine (HCQ)-treated 

versus 16.8 percent of placebo-treated subjects. Loss to follow-up in about 11 percent, a greater 

rate of management discontinuation in the hydroxychloroquine (HCQ) group, and use of self-

reported symptoms as proxy for incident coronavirus disease 2019 (COVID-19) reduce 

confidence in findings; nevertheless, the study did not demonstrate role for hydroxychloroquine 

(HCQ) for prevention of coronavirus disease 2019 (COVID-19). 
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CHAPTER THREE 

COMPLICATIONS and THERAPY  

1.Hypokalemia 

Potassium (K+) ions are predominant intracellular cations. Potassium (K+) ions homeostasis 

depends on external balance [dietary intake (usually 100 mmol per day) versus excretion (95% 

via kidney; 5% via the colon) and internal balance (distribution of potassium (K+)) ions between 

intracellular and extracellular fluid compartments]. Uneven distribution of potassium (K+) ions 

across cell membranes indicates that mere 1% shift in its distribution can lead to 50% change in 

plasma potassium (K+) ions level. Hormonal mechanisms [including insulin, ɓ-adrenergic 

agonists (BAA), and aldosterone] modulate potassium (K+) ions distribution by inducing quick 

transfer of potassium (K+) ions across plasma membrane. Under normal circumstances, kidney's 

distal nephron secretes potassium (K+) ions and defines final urinary excretion.  

Hypokalemia is one of commonest electrolyte disturbances observed in clinical practice and, 

although more predominant than hyperkalemia, most suffering individuals are mild. Although 

thresholds for definition of hypokalemia differ a bit, excessively quoted lower limit for normal 

serum potassium (K+) ion level is 3.5 mmol/l. Serum potassium (K+) ion level of 2.5ï3.0mmol/l 

is regarded moderate hypokalemia and a level <2.5mmol/l is indicated severe hypokalemia.  

Hypokalemia is a consequence of renal or non-renal loss of potassium (K+) ions . Extrarenal 

potassium (K+) ions losses from body are usually small, but can be notable in persons with 

chronic diarrhea, severe burns or prolonged sweating. Intracellular potassium (K+) ions shift will 

develop to transient hypokalemia, while inadequate dietary intake is seldom cause of 

hypokalemia. Hypokalaemia can be either resulted from decreased intake of potassium (K), or by 

excessive losses of potassium (K) in urine or through gastrointestinal tract (GIT). The latter is 

more recognizable. Excessive excretion of potassium (K) in urine (kaliuresis) may come from 

use of diuretics medications, endocrine illnesses such as primary hyperaldosteronism (PA), 

kidney anomalies, and genetic syndromes effecting renal function. Gastrointestinal (GI) losses of 

potassium (K) are due to prolonged diarrhea or vomiting, intestinal obstruction or infections, and 

chronic laxative abuse. An intracellular shift of potassium (K) can also progress to severe 

hypokalemia. Insulin administration, stimulation of sympathetic nervous system (SNS), 
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thyrotoxicosis (also known as hyperthyroidism or overactive thyroid) and familiar periodic 

paralysis (PP) are some of the reasons for this phenomenon. Congenital adrenal hyperplasia 

(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 penicillin (P, PCN or PEN) can be frequently underlying cause of hypokalemia. 

Hypomagnesemia is very important since more than 50% of clinically recognized hypokalemia 

has concomitant magnesium deficiency and is clinically most frequently seen in persons taking 

loop or thiazide diuretic medication. Concomitant magnesium deficiency has been estimated to 

aggravate hypokalemia. Hypokalemia correlated with magnesium deficiency is frequently 

refractory to therapy with potassium (K+).  

Low potassium also increases the gravity of abnormal heart rhythm (also called arrhythmia), 

which is often too slow and can cause cardiac arrest (the abrupt loss of heart function). 

Regarding seriousness of hypokalemia, symptoms can differ from absent to lethal heart 

arrthymias. It is worthy to refer to arrhythmia, arrhythmia also known as cardiac 

arrhythmia or heart arrhythmia, it is group of conditions in which heartbeat is 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. Symptoms of arrhythmias usually resolve with correction of hypokalemia. 

Manifestations can be grouped according to affected system. Effects of hypokalemia concerning 

renal function can be metabolic acidosis, rhabdomyolysis (a breakdown of muscle fibers 

syndrome), and, rarely, impairment of tubular transport, chronic tubulointerstitial disease (TID) 

and cyst formation. Nervous system is also affected, the patient can experience leg cramps, 

weakness, paresis or ascending paralysis.Constipation or intestinal paralysis and respiratory 

failure frequently occur as signs of severe hypokalemia. Hypokalaemia can result in detrimental 

effects on the cardiovascular (CVD) system, causing electrocardiographic (ECG) changes 

which include flattening and inversion of T waves in mild hypokalemia, followed by Q-T 

interval prolongation, visible U wave and mild ST depression in more severe hypokalemia. 

Severe hypokalemia can also result in arrhythmias such as Torsades de points (TdP) and 

ventricular tachycardia (VT), and heart failure (HF).  

https://en.wikipedia.org/wiki/Cardiac_cycle
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Cases with serum potassium (K+) ions in the range of 3.0-3.5 mmol/l are usually treated with oral 

potassium (K+) salts as long as they can take oral therapy. Cases with serum potassium (K+) < 3 

mmol/l may require intravenous (IV) potassium (K+) ions particularly in emergencies such as 

arrhythmias, rhabdomyolysis and respiratory failure (RF). In many conditions both by mouth 

(PO) and intravenous (IV), potassium (K+) salts are administered. Intravenous (IV) replacement 

of potassium (K+) is proper for cases with electrocardiogram (ECG) changes, and in 

hypokalemia correlated with diabetic ketoacidosis (DKA)  or taking digitalis. Potassium (K+) ions 

deficit is about 200-400 mmol/l for every 1 mmol/l drop in potassium (K+), but effectivel 

quantity differs among persons. Most patients are managed with potassium chloride (KCl). 

Potassium chloride (KCl) is to large degree available in multiple forms [extended release (ER) 

tablets, capsules, liquid, and intravenous (IV)]. Potassium chloride (KCl) functions hastely and is 

the preferred agent particularly in cases with concomitant metabolic alkalosis. In those patients, 

replenishment of chloride (Cl-) ion is essential. Chloride (Cl-) remains especially in extracellular 

compartment (ECC). If potassium (K) bicarbonate is administered, bicarbonate (HCO3-) hugely 

enters cell and potassium (K+) follows, this lets potassium bicarbonate (KHCO3) (and 

citrate/acetate, which are precursors of bicarbonate) less effective. Intravenous potassium 

chloride (IV KCl) must be administered at a rate that does not surpass 10 mmol/h. A higher rate 

up to 20 mmol/h is a status in emergency conditions such as cardiac arrhythmias (heart rhythm 

disorders), telemetry screening is required. Administration of intravenous potassium chloride (IV 

KCl) must be performed if available via central venous catheter (CVC), which is also called 

central line, central venous line, or central venous access catheter, it is a catheter located into a 

large vein. Intravenous potassium chloride (IV KCl ) can develop phlebitis (or venitis, the 

inflammation of a vein), and many patients suffer from painful infusion. It is better to administer 

intravenous potassium chloride (IV KCl) in 0.9 normal saline (NS). Administration of 

intravenous potassium chloride (IV KCl ) in a dextrose solution may induce insulin secretion and 

probably aggravate hypokalemia. Potassium chloride (KCl) salt substitutes are well source of 

oral potassium (K+) and they contain about 13.6 mmol/g. Potassium (K+) ions containing foods 

are suitable for chronic treatment of mild hypokalemia. These are not effective for emergency 

management because the amount necessary for correction is large, and potassium (K) in food is 

potassium (K) citrate or phosphate which is less effective in comparison with potassium chloride 

(KCl) as illustrated. Bananas are good source of potassium (K+) ions. Bananas have about 1 
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mmol/cm. Therefore, eating 2 large bananas result in getting 40 mmol of potassium (K+) ions. 

Examples of foods that are rich in potassium (K+) ions involve: dried fruits (dates, figs, prunes), 

spinach, broccoli, kiwis, mangos, oranges, tomatoes, avocados, bananas, milk, raisins, and lima 

beans. Potassium (K) sparing diuretics  can be adequate for chronic treatment of hypokalemia 

particularly in patients who are already on a thiazide or a loop diuretic. Aldosterone receptor 

antagonists (spironolactone and eplerenone) can assist in treatment of patients with advanced 

heart failure (or advanced HF) and in patients with resistant hypertension (RHTN, defined as 

uncontrolled blood pressure despite use of Ó3 antihypertensive agents of different classes). 

Amiloride is better endured, it blocks epithelial sodium channel (ENaC) in the collecting duct 

(CD). Triamterene (a potassium-sparing diuretic) is scarcely correlated with kidney stones, and 

administration of amiloride [called a water pill (diuretic)], eplerenone (a potassium-sparing 

diuretic), or spironolactone [a potassium-sparing diuretic (water pill)] is preferable. Laxatives 

and diuretics must be stopped if hypokalemia is a result of their abuse. Symptomatic 

management of diarrhea and vomiting is beneficial. If there is a need to administer to the patient 

both bicarbonate (HCO3-) and potassium (K) intravenously (IV) , potassium (K) have to be 

administered first because bicarbonate (HCO3-) leads to intracellular potassium (K+) ions shift. 

1.1Renin-Angiotensin Aldosterone System, Hypokalemia, and COVID-19 Infection 

Reninïangiotensin system (RAS), or reninïangiotensin aldosterone system (RAAS) is 

hemodynamic and biological system that regulates blood pressure, plasma potassium (K), and 

stability of pulmonary epithelial membranes. In reninïangiotensin system (RAS), two 

antagonistic pathways are balanced. The first is angiotensinogen (AGT) pathway that transforms 

angiotensinogen (AGT) into angiotensin I (AngI) (by renin), and then converts it into angiotensin 

II  (AngII) by angiotensin converting enzyme (ACE). Angiotensin II (AngII) attaches to 

angiotensin II type 1 receptor (AT1R) and activates the system to trigger vasoconstriction, 

aldosterone secretion stimulation, hypokalemia, and pulmonary epithelia degradation. The 

second pathway in which the angiotensin system is balanced includes angiotensin-converting 

enzyme2 (ACE2). This pathway transforms part of angiotensin I (AngI) and angiotensin II 

(AngII) before it attaches to its angiotensin II type 1 receptor (AT1R). Angiotensin I (AngI) and 

angiotensin II  (AngII) phosphorylation products are angiotensin 1ï9 (Ang1-9) and angiotensin 
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1ï7 (Ang1-7). They attach to angiotensin II type 2 receptor(AT2R)  receiver, triggering 

antagonist effects compared with angiotensin II type 1 receptor (AT1R). 

In the infection phase, coronavirus disease 2019 (COVID-19) virus uses the receptor of 

angiotensin-converting enzyme2 (ACE2) to penetrate host cell. Coronavirus (CoV) attachment to 

angiotensin converting enzyme2 (ACE2) is observed to cause a downregulation of angiotensin-

converting enzyme2 (ACE2), leading to an increase in angiotensin II (AngII) via angiotensin-

converting enzyme (ACE), as the decrease in angiotensin-converting enzyme2 (ACE2) leads to a 

lower conversion of angiotensin (Ang) to angiotensin 1ï7 (Ang1-7) vasodilator. The lower level 

of angiotensin-converting enzyme2 (ACE2), the lesser angiotensin I (AngI) and angiotensin II 

(AngII) will be degraded; thus, their plasmatic concentration progressively elevates. A United 

States intensive care unit (US ICU) team showed that an increase in angiotensin 1ï10 (Ang1-10) 

and a decrease in angiotensin 1ï9 (Ang1-9) which is the angiotensin-converting enzyme2 

(ACE2) processing product, were associated with poor prognosis in acute respiratory distress 

syndrome (ARDS). Therefore, increases in angiotensin II (AngII) levels and induction of 

angiotensin II type 1 receptor (AT1R) result in a decrease in the stability of the pulmonary 

endothelium and an aggravation of respiratory distress. The other impacts are elevated release of 

aldosterone, hypokalemia stimulated by kaliuresis, and elevated sodium reabsorption and 

inflammation. Hypokalemia is often present in patients with coronavirus disease 2019 (COVID-

19). A Chinese team reported that hypokalemia was correlated with a poor outcome (Wuhanôs 

experience). Conversely, renin-angiotensin system (RAS) inhibitors can increase angiotensin-

converting enzyme2 (ACE2) and potentially induce virus loading into the cell. It is thought that 

prime imbalance in renin-angiotensin system (RAS) stimulated by downregulation of 

angiotensin-converting enzyme2 (ACE2) is crucial element of undesirable evolution in patients 

with coronavirus disease 2019 (COVID-19). The biological marker of this imbalance seems be 

hypokalemia. 
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1.2Hypokalemia in COVID-19 Infection 

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) invades human cells via 

binding angiotensin I converting enzyme 2 (ACE2) on cell membrane. Angiotensin-converting 

enzyme2 (ACE2) is broadly distributed in many human tissues, particularly in vital organs, such 

as heart, liver, kidney, and lungs. Angiotensin-converting enzyme2 (ACE2) is the primary 

counter-regulatory mechanism for the main axis of reninïangiotensin system (RAS) that is a 

crucial player in the control of blood pressure and electrolyte balance. Severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) attaches angiotensin-converting enzyme2 (ACE2)  and 

enhances the degradation of angiotensin-converting enzyme2 (ACE2), and therefore lowers the 

counter-act of angiotensin-converting enzyme2 (ACE2) on renin-angiotensin system (RAS). The 

final impact is to elevate reabsorption of sodium (Na) and water, and thereafter elevate blood 

Figure(31):Renin-angiotensin system in COVID-19 infection and incidence of hypokalemia [Silhol F.; 

Sarlon G.; Deharo JC.; Vaisse B. (2020). Downregulation of ACE2 induces overstimulation of the renin-

angiotensin system in COVID-19; should we block the renin-angiotensin system?. Hypertens Res. 

https://doi.org/10.1038/s41440-020-0476-3]  

https://doi.org/10.1038/s41440-020-0476-3
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pressure and excretion of potassium (K+) ions. Further, patients with coronavirus disease 2019 

(COVID-19) frequently suffer from gastrointestinal (GI) symptoms such as diarrhea and 

vomiting. Collectively, the effects on renin-angiotensin system (RAS) and gastrointestinal (GI) 

system by coronavirus disease 2019 (COVID-19) may result in disruptions of homeostasis of 

electrolytes and pH. One of the disruptions that may reflect progression of coronavirus disease 

2019 (COVID-19) and must be closely monitored is hypokalemia. Potassium (K+) ions are 

prevalent intracellular cations and affect membrane polarization of cells. Hypokalemia causes 

cellular hyperpolarity, elevates resting potential (RP), and hastens depolarization in cardiac cells 

and lung cells. Potassium is predominant intracellular cation. Normal serum potassium levels are 

between 3.5 and 5.5 mEq/L. This is much less than intracellular levels that range between 140 

and 150 mEq/L. The distribution of potassium levels across cellular membranes helps determine 

the resting membrane potential (RMP) as well as the timing of membrane depolarization as 

membrane depolarization induces sodium channels through conformation changes from closed, 

nonconducting states to an open, current-conducting state.  Sodium (Na+) and potassium 

(K+) currents are produced responding to sustained membrane depolarization. Inward sodium 

(Na+) current is traditionally described as downward and the outward potassium (K+) current is 

shown as upward.Sodium (Na+) current elevates due to sodium (Na+) channel opening and then 

declines due to sodium (Na+) channel inactivation. Potassium (K+) current, resulted by delayed 

rectifier type of potassium (K+) channels, is delayed in regard to sodium (Na+) current because 

potassium(K+) channels open more slowly. Potassium  (K+) current declines little with sustained 

depolarization because inactivation is less obvious in potassium (K+) channels compared with 

sodium (Na+) channels.Therefore, organ systems broadly dependent on membrane depolarization 

for function are mostly affected by changes in serum potassium (K+) levels. In hypokalemia, 

resting membrane potential (RMP) is increased. Both action potentials and refractory periods are 

prolonged. Symptoms do not generally develop unless potassium (K+) levels are less than 3.0 

mEq/L. The following signs and symptoms should raise the concern for hypokalemia: first, 

cardiac manifestations involve T wave flattening, ST depression, appearance of U wave, and 

arrhythmias; second, skeletal and smooth muscle manifestations involve hypotonia and muscle 

weakness, respiratory depression, muscle cramps, constipation and/or ileus, and rhabdomyolysis 

and myoglobinuria. Severe hypokalemia of under 3 mmol/l plasma potassium (K+) ions can 
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trigger ventricular arrhythmia and respiratory muscle dysfunction, both issues being life-

threatening in patients in severe coronavirus disease 2019 (COVID-19) situation.  

A study found that patients with serious hypokalemia had a statistically higher prevalence of 

dyspnea or tachypnea, no relation was seen between gravity of hypokalemia and prevalence of 

common respiratory symptoms, such as cough and running nose. As to the gastrointestinal (GI) 

symptoms that might develop hypokalemia, 34 (19%) patients had diarrhea with an average of 6 

onset times per day and frequently ended within 1ï4 days, dominantly in the patients with 

hypokalemia (P<0.05). Few patients had vomiting and abdominal pain. Patients with severe 

hypokalemia had statistically higher body temperature than patients with hypokalemia and 

patients with normokalemia. Comparable difference was also recognized in the highest patientôs 

temperature during hospital stay. Patients with severe hypokalemia also had a significant higher 

heart rate and respiratory rate than the remaining patients. Laboratory exams showed that 

creatine kinase (CK), creatine kinase MB (CK-MB), lactate dehydrogenase (LDH), aspartate 

aminotransferase (AST), and erythrocyte sedimentation rate (ESR) were noticeably associated 

with the seriousness of hypokalemia. Collectively, these attributes with highly increased levels 

were associated with myocardial injury. A total of 108 patients with hypokalemia showed 

moderate decreases in sodium (Na), white blood cells (WBCs), and lymphocytes (LYM) than the 

67 patients with normokalemia. Severe and critically ill patients had higher incidence of severe 

hypokalemia, hypokalemia, abnormal electrocardiogram (ECG) results, as well as notable high 

levels of  creatine kinase (CK), creatine kinase MB (CK-MB), lactate dehydrogenase (LDH), and 

C-reactive protein (CRP). Among these abnormal indices, hypokalemia was most common as 

93% of severe and critically ill patients had hypokalemia. In contrast, elevated levels of blood 

urea nitrogen (BUN) and creatinine (Cr) were scarce. Abnormal electrocardiogram (ECG) 

findings were usually representative of hypokalemia and improved with potassium (K+) ions 

supplement management. Elevated levels of creatine kinase (CK), creatine kinase MB (CK-MB), 

and lactate dehydrogenase (LDH) frequently return normal within 3ï6 days. Elevated levels of 

alanine aminotransferase (ALT) and aspartate transaminase (AST) were mild and return normal 

after liver support treatment. Most patients with intermittent abnormal oxygen saturation were 

improved after oxygen inhalation except for three critically ill patients who were given invasive 

mechanical ventilation (IMV) . The most considerable adverse effect of hypokalemia is 

myocardial injury that can be well reflected by electrocardiogram (ECG), creatine kinase (CK), 
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and creatine kinase MB (CK-MB). A careful check showed a recognizable jump of increase in 

the predominance of abnormal electrocardiogram (ECG) results and elevated creatine kinase 

(CK) levels and in particular increased creatine kinase MB (CK-MB) levels in patients with 

severe hypokalemia. This study reported high prevalence of hypokalemia in patients with 

coronavirus disease 2019 (COVID-19) and positive association between degree of hypokalemia 

and severity of coronavirus disease 2019 (COVID-19). The study also came to proof that 

hypokalemia was more attributable to renal loss of potassium (K+) ions than gastrointestinal (GI) 

wasting. Previous research has proved that sufficient and appropriate concentrations of plasma 

potassium (K+) ions have a protective role in inhibiting myocardial failure through weakening 

cellular hyperpolarity and depolarization. It is crucial to patients with coronavirus disease 2019 

(COVID-19) that plasma potassium (K+) ions concentrations be checked and kept between 4.0 

and 5.5 mmol/l or 4.5 and 5.5 mmol/l for serum potassium (K+) as serum in general has more 

potassium (K+) ions than plasma. Several laboratory indices, such as elevated creatine kinase 

(CK), creatine kinase MB (CK-MB), lactate dehydrogenase (LDH), alanine aminotransferase 

(ALT) and aspartate transaminase (AST) returned to normal level or substantially improved after 

relevant management. Superficial mildness contradicted with sudden progression of disease in 

some patients. This contradiction might result from the fact that biomarkers were not sensitive to 

reflect whole progression of this illness. Therefore, a more sensitive biomarker to monitor the 

ongoing condition is urgently needed for progression patients.  

A study conducted by researchers from Wenzhou Medical University in Zhejiang province led 

by Chen et al. (2020) demonstrated that almost all coronavirus disease 2019 (Covid-19) patients 

suffered from hypokalemia and that supplementation with potassium (K+) ions was one of the 

many ways that participated in their healing. They concluded that as severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) virus attacks human cells via angiotensin-converting 

enzyme-2 (ACE2), it also attacks reninïangiotensin system (RAS), leading to decreased 

electrolyte concentrations particularly potassium (K+) ions. This study icluded 175 patients in 

collaboration with Wenzhou Hospital revealed that almost all patients experienced hypokalemia 

and for those who already had hypokalemia, the situation even drastically worsened as illness 

progressed. It was shown  from this study that patients responded well to potassium ions (K+) 

supplements and were with a better opportunity to heal.  In addition, in this study, patients with 

coronavirus disease 2019 (COVID-19) were divided into three groups and as following:  severe 
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hypokalemia, hypokalemia, and normokalemia groups. The target of the study was to investigate 

the relationship between hypokalemia and clinical features, the underlying causes and clinical 

implications of hypokalemia. The 175 patients with coronavirus disease 2019 (COVID-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. 

Gastrointestinal (GI) symptoms were not correlated with hypokalemia among 108 hypokalemia 

patients (P>0.05). Body temperature, creatine kinase (CK) , creatine kinase MB,  lactate 

dehydrogenase (LDH) , and C-reactive protein (CRP) were considerably correlated with 

seriousness of hypokalemia (P<0.01). It was found that 93% of severe and critically ill patients 

and hypokalemia was most common among increased creatine kinase  (CK), creatine kinase MB 

(CK-MB), lactate dehydrogenase  (LDH), and C-reactive protein  (CRP) levels. Urine potassium 

ions (K+) loss was the main cause of hypokalemia. Severe hypokalemia patients was given 

3g/day, adding 34 (SD=4) g potassium (K) during hospital stay. There was astonishing result 

which was that patients responded well to potassium ions (K+) supplements when they were 

inclined to heal. The authors concluded that hypokalemia was predominant in patients with 

coronavirus disease 2019 (COVID-19). The correction of hypokalemia is challenging because of 

continuous renal potassium ions (K+) loss caused by the degradation of angiotensin-converting 

enzyme2 (ACE2). The end of urine potassium ions (K+) loss refers to a good prognosis and can 

be a reliable, in time, and sensitive biomarker directly reflecting the end of adverse impact on 

renin-angiotensin system (RAS).  

Urine potassium (K) loss leads to hypokalemia, and it has been mentioned that severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) virus attaches angiotensin-converting 

enzyme 2 (ACE2) on the cell membrane and stimulates degradation of angiotensin-converting 

enzyme 2 (ACE2), and thus lessens the counter-act of angiotensin-converting enzyme 2 (ACE2) 

on renin-angiotensin system (RAS). This mechanism elevates reabsorption of sodium (Na) and 

water, and elevates the excretion of potassium (K). The authors revealed that correction of 

hypokalemia was challenging as a result of continuous loss of potassium (K), and for 

cardiovascular (CV) effects and neurohormonal activation, and other vital organs by 

hypokalemia.  
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It was found that electrolyte imbalance could occur in any critical systemic illness and 

precipitated arrhythmias, especially in cases with underlying cardiac disorders. There is a special 

concern about hypokalemia in coronavirus disease 2019 (COVID-19), attributed to the 

interaction of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) virus with renin-

angiotensin-aldosteron system (RAAS). Hypokalemia increases to various tachyarrhythmias 

which are  arrhythmias characterized by a quick irregular heartbeat.  

A study suggested that loss of potassium (K) through kidney may be attributed to elevated 

angiotensin II (Ang II) concentrations resulted from binding of severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) virus to angiotensin-converting enzyme 2 (ACE2) 

receptors. This could inhibit the action of angiotensin-converting enzyme 2 (ACE2) in 

maintaining the balance between angiotensin-converting enzyme 2 (ACE2) and angiotensin II 

(Ang II) levels.  

A recognizable research showed that severe and critically ill patients with coronavirus disease 

2019 (COVID-19) had a higher predominance of hypokalemia that resulted from renal potassium 

(K) loss. This finding can be explained by downregulation of angiotensin-converting enzyme 2 

(ACE2) following viral intrusion causing decreased degradation of angiotensin-II  (AngII), 

elevated aldosterone release and consequently elevated urinary potassium (K) wasting. Early 

normalization of serum potassium (K) has been supposed to predict a good prognosis in 

coronavirus disease 2019 (COVID-19). Therefore, angiotensin-converting enzyme 2 (ACE2) 

overexpression, while facilitating entry of severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) virus to cell, is not capable of protecting against lung injury as enzymes get 

degraded by the virus.  

It is implied that hypokalemia may have a recognizable impact on management outcome of 

patients with coronavirus disease 2019 (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 syndrome (APS or APLS), is 

an autoimmune, hypercoagulable state caused by antiphospholipid (aPL) antibodies. 

Antiphospholipid (aPL) antibodies are autoantibodies (AAB)directed toward molecular 

https://en.wikipedia.org/wiki/Autoimmune
https://en.wikipedia.org/wiki/Coagulation
https://en.wikipedia.org/wiki/Antibody
https://en.wikipedia.org/wiki/Antibody
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complexes of phospholipids (PL) and proteins. Antiphospholipid syndrome (APS) triggers blood 

clots (thrombosis) in both arteries and veins as well as pregnancy-related complications such 

as miscarriage, stillbirth, preterm delivery, and severe preeclampsia. Antiphospholipid syndrome 

(APS) leading to multiple, and recurrent fetal losses, is often accompanied by a moderate 

thrombocytopenia, in the presence of antiphospholipid antibodies (aPL), namely lupus 

anticoagulant (LA), anticardiolipin antibodies (aCL), or anti-beta2 glycoprotein-I (ɓ2GPI) 

antibodies. It is worthy to refer to the following antiphospholipid antibodies: lupus 

anticoagulants (LA) are autoantibodies (AAB) produced by the immune system that mistakenly 

attack certain components of the body's own cells. They specifically target phospholipids (PL) as 

well as proteins associated with phospholipids (PL) that are found in the outer-most layer of cells 

(cell membranes). These autoantibodies (AAB)  interfere with the blood clotting process in a way 

that is not fully understood and elevate a person's risk of developing a blood clot; in addition, 

Cardiolipin antibodies are autoantibodies (AAB) produced by the immune system that 

mistakenly target the body's own cardiolipins (CLs), substances found in the outermost layer of 

cells (cell membranes) and platelets. These autoantibodies (AAB) can affect body's ability to 

regulate blood clotting in a way that is not well understood; further, Anti-cardiolipin antibodies 

(aCL) and anti-ɓ-2-glycoprotein I antibodies (anti-2GPI) represent two out of three laboratory 

criteria for detection of antiphospholipid syndrome (APS). The domain I (DI) in anti-ɓ-2-

glycoprotein I is a new target for better identification of antibodies (Ab) and may be associated 

with thrombotic risk in antiphospholipid syndrome (APS). Anti-ɓ-2-glycoprotein I antibodies 

(anti-2GPI) antibodies specifically reacting with domain I (DI) have a notable clinical 

importance being more commonly detected amongst patients with antiphospholipid syndrome 

(APS) and other autoimmune diseases (AID).   

The antiphospholipid syndrome (APS) can be found in patients having neither clinical nor 

laboratory confirm of another definable condition [primary antiphospholipid syndrome (APS)] or 

it may be associated with other diseases, mainly systemic lupus erythematosus (SLE), but 

occasionally with other autoimmune conditions, infections, drugs, and malignancies. Primary 

antiphospholipid syndrome (APS) patients rarely develop systemic lupus erythematosus (SLE). 

Only 8% of 128 patients, who were followed up for about 9 years, developed lupus, and a 

positive Coombsô test [also known as antiglobulin test (AGT)] was a clinically considerable 

predictor of progression. Antiphospholipid antibodies (aPL) can appear in different scenarios, 

https://en.wikipedia.org/wiki/Thrombosis
https://en.wikipedia.org/wiki/Artery
https://en.wikipedia.org/wiki/Vein
https://en.wikipedia.org/wiki/Miscarriage
https://en.wikipedia.org/wiki/Stillbirth
https://en.wikipedia.org/wiki/Premature_birth
https://en.wikipedia.org/wiki/Preeclampsia
https://labtestsonline.org/tests/autoantibodies
https://labtestsonline.org/glossary/immune-system
https://labtestsonline.org/glossary/phospholipid
https://labtestsonline.org/tests/autoantibodies
https://labtestsonline.org/glossary/immune-system
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such as asymptomatic carrier patients for antiphospholipid antibodies (aPL), classical 

antiphospholipid syndrome (APS) with recurrent venous and/or arterial thrombosis, 

antiphospholipid syndrome (APS) affecting otherwise healthy women with recurrent pregnancy 

loss (RPL, also called recurrent miscarriage or habitual abortion), patients with antiphospholipid 

antibodies (aPL) positivity with non-thrombotic antiphospholipid antibodies (aPL) 

manifestations [i.e., thrombocytopenia, hemolytic anemia (HA), or livedo reticularis(LR)] or, in 

a small subset of patients, as a life-threatening form characterized by a rapid progression of 

microthrombosis (A very small thrombosis) that led to rapid multiorgan failure (MOF), which is 

termed catastrophic antiphospholipid syndrome (CAPS). 

Despite the strong association between antiphospholipid antibodies (aPL) and thrombosis, the 

pathogenic role of antiphospholipid antibodies (aPL) in the development of thrombosis has not 

been fully elucidated. Available data indicate that many of the autoantibodies (AAB)  associated 

with antiphospholipid syndrome (APS) are directed against a number of plasma proteins and 

proteins expressed on, or bound to, the surface of vascular endothelial cells (VEC) or platelets. 

The involvement of antiphospholipid antibodies (aPL) in clinically important normal 

procoagulant and anticoagulant reactions and on certain cells altering the expression and 

secretion of various molecules may offer a basis for definitive investigations of possible 

mechanisms by which antiphospholipid antibodies (aPL) may develop thrombotic events in 

patients with antiphospholipid syndrome (APS). The clinical picture of the antiphospholipid 

syndrome (APS) is characterized by venous and arterial thromboses, fetal losses and 

thrombocytopenia. Single vessel involvement or multiple vascular occlusions may give rise to a 

wide variety of presentations. Antiphospholipid syndrome (APS) manifestations include 

thrombocytopenia (3.7%), livedo reticularis (LR) (2.6%), stroke (2.4%), transient ischemic 

attacks (TIAs) (2.3%), deep vein thrombosis (DVT) (2.1%), pulmonary embolism (PE) (2.1%), 

epilepsy (1.7%), valve vegetations (or vegetative endocarditis), (1.4%), and myocardial 

infarction (MI)  (1%), among others. 

Elimination of antiphospholipid antibodies (aPL) may 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 1e3 weeks) on cessation of therapy. Therefore, therapy 

https://en.wiktionary.org/wiki/thrombosis
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should not primarily be directed at effectively reducing the antiphospholipid antibodies (aPL) 

levels and the use of immunotherapy is generally not indicated, unless required for the treatment 

of the underlying condition, e.g. systemic lupus erythematosus (SLE), or in acute life-threatening 

situations, such as the catastrophic antiphospholipid syndrome (CAPS). The risk of recurrence of 

thrombosis is markedly increased in the first 6 months after discontinuation medication, 

suggesting a rebound phenomenon. Therefore, for patients who have already experienced 

thrombotic events, life-long treatment with anticoagulants is crucial. In cases of first venous 

event, low-risk antiphospholipid antibodies (aPL) profile or a known transient precipitating 

factor [e.g. oral contraceptives, OCs, also known as birth control pills], anticoagulation could be 

limited to 3e6 months and antiaggregants (antiplatelet drugs, also called platelet agglutination 

inhibitors or platelet aggregation inhibitors) , as well as avoidance of the triggering factors, may 

indeed be sufficiently effective for future thromboprophylaxis. Patients with definite 

antiphospholipid syndrome (APS) with a first venous thrombosis event should receive oral 

anticoagulant therapy to a target international normalised ratio (INR) 2.0-3.0. Patients with 

definite antiphospholipid syndrome (APS) and arterial thrombosis should receive oral 

anticoagulant therapy to a target around 3.0 or receive a combined therapy with antiaggregant 

plus anticoagulation with an international normalized ratio (INR) target between 2.0 and 3.0. 

Long-term anticoagulation with oral vitamin K antagonists such as warfarin is the cornerstone 

treatment in antiphospholipid syndrome (APS). However, novel oral anticoagulation therapies 

have been developed during the last years; these therapies are direct anti-Xa inhibitors and 

included rivaroxaban, apixaban and edoxaban as well as a direct thrombin inhibitor named 

dabigatran etexilate. It is worthy to talk briefly about factor Xa inhibitors which are a type of 

anticoagulants that work by selectively and reversibly blocking the activity 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 thrombosis (DVT) and acute pulmonary embolism (PE), and to reduce the risk of 

stroke and embolism in people with nonvalvular atrial fibrillation (NVAF). Factor Xa is 

generated by both extrinsic and intrinsic coagulation pathways and is responsible for activating 

prothrombin (factor II, a vitamin Kïdependent plasma protein) to thrombin ( factor IIa, a Na+-

activated, allosteric serine protease). Factor Xa inhibitors have predictable anticoagulant effects 

and do not require routine checking, unlike some other anticoagulants. Direct thrombin 

https://www.drugs.com/cg/deep-vein-thrombosis.html
https://www.drugs.com/cg/pulmonary-embolism.html
https://www.drugs.com/cg/a-fib-atrial-fibrillation.html
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inhibitors (DTIs) are a class of medication that act as anticoagulants (delaying blood clotting) 

by directly inhibiting the enzyme thrombin (factor IIa).  

Although direct anti-Xa inhibitors and direct thrombin inhibitors are therapies for patients with 

arterial or venous thrombosis, data in antiphospholipid syndrome (APS) is scare and prospective 

clinical trials usually do not include patients with antiphospholipid syndrome (APS). The 

thrombocytopenia occurring during the course of the antiphospholipid syndrome (APS) is 

usually mild and does not require any active intervention. However, in a minority of cases it can 

be severe and refractory to prednisone (a corticosteroid drug) treatment. In these cases, 

immunosuppressive therapy (e.g. azathioprine), intravenous immunoglobulins (IVIG) or 

rituximab which is a chimeric monoclonal antibody against the protein CD20mainly found on 

the surface of immune system B cells, may be effective. A published non-randomized 

prospective pilot study has shown the efficacy and safety of rituximab for the management of 

non-criteria antiphospholipid antibodies (aPL) manifestations in patients with classic 

antiphospholipid syndrome (classic APS). According to the results, rituximab may be effective in 

controlling some non-criteria antiphospholipid antibodies (aPL) manifestations, such as 

thrombocytopenia and skin ulcers. It is important to consider that presence of moderate to severe 

thrombocytopenia in patients with on-going thrombosis is not contraindication for 

anticoagulation. Management of catastrophic antiphospholipid syndrome (CAPS) includes an 

aggressive approach with a combined treatment that includes anticoagulation with heparin, high 

dose steroids, plasma exchange and/or intravenous immunoglobulins (IVIG). For patients with 

refractory catastrophic antiphospholipid syndrome (CAPS), rituximab and eculizumab (a long-

acting humanized monoclonal antibody (mAb) targeted against complement C5) are good 

alternatives. A notable publication  demonstrated that 75% of patients with refractory 

catastrophic antiphospholipid syndrome (CAPS) healed from the acute catastrophic 

antiphospholipid syndrome (CAPS) episode; however, 20% of them deceased at the time of the 

event. Eculizumab is currently approved for the treatment of paroxysmal nocturnal 

hemoglobinuria (PNH) and is a promising medication in catastrophic antiphospholipid syndrome 

(CAPS). Eculizumab treatment benefits patients with microangiopathies (or microvascular 

disease, or small vessel disease), reducing intravascular  hemolysis and blocking complement-

mediated pathogenic effects. Eculizumab is also a promising therapy for patients with 
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antiphospholipid syndrome (APS) with renal posttransplant thrombotic microangiopathy ( renal 

post-transplant TMA).It is valuable to say that thrombotic microangiopathy (TMA) is a severe 

complication of kidney transplantation that often causes graft failure (GF). Thrombotic 

microangiopathy (TMA) may occur de novo, often triggered by immunosuppressive drugs and 

acute antibody-mediated rejection, or recur in patients with previous history of hemolytic uremic 

syndrome (HUS). 

 

 

 

Figure(32):Antiphospholipid syndrome [Ruiz-Irastorza G.; Crowther P.; Branch W.; Khamashta M. 

(2010). Antiphospholipid syndrome. The Lancet, 376(9751):1498-1509] 
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Figure(33):Proposed mechanisms by which antiphospholipid antibodies cause clinical 

symptoms [Garcia D.; Erkan D. (2018). Diagnosis and management of the antiphospholipid 

syndrome. N Engl J Med, 378:2010-2021. DOI:10.1056/NEJMra11705454] 
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2.1Antiphospholipid Antibodies in COVID-19 Infection 

A patient admitted to Peking Union Medical College Hospital in the Sino-French New City 

Branch of Tongji Hospital in Wuhan, China was with coronavirus disease 2019 (COVID-19) and 

clinically significant coagulopathy, antiphospholipid antibodies (aPL), and multiple infarcts. He 

was one of three patients with these findings in an intensive care unit (ICU) designated for 

patients with coronavirus disease 2019 (COVID-19) in that hospital. This unit was set up on an 

emergency basis to accept the most critically ill patients during the outbreak of coronavirus 

disease 2019 (COVID-19). Severe acute respiratory syndrome coronavirus-2 (SARS CoV-2) 

infection was confirmed in all the cases by reverse-transcriptaseïpolymerase-chain-reaction (RT-

PCR) assay or serologic testing. A 69 year old man with a history of hypertension (HTN), 

diabetes mellitus (DM), and stroke presented with fever, cough, dyspnea, diarrhea, and headache. 

Coronavirus disease 2019 (COVID-19) was diagnosed in the patient on January 25, 2020, on the 

basis of reverse transcriptase polymerase chain reaction (RT-PCR) testing that detected severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2). The initial management was 

supportive; however, the illness subsequently developed to hypoxemic respiratory failure  

warranting the initiation of invasive mechanical ventilation. It is important to add that invasive 

mechanical ventilation is a lifesaving intervention for patients with respiratory failure. The most 

commonly used modes of mechanical ventilation are assist-control, synchronized intermittent 

mandatory ventilation, and pressure support ventilation. When employed as a diagnostic tool, the 

ventilator offers data on the static compliance of the respiratory system and airway resistance. 

The clinical scenario and the data got from the ventilator let the clinician to offer effective and 

safe invasive mechanical ventilation through manipulation of the ventilator settings. While life-

sustaining in many circumstances, mechanical ventilation may also be toxic and should be 

withdrawn when clinically appropriate. On examination, the study showed that the patient had 

evidence of ischemia in the lower limbs bilaterally as well as in digits two and three of the left 

hand. Computed tomography (CT) imaging of the brain revealed bilateral cerebral infarcts in 

multiple vascular territories. Pertinent laboratory results involved leukocytosis, 

thrombocytopenia, an elevated prothrombin time (PT), and partial thromboplastin time (PTT), 

and elevated concentrations of fibrinogen and D-dimer. Subsequent serologic testing showed the 

presence of anticardiolipin IgA antibodies as well as antiïɓ2glycoprotein I IgA and IgG 

antibodies. Two other patients with similar findings were observed at the specialized intensive 
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care unit (ICU) for patients with coronavirus disease 2019 (COVID-19) at Tongji Hospital. 

Serologic tests in these patients were positive for anticardiolipin IgA antibodies as well as antiï

ɓ2-glycoprotein I IgA and IgG antibodies. Lupus anticoagulant was not detected in any of the 

patients, although testing was done while the patients were acutely ill. Antiphospholipid (aPL) 

antibodies abnormally target phospholipid proteins, and the presence of these antibodies (Abs) is 

essential to the diagnosis of the antiphospholipid syndrome (APS). However, these antibodies 

(Abs) can also arise transiently in patients with critical illness and various infections. The 

presence of these antibodies (Abs) may scarcely develop to thrombotic events that are difficult to 

differentiate from other causes of multifocal thrombosis in critically patients, such as 

disseminated intravascular coagulation (DIC), heparin-induced thrombocytopenia (HIT), and 

thrombotic microangiopathy (TMA).  

Hossri et al. (2020) described two cases of patients with coronavirus disease 2019 (COVID-19) 

presenting with thrombotic events potentially caused by this infection. The mechanism by which 

coronavirus disease 2019 (COVID-19) may cause thrombotic events is theorized to be associated 

with immobilization, hypoxia, or disseminated coagulopathy (also known as 

consumption coagulopathy). Both patients were found to have elevated concentrations of 

anticardiolipin antibodies (ACA), which may be regarded as a key association between this novel 

virus and an acquired coagulopathy. While major critically ill patients with coronavirus disease 

2019 (COVID-19) initially present with respiratory failure, a sizeable portion progress to multi-

organ failure with the development of coagulopathy considered as crucial pertinent prognostic 

factor. A study reported coagulopathy presented by considerably elevated D-dimer, fibrin 

degradation products, and longer prothrombin time (PT) and activated partial thromboplastin 

time [aPTT, also known  partial thromboplastin time, PTT] tests was described in non-survivors 

versus survivors. Moreover, 71.4% of non-survivors met the criteria for disseminated 

intravascular coagulation (DIC) during their hospital stay vs 0.6% of survivors. As guidelines 

continue to develop concerning coagulopathies in severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) patients, some current recommendations propose starting 

prophylactic anticoagulation in all cases requiring hospitalization in the absence of any 

contraindication. Antiphospholipid syndrome (APS) describes venous and/or arterial thrombosis 

with the presence of antiphospholipid antibodies (aPLs). Catastrophic antiphospholipid 
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syndrome (CAPS) 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, there is still elevated risk of recurrent thrombosis and bleeding 

complications. Only three cases of severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2)  patients also progressing to clinically highly recogniozable antiphospholipid syndrome 

(APS). These patients were found in Tongji Hospital in Wuhan, China and demonstrated 

multiple cerebral infarcts discovered on brain imaging. The cases demonstrated clinically 

significant antiphospholipid syndrome (APS) manifesting as multiple cerebral and splenic 

infarcts in case 1, and peripheral arterial disease in case 2. There have been many different 

proposed etiologies to progressing coagulopathy with severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2). According to an important literature there is also a high incidence 

of lupus anticoagulant in patients that were positive for coronavirus disease 2019 (COVID-19), 

however none of them had any reported thrombotic events. It is worth noting there is an evidence 

of association between highly increased antiphospholipid (aPL) antibodies and sepsis secondary 

to viral illness, most commonly in hepatitis C, Epstein Barr virus (EBV), Human 

immunodeficiency virus (HIV), Human cytomegalovirus (HCMV), and Leprosy. Despite the 

positive titers of anti-ɓ2-glycoprotein and anti-cardiolipin (aCL) antibodies, these are typically 

not associated with clinical manifestations such as thrombosis. These cases in this study 

represent a new form of coagulopathy in severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) patients. While it remains unclear if the development of anticardiolipin (aCL) 

antibodies represents a response to the septic phase of the disease or a true manifestation of 

antiphospholipid syndrome (APS), the thrombotic events presented in these patients are 

concerning for the latter.  
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Figure(34):Thrombosis in antiphospholipid syndrome [Signorelli F.; Balbi G.; Domingues V.; Levy R. 

(2018). New and upcoming treatments in antiphospholipid syndrome: a comprehensive review. 

Pharmacological Research, 133:108-120. https://doi.org/10.1016/j.phrs.2018.04.012 ] 

https://doi.org/10.1016/j.phrs.2018.04.012
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The importance of antiphospholipid (aPLs) antibodies in the development of coronavirus disease 

2019 (COVID-19) coagulopathy was seen in description of multi-cerebral infarctions in 3 

patients with antiphospholipid (aPL) antibodies that were characterized as anticardiolipin IgA, 

anti B2 glycoprotein I IgA, and IgG. Mechanisms of thrombosis in antiphospholipid syndrome 

(APS) comprise endothelial cell dysfunction, platelet activation, complement system activation, 

inflammatory cell-mediated 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 PAI-1 levels, inhibition of plasminogen 

binding, and plasma activity).  

 

 

 

Catastrophic antiphospholipid syndrome (CAPS), also called Asherson syndrome, is a variant of 

the antiphospholipid syndrome (APS) that is incident in less than 1% of antiphospholipid 

syndrome (APS) patients. The etiology of catastrophic antiphospholipid syndrome (CAPS) is 

uncertain; however, several triggering factors have been recognized. The most common of these 

are infectious diseases, especially those of the respiratory tract. Catastrophic antiphospholipid 

Figure(35): Antiphospholipid antibodies in COVID-19 related coagulopathy [Marchandot B.; Sattler L.; Jesel 

L.; Matsushita K.; Schini-Kerth V.; Grunebaum L.; Morel O. (2020). COVID-19 related coagulopathy: a 

distinct entity?. J. Clin. Med., 9(6), 1651. https://doi.org/10.3390/jcm9061651 ] 

https://www.sciencedirect.com/topics/immunology-and-microbiology/antiphospholipid-syndrome
https://www.sciencedirect.com/topics/immunology-and-microbiology/antiphospholipid-syndrome
https://www.sciencedirect.com/topics/immunology-and-microbiology/antiphospholipid-syndrome
https://doi.org/10.3390/jcm9061651
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syndrome (CAPS) pathogenesis is incompletely understood, but several theories have been 

proposed, such as the molecular mimicry theory, which describes the production of anti-ɓ2-

glycoprotein I (GP1) antibody in response to infection. The process is complex and includes the 

activation of Toll-like receptor 4 (TLR-4), which induces a cytokine storm, followed by 

endothelial alterations that stimulate a procoagulant state. 

The catastrophic antiphospholipid syndrome (CAPS) is a scarce, life-threatening situation 

characterized by multiple thrombosis, impacting mainly small vessels and involving three or 

more organs, developing in less than a week and associated with persistent antiphospholipid 

antibodies (aPL) positivity. Catastrophic antiphospholipid 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 or indirect damage on endothelium. The 

clinical course and the autopsy findings in patients died for coronavirus disease 2019 (COVID-

19) in Bergamo [the epicenter city of coronavirus disease 2019 (COVID-19) outbreak in Italy] 

suppose that some patients may have progressed catastrophic antiphospholipid syndrome 

(CAPS).  

Venous and arterial thromboembolic phenomena are well described in an elevated rate of 

coronavirus disease 2019 (COVID-19) cases, indicating high concentrations of D-dimer (DD) 

and, in some patients, prolonged coagulation tests, especially  prothrombin time-international 

normalized ratio (PT-INR); in those patients, the antithrombotic prophylaxis with low-

molecular-weight heparin (LMWH, a class of anticoagulant medications) or unfractionated 

heparin (UFH) is recommended since it is associated with reduced mortality. The 

thromboembolic disease in coronavirus disease 2019 (COVID-19) could have a multifactorial 

pathogenesis. Hypoxia and prolonged immobilization are important factors, but the diffuse 

inflammatory state and the resulting cytokine storm looks to be the principal inducers. The 

autopsies that have been conducted at the Pathology Department of the Papa Giovanni XXIII 

Hospital in Bergamo during the recent severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) outbreak, showed a thrombotic damage in several organs that was clinically 

underestimated during the hospital stay. Several diseases such as disseminated intravascular 

coagulation (DIC), sepsis, macrophage activated syndrome (MAS) and catastrophic 

https://www.sciencedirect.com/topics/immunology-and-microbiology/antiphospholipid-syndrome
https://www.sciencedirect.com/topics/medicine-and-dentistry/pathogenesis
https://www.sciencedirect.com/topics/medicine-and-dentistry/molecular-mimicry
https://www.sciencedirect.com/topics/medicine-and-dentistry/toll-like-receptor-4
https://www.sciencedirect.com/topics/medicine-and-dentistry/cytokine-storm
https://www.sciencedirect.com/topics/medicine-and-dentistry/procoagulant
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antiphospholipid syndrome (CAPS) could be the underlying causes of such damages. Some 

authors proved that the most coronavirus disease 2019 (COVID-19) patients meet the diagnostic 

criteria for disseminated intravascular coagulation (DIC).  

 

 

 

 

 

 

 

 

 

Figure(36):Catastrophic antiphospholipid syndrome pathogenesis [Garcia-Carrasco M.; Mendoza-Pinto 

C.; Macias-Diaz S.; de Lara F.; Etchegaray-Morales I.; Galvez-Romero J.; Mendez-Martinez S.; Cervera 

R. (2015). The role of infectious diseases in the catastrophic antiphospholipid syndrome. Autoimmunity 

Reviews, 14(11):1066-1071. https://doi.org/10.1016/j.autrev.2015.07.009 ] 

https://doi.org/10.1016/j.autrev.2015.07.009
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3. Hyperferritinemic Syndromes and Systemic Inflammation in COVID -19 Infection 

 

 

 

Figure(37):Hyperferritinemia in COVID-19 infection [Edeas M.; Saleh J.; Peyssonnaux C. (2020). Iron: 

innocent bystander or vicious culprit in COVID-19 pathogenesis?. International Journal of Infectious 

Diseases, 97:303-305. DOI: https://doi.org/10.1016/j.ijid.2020.05.110 ] 

 

https://doi.org/10.1016/j.ijid.2020.05.110
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The umbrella term hyperferritinemic syndromes encompasses four clinical conditions, including 

macrophage activation syndrome (MAS), adult-onset Still's disease (AOSD), catastrophic anti-

phospholipid syndrome (CAPS), and septic shock, all characterized by high serum ferritin and a 

life-threatening hyperinflammation sustained by a cytokines storm which ultimately causes 

multiorgan failure. The severe form of coronavirus disease 2019 (COVID-19) share several 

clinical and laboratory characteristics with four entities gathered under the term 

hyperferritinemic syndromes and involving macrophage activation syndrome (MAS), adult-onset 

Still's disease (AOSD), catastrophic anti-phospholipid syndrome (CAPS) and septic shock. 

Coronavirus disease 2019 (COVID-19) systemic inflammatory reaction and hyperferritinemic 

syndromes are all defined by high serum ferritin and a life-threatening hyperinflammation 

sustained by a cytokines storm which eventually resultsc in multiorgan failure. The idea of a 

third later stage of coronavirus disease 2019 (COVID-19) as the dramatic result of an 

overwhelming cytokine storm is boosted by the recognition of the elevated concentration of 

different molecules including interleukin-1beta (IL-1ɓ), interleukin-1 receptor antagonist  (IL -

1RA), interleukin-7 (IL -7), interleukin-8 (IL -8), interleukin-9 (IL-9), interleukin-10 (IL-10), 

fibroblast growth factor (FGF), granulocyte-macrophage colony-stimulating factor (GM-CSF), 

interferon-gamma (IFNɔ), granulocyte-colony stimulating factor (G-CSF), interferon-ɔ-inducible 

protein (IP10), monocyte chemoattractant protein (MCP1), macrophage inflammatory protein 1 

alpha (MIP1A), platelet-derived growth factor (PDGF), tumor necrosis factor-alpha (TNF-Ŭ) and 

vascular endothelial growth factor (VEGF). Particularly in severe conditions, interleukin-2 (IL-

2), interleukin-7 (IL-7), interleukin-10 (IL-10), granulocyte-colony stimulating factor (G-CSF), 

interferon-ɔ-inducible protein (IP10), monocyte chemoattractant protein (MCP1), macrophage 

inflammatory protein 1 alpha (MIP1A), and tumor necrosis factor-alpha (TNF-Ŭ) look to be 

extremely high and noticeable elevation of interleukin-6 (IL-6) in non-survival patients has been 

observed. In addition to cytokine profile, other features make coronavirus disease 2019 (COVID-

19) similar to the members of the hyperferritinemic syndromes, at least in some of their stages: 

lymphopenia, decreased natural killer (NK) cells number and activity, abnormal liver function 

tests, coagulopathy and of course hyperferritinemia. 

Hyperferritinemia is the notable mark of the hyperferritinemic syndromes and increasing 

evidence supports the notion that high circulating ferritin may not only reflect an acute phase 

response but also play a critical role in inflammation. Ferritin is a main 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. H-ferritin looks to display not only an immunomodulatory function 

but also a proinflammatory activity culminating with the stimulation of the expression of 

different inflammatory mediators, including interleukin-1beta (IL-1ɓ). Hyperferritinaemia 

characterizes several autoimmune diseases  where it may play a pathogenetic role on the ground 

of its immunomodulatory features. The origin of circulating serum ferritin during inflammatory 

statuses is still debated. In vitro experiments demonstrated that ferritin might be actively 

produced by hepatocytes  as well as by macrophages (Mū) through a non-classical pathway. 

Thus, it is possible that in hyperferritinemic syndromes macrophage (Mū) activation could 

actively contribute to ferritin production. In line with this hypothesis, in a worthy study, it was 

demonstrated that in adult-onset Still's disease (AOSD) ferritin serum levels were not only 

correlated with disease activity, but also with macrophage( Mū) activation. Interestingly, in a 

valuable study describing a cohort of 39 hospitalized patients with coronavirus disease 2019 

(COVID-19), ferritin serum concentrations were found recognizably associated with disease 

severity. Besides an active release, during the inflammatory reaction, a main component of 

serum ferritin derives by cellular death and, in particular, by hepatic cells death. Once secreted, 

ferritin loses part of the inner iron content giving rise to extremely high serum concentrations of 

free iron. It seems that the excess of circulating free iron detectable during severe inflammatory 

environments, can deteriorate the inflammatory reaction with the specialr ability to stimulate a 

notable pro-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 stress (OS) on red blood cells (RBCs) and fibrin can promote the production 

of dense clots responsible for stroke development. Due to the capacity of iron chelation to taper 

the inflammatory response through a reduction of reactive oxygen species (ROS) production and 

to induce an antiviral activity, the utility of this therapeutic approach in patients with severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-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 severe coronavirus disease 2019 

(COVID-19) infection (NCT04333550). 

Coagulopathy is one of the main complications occurring in hospitalized patients with severe 

coronavirus disease 2019 (COVID-19). Despite prophylaxis with low molecular weight heparin 
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(LMWH), the occurrence of cardiovascular (CV) stroke is considerably high, in some cases in 

the form of a diffused intravascular coagulopathy (DIC). In a Chinese cohort from Wuhan, 

disseminated intravascular coagulation (DIC) occurred in about 6.4% of patients who died for 

severe coronavirus disease 2019 (COVID-19). Acro-ischemia is one of the most frequent 

presentations of this complication being associated with a considerable rate of death. It is 

valuable to demonstrate that acro-ischemia lesions reported to be occurring broadly in 

asymptomatic children and adolescents with coronavirus disease 2019 (COVID-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 all toes and fingers, 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; initially they have a reddish-purple 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 integrum. Intrestingly, disseminated intravascular 

coagulation (DIC) is also a major complication the other hyperferritinemic syndromes including 

adult-onset Still's disease (AOSD), macrophage activation syndrome (MAS), sepsis,  and 

catastrophic antiphospholipid syndrome (CAPS). Inflammation promotes increased coagulation 

by two different effects: by activating the cascade coagulation system and by downregulating the 

anticoagulant mechanisms. The endothelial cell and platelet activation occurring in catastrophic 

anti-phospholipid syndrome (CAPS) is a key contributor to the genesis of a thrombotic storm and 

in this setting, it is significant the role of infections as triggers of the disease. It is of note that 

three Chinese coronavirus disease 2019 (COVID-19) patients admitted to intensive care unit 

(ICU) and presenting thrombotic events tested positive for anticardiolipin IgA antibodies as well 

as antiïɓ2 glycoprotein I IgA and IgG antibodies. 

However, it is noted that the increased vascular coagulation occurring in coronavirus disease 

2019 (COVID-19) patients is more close to a lung centric pulmonary intravascular coagulopathy 

(PIC) rather than a classical disseminated intravascular coagulation (DIC). However, it is 

considered to refer that the lung pathology seen in patients with coronavirus disease 2019 

(COVID-19) shows notable microvascular thrombosis and haemorrhage linked to extensive 

alveolar and interstitial inflammation that shares features with macrophage activation syndrome 

(MAS). It has been termed the lung-restricted vascular immunopathology associated with 
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coronavirus disease 2019 (COVID-19) as diffuse pulmonary intravascular coagulopathy, which 

in its early stages is distinct from disseminated intravascular coagulation (DIC). Increased 

circulating D-dimer (DD) concentrations (reflecting pulmonary vascular bed thrombosis with 

fibrinolysis) and elevated cardiac enzyme concentrations (reflecting emergent ventricular stress 

induced by pulmonary hypertension) in the face of normal fibrinogen and platelet levels are key 

early characteristics of severe pulmonary intravascular coagulopathy related to coronavirus 

disease 2019 (COVID-19). Extensive immunothrombosis over a large pulmonary vascular 

territory without confirmation of coronavirus disease 2019 (COVID-19) viraemia in early 

disease best interprets the adverse impact of male sex, hypertension (HTN), obesity, and diabetes 

mellitus (DM) on the prognosis of patients with coronavirus disease 2019 (COVID-19). The 

immune mechanism underlying diffuse alveolar and pulmonary interstitial inflammation in 

coronavirus disease 2019 (COVID-19) includes a macrophage activation syndrome (MAS)-like 

state that provokes extensive immunothrombosis, which might unmask subclinical 

cardiovascular disease (CVD) and is distinct from the macrophage activation syndrome (MAS) 

and disseminated intravascular coagulation (DIC) that is more familiar to rheumatologists. 

 This peculiar presentation seems related to a macrophage activation syndrome (MAS)-like intra-

pulmonary inflammation. Really, although severe coronavirus disease 2019 (COVID-19) has 

several abnormal laboratory parameters similar to macrophage activation syndrome (MAS), the 

lack of other features, such as the classical organomegaly, is considerable, leading to suppose a 

hyperactivation of the immune system primarily confined to the lung parenchyma. 

Further similarities between hyperferritinemic syndromes and severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) severe infection are revealed from the few autopsies on 

coronavirus disease 2019 (COVID-19) patients reported so far. Macroscopic features in 

autopsies comprise pleurisy, pericarditis, lung consolidation, pulmonary edema; microscopic 

findings include diffuse alveolar damage with inflammatory infiltrates composed mainly by 

monocytes and macrophages (Mū), but minimal lymphocytes infiltration, 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 with adult-onset Still's disease (AOSD) and macrophage activation 

syndrome (MAS). Some recommendations and guidelines to safely perform autopsies in 
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coronavirus disease 2019 (COVID-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 patients with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

infection evolve to a hyperinflammation condition 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 especially in elderlies and men. The 

different lung expression of the angiotensin-converting enzyme2 (ACE2) molecule, the receptor 

used by coronavirus disease 2019 (COVID-19) to enter cells, could be one of the reasons 

responsible for a higher prevalence of the severe disease in this specific subset of patients. 

Accordingly, specific medications modulating the expression of this receptor such as 

angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers could be 

considered an additional external factor providing a major risk for patients. Co-morbidities 

represent an ulterior risk factor for the development of severe coronavirus disease 2019 

(COVID-19) systemic inflammation and among them, type 2 diabetes mellitus (T2DM)  is one 

of the mostly described. To this regard, the increased expression of another receptor named 

human dipeptidyl peptidase 4 (DPP4), highly expressed in patients with type 2 diabetes mellitus 

(T2DM), might be implicated in the worst disease outcome do to the possible ability of severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) to infect cells through dipeptidyl 

peptidase 4 (DPP4) binding, as already described in Middle East coronavirus (MERS-CoV) 

infection. Ethnicity might also have some impact on virus infection outcome. At birth, 

differences in innate immune response between Caucasian and Asian people have been 

identified. Macrophages (Mū) derived from healthy Filipinos and challenged with 

Mycobacterium tuberculosis, demonstrate a lower production of interleukin-1 (IL -1) and 

interleukin-6 (IL-6) as well as higher production of interleukin-8 (IL-8), compared to Chinese 

and non-Hispanic white people. Additionally, studies on peripheral blood mononuclear cell 

(PBMC) from children vaccinated for measles showed race-related variation in the amount of 

cytokine produced following stimulation. 
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Another fascinating hypothesis supporting the differences in coronavirus disease 2019 (COVID-

19) infection outcome is an antibody-dependent enhancement of severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) due to previous exposure to other coronavirus. Indeed, 

previous contact with other coronaviruses responsible for a boost in immune response before 

coronavirus disease 2019 (COVID-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 some coronavirus 

disease 2019 (COVID-19) patients there is an over-inflammatory reaction, which strictly reminds 

the one observed in other inflammatory conditions, such as adult-onset Still's disease (AOSD), 

which is a prototype of idiopathic autoinflammatory disorder frequently triggered by infections. 

Due to similarities with this condition, a genetic predisposition cannot be excluded as well. In 

adult-onset Still's disease (AOSD), the presence of rare coding variants in interleukin-1 (IL-1) 

related pathways and gene polymorphism associated with interleukin-18 (IL -18) have been 

identified. At the same extent, heterozygous mutations related to PRF1 and UNC13D genes, 

have been linked to a specific subset of macrophage activation syndrome (MAS) patients. 

Besides genetic factors, the modulation of the expression of different cytokines both by lung 

epithelial cells and by innate and adaptive immune cells needs to be taken into account. 

Regarding interleukin-1beta (IL -1ɓ), it is notable to remind that previous studies on severe acute 

respiratory syndrome coronavirus (SARS-CoV) presented the ability of the virus to up-regulate 

inflammasome activity with consequent capacity to actively increase the production of 

interleuin-1beta (IL-1ɓ). Due to the similarities between severe acute respiratory syndrome 

coronavirus (SARS-CoV) and severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

(82% nucleotide sequence homology), it is probably that severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) displays the same capacity to induce an exaggerated interleukin-

1beta (IL-1ɓ) mediated response. Thus, the link between coronavirus disease 2019 (COVID-19) 

induced inflammatory reaction and hyperferritinemic syndromes, such as adult-onset Still's 

disease (AOSD) or macrophage activation syndrome (MAS), is immediately evident being both 

related to a massive interleukin-1beta (IL-1ɓ) systemic release. During macrophage activation 

syndrome (MAS), it is also important to remind the role of type II interferon (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 type I interferon (IFN) represents the main antiviral pathway, 

studies on severe acute respiratory syndrome coronavirus (SARS-CoV) revealed that both type I 

and type II interferon (IFN) (alpha-beta and gamma) synergize to inhibit virus replication with a 

concomitant active virus attempt to reduce such interferon (IFN) production. Preliminary data 

from coronavirus disease 2019 (COVID-19) patients suppose how a suppressed interferon-

gamma (IFN-ɔ) production by CD4+ T cells is associated with more severe illness. Nonetheless, 

in the advanced stages of the disease, an over-expression of this molecule may occur, due to a 

second wave of systemic inflammatory reaction similar to macrophage activation syndrome 

(MAS). For this reason, a clinical trial evaluating the efficacy of concomitant inhibition of 

interleukin-1 (IL-1) (Anakinra) and interferon-gamma (IFN-ɔ) (emapalumab) in severe 

coronavirus disease 2019 (COVID-19) patients has started (NCT04324021). However, in 

patients with coronavirus disease 2019 (COVID-19), a clear distinction between acute 

respiratory distress syndrome (ARDS) and macrophage activation syndrome (MAS) is 

challenging, especially in the first phases of the disease where acute respiratory distress 

syndrome (ARDS) represents the main source of interleukin-6 (IL-6) and interleukin-1 (IL-1). 

Results from Anakinra/Emapalumab trial will surely provide interesting insights on coronavirus 

disease 2019 (COVID-19) associated macrophage activation syndrome (MAS) like-syndrome. 

Besides interleukin-1beta (IL -1ɓ), the majority of studies published up to now presumes a 

predominant role of interleukin-6 (IL-6) in severe coronavirus disease 2019 (COVID-19)  

inflammatory reaction. In patients with acute respiratory distress syndrome (ARDS), the lung 

epithelium and immune cell hyperexpression of interleukin-6 (IL-6) is associated with a poor 

disease outcome, as confirmed by a notable study on coronavirus disease 2019 (COVID-19)  

patients. However, interleukin-6 (IL-6) is also an essential regulator of the balance among 

fibroblasts, macrophages (Mū), 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/immune-suppressive therapies is certainly critical. 

Interestingly, preliminary observations point out that immunosuppressed heart- transplanted 

patients present a milder form of coronavirus disease 2019 (COVID-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 organized a national registry to gather information 

regarding patients with immune-rheumatologic disease infected by severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) and the European League Against Rheumatism 

(EULAR) has proposed a similar registry too. Very preliminary results on a large cohort of 

Italian patients with chronic arthritis managed with immunosuppressive agents (biologic and 

targeted synthetic DMARDs), showed no increased risk of respiratory or life-threatening 

complication from severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection.  
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Figure (38) shows a proposed model of the cytokine storm in severe coronavirus 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 

macrophage activation syndrome (MAS), hemophagocytic lymphohistiocytosis (HLH), and 

Figure(38):Proposed model of the cytokine storm in severe COVID-19[Farooqi F.; Dhawan N.; 

Morgan R.; Dinh J.; Nedd K.; Yatzkan G. (2020). Treatment of severe COVID-19 with Tocilizumab 

mitigates cytokine storm and averts mechanical ventilation during acute respiratory distress: a case 

report and literature review. Tropical Medicine and Infectious Disease, 5(3),112. 

https://doi.org/10.3390/tropicalmed5030112 ] 

https://doi.org/10.3390/tropicalmed5030112
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chimeric antigen receptor (CAR) T-cell therapy. Notably, cytokine storm in both macrophage 

activation syndrome (MAS) and hemophagocytic lymphohistiocytosis (HLH) displays increased 

levels of cytokines interleukin-1 (IL -1), interleukin-2 (IL -2), interleukin-18 (IL-18), macrophage 

colony stimulating factor (M-CSF), interferon-gamma (IFN-ɔ), and tumor necrosis factor-alpha 

(TNF-Ŭ), in addition to interleukin-6 (IL -6), although definitive causality due to all these 

cytokines has not been determined. 

 

 

 

 

 

4.Coagulopathy 

Coagulopathy, also known as a bleeding disorder, is a condition in which the blood's ability 

to coagulate  is impaired. This condition can lead to prolonged or excessive bleeding (bleeding 

diathesis), which may happen spontaneously or following an injury or medical and dental 

procedures. Coagulopathy may progress to uncontrolled internal or external bleeding. 

Uncontrolled bleeding if left untreated can cause damage to joints, muscles, or internal organs 

and may be life-threatening. Patients should be subjected to immediate medical care for serious 

Figure(39):Clinical inhibition of IL-1ɓ, IL-6, and IFN-ɔ in hyperinflammation in COVID-19 infection 

[Ruscitti P.; Berardicurti O.; Benedetto P.; Cipriani P.; Lagnocco A.; Shoanfeld Y.; Giacomelli R. (2020). 

Severe COVID-19, another piece in the puzzle of the hyperferritinemic syndrome. An immunomodulatory 

perspective to alleviate the storm. Front Immunol. https://doi.org/10.3389/fimmu.2020.01130 ] 

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
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symptoms, involving heavy external bleeding, blood in the urine or stool, double vision, severe 

head or neck pain, repeated vomiting, difficulty walking, convulsions, or seizures. Patients must 

follow prompt medical care if they suffer from mild but unstoppable external bleeding or joint 

swelling and stiffness. 

The normal clotting process depends on the interplay of various proteins in the blood. 

Coagulopathy can result from reduced concentrations or absence of blood-clotting proteins, 

called clotting factors or coagulation factors. Coagulopathy can be incident as a result of 

dysfunction or decreased concentrations of platelets. 

It is supposed that moderate and severe coronavirus disease 2019 (COVID-19) patients present 

prolonged prothrombin time (PT), activated partial thromboplastin time (aPTT), and elevated D-

dimer (DD) concentrations with consequent poorer results. 

In coronavirus disease 2019 (COVID-19), elevated plasma concentrations of pro-inflammatory 

cytokines [interleukin-2 (IL-2), interleukin-7 (IL -7), granulocyte colony-stimulating factor (G-

CSF), interferon-inducible protein 10 (IP-10), monocyte chemoattractant protein-1 (MCP-1), 

macrophage inflammatory protein 1alpha (MIP-1Ŭ), and tumor necrosis factor-alpha (TNF-Ŭ)] 

have been seen in patients admitted to intensive care units (ICUs), indicating development of 

cytokine storm in patients with severe disease with a secondary hemophagocytic 

lymphohistiocytosis (sHLH). While many pro-inflammatory cytokines trigger the coagulation 

system, it was shown that the increase in interleukin-6 (IL-6) was different with the elevations in 

D-dimer (DD); interleukin-6 (IL -6) concentrations appeared to increase only 13 days after 

disease onset, whereas D-dimer (DD) levels were already 10-fold increased by that time. This 

recognition presumes that the very high D-dimer (DD) concentrations seen in coronavirus 

disease 2019 (COVID-19) patients are not only secondary to systemic inflammation, but also 

reflect true thrombotic disease, probably induced by local, cellular activation, induced by virus 

infiltration. Although the decreased platelet count and longer prothrombin times (PT) seen in 

patients with severe coronavirus disease 2019 (COVID-19) suggest that disseminated 

intravascular coagulation (DIC)  might be present, at the same time (pulmonary) venous 

thrombosis, deep vein thrombosis (DVT), and/or pulmonary embolism (PE) may be present.  

 

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
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Figure(40):Coagulopathy and thrombosis in COVID-19 infection [Bikdeli B.; Madhavan M.; Jimenez D.; 

Chuich T.; Dreyfus I.; Driggin E.; Nigoghossian C.; Ageno W.; Madjid M.; Guo Y.; Tang L.; Hu Y.; Giri 

J.; Cushman M.; Quere I.; Dimakakos E.; Gibson C.; Lippi G.; Favaloro E.; Fareed J.; Caprini J.; Tafur 

A.; Burton J.; Francese D.; Wang E.; Falanga A.; McLintock C.; Hunt B.; Spyropoulos A.; Barnes G.; 

Eikelboom J.; Weinberg I.; Schulman S.; Carrier M.; Piazza G.; Beckman J.; Steg P.; Stone G.; 

Rosenkranz S.; Goldhaber S.; Parikh S.; Monreal M.; Krumholz H.; Konstantinides S.; Weitz J.; Lip G. 

(2020). COVID-19 and thrombotic or thromboembolic disease:implications for prevention, 

antithrombotic therapy, and follow-up. Journal of the American College of Cardiology, 75(23)DOI: 

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 phase of coronavirus disease 2019 (COVID-19) bases on 

a complex interplay between pro-inflammatory cytokine/chemokine secretion, elevated 

endothelial dysfunction/damage, and possible sepsis-induced coagulopathy progress in severe 

cases, all developing coagulation activation. The striking highly pro-thrombotic features of 

coronavirus disease 2019 (COVID-19) look to come from:  

1-Severe and prolonged hypoxemia known to induce thrombosis;  

2-High incidence of cytokine storms in critically ill patients; and finally  

3-A presumptive role of local pulmonary thrombotic phenomena. 

 

 

 

 

Figure(41): COVID-19 related coagulopathy [Marchandot B.; Sattler L.; Jesel L.; Matsushita K.; 

Schini-Kerth V.; Grunebaum L. (2020). COVID-19 related coagulopathy: a distinct entity?. Journal 

of Clinical Medicine, 9(6):1651. https://doi.org/10.3390/jcm9061651 ] 

https://doi.org/10.3390/jcm9061651
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4.1.1 Inflammation  

Inflammation has been accepted as a common pathway through which various risk factors 

stimulate thrombogenesis. Cytokines and chemokines have been corrolated with crucial role in 

immunity and immunopathology during viral infections. The immune response to acute severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection and the accompanying surge 

of cytokines and inflammatory mediators [interleukin-6 (IL-6), interleukin-7 (IL-7), interleukin-

22 (IL -22), C-x-C motif chemokine 10 (CXCL10, also known as Interferon gamma-induced 

protein 10 (IP-10) or small-inducible cytokine B10), etc.] can cause activating pro-coagulant 

pathways. Inflammatory cytokines, together with endothelial injury, can up-regulate tissue factor 

expression and further lead to a pro-thrombotic state. In coronary arteries, circulating cytokines 

can induce macrophages (Mū) within the plaque to elevate local cytokine synthesis and 

secretion, and also trigger tissue factor overexpression that makes lesions more thrombogenic. 

Figure(42):Potential mechanisms of cardiovascular complication caused by COVID-19[Matsushita K.; 

Marchandot B.; Jesel L.; Ohlmann P.; Morel O. (2020). Impact of COVID-19 on the cardiovascular system: 

a review. Journal of Clinical Medicine, 9(5):1407. https://doi.org/10.3390/jcm9051407 ] 

https://doi.org/10.3390/jcm9051407
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This mechanism of a local, intraplaque response to systemic stimuli was regarded as an echo 

phenomenon by Libby. Systemic cytokines can induce leukocyte adhesion molecule  expression 

on the endothelial cells overlying established atheroma, supporting local recruitment of these 

inflammatory cells. It is worthy to refer that the leukocyte adhesion molecules are 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 China illustrated severely elevated concentrations of inflammatory 

biomarkers and cytokines such as interleukin-6 (IL-6), interleukin-1beta (IL-1ɓ), C-reactive 

protein (CRP), Tumor necrosis factor-alpha (TNF-Ŭ), granulocyte-colony stimulating factor (G-

CSF), and ferritin. Advanced stages of coronavirus disease 2019 (COVID-19) have been bound 

to cytokine storm syndromes and identified patients at higher risk of developing severe diseases 

involving disseminated intravascular coagulation (DIC), acute myocardial injury due to 

myocarditis or stress-cardiomyopathy, and death. Siddiqi et al. (2020) have presumed a schema 

to estimate the severity of systemic hyperinflammation in coronavirus disease 2019 (COVID-

19). Depending on this paradigm, the host response to coronavirus disease 2019 (COVID-19) is 

first localized in the lung parenchyma, but a systemic surge in pro-inflammatory cytokines can 

happen, defined as a cytokine storm, which play a significant role in coronavirus disease 2019 

(COVID-19) etiologies and manifestations.  

4.1.2 Endothelial Activation  

Clinical and pre-clinical proof boosts the hypothesis that the endothelium is a key target organ of 

coronavirus disease 2019 (COVID-19). The importance of the endothelium in the pathogenesis 

of coronavirus disease 2019 (COVID-19) infection was confirmed by data showing direct 

endothelial cell infection and endotheliitis in the time course of severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) infection. In humans, the angiotensin-converting 

enzyme 2 (ACE2) receptor has been found in the lung epithelium (in particular the type II 

pneumocyte) and the myocardium, and is highly expressed in arterial and venous endothelial 

cells. Endothelial cell activation/damage due to the virus binding to the angiotensin-converting 

enzyme 2 (ACE2) receptor provoking acute inflammation and hypercoagulation may be of 

fundamental importance to interpret the high thrombotic burden seen. 
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Under physiological conditions, pulsatile shear stress elevated angiotensin-converting enzyme 2 

(ACE2) expression, triggering nitric oxide production, and decreasing inflammation and 

proliferation in vascular endothelial cells. The description of higher angiotensin-converting 

enzyme 2 (ACE2) expression as defined by ribonucleic acid (RNA) sequencing and affirmed by 

proteomic profiling in heart muscle disease patients might interpret why heart failure (HF) 

patients could be more prone to heart infection by severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2). Pericytes, which spread outside the endothelial cell of capillaries 

and parts of venules, were also presumed to be a key target in severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) infection and might interpret the importance of capillary 

endothelial cell dysfunction and microcirculation disorder in that status. General mechanisms of 

endothelial activation following a cytokine burst involve calcium mobilization, oxidative stress 

(OS), down-regulation of the endothelial nitric oxide synthase-derived nitric oxide formation, 

plasma membrane remodeling, exposure of procoagulant phospholipid (PL) such as 

phosphatidylserine (PS), procoagulant microparticles (MPs) shedding, tissue factor expression, 

disruption of the natural anticoagulant shield represented by annexin 5 (or annexin V, a cellular 

protein in the annexin group), expression of selectins and cytoadhesins [vascular cell adhesion 

molecule 1 (VCAM-1), intercellular adhesion molecule 1 (ICAM-1)], and cytokines release 

[monocyte chemoattractant protein-1 (MCP-1/CCL2)]. Within pulmonary microvascular 

endothelial cells, exposure to various inflammatory stimulus [ tumor necrosis factor-alpha (TNF-

Ŭ), lipopolysaccharide (LPS)] stimulated the secretion of endothelial-derived microparticles 

(EMPs), harbouring angiotensin-converting enzyme (ACE) and a simultaneous decrease of 

endothelial cell-surface angiotensin-converting enzyme (ACE) expression. In a mouse model of 

lung injury, ACE+-EMPs/EMPs were evidenced to be a marker of wet-to-dry lung injury as a 

possible witness of alveolar capillary barrier alterations. In sepsis, the importance of these results 

was assured by the definition of increased levels of ACE+-EMPs and ACE+-EMPs/EMPs in the 

blood of patients who progressed acute respiratory distress syndrome (ARDS). 

Endothelial cell activation/damage due to the virus binding to the angiotensin-converting enzyme 

2 (ACE2) receptor triggering acute inflammatory and hypercoagulable may be of primary 

importance to interpret the high thrombotic burden recognized. 
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4.1.3 Severe Hypoxemia  

Hypoxemia indicates low level of oxygen in blood, and the more general term hypoxia is an 

abnormally low oxygen content in any tissue or organ, or the body as a whole. Hypoxemia can 

lead to hypoxia (hypoxemic hypoxia), but hypoxia can also be incident through other 

mechanisms, such as anemia. Hypoxemia is usually defined in terms of reduced partial 

pressure of oxygen (mm Hg) in arterial blood, but also in terms of reduced content of oxygen (ml 

oxygen per dl blood) or percentage saturation of hemoglobin with oxygen, which is either found 

singly or in combination. Hypoxemia can lead to symptoms such as those in respiratory distress. 

These involve breathlessness, an increased rate of breathing, use of the chest and abdominal 

muscles to breathe, and lip pursing. 

Chronic hypoxemia may be compensated or uncompensated. The compensation may cause 

symptoms to be overlooked initially, however, further disease or a stress such as any increase in 

oxygen demand may finally unmask the existing hypoxemia. In a compensated state, blood 

vessels supplying less-ventilated areas of the lung may selectively contract, to redirect the blood 

to areas of the lungs which are better ventilated. However, in a chronic context, and if the lungs 

are not well ventilated generally, this mechanism can result in pulmonary hypertension (PH), 

overloading the right ventricle of the heart and causing cor pulmonale and right sided heart 

failure. Polycythemia can also happen. It is important to refer to polycythemia as an 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 disorder or cancer. In children, chronic hypoxemia 

may manifest as delayed growth, neurological development and motor development and 

decreased sleep quality with frequent sleep arousals.Other symptoms of hypoxemia may 

involve cyanosis, digital clubbing, and symptoms that may relate to the cause of the hypoxemia, 

including cough and hemoptysis. 

Serious hypoxemia typically occurs when the partial pressure of oxygen in blood is less than 

60 mm Hg, the beginning of the steep portion of the oxygenïhemoglobin dissociation curve, 

where a small decrease in the partial pressure of oxygen leads to a large decrease in the oxygen 

content of the blood. Severe hypoxia can progress to respiratory failure.   

https://en.wikipedia.org/wiki/Hypoxia_(medical)
https://en.wikipedia.org/wiki/Anemia
https://en.wikipedia.org/wiki/Partial_pressure
https://en.wikipedia.org/wiki/Partial_pressure
https://en.wikipedia.org/wiki/Hemoglobin
https://en.wikipedia.org/wiki/Respiratory_distress
https://en.wikipedia.org/wiki/Dyspnoea
https://en.wikipedia.org/wiki/Pursed_lip_breathing
https://en.wikipedia.org/wiki/Basal_metabolic_rate
https://en.wikipedia.org/wiki/Basal_metabolic_rate
https://en.wikipedia.org/wiki/Vasoconstriction
https://en.wikipedia.org/wiki/Pulmonary_hypertension
https://en.wikipedia.org/wiki/Cor_pulmonale
https://en.wikipedia.org/wiki/Right_sided_heart_failure
https://en.wikipedia.org/wiki/Right_sided_heart_failure
https://en.wikipedia.org/wiki/Polycythemia
https://en.wikipedia.org/wiki/Cyanosis
https://en.wikipedia.org/wiki/Digital_clubbing
https://en.wikipedia.org/wiki/Cough
https://en.wikipedia.org/wiki/Hemoptysis
https://en.wikipedia.org/wiki/Oxygen%E2%80%93hemoglobin_dissociation_curve
https://en.wikipedia.org/wiki/Respiratory_failure
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Acute respiratory distress syndrome (ARDS) is characterized by severe hypoxemia from altered 

permeability pulmonary edema causing decreased functional residual capacity (FRC), which in 

turn leads to hypoxemia from intrapulmonary shunting, and areas of low alveolar ventilation to 

perfusion. Pulmonary hypertension (PH) is also a common feature of acute respiratory distress 

syndrome (ARDS)  arising from pulmonary vascular endothelial injury as well as from the 

effects of hypoxemia, hypercapnia, and acidosis that, if remained, develops to cor pulmonale and 

increased mortality risk.  

Because lung injury in acute respiratory distress syndrome (ARDS) is non-homogeneous, 

portions of the lungs may remain functionally normal, so that tidal ventilation is preferentially 

distributed to these alveoli. Inhaled vasodilators, such as nitric oxide (NO) and aerosolized 

prostaglandin I2, use this pathophysiology by stimulating local pulmonary vasodilation, thereby 

increasing alveolar ventilation/perfusion matching. These agents also reduce pulmonary arterial 

pressure in acute respiratory distress syndrome (ARDS). Furthermore, aerosolized prostaglandin 

I2 possesses both anti-inflammatory properties and anticoagulant properties. In theory, these 

characteristics may lessen the impact of pulmonary vascular endothelial injury and abnormal 

pro-coagulation that are prominent features of acute respiratory distress syndrome (ARDS).  

Silent hypoxemia has been mentioned in many coronavirus disease 2019 (COVID-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 hypoxemia. Acute respiratory distress 

syndrome (ARDS) occurred in approximately 40% of 201 patients with severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) infection. The coronavirus disease 2019 (COVID-19) 

pneumonia has been addressed as a specific disease with particular phenotypes. Its main 

characteristic is the separation between the severity of the hypoxemia and the maintenance of 

relatively good respiratory mechanics. 

Severe lung inflammation and impaired pulmonary gas exchange in coronavirus disease 2019 

(COVID-19) can induce thrombosis through a hypoxia-inducible transcription factor-dependent 

signaling pathway. It is important to indicate that the heterodimeric transcription factor hypoxia-

inducible factor-1 (HIF-1) is activated under hypoxic conditions, resulting in the upregulation of 

its target genes plasminogen activator inhibitor-1 (PAI-1) and vascular endothelial growth factor 

(VEGF). Plasminogen activator inhibitor-1 (PAI-1) and vascular endothelial growth factor 
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(VEGF) are also stimulated in 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 whether hypoxia-inducible factor-1 (HIF-1) is also 

induced by thrombotic factors. It is investigated the role of thrombin, platelet-associated growth 

factors, and reactive oxygen species (ROS) derived from the p22phox-containing reduced 

nicotinamide adenine dinucleotide phosphate (NADPH) oxidase in the activation of hypoxia-

inducible factor-1 (HIF-1)and the induction of its target genes plasminogen activator inhibitor-1 

(PAI-1) and vascular endothelial growth factor (VEGF) in human vascular smooth muscle cells 

(VSMCs). Thrombin, platelet-derived growth factor-AB (PDGF-AB), and transforming growth 

factor-ɓ1 (TGF-ɓ1) upregulated hypoxia-inducible factor-1alpha (HIF-1Ŭ)protein in cultured and 

native vascular smooth muscle cells (VSMCs). This response was accompanied by nuclear 

accumulation of hypoxia-inducible factor-1alpha (HIF-1Ŭ) as well as by increased hypoxia-

inducible factor-1 (HIF-1) deoxyribonucleic acid (DNA)-binding and reporter gene activity. The 

thrombin-induced expression of hypoxia-inducible factor-1alpha (HIF-1Ŭ), plasminogen 

activator inhibitor-1 (PAI-1), and vascular endothelial growth factor (VEGF) was attenuated by 

antioxidant treatment as well as by transfection of p22phox antisense oligonucleotides. Inhibition 

of p38 mitogen-activated protein kinase and phosphatidylinositol-3-kinase significantly 

decreased thrombin-induced hypoxia-inducible factor-1alpha (HIF-1Ŭ), plasminogen activator 

inhibitor-1 (PAI-1), and vascular endothelial growth factor (VEGF) expression. These findings 

demonstrate that the hypoxia-inducible factor-1 (HIF-1) signaling pathway can be stimulated by 

thrombin and platelet-associated growth factors and that a redox-sensitive cascade activated by 

reactive oxygen species (ROS) derived from the p22phox-containing NADPH oxidase is crucially 

involved in this response.  

In addition, hypoxia, and acute respiratory distress syndrome (ARDS) particularly, is observed to 

stimulate hypoxic pulmonary vasoconstriction and pulmonary hypertension, increase right 

ventricular afterload, and favor blood viscosity. 

4.1.4 Pulmonary Microvascular Thrombosis   

Pulmonary embolism (PE) is an acute, serious condition that can be directly life threatening. 

Pulmonary embolism (PE) occurs when 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 the lungs, leads to 
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severe damage, interrupts their smooth operation and may, depending on the importance of the 

blocked artery, directly result in death. The most common form of emboli that causes pulmonary 

embolism is the blood clot described above. But there are also other situations that may occur, 

such as amniotic emboli during 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 fractures. It 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 follows. Paradoxical embolism is 

recognized in cases of open foramen ovale. It has been experimentally 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 network, sudden 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 substances that lead to bronchospasm followed by 

further reduction of pulmonary perfusion and an increase of dead space ventilation (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 vascular resistance. 

The effects of pulmonary embolism by the cardiovascular (CV) system may be acute pulmonary 

heart disease, myocardial ischemia, acute circulatory failure, and the left-sided failure and from 

the lungs, hypoxia and atelectasis. In acute deficiency, the pressure in the right ventricle 

increases, resulting in septumôs displacement to the left, lowering evendototitas of the left 

ventricular, dysfunction of both ventricles, 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 aortaôs pressure, hypoxia, and possibly to the existence of 

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 circulation. Pulmonary 

infarction or lung infarction, is death of one or more sections of lung tissue due to deprivation of 
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an adequate blood supply. The section of dead tissue is called an infarct. The cessation or 

lessening of blood flow results ordinarily from an obstruction in a blood vessel that serves 

the lung. 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 will specify the 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, it can lead to transient syncope, but then 

it can be destroyed and dissolved within a few 24-hour, 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 reported in coronavirus disease 2019 (COVID-19) cases. Microvascular thrombosis has 

recently been demonstrated in patients with coronavirus disease 2019 (COVID-19), and 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 

thromboinflammation. However, focal thrombotic lung injury paved the way for the concept of a 

focal pulmonary thrombosis phenomenon in severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2). The entry receptor utilized by severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) is angiotensin-converting enzyme2 (ACE2), which is highly expressed in lung 

alveolar cells, principally type II alveolar cells. High pulmonary viral loads in the alveoli of 

coronavirus disease 2019 (COVID-19)-infected patients have been reported. The main infection 

initiates alveolar injury, leading to a local inflammatory response, and these microvascular 

thrombi have been described in an environment of marked inflammatory changes involving 

mononuclear cell infiltrates, virally infected cells, and diffuse alveolar damage (DAD). Diffuse 

alveolar damage (DAD) represents a global injury to the gas-exchange surfaces due to disruption 

of the blood-air barrier leading to exudative edema and fibrosis, resulting in severely impaired 

blood and tissue oxygenation.The key question relies upon whether acute respiratory distress 

syndrome (ARDS) and/or disseminated intravascular coagulation (DIC) develop pulmonary 

microvascular thrombi on one hand, and, on the other hand, whether focal pulmonary 

microthrombi can cause further hypoxemic respiratory failure, enhanced thrombo-inflammation, 

and hypercoagulability with acute respiratory distress syndrome (ARDS) and disseminated 

intravascular coagulation (DIC) as final consequences: Both options are probable. It may be 
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hypothesized that lung injury causes microthrombus formation further enhanced in the case of a 

hypercoagulable state like disseminated intravascular coagulation (DIC). 

The view of a pulmonary thrombosis in severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) disease was developed. The view of a prothrombotic pulmonary endothelial dysfunction, 

causing a severe acute inflammation via complement and cytokine secretion, and a blood 

coagulation activation with vascular microthrombosis that further triggers a local consumption 

coagulopathy, i.e., a disseminated intravascular coagulation (DIC), leading to acute respiratory 

distress syndrome (ARDS) was emphasized. It was suggested  that anticoagulant treatment might 

be helpful by limiting the vicious circle of inflammation-blood coagulation activation-

inflammation, thus improving the severely impaired gas exchange in these patients. A study 

showed that the use of an increased dose of low-molecular-weight heparin (LMWH) appeared to 

reduce the downstream thrombotic effects of the marked inflammatory response to coronavirus 

disease 2019 (COVID-19) as it looks to decrease the contribution of microvascular thrombosis in 

severely hypoxemic coronavirus disease 2019 (COVID-19) 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 2019 (COVID-19) infection. D-dimer (DD) is the fibrin degradation 

products released upon cleavage of cross-linked fibrin by plasmin. Historically, the role of D-

dimer (DD) is limited due to its non-specificity, with high concentrations are frequently observed 

with advanced age, African American race, female sex, active malignancy, surgery, pregnancy, 

immobility, cocaine use, connective tissue disorders, end-stage renal disease, and prior 

thromboembolic disease. The D-dimer (DD) is routinely used clinically in diagnosing 

disseminated intravascular coagulation (DIC) and those with low pretest likelihood for deep vein 

thrombosis (DVT) and pulmonary embolism (PE). D-dimer (DD) has been researched to identify 

patients believed to progress to severe coronavirus disease 2019 (COVID-19) infection earlier in 

their course of disease. High D-dimer (DD) level was discovered in about 36%-47% of 

hospitalized patients with coronavirus disease 2019 (COVID-19) infection, the majority of whom 

are those with severe coronavirus disease 2019 (COVID-19) infection. A prior meta-analysis 

comprising of 4 studies revealed a higher D-dimer (DD) concentration in patients with severe 

coronavirus disease 2019 (COVID-19) infection in comparison with those with the non-severe 
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disease. A meta-analysis study comprising of 18 studies estimated the prognostic role of D-dimer 

(DD) in coronavirus disease 2019 (COVID-19) and the key findings of this pooled analysis are:  

1-The D-dimer (DD) concentrations were elevated in patients with severe coronavirus disease 

2019 (COVID-19) infection and those who passed away in comparison with non-severe disease 

and those who survived, respectively after adjusting for age, comorbid condition, and C-reactive 

protein (CRP) concentrations;  

2-Patients with high D-dimer (DD) concentrations were at elevated risk of progressing severe 

coronavirus disease 2019 (COVID-19) infection and elevated all-cause mortality compared to 

those with normal D-dimer concentrations.  

Zhou et al. (2020) reported that D-dimer (DD) level >1 mg/L on admission was independently 

correlated with elevated odds of mortality. Also, it was found that patients with advanced age, 

higher Sequential Organ Failure Assessment (SOFA) score, elevated troponin (Tn), and B-type 

natriuretic peptide (BNP) had been correlated with poor outcomes and mortality in coronavirus 

disease 2019 (COVID-19) infection. Studies have shown that rising D-dimer (DD) levels during 

the course of hospitalization are associated with worst long term outcomes. In addition, 

coronavirus disease 2019 (COVID-19) patients with one or more comorbidities [hypertension 

(HTN), diabetes mellitus (DM), and cardiovascular diseases (CVD)] are associated with adverse 

consequences [i.e. severe coronavirus disease 2019 (COVID-19) and/or mortality]. In a pooled 

analysis study, patients with severe coronavirus disease 2019 (COVID-19) infection had 

significantly high D-dimer (DD) concentrations, with an increasing prevalence of hypertension 

(HTN), diabetes mellitus (DM), and coronary artery disease (CAD). There has been upcoming 

proof concerning an elevated incidence of venous thromboembolic events (VTE), comprising 

deep vein thrombosis (DVT) and pulmonary embolism (PE) in patients with severe coronavirus 

disease 2019 (COVID-19) infection. Further, disseminated intravascular coagulation (DIC) has 

been increasingly reported in these patients. Tang et al. (2020) documented a 3.5-fold increase in 

D-dimer (DD) concentrations in those who passed away and 71% of them met the International 

Society on Thrombosis and Hemostasis (ISTH) criteria for disseminated intravascular 

coagulation (DIC) in comparison with 0.6% only among those who survived. Similarly, another 

study supposed that D-dimer (DD) level >1.5mg/L may help detect venous thromboembolic 

(VTE)   events with a sensitivity of 85.0% and specificity of 88.5%, however, findings should be 

explained with caution due to small sample size and lack of external validation. The risk of 
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venous thromboembolic events (VTE) is higher in patients infected with severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2). Due to several causes for D-dimer (DD) increase in 

these patients, imaging studies to diagnose deep vein thrombosis (DVT) or pulmonary embolism 

(PE) should only be pursued if clinically ensured. High clinical suspicion for deep vein 

thrombosis (DVT) or pulmonary embolism (PE) is registered in patients with elevated D-Dimer 

(DD) (more so in > 2mg/dl), as failure to manage may lead to adverse clinical results. Possibly is 

that patients who remained untreated for this catastrophe condition, explained adverse clinical 

results.  

Hemostatic changes and high D-dimer (DD) levels in coronavirus disease 2019 (COVID-19) 

patients have been interpreted by:  

(a)-Excess thrombin generation and early fibrinolysis shutdown secondary to endothelial 

activation induced by the infectious trigger;  

(b)-Severe hypoxemia known to induce thrombosis through both increased blood viscosity and 

hypoxia-inducible transcription factors; and finally  

(c)-local pulmonary thrombotic phenomena with a high frequency of pulmonary micro-

thrombosis in small autopsy series. Such focal thrombotic lung injury paved the way for the 

concept of a focal pulmonary thrombosis phenomenon in severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) infection. 

Perhaps, empirically managing all coronavirus disease 2019 (COVID-19) patients with 

intermediate or full (therapeutic) doses of anticoagulation to inhibit microvascular thrombosis 

(MVT) might be of benefit (provided a thorough risk-benefit assessment given these patients are 

also at risk of spontaneous bleeding). Moreover, it remains unclear at this time regarding the 

optimal dosing and duration in these patients and hence needs to be investigated further. 

Although, extended deep vein thrombosis (DVT) prophylaxis with oral anticoagulation at 

discharge (for up to 45 days) may be adequate in patients at higher risk for the thromboembolic 

event [i.e. active malignancy, immobility and elevated D-dimer (DD) level > two times the upper 

limits of normal] and lower bleeding risk. Thus, using D-dimer (DD) levels as a replaced sign for 

disease severity and underlying thromboembolic disease, especially, in coronavirus disease 2019 

(COVID-19) patients who cannot get dedicated imaging might be valuable.  
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4.3Role of Microparticles in COVID-19-Induced Coagulopathy 

Microparticles (MPs) are submicron (<1µm diameter) membrane-derived exocytic vesicles that 

are released into the circulation in vivo and generated in stored blood products ex vivo. Platelets, 

endothelial cells, erythrocytes, polymorphonuclear leukocytes (PMNL), lymphocytes, and 

monocytes all produce microparticles (MPs) in a tightly controlled process induced by stimuli 

such as shear stress, complement activation, proapoptotic stimulation, or cellular damage. 

Physiologic and pathologic processes are accountable for microvesicle formation in both  healthy 

and diseased persons and the presence of these vesicles has affirmed detrimental for recipients of 

blood transfusions. Microparticles (MPs) usually express antigens, and contain cell surface 

proteins, cytoplasmic contents, and nuclear components from their cell of origin. These 

biomolecules define their composition, characterization, and transfer of biologic information. 

Microparticles (MPs) have been correlated with thorough pro-inflammatory and procoagulant 

influences and have been implied as a crucial part of both normal and abnormal coagulation. 

They also contribute to systemic inflammation and cardiovascular (CV), hematologic, and 

oncologic disease events. Microparticles (MPs) are generated from their cell of origin by a 

budding of the cell membrane secondary to disruption of the normal phospholipid (PL) 

asymmetry, as the distribution of phospholipids (PL) across the membrane bilayer of eukaryotic 

cells is highly organized and asymmetric. 

In the time course of coronavirus disease 2019 (COVID-19) infection, it is possible that the 

cytokine storm stimulates a strong activation of circulating blood cells including platelets and 

leukocytes, and also of endothelial cells lining the luminal surface of the vasculature. This 

activation process causes cell blebbing with the shedding of microparticles (MPs) into the 

circulation. These microparticles (MPs)  accommodate a mixture of membrane proteins similar 

to those of the cell membrane of origin, and carry proteins and micro ribonucleic acid (miRNA) 

to transmit the activator signal to distant cells following cell-cell interaction, thereby contributing 

to the spread of the disease. The target cell activation and the circulating microparticles (MPs) 

stimulate pro-coagulant responses due to the exposure of tissue factor, and the physiological 

activator of the coagulation cascade and of negatively-charged phospholipids (PL) such as 

phosphatidylserine (PS), needed for the establishment of the tenase and prothrombinase 

coagulation complexes eventually causing thrombin generation. In the context of cardiovascular 

disease (CVD) patients, vulnerable people in the time course of coronavirus disease 2019 
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(COVID-19) infection, high concentrations of procoagulant microparticles (MPs) were described 

in a variety of conditions involving arterial hypertension (HTN), diabetes mellitus (DM), 

dyslipidemia, obesity, pulmonary embolism (PE), acute coronary syndromes (ACS), heart failure 

(HF), etc. In a large community-based Framingham Heart study, circulating endothelial 

microparticles (MPs) cooncentrations were related to the presence of cardiometabolic risk factors 

including hypertension (HTN) and metabolic factors, known predisposing factors to severe 

coronavirus disease 2019 (COVID-19) infections. It has been indicated that circulating 

microparticles (MPs) of patients with acute coronary syndrome (ACS-MPs), dominantly of 

activated endothelial cell and platelet origin, induce pro-oxidant, prothrombotic, and pro-

inflammatory responses in endothelial cells developing to endothelial senescence and 

dysfunction. The stimulatory influence of microparticles (MPs) includes the up-regulation of 

angiotensin-converting enzyme (ACE), which in turn induces a pro-oxidant response in 

endothelial cells. In addition, the circulating microparticles (MPs) of patients with acute coronary 

syndrome (ACS-MPs) were observed to carry angiotensin-converting enzyme (ACE) activity, 

presuming that they originate predominantly from activated endothelial cells. Another report 

done in microvascular lung endothelial cells and in acute respiratory distress syndrome (ARDS) 

patients has assured the importance of ACE+- endothelial-derived microparticles (MPs) as a 

probable marker of disease severity. Although the presence of angiotensin-converting enzyme2 

(ACE2) was not specifically characterized in those studies, these data propose that circulating 

microparticles (MPs) are key modulators of various angiotensin-converting enzyme (ACE) 

activities within the vascular compartment and could therefore function as an important mediator 

of coronavirus disease 2019 (COVID-19) pathogenicity. In the context of human 

immunodeficiency virus (HIV) infection, the transfer of the chemokine receptor between cells by 

membrane-derived microparticles (MPs) was also identified to be a strong mechanism for 

cellular human immunodeficient virus infection. In line with this paradigm, Data have shed light 

that exosome, a subtype of extracellular microvesicles shed by endothelial progenitor cells, 

stimulates survival and function of endothelial cells through angiotensin-converting enzyme2 

(ACE2) delivery. Preliminary results in coronavirus disease 2019 (COVID-19) patients requiring 

hospitalization relate a 2-fold generation of procoagulant microparticles (MPs) with respect to 

values measured in non-coronavirus disease 2019 (COVID-19) patients.  
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4.4 Complement Activation in COVID-19 Infection 

 

 

 

Complement is an important component of the innate immune system that is essential for defense 

from microbial infections and for clearance of immune complexes and injured cells. In normal 

states complement is tightly controlled by a number of fluid-phase and cell surface proteins to 

avoid injury to autologous tissues. When complement is hyperactivated, as happens in 

autoimmune diseases or in individuals with dysfunctional regulatory proteins, it drives a severe 

inflammatory response in numerous organs. The complement system is an important component 

of the innate immunity that functions mainly as a first-line host defense against pathogenetic 

infectious microorganisms. More than 30 components and regulators have been confirmed that 

are to a large degree distributed in the circulation and in tissues, where they are synthesized and 

released by a number of cells under various stimuli, involving cytokines and hormones. Despite 

the lack of specificity that characterizes the components of the acquired immune system, 

complement recognizes selectively foreign pathogens and damaged self-cells, using the 

Figure(43): Complement cascade [Berentsen S. (2015). Role of complement in autoimmune hemolytic 

anemia. Transfusion Medicine and Hemotherapy, 42:303-310. DOI:10.1159/000438964] 
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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 C5a), which are vigorous pro-inflammatory molecules that attract 

and activate leukocytes through interaction with their cognate G-proteinïcoupled receptors, C3a 

receptor (C3aR) and C5a receptor (C5aR);  

2-Opsonins (C3b, iC3b, and C3d), which decorate target surfaces through covalent bonding to 

facilitate transport and favor removal of target cells or immune complexes; and  

3-The terminal membrane attack complex (MAC, C5b-9) that directly lyses targeted (opsonized) 

pathogenic agents or damaged self-cells.  

These effectors let the complement system have an important role in host defense against 

bacteria, and in the removal of immune complexes and apoptotic cells, as suggested by the result 

that persons with inherited and acquired complement deficiencies are susceptible to bacterial 

infections and immune complex diseases. However, other important functions of complement 

have been revealed, involving regulation of the adaptive immune response, stimulation of tissue 

regeneration and angiogenesis, mobilization of stem cells, proper development of the central 

nervous system (CNS), and control of embryo implantation. Regrettably, the effector function of 

the system is not focused solely on the targets to be neutralized, but also may include bystander 

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 these are found in the fluid phase as well as on the 

surface of tissue and circulating cells. Unrestricted complement activation easily can overcome 

the protection of the complement regulators and may lead to extensive host tissue injury. This 

situation often is encountered in acute pathologic states, such as sepsis or ischemia-reperfusion, 

or in chronic diseases sustained 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 clinical triad of microangiopathic hemolytic anemia (MAHA), 

thrombocytopenia and organ damage. This heterogeneous group of syndromes with significant 

clinical overlap comprises two principal existences with distinguished pathophysiology: 

thrombotic thrombocytopenic purpura (TTP) and hemolytic uremic syndrome (HUS). Besides 

these two well-defined clinical conditions, the thrombotic microangiopathies (TMA) spectrum 
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also involves pathologies correlated with underlying conditions, such as drugs, malignancy, 

scleroderma-associated renal crisis (SRC), systemic lupus erythematosus (SLE), malignant 

hypertension, transplantation, HELLP syndrome, and disseminated intravascular coagulation 

(DIC). 

The thrombotic microangiopathies (TMA) are a group of disorders determined by the presence 

of microangiopathic hemolytic anemia (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 ADAMTS-13 (a disintegrin and 

metalloproteinase with a thrombospondin type 1 motif, member 13). A less common thrombotic 

microangiopathy (TMA)  is the atypical hemolytic uremic syndrome (aHUS), which is a renal 

vascular thrombotic microangiopathy (TMA)  resulted from complement dysregulation. Despite 

overlapping clinical and pathologic manifestations, thrombotic thrombocytopenic purpura (TTP) 

and atypical hemolytic uremic syndrome (aHUS) have distinguished etiologies. Thrombotic 

thrombocytopenic purpura (TTP) is frequently developed from a deficiency of a disintegrin and 

metalloproteinase with a thrombospondin type 1 motif, member 13 (ADAMTS-13) that is the 

result of gene mutations or acquired autoantibodies. Atypical hemolytic uremic syndrome 

(aHUS) is resulted from defects of regulation and/or excessive activation of the alternative 

complement pathway. The mechanism by which complement dysregulation contributes to 

atypical hemolytic uremic syndrome (aHUS) is not strictly determined, although complement-

mediated glomerular endothelial injury and enhanced complement-mediated platelet activation 

are likely included. Atypical hemolytic uremic syndrome (aHUS) is a rare form of thrombotic 

microangiopathy (TMA). Approximately 5%-10% of hemolytic uremic syndrome (HUS) cases 

are classified as atypical hemolytic uremic syndrome (aHUS) because they are not caused by 

Shiga toxin 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 to end-stage renal failure (ESRF). 

Uncontrolled complement activation through the alternative pathway is thought to be the main 

underlying pathopysiology of atypical hemolytic uremic syndrome (aHUS) and corresponds to 

all the deleterious findings of the disease. The onset of atypical hemolytic uremic syndrome 

(aHUS) 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 diuresis is maintained. Microangiopathic hemolysis is confirmed 

by the presence of schistocytes, low haptoglobin, and high lactate dehydrogenase (LDH) levels. 

Patients usually complain of fatigue and general illness. Extrarenal manifestations are observed 

in 20% of patients and most of them (10%) are related to central nervous system (CNS) 

involvement. Central nervous system (CNS) involvement is usually manifested by irritability, 

drowsiness, seizures, diplopia, cortical blindness, hemiparesis/hemiplegia, stupor, or coma. If 

diagnosis is delayed, life-threatening hyperkalemia, acidosis, 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 oliguria/anuria and to hyperreninemia 

secondary to renal thrombotic microangiopathy (TMA). Cardiac failure or neurological 

complications (seizures) due to hypertension (HTN) are possible. Myocardial infarction (MI)  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 diffuse thrombotic microangiopathy (TMA) is present in 5% of patients. Today 

empiric plasma therapy still is recommended by expert opinion to be used as early as possible in 

any patient with symptoms of atypical hemolytic uremic syndrome (aHUS). The overall 

treatment goal remains restoration of a physiological 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 recovery. Persistence of hemolysis or lack of improvement of renal function 

after 3-5 daily plasmaphereses have to be regarded as the major criteria for uncontrolled 

thrombotic microangiopathy (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 (aHUS) and both the Food and Drug Administration 

(FDA) and the European Medicines Agency (EMA) have approved it as life-long treatment. 

However, there are still some unresolved issues about the follow-up such as the optimal duration 

of eculizumab treatment and whether it can be stopped or how to stop the therapy. Thrombotic 

thrombocytopenic purpura (TTP) 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 (TTP) is 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 Willebrand factor 

(VWF). Thrombotic thrombocytopenic purpura (TTP) was originally defined pathologically as a 

systemic disease with widespread von Willebrand factor (VWF)-platelet thrombi in the arterioles 

and capillaries of multiple organs. Advances in recent years have demonstrated that von 

Willebrand factor (VWF)-platelet thrombi result from a disintegrin and metalloproteinase with a 

thrombospondin type 1 motif, member 13 (ADAMTS13) deficiency. Autoimmune inhibitors 

against a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13 

(ADAMTS-13) account for most of the cases, known as acquired thrombotic thrombocytopenic 

purpura (TTP). Genetic mutations are also found in a small number of patients with a disintegrin 

and metalloproteinase with a thrombospondin type 1 motif, member 13 (ADAMTS-13) 

deficiency. Triggers and co-factors 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 cross-talk between a disintegrin and metalloproteinase with a thrombospondin type 1 motif, 

member 13 (ADAMTS-13)/ultra-large von Willebrand factor (ULVWF) and the complement 

system. Data presume that the complement system may be an important co-factor included in the 

pathogenesis of thrombotic microangiopathy (TMA). Excessive alternative pathway activity 

happened in a considerable number of thrombotic thrombocytopenic purpura (TTP) patients 

regarding that concurrent defects in a disintegrin and metalloproteinase with a thrombospondin 

type 1 motif, member 13 (ADAMTS-13) and complement regulation may happen more often 

than previously mentioned. Further, results demonstrate that excessive alternative pathway 

activity can be correlated with a thrombocytopenic purpura (TTP)-like thrombotic 

microangiopathy (TMA) in some patients who do not have severe deficiencies of a disintegrin 

and metalloproteinase with a thrombospondin type 1 motif, member 13 (ADAMTS-13). Organ 

dysfunction can be severe and life-threatening, and immediate start of appropriate therapy for 

thrombotic thrombocytopenic purpura (TTP) is necessary to avoid permanent damage or death. 

Until recently, therapeutic options were limited to symptomatic measures, which were not 

standardized or based on high scientific evidence. In recent years, not only considerable progress 

has been made in better diagnosis of thrombotic thrombocytopenic purpura (TTP), but also new 

therapeutic strategies have been established. Initial treatment is still based on plasma exchange 
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and symptomatic measures to protect organ function, but new concepts (immunosuppression, 

targeted anti-VWF or anti-complement therapy, replacement with recombinant enzymes) have 

recently demonstrated impressive advantages.  

Coronavirus disease 2019 (COVID-19) insights have proposed that thrombotic microangiopathy 

(TMA) could involve pathogenic complement activation. Antibody-antigens complexes could 

trigger the classical pathway, stimulating the production of C3a and C5a inflammatory markers. 

Data from murine models have revealed that in the case of the C3 defect, coronavirus disease 

2019 (COVID-19) infection was decreased, as witnessed by the decrease of respiratory 

dysfunction and cytokines levels, in spite of equal virus loads. Along this line, complement 

inhibition was indicated to be a promising management for severe coronavirus disease 2019 

(COVID-19) by decreasing the innate immune-mediated consequences of severe drastic acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) infections. 
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In figure(44): simplified diagram of the common complement pathway. A, Eculizumab blocks 

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 can cause 

thrombotic microangiopathy, leading to renal and cardiac dysfunction. In atypical hemolytic-

uremic syndrome (aHUS), early management with eculizumab reverses organ dysfunction. C, On 

the basis of the mouse model of severe acute respiratory syndrome coronavirus (SARS-CoV) 

infection described in a study, lack of the C3 protein causes improved lung function, less 

cytokine release, and no change in viral load in comparison with mice with an intact complement 

system. D, On the basis of the mouse model of Middle East respiratory syndrome coronavirus 

(MERS-CoV) infection described in another study,  antibody blockade of C5 leads to improved 

lung function, less cytokine release, and less viral load compared with untreated mice. 

 

 

 

Figure(44): Complement inhibition in COVID-19 treatment [Campbell C.; Kahwash R. (2020). Will 

complement inhibition be the new target in treating COVID-19-related systemic thrombosis?. Circulation, 

141(22):1739-1741. https://doi.org/10.1161/CIRCULATIONAHA.120.047419] 

https://doi.org/10.1161/CIRCULATIONAHA.120.047419
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4.5Disseminated Intravascular Coagulation  

Disseminated intravascular coagulation (DIC) is a serious, life-threatening complication, 

previously known as consumptive coagulopathy or defibrination syndrome. Disseminated 

Intravascular Coagulation (DIC) is a disorder that is characterized by the systemic intravascular 

activation of the coagulation system, simultaneously causing intravascular thrombi, 

compromising an adequate blood supply to the organs, and to bleeding as consequence of 

exhaustion of the platelets and coagulation factors. The clinical features of disseminated 

intravascular coagulation (DIC) involve 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 of multiple proteolytically active enzymes of the 

clotting cascade may enhance inflammatory activity, which may worsen the systemic 

inflammatory syndrome. Three factors, commonly termed Virchowôs triad, predispose patients to 

thrombosis: stasis, hypercoagulability  (synonym thrombophilia) and blood vessel wall injury. 

Therefore, any disease process that results in capillary stasis, loss of vascular integrity, or 

hypercoagulability can result in disruption of the balance between hemostasis and fibrinolysis 

and subsequently induce disseminated intravascular coagulation (DIC).The conditions that result 

in disseminated intravascular coagulation (DIC) are the same as those correlated with systemic 

inflammatory response syndrome and are characterized by activation of cytokine production. The 

primary mediators are interleukin-1 (IL-1) and interleukin-6 (IL-6) and tumor necrosis factor 

(TNF), which are secreted from the monocyte-macrophage system. These cytokines induce 

macrophages (Mū) to express several procoagulant moieties (mainly tissue factor) on their outer 

surface. The reactions included in coagulation initiation and amplification require a membrane 

surface that contains negatively charged phospholipids (PL). Normally, these negatively charged 

phospholipids (PL) are not expressed on cell surfaces in sufficient concentrations for initiation 

and propagation of the coagulation cascade to occur. To express the optimal procoagulant lipid 

surface, potent cell agonists, such as a combination of collagen and thrombin, are required. In 

addition, increased interleukin-1 (IL-1) concentrations have been seen to elevate platelet 

reactivity and thrombogenic potential. Actually, disseminated intravascular coagulation (DIC) is 

both a bleeding and thrombotic disorder. A variety of disorders, involving infections or 

inflammatory conditions and malignant disease, can cause activation of coagulation. In many 

cases this activation of coagulation may not result in clinical complications and may not even be 
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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 

treatment of disseminated intravascular coagulation (DIC) is mainly directed at managing the 

underlying disease, but supportive care may be necessary. 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 of disseminated intravascular coagulation (DIC) consists of formation of 

microvascular thrombosis in kidneys and lungs with several degree of acute renal failure (ARF) 

and adult acute respiratory distress syndrome (ARDS). In the second phase, which may follow 

rapidly, wide-spread activation of fibrinolysis microthrombi but destructs coagulation factors and 

platelets, all of which are rapidly consumed and depleted. This severe consumption coagulopathy 

causes uncontrolled bleeding from wounds and spontaneous haemorrhage into tissue, gut and 

brain. Organ failure due to hypercoagulopathy is considered an important aspect of the pathology 

of disseminated intravascular coagulation (DIC). Studies have exhibited that several factors such 

as leukocyte activation, vascular endothelial cell injury and release of chemical mediators are 

involved in organ failure. Tissue factor can induce the extrinsic pathway of coagulation 

(the pathway of blood coagulation activated by tissue factor, a protein extrinsic to blood). Its 

activity in peripheral blood is notably increased upon tissue injury and activation of monocytes. 

The high tissue factor activity leads to the transformation of prothrombin to form fibrin 

thrombus. Elevated tissue factor synthesis is regarded the most essential for the onset of 

disseminated intravascular coagulation (DIC). Tissue factor is considerably elevated in leukemic 

cells of patients with disseminated intravascular coagulation (DIC) presuming that disseminated 

intravascular coagulation (DIC) in leukemia is caused by highly increased tissue factor in 

leukemic cells. Tissue factor is also significantly high in disseminated intravascular coagulation 

(DIC) patients with solid tumors such as gastric cancer. 
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 Figure(45): Disseminated intravascular coagulopathy (www.google.com) 
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It is acceptable that the cornerstone for the management of patients with disseminated 

intravascular coagulation (DIC) is the treatment of the underlying disorder. The consumption of 

coagulation factors and platelets in disseminated intravascular coagulation (DIC) patients 

elevates the risk of bleeding. Management with plasma or platelet concentrates is evident by the 

clinical status of the patients and should not be constructed only on the basis of laboratory result. 

The efficiency of management with plasma and platelets has been observed in patients with low 

laboratory concentrations who necessitate an invasive step. There is no proof to boost the 

prophylactic administration of platelets or plasma to patients who are not bleeding and who are 

not at high risk of bleeding. To adequately correct the coagulation defect, large volumes of 

plasma may be required, up to 6 units per 24 hours. The administration of coagulation factors 

concentrates may control this need; however, they may be contaminated with traces of activated 

Figure(46): Disseminated intravascular coagulation pathogenesis [Anadure R.; Jha V. (2019). Handbook of 

medical emergencies. Department of Medicine Command Hospital (AF) Bangalore. AK Enterprises] 
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coagulation factors and may therefore be especially mischievous for patients with disseminated 

intravascular coagulation (DIC). Cryoprecipitate, which contains fibrinogen as well as factor 

VIII, von Willebrand factor, factor XIII, and fibronectin, is also administered as replacement 

remedy, without however any support from controlled trials. In theory, interruption of 

coagulation should be of benefit in patients with disseminated intravascular coagulation (DIC). 

Really, experimental studies have demonstrated that heparin can partially block the activation of 

coagulation in cases that are in relation with sepsis or other causes. Appropriate prophylaxis is 

also required to exclude the risk of venous thromboembolism (VTE). Heparin has been 

administered for the management of disseminated intravascular coagulation (DIC) since 1959. 

Animal researches have revealed that this therapy can block the activation of coagulation in 

experimental septicemia but does not impact mortality. Although the safety of heparin in patients 

with disseminated intravascular coagulation (DIC) who are vulnerable to bleeding has been 

disputed, clinical researches have not indicated that management with heparin considerably 

increased bleeding incidence. Taken together, there is no check of proof in favor of the use of 

heparin as routine reedy in patients with disseminated intravascular coagulation (DIC), but it is 

likely useful, especially in those with clinically overt thromboembolism or extensive deposition 

of fibrin as occurs with purpura fulminans or acral ischemia. Low molecular weight heparin 

(LMWH) has a decreased risk of bleeding while having at least the same antithrombotic potential 

as unfractioned heparin. Moreover, the impacts of dalteparine sodium in the therapy of 

disseminated intravascular coagulation (DIC) have been studied in a multicenter, double-blind, 

randomized trial. This study showed that dalteparin sodium had greater efficiency than 

unfractioned heparin in ameliorating bleeding symptoms and in mending subjective organic 

symptoms score. From this study it may be assumptioned that low molecular weight heparin 

(LMWH) present the benefit of decreased bleeding complications in comparison with 

unfractioned heparin in the management of disseminated intravascular coagulation (DIC). 

Hirudin seemed to be efficient in managing disseminated intravascular coagulation (DIC) in 

animal studies. The elevated risk of bleeding may probably restrict its use in patients with 

disseminated intravascular coagulation (DIC). Antithrombin III is a substantial inhibitor of 

coagulation, and low concentrations in plasma are correlated with increased mortality. The use of 

this inhibitor in supraphysiologic levela decreased sepsis-related mortality in animals. Several 

controlled trials, largely in patients with sepsis, have demonstrated advantageous influences in 
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conditions of improvement of disseminated intravascular coagulation (DIC) and sometimes 

organ function. The conclusion from the studies is that antithrombin III is capable of improving 

disseminated intravascular coagulation (DIC), but that interest in conditions of clinical outcome 

is less assured. The drooping of the protein C system may considerably contribute to the 

pathophysiology of disseminated intravascular coagulation (DIC). Therefore, supplementation of 

activated protein C might probably be beneficial. However, activated protein C looks to be more 

efficient in higher disease severity groups , and a prospective trial in septic patients with 

relatively low disease severity did not exhibit any benefit of activated protein C. Since tissue 

factor functions a key role in the initiation of coagulation during disseminated intravascular 

coagulation (DIC), blocking its action could be valuable in the management of disseminated 

intravascular coagulation (DIC). In an animal study, the infusion of recombinant tissue factor 

pathway inhibitor immediately after endotoxin administration considerably prevented the 

consumption of coagulation factors and platelets. Phase II clinical trials of recombinant tissue 

factor pathway inhibitor in patients with sepsis exhibited promising findings, but a phase III trial 

did not exhibit an overall survival benefit in patients who were managed with tissue factor 

pathway inhibitor. 

4.5.1 Disseminated Intravascular Coagulation in COVID -19 Infection   

Tang et al. (2020) reported that 71.4% of non-survivors and 0.6% of survivors showed proof of 

disseminated intravascular coagulation (DIC), presumptive of a recurrent manifestation with 

severe coronavirus disease 2019 (COVID-19). The pathophysiology of disseminated 

intravascular coagulation (DIC) in the case of sepsis and acute respiratory distress syndrome 

(ARDS) is multifactorial and includes a complex interplay between cellular and plasmatic 

elements of the hemostatic system with immune-mediated exhaustion of the coagulation and 

fibrinolytic systems triggering bleeding and thrombosis in the same suffering individual. Severe 

infections and sepsis are a leading cause of disseminated intravascular coagulation (DIC), and 

the pro-inflammatory and immune activation recognized in severe coronavirus disease 2019 

(COVID-19) is probably enough to induce disseminated intravascular coagulation (DIC). Such 

involvement of the hemostatic system in severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) astonished the intensive care and hemostasis community due to the elevated 

probability to progress to disseminated intravascular coagulation (DIC).  

 



205 
 

4.6 Venous Thromboembolism  

Venous thromboembolism (VTE) is the result of a venous blood clot formation which may 

manifest itself as deep vein thrombosis (DVT) or pulmonary embolism (PE). Deep vein 

thrombosis (DVT) and pulmonary embolism (PE) are part of the same syndrome. However, 

important distinguishing factors in terms of epidemiology, diagnosis and management found 

between the two. Deep vein thrombosis (DVT) is a condition in which the clotting of venous 

blood happens in a deep vein of an extremity, particularly one of the legs (such as the femoral or 

saphenous vein) or the pelvis (in the ileofemoral position). There is a considerable increase in the 

occurrence of deep vein thrombosis (DVT) after the age of 40 years, with an annual incidence in 

the region of 108 in 100 000 people, making it the third most common cardiovascular disease 

(CVD). Moreover, pulmonary embolism (PE)  is the third most common cause of cardiovascular 

(CV) mortality, after myocardial infarction (also called heart attack) and strokes. This number is 

expected to elevate since elderly and obese people are increasing. Local damage to the tunica 

intima, venous stasis (also called venostasis) and hypercoagulability are major predisposing 

factors. As a result, events that impair venous return develop to endothelial injury or dysfunction, 

or develop to hypercoagulability, might lead to deep vein thrombosis (DVT). Deep vein 

thrombosis (DVT) is the main cause of pulmonary embolism (PE). A venous thrombus usually 

progresses in one of the lower extremities, likely as a result of the higher incidence of a clot 

formation in the legs, from where it also extends more proximally. If  a portion of the clot 

ultimately break free (i.e. an embolus), it will firmly  reach the inferior vena cava (IVC) and the 

right-sided cardiac chambers, and thereafter become settled in the pulmonary arterial circulation, 

resulting in either partial or complete obstruction of pulmonary blood flow [in 4ï13% of deep 

vein thrombosis (DVT) patients]. It is mentioned that approximately half of all patients with 

deep vein thrombosis (DVT) also have occult pulmonary embolism (PE), and at least 30% of 

patients with pulmonary embolism (PE) have verifiable deep vein thrombosis (DVT). The 

consecutive stages of venous thromboembolism (VTE) [namely deep vein thrombosis (DVT) in 

a calf vein, proximal deep vein thrombosis (DVT) and subsequent pulmonary embolism (PE)] 

may or may not be symptomatic. The degree or of the thrombosis or embolism defines the 

progression and extent of the symptoms suffered by the patient. The capacity of the patient to 

endure such a thrombosis is an additional factor which affects the development of the 

symptomatology. For example, a moderately sized pulmonary embolism (PE) may found with no 
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symptoms in a patient who is in good health otherwise, while it may cause severe symptoms, or 

even death, in a patient who already experiences advanced cardiopulmonary disease. 

Virchow offered the notion in 1856 that three different pathophysiological events boost the 

formation of deep vein thrombosis (DVT). These three events, thereafter termed Virchowôs triad, 

are:  

1-Damage to the vessel wall;  

2-Alterations to the venous blood flow;  

3-Hypercoagulability of the blood.  

These are still indicated to be the main causes of thrombus formation. However, more complex 

pathophysiological events may be included as well. It must also be admitted while taking these 

complexities into account that early recognition and effective intervention are essential to 

achieving satisfactory outcomes in the preponderance of patients, and that venous 

thromboembolism (VTE) is a highly blocking status. Once formed, a thrombus may cause, 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 following venous thromboembolism 

(VTE), with an incidence as high as one half of all patients with ileofemoral deep vein 

thrombosis (DVT) who only received anticoagulation therapy. It progresses as an outcome of 

thrombus-related damage to the venous valves, which cause subsequent incompetency and 

retrograde blood flow, i.e. venous reflux. The combination of reflux, combined with the 

possibility of residual thrombotic obstruction, leads to venous hypertension (HTN) of the limb. 

This subsequently leads to the symptoms of postthrombotic syndrome (PTS). Risk factors for the 

development of postthrombotic syndrome (PTS) include the 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 complications of deep vein thrombosis (DVT) involve pulmonary 

embolism (PE), indicated to be the most common complication, chronic venous insufficiency 
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(CVI) and postphlebitic syndrome. The condition may even have a fatal outcome. Moreover, 

there is an increased risk of recurrent episodes in patients who have suffered a first episode of 

venous thromboembolism (VTE). 

4.6.1Venous Thromboembolism in COVID-19 Infection 

High dimerized plasmin fragment D (D-dimer) concentrations and procoagulant changes in 

coagulation pathways were observed among cases with severe coronavirus disease 2019 

(COVID-19). An increased rate of venous and arterial thrombotic conditions correlated with 

coronavirus disease 2019 (COVID-19) infection has also been mentioned. 

Data from 1026 patients with coronavirus disease 2019 (COVID-19) in China presumed that 

40% of patients at the time of hospital admission were indicated at elevated venous 

thromboembolic (VTE) risk on the basis of a Padua Prediction Score (PPS)Ó 4. 

A total of 34 consecutive patients were included in a study performed by Nahum et al. (2020). 

Coronavirus disease 2019 (COVID-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 had a typical pattern of coronavirus disease 2019 (COVID-19) 

pneumonia on chest computed tomography scan. Mean  age was 62.2 years, and 25 patients 

(78%) were men. Major comorbidities were diabetes mellitus (DM) [15 (44%)], hypertension 

(HTN) [13 (38%)], and obesity body mass index was 31.4kg/m2. 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 therapy before hospitalization. Deep vein thrombosis (DVT) was found in 22 

patients (65%) at admission and in 27 patients (79%) when the venous ultrasonograms 

performed 48 hours after intensive care unit (ICU) admission were included. Eighteen patients 

(53%) had bilateral thrombosis, and 9 patients (26%) had proximal thrombosis. The patients had 

high concentrations of D-dimer (DD), fibrinogen, and C-reactive protein (CRP). Mortality of 

patients with coronavirus disease 2019 (COVID-19) admitted to intensive care units (ICUs) has 

been seen to be elevated, at 50%. Frequent venous and arterial thrombotic conditions have been 

recorded, with rates from 27% to 69% of peripheral venous thromboembolism (VTE) and up to 

23% of pulmonary embolism (PE). The occurrence of pulmonary embolism (PE) might be 

favored by deep vein thrombosis (DVT). In view of the elevated percent (i.e, 79%) of deep vein 

thrombosis (DVT) mentioned in this study, prognosis might be ameliorated with early detection 
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and a prompt start of anticoagulant therapy. Despite anticoagulant prophylaxis, 15% of patients 

suffered deep vein thrombosis (DVT) only 2 days after intensive care unit (ICU) admission.  

While a number of literature have shown that coagulation dysfunction is predominant in patients 

with severe novel coronavirus pneumonia, only a few studies have concentrated on the 

predominance of venous thromboembolism (VTE) in coronavirus disease 2019 (COVID-19) 

patients. The first retrospective registry cohort of 25 acute pulmonary embolism (APE)-

suspected coronavirus disease 2019 (COVID-19) patients in China with computed tomography 

(CT) pulmonary angiography revealed that those with affirmed acute pulmonary embolism 

(APE) (n = 10) had D-Dimer (DD) concentrations higher than 7000 ng/mL. In 91 hospitalized 

patients with severe coronavirus disease 2019 (COVID-19), venous thromboembolism (VTE) 

patients accounted for 25%, were older, and exhibited elevated coagulopathy abnormalities and 

thrombotic susceptibility [lower lymphocytes count, longer activated partial thromboplastin time 

(aPTT), and higher D-Dimer concentrations]. A study. reported a 31% occurrence of thrombotic 

complications in spite of systematic thrombosis prophylaxis and no disseminated intravascular 

coagulation (DIC) development among a cohort of 184 intensive care unit (ICU) patients.  

Helms et al. (2020) reported occurrence of 42.6% of thrombotic complications, mainly acute 

pulmonary embolism (APE) (16.7%) in 150 activated partial thromboplastin time (aPTT) 

patients admitted in intensive care unit (ICU) for hypoxemic acute respiratory failure. Twenty-

eight out of twenty-nine patients (96.6%) receiving continuous renal replacement therapy 

experienced circuit clotting, and three thrombotic occlusions of centrifugal pump occurred in 12 

patients supported by extracorporeal membrane oxygenation. Most patients (>95%) had high D-

dimer (DD) concentrations and fibrinogen, while no patient suffered disseminated intravascular 

coagulation (DIC). Most importantly, despite anticoagulation, patients with acute respiratory 

distress syndrome (ARDS) secondary to coronavirus disease 2019 (COVID-19) experienced 

notably more thrombotic complications in comparison with non- coronavirus disease 2019 

(COVID-19) acute respiratory distress syndrome (ARDS) patients (11.7% vs. 2.1%, p < 0.008). 

The authors supposed in their discussion appealing mechanisms of coagulopathy and 

pathogenesis of thrombosis in severe hypoxemic coronavirus disease 2019 (COVID-19) patients. 

They underlined the primary importance of:  
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(a)- Obvious endothelial inflammation with very high concentrations of Von Willebrand factor 

antigen (a protein helping blood clotting) and factor VIII [a blood protein (a beta globulin) 

involved in clotting];  

(b)- Hypotheses considering profound hypoxemia in the pulmonary capillaries that may cause 

vasoconstriction decreasing blood flow and stimulating vascular occlusion; and finally  

(c)- The intriguing high frequency of positive lupus anticoagulant that was detected in 50 

patients out of the 57 tested (87.7%). Lupus anticoagulant is an immunoglobulin that binds to 

phospholipids (PL) and proteins associated with the cell membrane. Lupus anticoagulant is a 

misnomer, as it is actually a prothrombotic antibody. Lupus anticoagulant in living systems leads 

to an increase in inappropriate blood clotting. 

Altogether, the increased presence of venous thromboembolism (VTE) holds true for coronavirus 

disease 2019 (COVID-19) patients, most recognizable among those with severe disease.  

4.7 Antithrombotic Therapy and COVID -19-Related Coagulopathy 

Regarding antithrombotic options, the International Society of Thrombosis and Haemostasis 

(ISTH) consensus statement recommended prophylactic dose low-molecular weight heparin 

(LMWH) in all patients (including non-critically ill) who required hospital admission for 

coronavirus disease 2019 (COVID-19) infection, in the absence of any contraindications (active 

bleeding and/or platelet count less than 25 × 109/L). Heparin represents the typical thrombo-

prophylactic and antithrombotic regimen endorsed by contemporary guidelines for patients 

hospitalized with coronavirus disease 2019 (COVID-19) related diseases. Tang et al. (2020) 

described that anticoagulant therapy mainly with low-molecular weight heparin (LMWH)  

seemed to be correlatedwith a better prognosis in 449 severe coronavirus disease 2019 (COVID-

19) patients meeting sepsis induced coagulopathy (SIC) criteria Ó4 or with markedly elevated D-

dimer (DD) levels (greater than six-fold at the upper limit of normal). In this study, however, 

only 99 patients (22%) had received prophylactic heparin. Heparin therapy has several 

advantages:  

1-It represents, in the time of a pandemic, an easily available anticoagulant therapy, given the 

initial concerns regarding drug shortages;  

2-Incremental anti-inflammatory effects have been reported and it may mitigate cytokine storms 

in severe coronavirus disease 2019 (COVID-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 of severe acute respiratory syndrome coronavirus-2 (SARS-

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 confirmed coronavirus disease 2019 

(COVID-19).  

Given the high prevalence of lupus anticoagulant and changes of standard hemostasis parameters 

in this certain pathology, monitoring of heparin should not rely on activated partial 

thromboplastin time (aPTT), but solely on anti-Xa activity, whichis an assay designed to 

measure plasma heparin (unfractionated heparin (UH) and low molecular weight heparin 

(LMWH)) concentrations and to monitor anticoagulant therapy. A fundamental body of evidence 

proposes how heparin can be necessary in selected high-risk coronavirus disease 2019 (COVID-

19) patients.  

5.COVID Toes 

The term COVID toes is recognized when patients who have the coronavirus disease 2019 

(COVID-19) virus present with extremity symptoms. These patients may or may not carry an 

official diagnosis of coronavirus disease 2019 (COVID-19). These patients may present with a 

digital ischemic appearance of purplish or red lesions on their toe(s) that are frequently 

painful. However, one could easily confuse the presentation of such symptoms for frostbite, 

Raynaud's disease or chilblains. Most reports of such a phenomenon are noticed mostly in 

younger people with or without other symptoms.  

The precise cause of these symptoms is not known. One prominent theory includes a probably 

underrecognized vascular component to the disease. The coronavirus disease 2019 (COVID-19) 

virus is known to attack cells in the lung via the angiotensin-converting enzyme 2 (ACE2) 

receptor. The angiotensin-converting enzyme 2 (ACE2) receptor is not restricted to just the 

lungs. It is also present in other organs involving the heart, kidney, and intestinal tract. The 

angiotensin-converting enzyme 2 (ACE2) receptor is also present on endothelial cells that line 

vessels throughout the whole circulatory system, comprising the very small vessels in the toes. 

Researchers out of the Pathology and Cardiology Departments from University Hospital Zurich, 
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in Zurich, Switzerland consider that the virus attaching in these small vessels causes the 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 (COVID-19) virus, who had an average age of 59 years and clinical 

symptoms involving finger/toe cyanosis, skin bullae, and dry gangrene to the digits. These 

patients also reportedly had prolonged prothrombin time (PT), an elevated D-dimer (DD) 

concentration and diagnosed disseminated intravascular coagulation (DIC). Five of the seven 

patients ended up dying from the coronavirus disease 2019 (COVID-19) virus.   

However, most reports on COVID toes come from various news media and look to be in younger 

age groups with many of these patients not having any respiratory symptoms. A press release 

from the French National Union of Dermatologists and Venereologists warns of skin 

manifestations of coronavirus disease 2019 (COVID-19) that the group classifies as 

acrosyndromes (i.e., associated with vasomotor disorders). This group determines symptoms as 

the appearance of pseudo-frostbite, a sudden appearance of persistent and sometimes painful 

redness, and transient hive lesions on the fingers and/or toes.  

In a case study out of Italy from the International Federation of Podiatrists, Mazzotta and 

Troccoli mention self-healing lesions in children and adolescents, and think the etiology is 

vascular in nature. It is stated that the presentation is similar to chilblains but the etiology is 

vascular, not thermal, in nature. It is attributed to small vessel blockages as emerging proof refers 

to the coronavirus disease 2019 (COVID-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 with the coronavirus disease 

2019 (COVID-19) virus. 

 

 



212 
 

    

 

 

On April 6, 2020, a 13-year-old female presented to the office complaining of severely painful 

reddish and purple lesions to her toes bilaterally [see images (1, 2)]. Her symptoms began several 

weeks earlier and a specialist physician originally treated this as cellulitis with an antibiotic. The 

condition eventually spread to multiple toes with blisters developing on some of the lesions [see 

images (3,4)]. The pain was so severe the patient could not tolerate shoes.  

 

   

 

The initial presentation was consistent with Raynaudôs disease as it was almost certainly 

some type of vasculopathy. The patient denied trauma and did not exhibit any signs or symptoms 

of infection. The patient had palpable dorsalis pedis and posterior tibial pulses, a sluggish 

capillary refill time and toes cool to the touch consistent with Raynaudôs disease. The family 

shared this suspicion as they noted a family history of Raynaudôs disease. At this time, this 

seemed to be the most likely diagnosis. It was dispensed a prescription for nitroglycerin paste for 

the patientôs pain and symptoms.    

   

 

Images (1,2) (www.google.com) 

Images (3,4) (www.google.com) 

Images (5,6) (www.google.com) 

https://www.podiatrytoday.com/sites/default/files/styles/thumbnail/public/inline-images/Figure%201%20Image%20A.jpg?itok=h_owyhbl
https://www.podiatrytoday.com/sites/default/files/styles/thumbnail/public/inline-images/Figure%201%20Image%20B%20.jpg?itok=QkJchxee
https://www.podiatrytoday.com/sites/default/files/styles/thumbnail/public/inline-images/Figure%202%20Image%20A.JPEG?itok=qA1UXWMR
https://www.podiatrytoday.com/sites/default/files/styles/thumbnail/public/inline-images/Figure%202%20Image%20B.jpg?itok=_z5sBGo4
https://www.podiatrytoday.com/sites/default/files/styles/thumbnail/public/inline-images/Figure%203%20Image%20A.jpg?itok=KuuecJbG
https://www.podiatrytoday.com/sites/default/files/styles/thumbnail/public/inline-images/Figure%203%20Image%20B.jpg?itok=FC3wmFsw
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Ten days later, the patient reported an improvement in her symptoms and clinical presentation, 

which was confirmed with pictures sent by the patientôs mother [see images (5,6)]. 

At this point in time, similar symptoms began to appear in reports of children around the world 

connected to coronavirus disease 2019 (COVID-19). Further questioning of the patient and her 

mother confirmed that the patient had a serious flu-like condition the previous month. There 

were also siblings in the household who had exhibited a fever, sore throat and cough 

approximately two weeks in duration. These siblings also tested negative for influenza and strep. 

When the patient began experiencing exhaustion and shortness of breath, she never had testing 

for influenza due to her siblingsô negative status. She did, however, test negative for 

mononucleosis. Her pediatrician prescribed an antibiotic and an inhaler. She did not receive a 

coronavirus disease 2019 (COVID-19) test. 

Anecdotally, it was learned through social media of a 13-year-old male from the same school of 

the first patient who exhibited similar symptoms and painful complaints about his toes. His 

symptoms had a six-week duration and consisted of erythema and pain to his toes [see images 

(7,8)]. The erythema eventually progressed to purpuric-appearing lesions on all of the toes very 

similar in nature to the previous patient.  

    

 

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 the coronavirus disease 2019 (COVID-19) virus and had no other pertinent 

findings such as fever or dermatological lesions elsewhere. Accordingly, the patient was not 

tested for coronavirus disease 2019 (COVID-19) at that time.   

The aforementioned cases provide anecdotal evidence of two patients in the same geographic 

area who presented with symptoms that are possibly consistent with COVID toes albeit without a 

confirmed diagnosis of the coronavirus disease 2019 (COVID-19) virus. Both patients were in 

their early teens and early reports have proposed that COVID toes seem to be most prevalent in 

Images (7,8) (www.google.com) 

https://www.podiatrytoday.com/sites/default/files/styles/thumbnail/public/inline-images/Figure%204%20Image%20A.JPG?itok=rXDqQ3Wi
https://www.podiatrytoday.com/sites/default/files/styles/thumbnail/public/inline-images/Figure%204%20Image%20B.JPG?itok=kWeKf5AY
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this age group. Both 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 in an aforementioned report out of France. One patient had other symptoms 

suggestive of the coronavirus disease 2019 (COVID-19) virus and the other patient did not. This 

is consistent with similar findings in another recent report out of Spain that noted COVID toe in 

both symptomatic and asymptomatic patients. While 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-10 virus so practitioners should exercise caution in 

this population. 

For the presented patients above, improvement occurred with nitroglycerin paste and topical 

steroids respectively.  It may also suggest that similar patients exercise caution and self-

quarantine due to the possible association with the coronavirus disease 2019 (COVID-19) virus. 

There is evidence to propose that the two aforementioned patients who presented with pain, 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 supports this. In fact, 

more research is necessary to specifically correlate known coronavirus disease 2019 (COVID-

19) status and COVID toe presentation before it can be confirmed the true etiology and 

association of COVID toes. 

 6.Autoimmune Hemolytic Anemia  

Autoimmune hemolytic anemia  (AIHA ) is characterised by an increased breakdown of red blood 

cells (RBCs) due to autoantibodies (auto-Abôs) with or without complement activation. The 

diagnostic characteristics of autoimmune hemolytic anemia  (AIHA ) comprise the combination of 

clinical and laboratory signs of red blood cells (RBCs) hemolysis together with the detection of 

autoantibodies (auto-Abôs) and/or complement deposition on red blood cells (RBCs) as 

particularly appeared by a positive direct antiglobulin test (DAT) also called direct Coombs test. 

A negative direct Coombs test using standard techniques does not exclude the diagnosis of 

autoimmune hemolytic anemia  (AIHA ). In more than 50% of the patients the development of 

autoimmune hemolytic anemia  (AIHA ) is combined with an underlying disease [secondary 

autoimmune hemolytic anemia  (AIHA )], but can happen without any proof of an underlying 

disorder [idiopathic or primary autoimmune hemolytic anemia  (AIHA )]. Dependent on the 
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optimal temperature for autoantibody (auto-AB) binding to red blood cells (RBCs), autoimmune 

hemolytic anemia  (AIHA ) is divided into a warm antibody autoimmune hemolytic anemia  (WA-

AIHA), cold antibody autoimmune hemolytic anemia  (CA-AIHA) or autoimmune hemolytic 

anemia  (AIHA ) due to biphasic autoantibody (paroxysmal cold haemoglobinuria, PCH). With an 

incidence of 1:100,000 warm antibody autoimmune hemolytic anemia  (WA-AIHA)  is a scarce 

disease, the incidence of cold antibody autoimmune hemolytic anemia  (CA-AIHA)  is even lower 

(1:1,000,000). In contrast, 10% of patients experiencing lupus erythematosus progress to an 

autoimmune hemolytic anemia  (AIHA ). On occasion, lymphoma is complicated by autoimmune 

hemolytic anemia  (AIHA ), but it can also be a herald of a lymphoma that has not yet been 

diagnosed. This is proved by certainty that 18% of patients with primary autoimmune hemolytic 

anemia  (AIHA ) progress to overt lymphoma at a subsequent time. Lymphoma is cancer 

beginning in infection-fighting cells of the immune system, called lymphocytes; lymphocytes are 

found in the lymph nodes, spleen, thymus, bone marrow, and other parts of the body; when 

experiencing lymphoma, lymphocytes change and grow out of control. 
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In figure (47): complement-mediated hemolytic anemias can either be resulted from deficiencies 

in regulatory complement components or by autoimmune pathogenesis that arouses inadequate 

complement activation. In paroxysmal nocturnal hemoglobinuria [PNH, a rare acquired, life-

threatening disease of the blood; characterized by destruction of red blood cells (RBCs) 

Figure(47):Mechanism of hemolysis in warm antibody autoimmune haemolytic anaemia [Berentsen S.; Hill 

A.; Hill Q.; Tvedt T.; Michel M. (2019). Novel insights into the treatment of complement-mediated 

hemolytic anemias. Therapeutic Advances in Hematology, 10:1-20. DOI: 10.1177/2040620719873321. CC 

BY-NC 4.0] 
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(hemolytic anemia), blood clots (thrombosis), and impaired bone marrow function (not making 

enough of the three blood components)]hemolysis is completely complement-driven. Hemolysis 

is also considered to be complement-dependent in cold agglutinin disease (CAD) and in 

paroxysmal cold hemoglobinuria (PCH, a rare blood disorder where body's immune system 

producing antibodies that destroy red blood cells (RBCs); occurring when the person exposed 

to cold temperatures), whereas warm antibody autoimmune hemolytic anemia  (WA-AIHA)  is a 

partially complement-mediated disorder, relying on the subtype of warm antibody autoimmune 

hemolytic anemia  (WA-AIHA)  and the range of complement activation. Therapeutic terminal 

complement inhibition using eculizumab has revolutionized the remedy and prognosis in 

paroxysmal nocturnal hemoglobinuria (PNH) but has evidenced less efficient in cold agglutinin 

disease (CAD). Upstream complement modulation seems to be a highly promising remedy, and 

two such agents have entered phase II and III trials. Of these, the anti-C1s monoclonal antibody 

sutimlimab has exhibited favorable activity in cold agglutinin disease (CAD), while the anti-C3 

cyclic peptide pegcetacoplan seems to be promising in paroxysmal nocturnal hemoglobinuria 

(PNH) as well as cold agglutinin disease (CAD), and may also have a therapeutic possibility in 

warm antibody autoimmune hemolytic anemia (WA-AIHA) . 
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In figure(48): erythrocyte destruction in warm-antibody mediated autoimmune hemolytic 

anemia. Ig = Immunoglobulin; C = complement.  

In warm antibody autoimmune hemolytic anemia  (WA-AIHA) , polyclonal autoantibodies with a 

temperature optimum at 37°C bind to the red blood cell (RBC) surface. The included antibody 

class is most frequently immunoglobulin G (IgG) (mostly IgG1 or IgG3) but can be 

immunoglobulin A (IgA) or warm-reactive immunoglobulin M (IgM) combined with 

immunoglobulin G (IgG), or, rarely, immunoglobulin M (IgM) or immunoglobulin A (IgA) 

alone. Almost 50% of warm antibody autoimmune hemolytic anemia  (WA-AIHA)  cases are 

secondary to (i.e. associated with or caused by) other diseases, involving lymphoproliferative 

disorders (LPDs), autoimmune diseases, or other immune dysregulation involving common 

Figure(48):Erythrocyte destruction in warm-antibody mediated autoimmune hemolytic anemia [Berentsen 

S. (2015). Role of complement in autoimmune hemolytic anemia. Transfusion Medicine and 

Hemotherapy, 42:303-310. DOI:10.1159/000438964] 
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variable immunodeficiency (CVID).The remaining 50% are designated as primary. Chronic 

lymphocytic leukemia (CLL) is the most commonly associated lymphoproliferative disorder 

(LPD). 

The immune-initiated red blood cell (RBC) breakdown in warm antibody autoimmune hemolytic 

anemia  (WA-AIHA)  is not totally complement-mediated. Depending on the direct antiglobulin 

test (DAT) pattern, complement is included in 28ï65% of warm antibody autoimmune hemolytic 

anemia  (WA-AIHA) . Main noncomplement mechanisms are macrophage-inflicted membrane 

damage with subsequent formation of spherocytes, which are vulnerable to destruction in the red 

pulp of the spleen and, concomitantly or alternatively, phagocytosis of immunoglobulin (Ig)-

opsonized red blood cells (RBCs) by the mononuclear phagocytic system, which at most happens 

in the spleen. On red blood cells (RBCs) opsonized with immunoglobulin M (IgM) or heavily 

coated with immunoglobulin G (IgG), the antigen-antibody (Ag-Ab) complex will initiate the 

complement control proteins (CCP, proteins  interact with components of the complement 

system). Immunoglobulin G (IgG) is a weaker complement activator than immunoglobulin M 

(IgM). Of the immunoglobulin G (IgG) subclasses, it is mainly immunoglobulin G3 (IgG3), and 

to a lesser extent immunoglobulin G1 (IgG1), that is capable of activating complement, while 

immunoglobulin G2 (IgG2) is an even weaker activator. Immunoglobulin G4 (IgG4) and 

immunoglobulin A (IgA) do not elicit the complement system. However, immunoglobulin A 

(IgA)-mediated warm antibody autoimmune hemolytic anemia  (WA-AIHA)  can be fulminant, 

probably as a result of concomitant immunoglobulin M (IgM) participation. Complement control 

proteins (CCP) activation will leave the red blood cells (RBCs) opsonized with C3b and, 

therefore, susceptible to extravascular hemolysis by the mononuclear phagocytic system (MPS), 

primarily by Kupffer cells (KCs) in the liver, while intravascular hemolysis mediated by the 

terminal pathway is prominent only in severe cases. The explanation is possibly the protective 

effect of the CD55 and CD59 which, unlike in nocturnal hemoglobinuria (PNH), are intact in 

autoimmune hemolytic anemia (AIHA ).  

Cold agglutinins (CAs) are autoantibodies, in most cases of the immunoglobulin M (IgM) class, 

that agglutinate red blood cells (RBCs) upon binding to the cell surface at an optimum 

temperature of 3ï4°C. Most cold agglutinins (CAs)  in cold agglutinin disease (CAD) are 

specific for the surface carbohydrate antigen termed I. Rare specificities include anti-Pr or anti-i. 

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Complement_system
https://en.wikipedia.org/wiki/Complement_system
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Primary cold agglutinin disease (CAD) is determined by chronic hemolysis, a considerable cold 

agglutinin (CA)  titer (usually defined as 64) at 4°C, typical findings by the direct antiglobulin 

test (DAT), and the absence of an underlying specific infection or overt (i.e. clinically or 

radiologically detectable) malignancy.  

Anemia in cold agglutinin disease (CAD) is frequently mild to moderate, and in some cases fully 

compensated hemolysis happens. A large number of patients, however, experience severe 

anemia. In a descriptive study of 86 unselected patients, the median hemoglobin level was 

8.9g/dl (range, 4.5ï15.6g/dl; lower tertile, 8.0g/dl). Up to 90% of the patients according to a 

Norwegian study (possibly less in warmer climates) experience cold-induced circulatory 

symptoms affecting acral parts of the body (i.e., belonging to the extremities of peripheral body). 

Acrocyanosis is the most common circulatory symptom, but Raynaud-like phenomena  can 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 requirements exhibit large 

variations, likely due to patient selection and variable transfusion criteria. In unselected cohorts, 

approximately half of the patients received transfusions. 

Cold agglutinins (CAs)  bind to the red blood cell (RBC) surface at temperatures below the 

central body temperature. These temperatures are normally found in acral parts of the body. This 

leads to red blood cell (RBC) agglutination and, more often, ischemic symptoms from the 

capillary circulation. These symptoms are not complement-mediated. In more than 90% of 

patients with cold agglutinin disease (CAD), the cold agglutinins (CA)  is an immunoglobulin M 

kappa (IgMə) and therefore a potent activator of the complement control proteins (CCP). Cold 

agglutinins (CAs) of the immunoglobulin G (IgG) class are scarce but descriptions that they lead 

to hemolytic anemia have been persuasive. Some differences from typical, immunoglobulin M 

(IgM)-mediated cold agglutinin disease (CAD) may refer to a different mechanism of hemolysis 

in the immunoglobulin G (IgG)-mediated cases, for example, some of the cases have been 

mentioned to respond to splenectomy (a surgical operation involving removal of the spleen), 

which is not efficient in cold agglutinin disease (CAD) of the immunoglobulin M (IgM) type. 

Infrequently, cold agglutinins (CAs)  of the immunoglobulin A (IgA) class have also been 

recognized, although immunoglobulin A (IgA) is not expected to activate complement. A study 

shows that some patients reported as having monoclonal immunoglobulin A (IgA) with cold 

agglutinin (CA)  activity did not have hemolysis. Another patient had clinical cold agglutinin 
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disease (CAD) together with monoclonal immunoglobulin A (IgA) but turned out to have two 

independent clonal disorders, indicating that the cold agglutinin (CA)  was not identical to the 

clonal immunoglobulin A (IgA). This means that immunoglobulin A (IgA)-mediated cold 

agglutinin disease (CAD) does not occur. Upon the binding of immunoglobulin M-cold 

agglutinin (IgM-CA) to its antigen, activation of the complement control proteins (CCP) leaves 

the red blood cells (RBCs) opsonized with C3b and, therefore, susceptible to extravascular 

hemolysis by the mononuclear phagocytic system; this dominantly happens in the liver. On the 

surviving red blood cells (RBCs), C3b is metabolized to C3d, which most probably saves the cell 

against further phagocytic attack. The terminal pathway is likely not considerably activated in 

mild and steady-state cold agglutinin disease (CAD), but has been shown to be active in severe 

disease and acute exacerbations. Part of the interpretation for the restricted role of the terminal 

pathway is maybe the protective impact of the membrane-bound physiologic inhibitors CD55 

and CD59, which are intact in cold agglutinin disease (CAD). A unique phenomenon in cold 

agglutinin disease (CAD) is an exacerbation of hemolytic anemia during febrile infections 

[medical term for elevated body temperature (or a fever)] and other conditions with acute-phase 

reaction, originally described as paradoxical hemolysis and later found to occur in at least 70% 

of the patients. Acute-phase proteins (APPs) are a class of proteins whose plasma concentrations 

increase (positive acute-phase proteins) or decrease (negative acute-phase proteins) in response 

to inflammation. This response is called the acute-phase reaction (also called acute-phase 

response). The acute-phase reaction characteristically involves fever, acceleration of 

peripheral leukocytes, circulating neutrophils and their precursors. The constant complement 

consumption during steady-state disease leads to low serum levels of C3 and, particularly C4, 

which looks to be rate-limiting for complement control proteins (CCP)-dependent hemolysis. 

Acute-phase reaction has been shown to increase the production of these components. The serum 

concentrations are full , complement control proteins (CCP) activity is boosted, and exacerbation 

of hemolysis succeeds. Thus, cold agglutinin disease (CAD) patients should likely not receive 

transfusion with complement-rich blood products, for example, plasma, even though this has not 

been systematically tested. 

 

 

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Blood_plasma
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Fever
https://en.wikipedia.org/wiki/Leukocytes
https://en.wikipedia.org/wiki/Neutrophil
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In figure(49): Complement-mediated hemolysis in cold agglutinin disease (CAD) and cold 

agglutinin syndrome (CAS). CA = Cold agglutinin; C = complement. 

Figure(49):Complement-mediated hemolysis in cold agglutinin disease and cold agglutinin 

syndrome[Berentsen S. (2015). Role of complement in autoimmune hemolytic anemia. Transfusion 

Medicine and Hemotherapy, 42:303-310. DOI:10.1159/000438964] 
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In figure(50): biphasic, complement-mediated hemolysis in paroxysmal cold hemoglobinuria. Ig 

= Immunoglobulin; ag = antigen; ab = antibody; C = complement. 

In warm antibody autoimmune hemolytic anemia (WA-AIHA) , complement-mediated cell lysis 

is clinically pertinent in a rate of the patients but is barely crucial for hemolysis in most patients. 

Cold antibody-mediated autoimmune hemolytic anemias [primary cold agglutinin disease 

(CAD), secondary cold agglutinin syndrome (CAS) and paroxysmal cold hemoglobinuria 

(PCH)] are completely complement-mediated disorders. In cold agglutinin disease (CAD), 

effective remedies have been developed in order to target the pathogenic B-cell clone, but 

complement modulation is still hopeful in some clinical conditions. No determined therapy exists 

for secondary cold agglutinin syndrome (CAS) and paroxysmal cold hemoglobinuria (PCH), and 

Figure(50):Biphasic, complement-mediated hemolysis in paroxysmal cold hemoglobinuria [Berentsen 

S. (2015). Role of complement in autoimmune hemolytic anemia. Transfusion Medicine and 

Hemotherapy, 42:303-310. DOI:10.1159/000438964] 
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the potency of therapeutic complement inhibition is interesting. Currently, complement 

modulation is not clinically documented in any autoimmune hemolytic anemia (AIHA) .  

The clinical manifestation of autoimmune hemolytic anemia  (AIHA ) is not different from other 

forms of acute hemolytic anemia [a reduction in red blood cell (RBC) survival] or acute crisis of 

a chronic haemolytic anaemia. Considerably, patients are icteric(affected with jaundice) and 

undergo clinical signs of anemia, such as pallor (an unhealthy pale appearance), fatigue, 

shortness of breath and palpitations. In contrast, haemoglobinuria as a sign of intravascular 

haemolysis is scarce, but the patient must explicitly be asked for that symptom. In case of cold 

agglutinins, cold exposure may cause agglutination of red blood cells (RBCs) in the circulation 

as reflected by cyanotic discolouring of the acra, such as toes, fingers, ears and nose. After 

warming up, the cyanotic discolouring disappears quickly and in contrast to a Raynaud 

phenomenon, no reactive hyperaemia happens. The presence of a disease often reported to be 

correlated with autoimmune hemolytic anemia  (AIHA ) boosts the suspected diagnosis. Since 

many of these diseases are accompanied by anemia, the diagnosis of a mild autoimmune 

hemolytic anemia (AIHA ) can easily be missed.  

-For management of warm antibody autoimmune hemolytic anemia (WA-AIHA) : 

(a)-Transfusion: the blood product must be compatible with respect to complement-activating 

alloantibodies present in patientôs serum. Alloantibody is an antibody formed in response to 

pregnancy, transfusion, or transplantation targeted against a blood group antigen that is not 

present on the person's red blood cells. If possible the selected product must be negative for the 

antigens, to which alloantibodies have been determined in the antibody screening. Moreover, the 

development of new or additional alloantibodies 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 blood product selection may also consider the specificity of autoantibodies (auto-

Abôs). When there is a conflict making the right choice to select red blood cell (RBC) it is 

important to keep in mind that in case of transfusion alloantibodies are more important than 

autoantibodies (auto-Abôs). If there is no time to wait for the result of the serological 

examinations, it must be taken into account to prevent alloantibody formation by matching 

patient and donor for the most important red blood cell (RBC) antigens: Rhesus (Rh), Kell, Kidd, 
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Duffy, and Ss. Blood group antigens are either sugars or proteins, and they are attached to 

various components in the red blood cell (RBC) membrane. The Rh blood group system consists 

of 49 defined blood group antigens, among 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 

a positive or negative suffix after the ABO type. The Kell antigen system (also known as Kellï

Cellano system) is a group of antigens on the human red blood cell (RBC) surface which are 

important determinants of blood type and are targets for autoimmune or alloimmune diseases 

which destroy red blood cells (RBCs). Kidd blood group system, classification of 

human blood based on the presence of glycoproteins known as Kidd (Jk) antigens on the surfaces 

of red blood cells (RBCs). The Kidd glycoprotein functions to maintain the osmotic stability of 

red blood cells by acting as a transporter of urea. Duffy blood group system, classification of 

human blood based on the presence of glycoproteins known as Fy antigens on the surface of 

red blood cells (RBCs), endothelial cells (cells lining the inner surface of blood vessels), and 

epithelial cells in the alveoli of the lungs and in the collecting tubules of the kidneys. SS and AC 

are the abnormal genotypes or the sickle cells. All people have a specific pair of these 

hemoglobin in their blood which are inherited from both parents. 

(b)-Steroids: steroids are efficient in the management of autoimmune hemolytic anemia  (AIHA ). 

Steroids decrease the production of autoantibodies (auto-Abôs) by B-cells. Further, steroids 

decrease the density of Fc-gamma receptors on phagocytes in the spleen. Commonly, 

prednisolone, 1 mg/kg/day is started, and depending on the clinical response is tapered slowly. 

After stabilization of the hemoglobin a scheme often used at a department is to taper 

prednisolone to a dosage to 20 mg/day in two weeks. If the hemoglobin concentration keeps 

stable, dosage can further be reduced to 10 mg/day after a month. Thereafter, the steroid dosage 

can further be tapered and be stopped after two weeks. In order to diagnose steroid-induced 

diabetes mellitus early, blood glucose levels must be monitored regularly. Moreover, 

osteoporosis prophylaxis must be started since the patients suffering from autoimmune hemolytic 

anemia  (AIHA ) receive steroids over a long period of time. The psychological side effects of 

steroid management are often underestimated (e.g. agitation, lack of self-control, psychosis) and 

might become an incriminatory trouble for the patient and social environment. Therefore steroid 

doses have to be reduced frequently or the therapy has even to be stopped.  

https://en.wikipedia.org/wiki/Antigens
https://en.wikipedia.org/wiki/ABO
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(c)-Cytotoxic drugs: Azathioprine and cyclophosphamide are both immune suppressors causing a 

decrease of autoantibody production. The addition of these therapies can be considered if steroid 

therapy does not achieve a sufficient result, when a steroid maintenance 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 (100-150 mg/d) can be given as monotherapy or in combination with 

steroids. Due to their myelosupressive effects peripheral blood cell counts must be controlled 

regularly and if needed dosage must be adapted. In refractory autoimmune hemolytic anemia  

(AIHA ) pulse therapy with cyclophosphamide (50 mg/kg over 4 days) in combination with 

mesna (a sulfhydryl compound used to reduce the incidence of hemorrhagic cystitis associated 

with certain chemotherapeutic agents) and granulocyte colony-stimulating factor (G-CSF) 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 mycophenolate-mofetil seem to be effective in some cases. 

(d)-Splenectomy: by means of splenectomy red blood cell (RBC) destruction is abated and the 

production of autoantibodies (auto-Abôs) is decreased. Two weeks after splenectomy anemia has 

stabilized in more than 50% of the patients. Approximately 20% of the patients reach long-time 

remissions or are even cured from the disease. In half of the patients steroids can further be 

tapered. However, one-third of the patients do not reach a substantial remission. The mortality of 

splenectomy by laparatomy is around 1%, in laparoscopic splenectomy it is about 0.5%. Patients 

after splenectomy have a notable risk for infections as compared with the normal population. 

Vaccination against Neisseria menigitidis, Streptococcus pneumoniae, Haemophilus influenzae, 

if possible prior to splenectomy, significantly decreases the risk for infection in these patients.  

(e)-Anti-C20 antibody: rituximab is a chimeric, monoclonal antibody targeting CD20 expressed 

on all B-cells except plasma cells. Taking rituximab decreases autoantibody production by 

targeted destruction of B cells. Retrospective studies mention a complete remission in 20 to 70% 

of the patients. In prospective studies, >60% of the patients achieve a complete remission, but 

most patients will 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 leucoencephalopathy (PML) after rituximab therapy in patients suffering 

from systemic lupus erythematosus (SLE) has been observed. In spite of the lack of controlled 
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prospective studies rituximab has to be indicated to replace splenectomy as therapy of choice in 

steroid-resistant warm antibody autoimmune hemolytic anemia  (WA-AIHA) . If splenectomy is 

reconsidered after failure of rituximab therapy, it must be taken into account that vaccination to 

encapsulated bacteria might be ineffective after rituximab therapy. 

(f)- Immunoglobulins: in approxinately 40% of patients, administration of immunoglobulins 

improves anemia temporarily. This is primarily attributed to a reduction of red blood cell (RBC) 

destruction in the spleen. Moreover, immunomodulatory impacts of gammaglobulins might 

contribute to the beneficial effect as well. Treatment with immunoglobulins might be considered 

in acute life-threatening cnditions in order to reduce breakdown of patients or donor 

erythrocytes.  

-Treatment of cold antibody autoimmune hemolytic anemia (CA-AIHA) : 

Luckily, anemia in cold antibody autoimmune hemolytic anemia  (CA-AIHA)  is usually mild and 

there is no need for correction. The basic management in that state is quite simple: keep it warm. 

Patients must protect themselves properly against the cold by wearing gloves, a hat and warm 

shoes. If necessary, transfusion must be done under 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 product are similar to those in warm antibody autoimmune hemolytic anemia  

(WA-AIHA) . However, the treatment of cold antibody autoimmune hemolytic anemia  (CA-

AIHA)  remains a frustrating issue. Steroids are clearly less efficient than in warm antibody 

autoimmune hemolytic anemia  (WA-AIHA) . The same holds for cyclophosphamide and 

azathioprine. In cold antibody autoimmune hemolytic anemia  (CA-AIHA)  there is no role 

forsplenectomy. A couple of studies recorded some beneficial effects of gammaglobulins. In two 

controlled trials, rituximab was demonstrated to trigger a response in 40 to 50%, but again 

achievement of complete remission is rare and relapses are common. Since immunoglobulin M 

(IgM) are mainly located intravascularly, plasmapheresis induces a quick reduction of 

immunoglobulin M (IgM) concentrations and may therefore contribute to a short-term 

stabilization of an autoimmune hemolytic anemia  (AIHA ). It is worthy to add that 

plasmapheresis is a 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 conditions. Since 

plasmapheresis has to be performed at 37 °C, the technical procedure remains a challenge.  

The treatment options in case of fulminant intravascular haemolysis are limited. Therapy focuses 

on supportive care with a close monitoring of vital functions, renal function and haemolysis 

parameters. In the literature, gammaglobulins and plasmapheresis have been mentioned as 

management choices. In selected cases an inhibitor of the activation of complement component 

C5 (eculizumab) has been administered thereby attenuating the formation of the membrane 

attack complex. 

6.1Autoimmune Hemolytic Anemia in COVID-19 Infection 

Lopez et al. (2020) reported a patient suffering from simultaneous presentation of coronavirus 

disease 2019 (COVID-19) disease and warm autoimmune hemolytic anemia  (AIHA ). A 46-year-

old woman with a medical history of congenital thrombocytopenia not on therapy presented with 

dyspnea and cough to the Emergency Department (ED). She was found to have pneumonia after 

chest computed tomography (CT) showed a dense left upper lobe consolidation with minimal 

surrounding ground glass opacities and no evidence of pulmonary embolism (PE). She 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 symptoms worsened over 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 left-sided breath sounds. Laboratory 

investigations showed hemoglobin 97 g/l, white blood cells (WBCs) 985 9 103 /ll with 

lymphopenia (068 9 103 /ll), and platelets 43 9 103 /ll. Lactate dehydrogenase (LDH) was 296 

U/l. She was admitted to the hospital. Her Coombs test was positive, with direct antibody testing 

positive for immunoglobulin G (IgG) and C3. A test for antinuclear antibody (ANA) was 

negative. On hospital day 3, she exhibited to be positive for severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV2) and started on hydroxychloroquine (HCQ) 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 (PCR) assay, blood cultures 

and urine antigens for Streptococcus pneumoniae and legionella sp. were negative. Given her 

active coronavirus disease 2019 (COVID-19) disease she was started initially on intravenous 
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immunoglobulin (IVIG) at 1 g/kg/day rather than prednisone. Despite this, she required 

transfusion of three units of packed red blood cells, and after three days was started on 

prednisone 60 mg/day. This caused stabilization of her blood counts. She completed a five-day 

course of hydroxychloroquine (HCQ). During her hospital stay, her lactate dehydrogenase 

(LDH) rose from 296 to 553 U/l, falling to 355 U/l at discharge, and haptoglobin remained low. 

Her reticulocyte count was normal (954 9 103 /ll) on admission and rose to 206 9 103 /ll at 

discharge. Her pneumonia improved and she was discharged on a prednisone taper on hospital 

day 8. At follow-up after one week, her hemoglobin was 11 g/l and lactate dehydrogenase (LDH) 

was normal. Autoimmune hemolytic anemia (AIHA)  is the destruction of red cells by 

autoantibodies. Upon presentation, the patient had a warm antibody (immunoglobulin G, IgG) 

hemolytic anemia along with coronavirus disease 2019 (COVID-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 intravenous immunoglobulin (IVIG) in autoimmune 

hemolytic anemia  (AIHA ). Her blood count stabilized with prednisone, which will be tapered. 

Authors  suspected that as her infection cleared this would also resolve the autoimmune 

hemolytic anemia  (AIHA ). While many haematological complications of coronavirus disease 

2019 (COVID-19) infections have been reported, the finding of autoimmune hemolytic anemia  

(AIHA ) is novel.  

Another study concerning coronavirus disease 2019 (COVID-19) and autoimmune hemolytic 

anemia (AIHA) was conducted. Median age of patients was 62 years (range, 61-89 years), and 

all patients presented with risk factors for developing a severe form of coronavirus disease 2019 

(COVID-19) such as hypertension (HTN), diabetes mellitus (DM) and chronic renal failure 

(CRF). All patients had both positive oropharyngeal swab for severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV2) and typical images of coronavirus disease 2019 (COVID-19) 

infection on chest computed tomography (CT)-scans (25% to 75% extension). Three patients 

were admitted in intensive care unit (ICU) but only one required invasive ventilation. Invasive 

mechanical ventilation can become a lifesaving intervention for patients with respiratory and 

breathing difficulties. The term invasive is used if it includes any instrument penetrating via the 

mouth (such as an endotracheal tube), nose, or the skin (such as a tracheostomy tube through a 

stoma, a surgically-created hole in the windpipe) to serve as an artificial airway. Management of 
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coronavirus disease 2019 (COVID-19) infection differed according to the standards of each 

center. Thus, three patients received hydroxychloroquine (HCQ), in association with 

azithromycin for two of them, and one patient received lopinavir and ritonavir. The median time 

between the first coronavirus disease 2019 (COVID-19) symptoms and autoimmune hemolytic 

anemia  (AIHA ) onset was 9 days (range 4 to 13 days), and hemoglobin concentration decreased 

by more than 30 g/L in all patients. Median hemoglobin concentration at the time of autoimmune 

hemolytic anemia  (AIHA ) diagnosis was 70 g/L (range 3.8-10.8), 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 both immunoglobulin G (IgG) and C3d 

(n=3). Anti-erythrocyte antibodies were warm antibodies in 4 cases [2 of immunoglobulin G 

(IgG) specificity and 2 IgG+C3d] and cold agglutinins in 3 cases (2 of C3d specificity and 1 

IgG+C3d). At the time of autoimmune hemolytic anemia  (AIHA ) onset, all patients had higher 

markers of inflammation [i.e. fibrinogen, D-dimers (DD) and C reactive protein (CRP)]. 

Interestingly, among the patients with warm antibodies, 2 patients were known for stable 

untreated Binet stage A chronic lymphocytic leukemia (CLL) and an immunoglobulin 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 compatible with marginal 

zone lymphoma (MZL). The third one was diagnosed with prostate cancer. Autoimmune 

hemolytic anemia  (AIHA ) treatment involved corticosteroids (CS) for five patients, and red 

blood cells (RBCs) infusions for two. Even if the follow-up is still short, 3 patients receiving 

corticosteroids (CS) were evaluable for response of autoimmune hemolytic anemia  (AIHA ). Two 

patients reached partial response determined by hemoglobin concentration greater 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 caused rituximab injection in the third case (patient#6), and one responding patient 

is scheduled to receive rituximab because of the marginal zone lymphoma (MZL) clone 

(patient#3). At the time of last follow-up, all patients were alive and had at least partly recovered 

from coronavirus disease 2019 (COVID-19). To conclude, authors report 7 patients of warm and 

cold autoimmune hemolytic anemia  (AIHA ) associated with coronavirus disease 2019 (COVID-

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 



231 
 

indolent B lymphoid malignancy either already known or discovered because of the hemolytic 

episode. Autoimmune hemolytic anemia  (AIHA ) is a classical complication of both chronic 

lymphocytic leukemia (CLL) and marginal zone lymphoma (MZL)  , and viral infections are 

known to provoke autoimmune cytopenias. Autoimmune cytopenias are a group of 

heterogeneous but closely related conditions defined by immune-mediated destruction of 

hematologic cell lineages, including white blood cells (neutrophils), red blood cells, and 

platelets. This destruction can be primary or secondary to other illnesses. Whether the presence 

of an underlying malignant B lymphoid clone facilitated the onset of autoimmune hemolytic 

anemia  (AIHA ) or not is unknown in the study. Nonetheless, these recognitions argue for 

systematically investigating for the presence of a lymphoid clone in patients presenting with 

coronavirus disease 2019 (COVID-19) infections and autoimmune cytopenias. 

Onset of autoimmune hemolytic anemia  (AIHA ) needs to be considered in coronavirus disease 

2019 (COVID-19) patients who present with severe anemia. 

7.Acute Porphyria 

Acute porphyrias are scarce inherited disorders due to deficiencies of hem synthesis enzymes. 

The acute porphyrias belong to a wider group of porphyrias, each of which is a cause of 

deficiency of a specific enzyme of the hem synthesis pathway, apart from X-linked 

erythropoietic protoporphyria, which is due to gain of function mutations. Clinical characteristics 

depend on where the block in this pathway happens, and the resulting accumulation of hem 

precursors or porphyrins, which are dominantly from the bone marrow (BM) and liver. 

Porphyrias may be counted in two groups: acute porphyrias, presenting with acute neurovisceral 

attacks, and cutaneous porphyrias, characterized by photosensitive skin lesions, although there is 

interfere. The acute hepatic porphyrias (AHPs) are a group of four inherited diseases of hem 

biosynthesis that display with episodic, acute neurovisceral symptoms. The four types are 5

aminolevulinic acid (ALA) dehydratase deficiency porphyria (ADP), acute intermittent 

porphyria (AIP), hereditary coproporphyria (HCP), and variegate porphyria (VP). The 4 acute 

porphyrias  of which the recessive delta aminolevulinic acid (ALA) dehydratase deficiency 

porphyria (ADP) is extremely scarce, with only a spot of case reports in the research. Acute 

intermittent porphyria (AIP) is the most common acute porphyria in European people and 

usually most severe. Variegate porphyria (VP) and hereditary coproporphyria (HCP) are rarer 
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and may exhibitt with acute attacks or photosensitive skin lesions or both. Their diagnoses are 

frequntly missed or delayed because the clinical symptoms echo other more common disorders. 

Recent results demonstrate that acute intermittent porphyria (AIP), the most severe of the more 

common types of acute hepatic porphyria (AHP), is more predominant than previously believed, 

happening in about 1 in 1600 Caucasians, but with low clinical penetrance (approximately 2%

3%). Symptomatic attacks occur primarily in females aged between 14 and 45 years. Acute 

hepatic porphyrias (AHP) manifest in attacks and are characterized by overproduction of 

porphyrin precursors, developing often serious abdominal, psychiatric, neurologic, or 

cardiovascular (CV) symptoms. Patients with variegate porphyria (VP) and hereditary 

coproporphyria (HCP) can exhibit with skin photosensitivity. Acute hepatic porphyria (AHP) is 

diagnosed by finding considerably raised concentrations of porphyrin precursors are 5

aminolevulinic acid (ALA)  and porphobilinogen in urine. Acute attacks in each patient are 

deemed to result from overproduction of a neurotoxic hem precursor from the liver, although the 

exact pathophysiology is not fully understood. Their first degree relatives should undergo 

targeted gene testing. Diagnosis bases on measurement of elevated urinary 5-aminolevulinic acid 

(in patients with aminolevulinic acid dehydratase deficient porphyria) or increased 5-

aminolevulinic acid and porphobilinogen (in patients with other acute porphyrias). Treatment of 

attacks demands intensive care, strict avoidance of porphyrinogenic therapies and other 

precipitating factors, caloric support, and often hem remedy.  
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The non-acute porphyrias are porphyria cutanea tarda, erythropoietic protoporphyria, X-linked 

protoporphyria, and the rare congenital erythropoietic porphyria. They lead to the accumulation 

of porphyrins that cause skin photosensitivity and occasionally severe liver damage. Secondary 

high urinary or blood porphyrins can happen in patients without porphyria, for example, in liver 

diseases, or iron deficiency. Patients with porphyria cutanea tarda benefit from iron depletion, 

hydroxychloroquine (HCQ) therapy, and, if applicable, elimination of the hepatitis C virus. An 

Ŭ-melanocyteïstimulating hormone analogue can reduce sunlight sensitivity in patients with 

erythropoietic protoporphyria or X-linked protoporphyria. Strategies to address dysregulated or 

dysfunctional steps within the hem biosynthetic pathway are in progress.  

Hem-containing proteins have crucial and diverse biological functions involving oxygen 

transport, electron transfer and catalysis. Hem synthesis occurs in all nucleated cells, but 80ï90% 

of hem is synthesized in developing red blood cells (RBCs) in the bone marrow (BM) where it is 

used for haemoglobin, 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 of 5 aminolevulinic acid (ALA) within the mitochondria catalyzed by 

Figure (51): Acute hepatic porphyria [Anderson K. (2019). Acute hepatic porphyrias: current diagnosis and 

management. Molecular Genetics and Metabolism, 128(3):219-227] 
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5-aminolevulinic acid synthase (ALAS). This enzyme presents as 2 isoforms, ubiquitously 

expressed 5-aminolevulinate synthase1 (ALAS1) and erythroid 5-aminolevulinate synthase 2 

(ALAS2). 5-Aminolevulinate synthase 1 (ALAS1) is rate limiting in hepatic hem synthesis and 

strictly regulated by intracellular hem, which is the basis for the therapeutic effect of haemin (an 

iron-containing porphyrin with chlorine that can be formed from a haem group, such as haem b 

found in the haemoglobin of human blood)  in acute porphyria attacks, and the target for a new 

ribonucleic acid (RNA) silencing therapy undergoing clinical trials. 5-Aminolevulinate synthase 

1 (ALAS1) transcription may also be stimulated directly through activation of nuclear receptors 

responding to xenobiotic and steroid challenge and to transcription factors activated by fasting. 

 

 

 

Figure(52):Synthesis of haem and defects leading to porphyrias [Stolzel U.; Doss M.; Schuppan D. 

(2019). Clinical guide and update on porphyrias. Gastroenterology, 157(2):365-381.e4. 

https://doi.org/10.1053/j.gastro.2019.04.050]  

https://doi.org/10.1053/j.gastro.2019.04.050
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In figure(53): summary of the heme synthetic pathway, highlighting the enzymatic defects 

associated with the porphyrias. The hem synthetic pathway includes eight enzymes, four of 

which are functional in the mitochondria and four of which are functional in the cytoplasm. The 

pathway is started and completed in the mitochondria. Intermediate steps in the cytoplasm begin 

with the activity of aminolevulinate dehydratase (ALA dehydratase), also called 

porphobilinogen synthase (PBG synthase). Open arrows indicate progression through the 

pathway. Deficiency (indicated by blocked red arrows) in any of the eight enzymes included in 

the pathway may contribute to the progress of acute or chronic hepatic porphyrias or 

erythropoietic porphyrias, as revealed in red. Abbreviations: Ac, acetate; CoA, coenzyme A; 

Coproôgen, coproporphyrinogen; Pr, propionate; protoôgen, protoporphyrinogen; Uroôgen, 

uroporphyrinogen; and Vi, vinyl.  

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 upregulation of 5-aminolevulinate 

synthase 1 (ALAS1), leading to increased metabolic flux through the pathway with collection 

and release of porphyrins and their precursors from the liver. Raised concentrations of 5

aminolevulinic acid (ALA) and porphobilinogen (PBG) are correlated with inherited deficiency 

of hydroxymethylbilane synthase (HMBS) in acute intermittent porphyria (AIP), while in 

Figure(53):Haem synthetic pathways and enzymatic defects associated with porphyria  [Wang B.; 

Rudnick S.; Cengia B.; Bonknvsky H. (2018). Acute hepatic porphyrias: review and recent progress. 

Hepatology Communications, 3(2):193-206. https://doi.org/10.1002/hep4.1297] 

https://doi.org/10.1002/hep4.1297
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variegate porphyria (VP) and hereditary coproporphyria (HCP) this is believed to come from 

allosteric inhibition of hydroxymethylbilane synthase (HMBS) by gathering coproporphyrinogen 

and or protoporphyrinogen. A complex network of transcriptional pathways regulates hepatic 5-

aminolevulinate synthase 1 (ALAS1), and may interpret the broad variation in susceptibility to 

attacks in acute porphyria gene carriers. The pathogenesis of attacks remains uncertain but it is 

thought that 5 aminolevulinic acid (ALA) exhibits toxic effects on nerves, either directly, or by 

interacting with receptors for the structurally similar neurotransmitter c-aminobutyric acid 

(GABA), or by forming free radicals and reactive oxygen species (ROS). The efficiency of liver 

transplantation as a management for severe acute porphyria, and the onset of acute attacks in a 

patient who received a liver transplant from a symptomatic acute intermittent porphyria (AIP) 

donor affirm the focal role of the liver in the pathological process. 

Acute neurovisceral attacks may happen in 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 frequently delayed, as symptoms and signs are non-specific, especially in the 

early stages of the disease, and because porphyrias are so scarce. The diagnosis should be 

investigated in patients with recurrent or prolonged episodes of unexplained abdominal pain, 

especially when this is correlated with neurological complications, psychiatric characteristics or 

hyponatraemia (occurring 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 body cells). Most of 

the clinical characteristics of an attack emerge from influences on the central, peripheral and 

autonomic nervous systems. The major symptom is severe, poorly localized abdominal pain 

(present in more than 90% of cases), sometimes with pain at other sites, particularly the back and 

legs, and frequently accompanied by nausea, vomiting and constipation. Raised blood pressure 

and tachycardia are nearly always exist, but checking is frequently otherwise normal. Mental 

changes involving agitation, depression, insomnia and confusion are incident often in correlation 

with acute pain, and can also be found in the prodromal stages of an attack. Scarcely these are 

more severe with psychosis, delusions and hallucinations. Mental changes solve completely on 

remission. Severe attacks, particularly when diagnosis is delayed and exposure to 

porphyrinogenic factors is prolonged, may be complicated by neurological characteristics 

comprising an axonal neuropathy, seizures and posterior reversible encephalopathy syndrome 

(PRES). A symmetrical motor neuropathy with weakness beginning proximally in the upper 
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limbs is representative and may scarcely develop quickly to give complete paralysis, 

incontinence or urinary retention, swallowing difficulties and respiratory failure. Paralysis is 

usually reversible with adequate sustenance management but needs many months of 

rehabilitation. Sensory disturbance may manifest as neuropathic pain, paraesthesiae or numbness 

(the state of being numb). Focal neuropathy is unusual. Rare complications of attacks involve 

cardiac arrhythmias,which may consider for incidental studies of sudden death, and 

rhabdomyolysis (i.e., the destruction of striated muscle cells). Routine biochemical and 

hematological studies are frequently normal, apart from hyponatraemia which happens in up to 

40% of attacks. In many cases this is attributed to the syndrome of inadequate antidiuretic 

hormone (SIADH), but renal or gastrointestinal (GI) sodium loss and over hydration may 

contribute. Severe hyponatraemia may cause seizures. Altered urine color, darkening to red 

particularly on exposure to light, is frequently noticeable and is attributed to oxidation of 

porphobilinogen (PBG) to uroporphyrin and porphobilin. Although non-specific, this is a well-

known characteristic of acute porphyria. 

Patients with variegate porphyria (VP) and hereditary coproporphyria (HCP) may exhibit 

photosensitive skin lesions influencing exposed sites especially the face and the back of the 

hands. This is attributed to deposition of porphyrins in the skin, which are activated by visible 

violet light with a wavelength peak at 400ï410 nm leading to a local phototoxic reaction. 

Affected skin is exceedingly fragile, resulting in blisters, milia, and scarring. Skin symptoms in 

variegate porphyria (VP) and hereditary coproporphyria (HCP) may accompany an acute attack, 

or may be the only clinical manifestation of porphyria, particularly in variegate porphyria (VP). 

Skin lesions do not occur in acute intermittent porphyria (AIP) except when there is end stage 

renal disease (ESRD). Patients should be advised to keep exposed skin protected from light with 

suitable clothing and wear a wide-brimmed hat and gloves. Opaque sun creams blocking visible 

light are efficient, but conventional sun creams blocking ultravioletA (UVA) and ultraviolet B 

(UVB) rays are rarely helpful. It is important to refer that ultraviolet A (UVA) ray has a longer 

wavelength and is associated with skin aging, while ultraviolet B ray has a shorter wavelength 

and is associated with skin burning. 

 The majority of patients with moderate or severe attacks demand hospital admission for 

estimation, management and monitoring. Other causes of symptoms should be excluded, 
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especially manageable situations demanding urgent management, such as appendicitis, 

complications of pregnancy or pancreatitis. Inducing factors should be determined and removed 

if conceivable, involving examining therapy for porphyrinogenicity. Porphyrinogenicity is 

the quality or degree of being porphyrinogenic; the porphyrinogens are the functional 

intermediates in the biosynthesis of hem and if oxidized to their corresponding porphyrins, such 

as occurs in porphyrias, are irreversibly removed from the biosynthetic pathway and accumulate 

in tissues. Symptomatic and supportive management with therapies that are known to be safe in 

acute porphyria should be initiated soon. Pain is representatively severe and opiates are usually 

prescribed, frequently in large quantities. Administration of opiates at regular intervals, or via a 

Patient Controlled Analgesia pump is prioritized. It is helpful to look for advice from a specialist 

pain management team. Intravenous fluids are suggested if there is vomiting, dehydration or 

electrolyte imbalance; normal saline or glucose mixed with normal saline are the suggested 

options. Hyponatraemia is common and can progress quickly; this should be estimated through 

paired urine and serum measurements of sodium and osmolality, and estimation of extracellular 

fluid volume condition, with adequate management relying on the underlying reason. 

Carbohydrate loading was the standard management for an acute attack of porphyria prior to 

availability of haemin, and the rationale is relied on the inhibitory influence of glucose (Glc) on 

5-aminolevulinate synthase 1 (ALAS1). Carbohydrate loading also called carbo-loading is an 

eating routine used by some athletes that involves downing large amounts of carbohydrates 

several days before a potentially exhausting endurance event. Carbo-loading has no known 

potential benefits for anyone except athletes under these special circumstances. Oral 

carbohydrate is often beneficial in mild attacks, but the role of intravenous carbohydrate loading 

is debatable as a result of the probable risk of hyponatraemia causing cerebral edema and 

osmotic demyelination. Experts in the United States and Sweden  advise intravenous glucose 

(Glc) offering at least 300 g carbohydrate daily together with monitoring for hyponatraemia, 

while guidelines from the United Kingdom  and South Africa  advice avoiding all intravenous 

solutions of glucose (Glc) in water. Human haemin was supposed as a management for acute 

attacks  relied on its likelihood to suppress 5-aminolevulinic acid synthase (ALAS) activity and 

decrease synthesis of 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 currently ready, haem arginate, a stable form of 

https://en.wiktionary.org/wiki/quality
https://en.wiktionary.org/wiki/degree
https://en.wiktionary.org/wiki/porphyrinogenic
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human haemin in a complex with arginine, is used in Europe and many other countries, while a 

lyophilised form of human haemin is used in the United States of America, where haem arginate 

does not have Food and Drug Administration consent. The only placebo-controlled exam of 

human haemin including 12 patients did not exhibit a statistically significant impact, but clinical 

experience gathered in many different countries over the past 25 years proposes that patients 

managed with haemin at an early stage in their attack have faster mitigation of symptoms, shorter 

hospital stays and a lower incidence of complicationsinvolving neuropathy and seizures, than 

those who did not receive haemin. Haemin will not reverse an established neuropathy, but may 

prevent onset or development of nerve damage. The recommended 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 are sometimes 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 albumin (alb), which recorded decreases the risk of local 

vascular complications. The solution is stable for 1 h and should be infused through an online 

filter over 30ï60 min, after which the vein should be flushed immediately with saline. Haemin is 

an irritant and thrombophlebitis (inflammation of the wall of a vein with associated thrombosis) 

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 specialized service providing clinical advice and haem 

arginate where adequate for patients in mainland Britain with either one-off acute attacks or 

recurrent attacks of porphyria.  

A minority of patients with acute porphyria progress recurrent attacks, usually defined as 4 or 

more attacks requiring admission to hospital in 1 year. Severe recurrent acute attacks affect 3ï 

5% of newly diagnosed symptomatic patients, and are more common in acute intermittent 

porphyria (AIP) and in women. In women with acute intermittent porphyria (AIP), attacks 

sometimes happens regularly in the luteal phase of the menstrual cycle, although in many 

patients there is no recognizable style or trigger. There is no convention on what level of pain or 

combination of symptoms and signs is needed to ascertain a new attack in this group, so the 

diagnosis bases heavily on clinical resolution. Urine porphobilinogen (PBG) excretion is 

continually elevated in patients with recurrent attacks of acute intermittent porphyria (AIP), but 
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careful urine porphobilinogen (PBG) monitoring may be beneficial by permiting values when 

symptomatic to be compared with a novel baseline. Treatent of patients with recurrent attacks is 

confronting and results are changing. A considerable percent of these patients, who are almostly 

young women, suffer a prolonged period of chronic pain, depression, neuropathy and disability. 

All patients with recurrent attacks should be advised for a specialist porphyria service for consult 

on treatment and long term monitoring. The most straightforward treatment approach is to 

manage each attack individually following medical evaluation to exclude other reasons, 

surpassing through direct admission to an acute medical unit with expertise of treating that 

patient. This should involve monitoring urine porphobilinogen (PBG) 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 the impact of repeated attacks and hospital admissions on 

quality of life. Most porphyria specialists would begin interpreting choices to prevent repeated 

attacks if there is no improvement in the clinical style after 6ï12 months. Gonadotropin releasing 

hormone (GnRH) analogues preventing ovulation may be helpful in women with recurrent pre-

menstrual attacks of porphyria. The benefits require to be weighed against the risks of estrogen 

deficiency. Menopausal side-effects may be decreased by addition of a low dose estrogen patch, 

although this may elevate the risk of acute attacks together with the high risk of uterine 

carcinoma correlated with unopposed estrogens. Gonadotropin releasing hormone (GnRH) 

treatment should be initiated within the first few days of menstruation to decrease the risk of an 

attack induced by transitory ovarian stimulation. Regular monitoring of bone mineral density, 

and additional gynecology monitoring for patients on estrogen replacement, should be arranged 

during the management period, and the resolution to continue management should be checked 

every 1ï2 years. Prophylactic haemin, although an unlicensed drug, is broadly used to decrease 

the frequency of recurrent attacks in severely affected patients. Prophylactic haemin should be 

administered via a central line if possible. Liver transplantation has been commenced in at least 

10 acute intermittent porphyria (AIP) patients in the United Kingdom and Ireland and is 

considered as a curative management for patients with severe recurrent attacks where medical 

treatment has been unsuccessful or where complications, such as loss of vascular access, make 

this unattainable. The probable side effects of medical treatment require to be balanced against 

the short- and long-term risks of liver transplantation and prolonged immunosuppression.  
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7.1Acute Porphyria in COVID -19 Infection 

It is argued that coronavirus disease 2019 (COVID-19) has elevated probability of being more 

than a disease of pneumonia, and that critical coronavirus disease 2019 (COVID-19) patients 

may be suffering from a form of acquired acute porphyria. Readily available interventions exist 

to manage acute porphyria and the position is advanced that urinalysis of critical coronavirus 

disease 2019 (COVID-19) patients would diagnose this pathology. 

Erythrocytes are robustly included in the pathophysiology of coronavirus disease 2019 (COVID-

19). Wuhan University researchers dicuss that the role of erythrocytes in the pathophysiology of 

coronavirus disease 2019 (COVID-19) is under-estimated; the co-efficient of variation of red 

blood cell distribution width (RDW) is predictive of severity of disease status. Increased red 

blood cell distribution width (RDW) is associated with decreased erythrocyte turnover; red blood 

cells (RBCs) become smaller as they age and the delay in clearance expands the low-volume tail 

of the volume distribution. Suppressed erythrocyte turnover may refer to erythropoietic distress  

and act as a compensative mechanism to maintain circulating red blood cells (RBCs) 

concentrations.  Excess porphyrins in red blood cells (RBCs) can result cell lysis and progress of 

hemolytic anemia. Macaques infected with severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) also have reduced red blood cells (RBCs) numbers and susceptibility to severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) seems to be defined by blood group; 

blood group A is most affected whereas blood group O appears to be protected. This finding is 

concurrent with previous researches indicating that susceptibility to the 2003 strain of severe 

acute respiratory syndrome coronavirus (SARS-CoV) was defined by blood group. Precursory 

proof proposes that CD147, the determinant of the Ok blood group system, binds the spike (S) 

protein of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). It is valuable here to 

mention that the only antigen of the OK blood group system Oka is a very high incidence blood 

group character. The Ok(a-) phenotype has thus far been found only in eight Japanese families. 

The Oka 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 encoding the Oka protein maps to chromosome 19 at position p13.2-pter. 

Indiscriminately, CD147 works as an essential receptor for erythrocyte invasion by Plasmodium 

falciparum. Blockade of CD147 abolishes the normal recirculation of erythrocytes, from the 
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spleen into the general circulation, resulting in selective trapping of red blood cells (RBCs) in the 

spleen as development of a form of anemia. Autopsy of deceased coronavirus disease 2019 

(COVID-19) patients shows that the spleen is significantly decreased in size. Decrease in 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. 

Primate models of coronavirus disease 2019 (COVID-19) and human coronavirus disease 2019 

(COVID-19) patients have subnormal hemoglobin concentrations. Clinical estimation of almost 

100 Wuhan patients shows hemoglobin concentrations below the normal range in most patients 

as well as high total bilirubin and increased serum ferritin. Hyperbilirubinemia is recognized in 

acute porphyria and would be consistent with ineffective erythropoiesis and rapid hemoglobin 

turnover. High serum ferritin concentrations are representative of acute porphyria and would be 

anticipated upon dissociation of iron from hem. A mechanism by which severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) might attack the 1beta chain of hemoglobin has been 

presumed; the product of open reading frame 8 (ORF8) binds to the porphyrin of hem and 

displaces iron (Fe), according to bioinformatics prediction analyses. The oxygen-carrying 

capacity of erythrocytes would therefore be compromised by severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2), that way exacerbating the difficulties perhaps experienced by the 

patient, in terms of preserving partial pressure of oxygen in the alveoli (PaO2). It is important to 

add that the partial pressure of oxygen in alveolar air is about 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 contrast, 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 of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) targeting 

of hemoglobin on oxygen content of the blood would therefore be significant, it is supposed that 

probably of greater interest, are possible divergences upon homeostatic regulation of hem 

anabolism. Hem biosynthesis is fabulously controlled by seven enzyme-controlled reactions 

launching from the first intermediate, aminolevulinic acid (ALA), to hem as the final output. 

Hem negatively regulates the first step in the pathway by repressing expression of 
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aminolevulinic acid synthase (ALAS). Severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) is foreseen to directly interfere with hem synthesis, and this prediction is boosted by 

experimental proof of decreased hemoglobin concentrations in coronavirus disease 2019 

(COVID-19) patients and in animal models of the disease. Reduced hem synthesis dampens 

repression of aminolevulinic acid synthase (ALAS), and that way elevates the synthesis of hem 

precursors, resulting in accumulation of porphyrin intermediate metabolites. All of the hem 

pathway intermediates are possibly toxic. During an attack of acute porphyria, aminolevulinic 

acid synthase (ALAS) is stimulated  and this disturbance continues until sufficient hem synthesis 

is returned.  

Overproduction of haem precursors - aminolevulinic acid (ALA) and porphobilinogen (PBG) in 

severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection, manifests life-

threatening attacks with neurovisceral symptoms, comprising: abdominal pain (85-95% cases), 

vomiting (43-88%), constipation (48-84%), muscle weakness (42-60%), mental symptoms (40-

58%), pain of the limbs, head, neck and chest (50-52%), hypertension (HTN) (36-54%), 

tachycardia (28-80%), convulsion (10-20%), sensory loss (9-38%), fever (9-37%), respiratory 

paralysis (5-12%) and diarrhoea (5-12%). Neurotoxicity of aminolevulinic acid (ALA)  interprets 

the plethora of neurovisceral symptoms and, interestingly, there is significant interference 

between neurovisceral complaints of aminolevulinic acid (ALA) surplus and extra-pulmonary 

symptoms of critical coronavirus disease 2019 (COVID-19) patients. Extra-pulmonary 

symptoms of coronavirus disease 2019 (COVID-19) are considerable but under-estimated, 

involving gastrointestinal symptoms, which is suggested to affect in the region of 50% 

coronavirus disease 2019 (COVID-19) patients. Neurological problems also seem to be looked 

out by the hyper-focus on respiratory symptoms. Of 214 coronavirus disease 2019 (COVID-19) 

patients, 36.4% suffered from neurological manifestations involving: headache, dizziness, acute 

cerebrovascular incidents and impaired consciousness. Loss of autonomic control of breathing 

has also been mentioned and autonomic neuropathy is a clinical characteristic of acute porphyria. 

Neuropsychiatric symptoms of coronavirus disease 2019 (COVID-19) may be downstream of 

irregularities in hem metabolism.  

In brief, critical coronavirus disease 2019 (COVID-19) patients are experiencing a form of 

acquired acute porphyria; the second part is that managing critical coronavirus disease 2019 
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(COVID-19) patients with aminolevulinic acid (ALA) synthase inhibitors may recover extra-

pulmonary symptoms of the disease. Aminolevulinic acid (ALA) urinary excretion of 25-100 

mg/d or porphobilinogen (PBG, a pyrrole-containing intermediate in the biosynthesis of 

porphyrins) urinary excretion of 50-200 mg/d is representative of acute porphyria. Current 

therapeutic interventions licensed for management of porphyria involve:  

1-Blood transfusion (erythropoietic porphyria);  

2-Glucose (Glc);  

3-Intravenous haematin; and,  

4-Chloroquine. Chloroquine stimulates the release of tissue-bound porphyrins; the initial event 

following chloroquine administration to porphyria cutanea tarda (PCT) patients is a release of 

bound hepatic porphyrin and its rapid elimination. Chloroquine is also 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 is a purple porphyrin acid obtained from hemin or hem by 

removal of bound iron. 

Finally, if haemoglobin-targeting is an important component of the coronavirus disease 2019 

(COVID-19) pathophysiology, susceptibility to the disease may differentiate according to 

ethnicity-depending upon the particularities of hemoglobin-targeting. 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 as a selective advantage 

in protecting against malaria. 

8.Kawasaki Disease  

Kawasaki disease (KD) is an acute systemic vasculitis which develops to cause coronary artery 

abnormalities in 25% of unmanaged patients. The term vasculitis indicates inflammation of a 

blood vessel, which is characterized by the presence of an inflammatory infiltrate and destruction 

of the vessel wall. Commonly, vasculitis points to the systemic vasculitides, which are 

autoimmune disorders characterized by inflammation of blood vessels. The systemic vasculitides 

are a diverse group of disorders that indicate a broad range of organ involvement and clinical 

https://pubchem.ncbi.nlm.nih.gov/compound/pyrrole
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severity. Though considerable differences in epidemiological distribution of Kawasaki disease 

(KD) have been recognized worldwide, a number of factors seem relatively constant. These 

comprise a male predominance, with a male-to-female ratio of between1.5:1 and 2:1; remarkable 

seasonality, with elevated incidence in winter and early spring in moderate climates and summer 

tops in some Asian countries  about 75% of cases occurring in children aged under 5 years; and a 

increased incidence in individuals of Asian descent ,both inside and outside Asia. 

A genetic inclination is boosted by the elevated relative risk of Kawasaki disease (KD)  within 

families, whereby siblings of a Kawasaki disease (KD) patient are at a 10-fold higher risk of 

Kawasaki disease (KD) in comparison with the general people. Linkage analysis and genome-

wide association studies have determined several single nucleotide polymorphisms (SNPs) that 

exhibit correlation with genetic susceptibility to Kawasaki disease (KD). A single-nucleotide 

polymorphism (SNP) is a substitution of a single nucleotide at a specific position in the genome. 

Remember that the deoxyribonucleic acid (DNA) sequence is formed from a chain of four 

nucleotide bases: adenine (A), cytosine (C), guanine (G), and thymine (T). If more than 1% of a 

population does not carry the same nucleotide at a specific position in the deoxyribonucleic acid 

(DNA) sequence, then this variation can be classified as a single nucleotide polymorphism 

(SNP). If a single nucleotide polymorphism (SNP) happens within a gene, then the gene is 

regarded as having more than one allele. In these situations, single nucleotide polymorphisms 

(SNPs) may cause variations in the amino acid (AA) sequence. Single nucleotide polymorphisms 

(SNPs), however, are not just correlated with genes; they can also be incident in noncoding 

regions of deoxyribonucleic acid (DNA). Two distinguished discoveries involve functional 

polymorphisms of the FC gamma RIIa locus and the ITPKC gene, which have been seen to 

predispose persons in Japan and North America to Kawasaki disease (KD) and the later progress 

of coronary artery aneurysms. It is noticeable to add that coronary artery aneurysms (CAAs) are 

uncommon and exhibit a localized dilatation of a coronary artery segment more than 1.5-fold the 

normal size of adjacent normal segments. The ITPKC gene is a T-cell  activity modulator, and its 

identification as a susceptibility gene proposes that T-cell activity regulation may be an 

underlying mechanism in identifying predisposition to and severity of the disease course. 

It is broadly presumed that, following exposure to one or multiple environmental triggers in 

childhood, the immune response in a small, genetically susceptible patient subset manifests as 

https://en.wikipedia.org/wiki/Nucleotide
https://en.wikipedia.org/wiki/Genome
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systemic vasculitis. This hypothesis is upheld by the sudden symptomatic onset of Kawasaki 

disease (KD), the seasonal and temporal clustering of cases, the spontaneous degeneration of the 

disease even without management in the majority of patients, and the domination of 

immunoglobulin A (IgA) plasma cells at mucosal surfaces in the immune response, common 

features of the infectious diseases of childhood. In addition, Kawasaki disease (KD) is incident 

primarily between the ages of three months and five years, when susceptibility to ubiquitous 

infectious microbes is at its highest. This epidemiological clustering proposes that most adults 

have immunity to the causative microbe following exposure, and transplacental antibodies 

protect newborn infants. It is probable that bacterial or viral infections, super antigens, humoral 

factors, or a combined super antigen conventional peptide antigen response may underlie the 

onset of the illness, though to date, no etiological agents have been asserted in literature. Authors 

have isolated intracytoplasmic inclusion bodies in the ciliated bronchial epithelium of acute-

stage Kawasaki disease (KD) sufferers, presuming that an intracellular viral micribe is probably 

to be at work. Inclusion bodies, sometimes called elementary bodies, 

are nuclear or cytoplasmic aggregates of stable substances, usually proteins. They typically 

represent sites of viral multiplication in a bacterium or a eukaryotic cell and usually consist of 

viral capsid proteins. Inclusion bodies can also be notes of genetic illnesses. Inclusion bodies 

contain very little host protein, ribosomal components or deoxyribonucleic acid/ribonucleic acid 

(DNA/RNA) fragments. An intrinsic autoimmune cause looks improbable relied on current 

proof, given patientsô lack of autoantibodies and the spontaneous resolution and absence of 

recurrence observed in the condition. 

The clinical course of Kawasaki disease (KD) consists of four phases:  

1-Acute, the period lasting 1-2 weeks if unmanaged, when the child has an established, often 

remittent 40ʐ  Celsius fever and major symptomatic characteristics and may exhibit cardiac 

manifestations involving valvitis, pericarditis, and myocarditis;  

2-Subacute, the approximately 2 week period following the subsidence of fever when the child is 

at the greatest risk of abrupt death due to myocardial infarction. Myocardial infarction is the 

medical name for a heart attack, a life-threatening condition happens when blood flow to the 

heart muscle is suddenly cut off, leading to tissue damage. This is usually the result of a 

blockage in one or more of the coronary arteries;  

https://en.wikipedia.org/wiki/Cell_nucleus
https://en.wikipedia.org/wiki/Cytoplasmic
https://en.wikipedia.org/wiki/Bacterium
https://en.wikipedia.org/wiki/Eukaryotic
https://en.wikipedia.org/wiki/Capsid
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3-Convalescent, the clinically invisible period following the cessation of symptoms and 

continuing until acute-phase reactants return to normal serum levels. It is important to interpret 

that acute phase reactants (APR) are inflammation markers that exhibit considerable changes in 

serum level during inflammation. These are also important mediators synthesized in the liver 

during acute and chronic inflammatory conditions. Interleukin-6 (IL-6) is the principal cytokine 

responsible for stimulating the synthesis in the liver. Interleukin-1 (IL-1), tumor necrosis factor-

alpha (TNF-Ŭ), and interferon-gamma (IFN-ɔ) can also trigger the synthesis of acute-phase 

reactants (APR). Acute phase reactants (APR) result in several adverse effects. These comprise 

fever, anemia of chronic disease, anorexia, somnolence, lethargy, amyloidosis, and cachexia; and  

4-Chronic, which refers patients who require follow-up treatment due to coronary artery 

involvement. 

Diagnosis should occur in the acute stages of that immediate management can be administered to 

recede inflammation and decrease the risk of coronary artery involvement in the later disease 

phases. 

Kawasaki disease (KD) is illness correlated with considerable morbidity and possible mortality, 

yet no certain diagnostic test is ready. Increased physician awareness of the main characteristics 

of Kawasaki disease (KD) and adequate use of echocardiography have together ameliorated 

patient outcomes through facilitating appropriate management, but in complete presentations 

complicate diagnosis and are correlated with considerably worse coronary outcomes. Given the 

severe consequences of late diagnosis, the prompt benefits presented by available remedies 

involving intravenous immunoglobulin (IVIG), and the elevated incidence of Kawasaki disease 

(KD) worldwide, it is notable that neonatal and pediatric clinicians regard Kawasaki disease 

(KD) as a diagnosis in cases of prolonged pediatric fever. 

8.1Kawasaki Disease in COVID-19 Infection 

Increasing evidence proposes that tissue damage in coronavirus disease 2019 (COVID-19) is 

mostly mediated by the host innate immunity. Kawasaki disease (KD) is an acute and usually 

self-limiting vasculitis of the medium calibre vessels, which almost exclusively affects children. 

In the acute phase of the disease, patients with Kawasaki disease (KD) might have haemo 

dynamic instability, a situation known as Kawasaki disease shock syndrome (KDSS). Kawasaki 
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disease shock syndrome (KDSS) indicate Kawasaki disease (KD) patients who exhibit more than 

20% decrease in systolic blood pressure in comparison with healthy persons of the same age, or 

to those patients who exhibit peripheral blood circulation perfusion 

disorder. Peripheral vascular disease  (PVD) is a blood circulation disorder 

that  causes  the  blood vessels outside of the heart and brain to narrow, block, or spasm. Clinical 

manifestations of Kawasaki disease shock syndrome (KDSS) are atypical. It has been 

summarized the following features for Kawasaki disease shock syndrome (KDSS):  

1-It is more common in males;  

2-Symptoms involve 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 indicators are significantly increased;  

4-Patients frequently exhibit intravenous immunoglobulin (IVIG) resistance;  

5-50% of patients require hormone management; and  

6-Shock appears at an early stage.  It can rapidly develop into shock, and often with strong 

inflammatory responses which could develop to coronary artery disease and multiple organ 

dysfunctions.   

Other patients with Kawasaki disease (KD) might attain the criteria of macrophage activation 

syndrome (MAS), like secondary haemophagocytic lymphohistiocytosis (sHLH). Macrophage 

activation syndrome (MAS), which is currently grouped under secondary or acquired 

haemophagocytic lymphohistiocytosis (sHLH), is a scarce and fatal disorder that emerges from 

excess activation of T-cells and macrophages (Mū). Though the pathogenesis of macrophage 

activation syndrome (MAS) is poorly understood, various pro-inflammatory cytokines like 

interleukins [interleukin-1 (IL -1), interleukin-6 (IL-6)], tumor necrosis factor-alpha (TNF-Ŭ), and 

interferons (IFN) are believed to play considerable functions. Macrophage activation syndrome 

(MAS) is correlated with various clinical characteristics such as non-remitting fever, bleeding, 

cytopenias, splenomegaly, hepatic dysfunctions, elevated concentrations of triglyceride (TG), 

ferritin and reduced concentrations of albumin (alb) and fibrinogen. Early diagnosis and 
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interventions are essential to decrease mortality risk but diagnosis is not frequently easy due to 

persistence of broad range of characteristics that interfere with other rheumatic diseases, most 

commonly systemic juvenile idiopathic arthritis (sJIA). Corticosteroids (CSs) and cyclosporins 

are commonly adminisatered for macrophage activation syndrome (MAS) management. 

Intravenous immunoglobulins (IVIG), biologic agents like interleukin-1 (IL -1) blockers 

(anakinra, canakinumab), interleukin-6 (IL-6) blockers (tocilizumab) are also often administered. 

The cause of Kawasaki disease (KD) keeps unknown; however, earlier evidence presumes that 

an infectious pathogen stimulates a cascade that causes the disease. 

A study concerning Kawasaki disease (KD) as a complication of coronavirus disease 2019 

(COVID-19) was performed. Patients with Kawasaki-like presentations were determined 

according to the 2017 criteria of the American Heart Association, comprising both the classic 

type and incomplete types. The classic type characterized by  fever for Ó5 days plus four or more 

clinical criteria, including bilateral bulbar non-exudative conjunctivitis, changes of the lips or 

oral cavity, non-suppurative laterocervical lymphadenopathy (a disease affecting the lymph 

nodes), polymorphic rash, erythema of the palms and soles, and firm induration. Incomplete 

types characterized by fever for Ó5 days plus two or three of the aforementioned clinical criteria, 

the values of erythrocyte sedimentation rate (ESR) or C-reactive 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, hypertransaminasaemia, leukocytosis, 

sterile pyuria, or an echo cardiogram showing coronary aneurysms or cardiac dysfunction. 

Kawasaki disease shock syndrome (KDSS) was defined as Kawasaki disease accompanied by 

systolic arterial hypotension, a decrease from basal systolic blood pressure of at least 20%, or the 

appearance of signs of peripheral hypoperfusion. Ejection fraction (EF), and concentrations of 

troponin I (a cardiac and skeletal muscle protein family) and pro-B-type natriuretic peptide 

(proBNP) were measured and indicated as indirect signs of myocarditis and heart failure (HF). 

Macrophage activation syndrome (MAS) was determined using the Paediatric Rheumatology 

International Trials Organisation criteria for the classification of macrophage activation 

syndrome (MAS) in systemic juvenile idiopathic arthritis (SJIA). The macrophage activation 

syndrome (MAS) criteria are validated for systemic juvenile idiopathic arthritis, but they are 

commonly used for other systemic autoinflammatory diseases such as Kawasaki disease (KD) 

and pediatric systemic lupus erythematosus (SLE).  
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Authors in this study reported that the most reasonable hypothesis boosts an aberrant response of 

the immune system to one or more unidentified microbes in genetically predisposed patients. 

This study showed a high number of Kawasaki-like disease patients in the Bergamo province 

following the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-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 case of coronavirus disease 2019 (COVID-19) 

was diagnosed in that area. Given the pathogenesis of the disease, serology testing looks a more 

credible tool than real-time polymerase chain reaction (RT-PCR) assay in detecting the cause of 

infection. This proposes that the coronavirus family might act one of the inducers of Kawasaki 

disease (KD), severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) being a specially 

virulent strain capable of eliciting a powerful immune response in the host. In this study, the 

clinical and biochemical characteristics of patients with Kawasaki disease (KD) diagnosed 

during the coronavirus disease 2019 (COVID-19) pandemic looked to be different from the 

historical cohort of patients; therefore, the authors have classified these patients as Kawasaki-like 

disease. From a clinical view, they were older, had respiratory and gastrointestinal involvement, 

meningeal signs, and signs of cardiovascular (CV) involvement. From a biochemical view, they 

had leucopenia with marked lymphopenia, thrombocytopenia, and increased ferritin, as well as 

markers of myocarditis. Similar clinical characteristics are shared by patients with coronavirus 

disease 2019 (COVID-19). Additionally, these patients had a more severe disease course, with 

resistance to intravenous immunoglobulin (IVIG)  and need of adjunctive steroids, biochemical 

evidence of macrophage activation syndrome (MAS), and clinical signs in keeping with 

Kawasaki disease shock syndrome (KDSS). The pro-inflammatory effect of severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) has been reported in adults with the most 

severe respiratory complications of coronavirus disease 2019 (COVID-19). Many of these 

patients have a constellation of characteristics classified under the term cytokine storm, such as 

fever, lymphopenia, elevated transaminases, lactate dehydrogenase (LDH), D-dimer (DD), and 

ferritin, in keeping with macrophage activation syndrome (MAS). Likewise, macrophage 

activation syndrome (MAS) is a form of cytokine storm, and might affect patients with Kawasaki 

disease (KD). All these elements upheld the requirement to start adjunctive steroids. In authorsô 

experience, this management is efficient and safe, and should be indicated by physicians 

managing patients with Kawasaki-like presentations in the context of the coronavirus disease 
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2019 (COVID-19) pandemic. Evidence of contact with the virus was assured by the presence of 

antibodies against severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). The immune 

response to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is accountable for a 

Kawasaki-like disease in susceptible patients. The association between severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) and Kawasaki-like disease should be considered when it 

comes to determining social reintegration policies for the pediatric population. However, the 

Kawasaki-like disease described here remains a scarce situation, likely affecting no more than 

one in 1000 children exposed to severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2). This evaluate is relied on the limited data from the case series in the region of the study. In 

brief this study reported a strong association between an outbreak of Kawasaki-like disease and 

the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) epidemic in the Bergamo 

province of Italy. Patients diagnosed with Kawasaki-like disease after the viral spreading 

exhibited a severe course, including Kawasaki disease shock syndrome (KDSS) and macrophage 

activation syndrome (MAS), and required adjunctive steroid management.  

Another study conducted in 2020 argues that in comparison with the two previous years, authors 

found a 13-fold increased incidence in Kawasaki disease (KD) in children hospitalized in the 

general pediatrics department of a large university hospital center in Paris. The temporal 

association with the onset of the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2) epidemic in France and the results of real-time polymerase chain reaction (RT-PCR) assay and 

immunoglobulin G (IgG) testing in the patients included in this study suppose an accidental link. 

Moreover, all but one of the patients had no presumed symptoms of acute coronavirus disease 

2019 (COVID-19) and most had positive serum immunoglobulin G (IgG) responses, proposing 

that the development of Kawasaki disease (KD) in these patients is more probably to be the 

result of a post-viral immunological reaction. Association between Kawasaki disease (KD) and 

viral respiratory infections has been previously suspicioned, particularly rhinovirus 

(RH)/enterovirus (EV) and various viral microbes involving human coronaviruses (CoVs). 

However, no difference in clinical exhibition between infected and non-infected Kawasaki 

disease (KD) patients was previously mentioned.  This study recorded an over-representation of 

incomplete Kawasaki disease (IKD) (53%), which might be interpreted by a high proportion of 

severe Kawasaki disease (KD) with myocarditis and Kawasaki disease shock syndrome (KDSS), 

consistent with previous findings. The incomplete Kawasaki disease (IKD) patients share 
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Kawasaki disease (KD)-specific laboratory marker profiles in terms of complete blood cell 

counts and acute phase reactant levels with complete Kawasaki disease (CKD) patients. 

However, the factors predicting coronary dilation differ according to the phenotype; lower acute 

and subacute age-adjusted hemoglobin levels predict coronary dilation only in incomplete 

Kawasaki disease (IKD) patients. Mild myocarditis is very common in the early phase of 

Kawasaki disease (KD) as shown by cardiac biopsies and scintigraphy, and generally ameliorates 

rapidly as inflammation dissipates. However, more severe myocarditis with decreased left 

ventricular contractility can sometimes happen, particularly in the condition of Kawasaki disease 

shock syndrome (KDSS).  Kawasaki disease shock syndrome (KDSS) is a scarce complication 

affecting 1.5 to 7% of Kawasaki disease (KD) patients with a increased incidence in Western 

countries than in Asia. It seems to result from both myocardial dysfunction and decreased 

peripheral vascular resistance, usually requiring intravenous (IV) fluid recovery together with 

inotropic and vasoactive agent infusion in intensive care unit (ICU). Kawasaki disease shock 

syndrome (KDSS) pathophysiology is still unclear. An increased concentration of circulating 

pro-inflammatory cytokines may contribute to the distributive component of shock. In fact, 

Kawasaki disease shock syndrome (KDSS) was previously observed associated with increased 

concentrations of interleukin-6 (IL-6), C-reactive protein (CRP) and procalcitonin (PCT). The 

authors of this study recognized very high concentrations of procalcitonin (PCT). C-reactive 

protein (CRP) and interleukin-6 (IL-6) concentrations were also elevated. This main pro-

inflammatory condition may reflect a mostly strong post-viral immunological reaction to severe 

acute respiratory syndrome coronavirus-2 (SARS-CoV-2) in comparison with other viral 

microbes. A cytokine storm syndrome with elevated inflammatory markers such as interleukin-6 

(IL-6) was mentioned in adult coronavirus disease 2019 (COVID-19) patients, and has been 

correlated with fatality. Besides inflammatory markers, clinical and biological characteristics of 

study patients were frequently symmetric with the diagnosis of Kawasaki disease shock 

syndrome (KDSS). Really, older age, higher D-dimer (DD), lower hemoglobin (Hb) and albumin 

(alb) concentrations and more severe hyponatremia were previously found associated with 

Kawasaki disease shock syndrome (KDSS). This study found only 18% of patients were above 

the 75th percentile for weight, which does not boost the hypothesis of overweight as a risk factor 

for Kawasaki disease (KD) after severe acute respiratory syndrome coronavirus-2 (SARS-CoV-

2) infection. Intravenous immunoglobulin (IVIG) resistance and coronary artery abnormalities 
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were less frequent in this study series than in previous ones. However, these findings should be 

taken with caution as coronary artery abnormalities may appear later during follow-up. 

Gastrointestinal (GI) symptoms were also unusually common, affecting 100% of the patients. A 

research reported intestinal pseudo-obstruction in only 2% of 310 patients. As previously 

described, other Kawasaki disease (KD) symptoms appeared in all cases after the intestinal ones, 

which may have led to diagnostic and therapeutic delays in some children. Suspected 

mechanisms include intestinal ischemia, secondary to bowel vessel vasculitis. Rapid 

degeneration of symptoms in all patients after intravenous immunoglobulin (IVIG) boosts this 

hypothesis. Pancreatitis, detected by higher lipase level in 7 patients, may also reflect vasculitis. 

Hypoalbuminemia was severe and may partially be attributed to exudative enteropathy. The 

recognition of an increased rate of patients originating from sub-Saharan Africa and the 

Caribbean islands is agreeable with findings reported by a valuable study, proposing either 

adverse social and living situations or genetic susceptibility. Kawasaki disease (KD) is scarcely 

reported in sub-Saharan Africa, but it may be more common than previously thought. In the 

United States of America, a 2.5-fold higher incidence was reported in children of Asian than of 

European ancestry with an intermediary 1.5-fold risk for children of African ancestry. Besides, 

African Americans have been disproportionately hit by the coronavirus disease 2019 (COVID-

19) pandemic, also presuming higher susceptibility to severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2) infection. Therefore, African countries where severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) epidemic has spread may encounter a 

possibly large number of Kawasaki disease (KD) in children, and intravenous immunoglobulin 

(IVIG) supply shortages should be expected in such settings. The absence of reported cases of 

Kawasaki disease (KD) associated with severe acute respiratory syndrome coronavirus-2 (SARS-

CoV-2) infection in Asian countries where the severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) epidemic started, and where the incidence of Kawasaki disease (KD) is the 

highest, is quite recognizable. Ethnic differences in the development of Kawasaki disease shock 

syndrome (KDSS) were previously reported, with a lower incidence rate in Asia than in Western 

countries. In conclusion this study documents an outbreak of Kawasaki disease (KD) in the Paris 

area and its association with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 

infection. Kawasaki disease (KD) patients reported in this study have features that differ from 

classic Kawasaki disease (KD): this form looks to be much more often among children of 
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African ancestry, with dominant acute gastrointestinal (GI) manifestations, hemodynamic 

instability and myocarditis.  

9. Multisystem Inflammatory Syndrome in Children    

 

 

 

In children, coronavirus disease 2019 (COVID-19) is usually mild. However, in scarce cases, 

children can be severely affected, and clinical manifestations can be different from adults. In 

April of 2020, reports arose from the United Kingdom of a presentation in children similar to 

incomplete Kawasaki disease (IKD) or toxic shock syndrome (TSS). It is important here to 

define toxic shock syndrome (TSS) as a condition caused by bacterial toxins. Symptoms may 

involve fever, rash, skin peeling, and low blood pressure. There may also be symptoms 

connected to the specific underlying infection such as mastitis, osteomyelitis, necrotising 

fasciitis, or pneumonia. Since then, there have been increasing reports of similarly affected 

Figure(54): Multiinflammatory syndrome in children [Bonnet D. (2020). Immunotherapy, steroids had 

positive outcomes in children with COVID-related multi-system inflammatory syndrome. Circulation 

Journal Report] 

https://en.wikipedia.org/wiki/Exotoxin
https://en.wikipedia.org/wiki/Fever
https://en.wikipedia.org/wiki/Rash
https://en.wikipedia.org/wiki/Skin_peeling
https://en.wikipedia.org/wiki/Low_blood_pressure
https://en.wikipedia.org/wiki/Mastitis
https://en.wikipedia.org/wiki/Osteomyelitis
https://en.wikipedia.org/wiki/Necrotising_fasciitis
https://en.wikipedia.org/wiki/Necrotising_fasciitis
https://en.wikipedia.org/wiki/Pneumonia
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children in other parts of the world. The syndrome has been termed multisystem inflammatory 

syndrome in children [MIS-C; also referred to as pediatric multisystem inflammatory syndrome 

(PMIS), pediatric inflammatory multisystem syndrome temporally associated with severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) (PIMS-TS), pediatric hyperinflammatory 

syndrome, or pediatric hyperinflammatory shock]. 

While the occurrence of multisystem inflammatory syndrome in children (MIS-C) is obscure, it 

seems to be a scarce complication of coronavirus disease 2019 (COVID-19) in children. The first 

reports of multisystem inflammatory syndrome in children (MIS-C) arose from the United 

Kingdom in April, 2020. Since then, there have been reports of similarly affected children in 

other parts of the world, involving Europe, Canada, and the United States. Many children with 

multisystem inflammatory syndrome in children (MIS-C) subtend criteria for complete or 

incomplete Kawasaki disease (KD). However, the epidemiology is different from that of classic 

Kawasaki disease (KD). Most multisystem inflammatory syndrome in children (MIS-C) cases 

have incident in older children and adolescents who were previously healthy. Black and Hispanic 

children may be disproportionally influenced. By contrast, classic Kawasaki disease (KD) 

primarily affects infants and young children and has an increased occurrence in East Asia and in 

children of Asian descent. The epidemiology of multisystem inflammatory syndrome in children 

(MIS-C) also differs from that of acute coronavirus disease 2019 (COVID-19) illness in children, 

which tends to be most severe in infants <1 year of age and in children with underlying health 

issues. The first report of multisystem inflammatory syndrome in children (MIS-C) was a series 

of eight children checked at a tertiary center in South East England. In three subsequent case 

series from the United Kingdom (n = 58), France and Switzerland (n = 35), and New York (n = 

33), the preponderance of children were previously healthy (88 percent in the United Kingdom 

series, 89 percent in the French series, and 79 percent 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). It is unclear if the risk of developing multisystem inflammatory syndrome in children 

(MIS-C) varies by race, though black and Hispanic children account for a disproportionally 

elevated number 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, 24 percent were 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 ancestry. Based on the patterns seen in the United Kingdom, New 

York, and Italy, there seems to be a lag of several weeks between the peak of coronavirus disease 

2019 (COVID-19) cases within communities to the peak of multisystem inflammatory syndrome 

in children (MIS-C) cases. For example, in London, the peak of coronavirus disease 2019 

(COVID-19) cases occurred in the first to second weeks of April, while the peak of multisystem 

inflammatory syndrome in children (MIS-C) cases occurred in the first to second week of May. 

This three- to four-week lag coincides with the timing of acquired immunity and supposes that 

multisystem inflammatory syndrome in children (MIS-C) may characterize a postinfectious 

complication of the virus rather than acute infection, at least in some children. 

It has been proposed that 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 syndrome (CRS).  

Many affected children have negative polymerase chain reaction (PCR) testing for severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) but have positive serology, a finding that 

further upholds the hypothesis that multisystem inflammatory syndrome in children (MIS-C) is 

connected to immune dysregulation happening after acute infection has passed. However, some 

children do have positive polymerase chain reaction (PCR) testing. In case series from the 

United Kingdom, New York, Italy, and France there were 142 children in whom both 

polymerase chain reaction (PCR) and serology were done. Of these, 63 percent had positive 

serology with negative polymerase chain reaction (PCR), 30 percent were positive on both tests, 

and 8 percent were negative on both tests. 

 In the available case reports, clinical presentations were similar, involving: persistent fevers 

(median duration four days) (100%), gastrointestinal (GI) symptoms (abdominal pain, vomiting, 

diarrhea) (60 to 100%), rash  (52 to 76%),conjunctivitis  (45 to 81%), mucous membrane 

involvement ( 29 to 76%), neurocognitive symptoms (headache, lethargy, confusion) (29 to 

58%), respiratory symptoms (21 to 65%),swollen hands/feet  (16%), sore throat (10%). 

Gastrointestinal (GI) symptoms (abdominal pain, vomiting, diarrhea) were especially common 

and notable, with some children mimicking appendicitis. Some children have been noted to have 

terminal ileitis on abdominal imaging and/or colitis on colonoscopy. It is important to determine 
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terminal ileitis as a chronic inflammatory disease of the intestine including only the end of the 

small intestine (the terminal ileum). In addition colitis is identified as a chronic digestive disease 

characterized by inflammation of the inner lining of the colon.  Infection, loss of blood supply in 

the colon, inflammatory bowel disease (IBD) and invasion of the colon wall with collagen or 

lymphocytic white blood cells are all possible causes of an inflamed colon. Many patients 

exhibited three to five days of fever, then continued to progress to vasodilatory/distributive 

shock. Distributive shock results from excessive vasodilation and the impaired distribution of 

blood flow. Septic shock is the most common form of distributive shock and is described by 

significant mortality (treated, around 30%; untreated, probably >80%).  Patients exhibiting fewer 

days of fever have been mentioned. Shock is frequently refractory to volume resuscitation, 

requiring vasopressors and, in scarce conditions, mechanical hemodynamic boost. Pulmonary 

involvement was not a distinguished character in most cases, though many children required 

supplemental oxygen or positive pressure ventilation for cardiovascular (CV) stabilization. 

Respiratory symptoms (tachypnea, labored breathing), when found, were most often due to 

severe shock. Cough was uncommon. 

 In the obtainable case reports, common clinical results involve: shock (50 to 80%),criteria met 

for complete Kawasaki disease (KD) (22 to 64 %), myocardial dysfunction [by echocardiogram 

or elevated troponin/brain natriuretic peptide (BNP)] (51 to 100%), acute respiratory failure 

(ARF), requiring noninvasive or invasive ventilation  (43 to 52%),  acute kidney injury (AKI)  

(most cases were mild) (22 to 70%), serositis (24 to 57%), and  acute (fulminant) hepatic failure 

(AHF)  (21%). 

It is increasingly becoming clear that there is a wide spectrum of disease severity in multisystem 

inflammatory syndrome in children (MIS-C). The initial case series largely reported the most 

severe end of the spectrum, developing to an increased reported incidence of shock, myocardial 

involvement, and respiratory failure. It is probably that as presumption of milder forms of 

multisystem inflammatory syndrome in children (MIS-C) hightens, the incidence of shock, left 

ventricular (LV) dysfunction, respiratory failure, and acute kidney injury will be lower. 

Evaluation should involve measurement of sequential inflammatory markers, including complete 

blood count (CBC)/differential, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR); 

https://www.medicinenet.com/crohns_disease/article.htm
http://emedicine.medscape.com/article/168402-overview
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coagulation parameters including Ddimer (DD) and ferritin; liver function markers; and a 

cytokine panel. Children should have antibody (Ab) testing in addition to polymerase chain 

reaction (PCR) testing for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), 

since many children are antibody (Ab)-positive even when polymerase chain reaction (PCR)-

negative. 

Laboratory abnormalities recognized in the obtained case series involve: first, abnormal blood 

cell counts [lymphocytopenia (80 to 95%),  neutrophilia  (80 to 90% ), mild anemia (70%), and  

thrombocytopenia (31 to 80%)] ; second,  elevated inflammatory markers, including: C-reactive 

protein (CRP) (90 to 100%), erythrocyte sedimentation rate (ESR) (80%),  D dimer (DD)  (80 to 

100%),  fibrinogen  (90 to 100%),  ferritin  (55 to 76%), procalcitonin (PCT) (80 to 95%), and  

interleukin-6 (IL-6) (80 to 100%); third, elevated cardiac markers including: troponin (Tn) (68 to 

95%),  brain natriuretic peptide (BNP) or N-terminal pro b-type natriuretic peptide (NT-proBNP) 

(78 to 100%);  fourth, hypoalbuminemia ( 73 to 95%); fifth, mildly elevated liver enzymes  (62 

to 70%); sixth, elevated lactate dehydrogenase (LDH) (56 to 60%);  seventh, 

hypertriglyceridemia (HTG) (70%). Laboratory markers of inflammation seem to associate with 

severity of disease. For example, in one series, children who suffered from shock had higher C-

reactive protein (CRP) levels (mean 32.1 versus 17.6 mg/dL), higher neutrophil counts (16 

versus 10.8 x109/L), lower lymphocyte counts (0.7 versus 1.3 x109/L), and lower serum albumin 

(alb) levels (2.2 versus 2.7 g/dL) in comparison with children without shock. In addition, 

children with shock more commonly had higher cardiac markers. 

Findings on diagnostic imaging may involve: 

1-Echocardiography: children with this syndrome should have serial echocardiograms 

comprising particular evaluation of the coronary arteries (CAs). Many to date have been found to 

have low heart function, and some have enlargement of the coronary arteries (CAs). Children 

with serious cardiac complications should be followed longer-term. Echocardiographic findings 

may involve depressed left ventricular (LV) function and coronary artery (CA) abnormalities 

(including dilation or aneurysm), mitral valve regurgitation, and pericardial effusion. The 

frequency of cardiac involvement in multisystem inflammatory syndrome in children (MIS-C) is 

uncertain. In the initial reports, approximately 50 to 60 percent of patients had depressed left 

ventricular (LV) function and approximately 20 to 50 percent had coronary artery (CA) 
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abnormalities. However, most of the children in the early reports were severely affected, and 

these evaluations may not reflect the risk in the wide population. In subsequent reports that 

involved children with milder cases of multisystem inflammatory syndrome in children (MIS-C), 

the risk of cardiac involvement looks to be recognizably lower than the initial reports. In one 

series of 58 hospitalized children, of whom only a subset required intensive care, depressed left 

ventricular (LV) function was seen in 31 percent of cases and coronary artery (CA) abnormalities 

were detected in only 14 percent. 

2-Chest radiograph: many patients had normal chest radiographs. Abnormal findings involved 

small pleural effusions, patchy consolidations, focal consolidation, and atelectasis. It is important 

to mention small pleural effusions refer to the build-up of excess fluid between the layers of 

the pleura outside the lungs. The pleura are thin membranes that line the lungs and the inside of 

the chest cavity and act to lubricate and facilitate breathing. In addition, a 

pulmonary consolidation is a region of normally compressible lung tissue 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 incomplete inflation of the lung. 

3-Computed tomography (CT) of chest : chest computed tomography (CT) (when obtained) 

generally had findings similar to those on chest radiograph. A few patients had nodular ground-

glass opacification. Ground-glass opacification/opacity (GGO) 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 or computed tomography (CT) 

included free fluid, ascites (i.e.,the accumulation of fluid in the peritoneal cavity, causing 

abdominal swelling), and bowel and mesenteric inflammation including terminal ileitis, 

mesenteric adenopathy/adenitis (inflammation and swelling in the lymph nodes inside the 

abdomen), and pericholecystic edema. 

Patients with multisystem inflammatory syndrome in children (MIS-C) are at risk of undergoing 

thrombotic complications. For example, patients with severe left ventricular (LV) systolic 

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 thromboembolism (VTE), involving 

pulmonary embolus, due to hypercoagulability related to coronavirus disease 2019 (COVID-19).  

As more is learned about coronavirus disease 2019 (COVID-19) and multisystem inflammatory 

syndrome in children (MIS-C), it is becoming apparent that the spectrum of disease ranges from 

mild to severe. The understanding of the full spectrum, including subphenotypes, is evolving:  

1-Coronavirus disease 2019 (COVID-19) without an exaggerated immune response: in most 

children, coronavirus disease 2019 (COVID-19) causes no or only mild symptoms.  

2-Coronavirus disease 2019 (COVID-19)-associated febrile inflammatory state: some children 

may exhibit persistent fevers and mild symptoms (e.g., headache, fatigue). Inflammatory markers 

(especially ferritin) may be elevated, but signs of multisystem involvement are lacking. 

3-Coronavirus disease 2019 (COVID-19)-associated Kawasaki disease (KD):  some children 

meet criteria for complete or incomplete Kawasaki disease (KD) and do not develop shock and 

multisystem involvement. It is unclear if the incidence of coronary artery (CA) aneurysms is 

elevated in coronavirus disease 2019 (COVID-19)-associated Kawasaki disease (KD) in 

comparison with classic Kawasaki disease (KD). Coronary aneurysms are abnormal dilations of 

the coronary arteries. This can occur as post-stenotic dilation during ahteroslcerotic coronary 

disease or can occur as a part of a vasculitis. Kawasaki's disease during childhood can lead 

to coronary aneurysms in adulthood causing ischemic heart disease and angina. 

4-coronavirus disease 2019 (COVID-19)-associated multisystem inflammatory syndrome in 

children (MIS-C): children with multisystem inflammatory syndrome in children (MIS-C) have a 

more severe presentation, with markedly elevated inflammatory markers and multisystem 

involvement. Cardiac involvement and shock are common.  

All patients with suspected multisystem inflammatory syndrome in children (MIS-C) should be 

examined for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), comprising both 

serology and reverse transcription polymerase chain reaction (RT-PCR) on a nasopharyngeal 

swab. Most affected children have positive serology with negative polymerase chain reaction 

(PCR), though some have positive polymerase chain reactions (PCRs).  

In addition to troponin (Tn) and brain natriuretic peptide/ N-terminal (NT)-pro hormone brain 

natriuretic peptide (BNP/NT-pro-BNP) levels, the cardiac evaluation of a patient with suspected 

multisystem inflammatory syndrome in children (MIS-C) includes a 12-lead electrocardiogram 
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(ECG) and echocardiography. Echocardiography is also recommended for children with 

documented severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) who do not meet 

all criteria for multisystem inflammatory syndrome in children (MIS-C) but who have either 

shock or features consistent with incomplete or complete Kawasaki disease (KD). 

Children and adolescents with mild coronavirus disease 2019 (COVID-19) without signs of 

systemic inflammation are unlikely to have coronary artery (CA) changes or myocarditis. In such 

children, echocardiography is generally not necessary but may be taken into account if there are 

particular clinical interests. 

In children with multisystem inflammatory syndrome in children (MIS-C), baseline 

electrocardiograms (ECGs) may be nonspecific, though arrhythmia and heart block have been 

illustrated. Findings on initial echocardiography may involve coronary artery (CA) dilation, left 

ventricular (LV) systolic dysfunction, and pericardial effusion. The coronary artery (CA) 

abnormalities can develop to aneurysm, involving giant coronary aneurysms. 

A study performed by Whittaker et al. (2020) showed that fifty -eight children (median age, 9 

years) were identified who met the criteria for multisystem inflammatory syndrome in children 

(MIS-C) infection. In total, 45 of 58 patients (78%) had evidence of current or prior severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) illness. All children exhibited fever and 

nonspecific symptoms, involving vomiting [26/58 (45%)], abdominal pain [31/58 (53%)], and 

diarrhea [30/58 (52%)]. Rash existed in 30 of 58 (52%), and conjunctival injection in 26 of 58 

(45%) cases. Laboratory evaluation was consistent with notable 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 without characteristics of shock or Kawasaki disease 

(KD). Eight patients (14%) experienced coronary artery (CA) dilatation or aneurysm. 

Comparison of multisystem inflammatory syndrome in children (MIS-C) with Kawasaki disease 

(KD) and with Kawasaki disease shock syndrome (KDSS) showed differences in 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 such as C-reactive protein (CRP) 

(median, 229 mg/L vs 67 mg/L  and 193 mg/L, respectively).  
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From March through May 2020, during the coronavirus disease 2019 (COVID-19) pandemic, 

pediatricians in the United Kingdom and elsewhere noted hospitalizations of children who 

developed fever and multisystem inflammation. Some of these children were critically ill 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 

evidence presumed the development of multisystem inflammatory syndrome in children (MIS-

C). In this case series of 58 hospitalized children who met wide definitions for childhood 

multisystem inflammatory disorders recently proposed in the United Kingdom, United States, or 

by the World Health Organization (WHO), 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 patients from cohorts with Kawasaki disease (KD), Kawasaki disease shock 

syndrome (KDSS), and toxic shock syndrome (TSS) provides additional insights into this 

syndrome, and suggests that multisystem inflammatory syndrome in children (MIS-C) differs 

from these pediatric inflammatory entities. In addition, there provisionally appears to be 3 

patterns of disease among children hospitalized with multisystem inflammatory syndrome in 

children (MIS-C). One group of children had persistent fever and higher concentrations of 

inflammatory markers, but without characteristics of Kawasaki disease (KD), shock, or organ 

failure. A second group achieved the diagnostic criteria for Kawasaki disease (KD). A third 

group had shock and clinical, echocardiographic, and laboratory evidence of myocardial injury. 

Cases of multisystem inflammatory syndrome in children (MIS-C) generally occurred in children 

older than those with Kawasaki disease (KD) and Kawasaki disease shock syndrome (KDSS), 

and with different laboratory characteristics. When multisystem inflammatory syndrome in 

children (MIS-C) cases with coronary artery (CA) aneurysms were compared with pre-

coronavirus disease 2019 (COVID-19) Kawasaki disease (KD)  cases that progressed coronary 

artery (CA) aneurysms, children with multisystem inflammatory syndrome in children (MIS-C) 

tended to be older, have more intense inflammation, and have elevated concentrations of markers 

of cardiac injury, supposing that these are 2 separate entities and that management for 

multisystem inflammatory syndrome in children (MIS-C) may need to be different than that for 

Kawasaki disease (KD). Various biomarkers, including C-reactive protein (CRP), ferritin, 

troponin (Tn), and N-terminal pro-B-type natriuretic peptide (NT-proBNP) concentrations may 
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be beneficial in assuming development of disease. However, comparison of children with 

multisystem inflammatory syndrome in children (MIS-C) who underwent coronary artery 

dilatation or aneurysms with those who did not failed to identify any differences in clinical or 

laboratory markers. Of particular interest was the finding that coronary artery (CA) aneurysms 

were found in a subset of all 3 groups of multisystem inflammatory syndrome in children (MIS-

C). The lack of association either between the concentrations of inflammation in these groups or 

markers of cardiac injury and progress of coronary artery (CA) aneurysms supposes that the 

coronary changes are not solely a consequence of severity of inflammation. Children with 

Kawasaki disease (KD) require coronary 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 sequential follow-up at 2 

and 6 weeks. The elevated N-terminal pro-B-type natriuretic peptide (NT-proBNP) and troponin 

(Tn) concentrations raise interest as to myocardial cell injury, and follow-up of cardiac function 

as well echocardiographic studies to detect coronary artery (CA) aneurysms are warranted across 

the spectrum of multisystem inflammatory syndrome in children (MIS-C) in both the acute and 

convalescent phases. Patients were managed with a range of immunomodulatory medications, 

according to local practice. This study also cannot address the mechanisms underlying 

multisystem inflammatory syndrome in children (MIS-C). 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 antibody against severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2), raises the possibility that the disorder may involve an aberrant 

development of acquired immunity. There is evidence from severe acute respiratory syndrome 

coronavirus-1 (SARS-CoV-1) that antibodies (Abs) place disease either through antibody 

enhancement of viral entry or replication as has been seen in dengue11 or through promoting of a 

host inflammatory response either through formation of immune complexes or direct antitissue 

or cellular activation. Antispike antibodies against severe acute respiratory syndrome 

coronavirus-1 (SARS-CoV-1) have been observed to set inflammation in primates and in human 

macrophages (Mū) and it is therefore possible that as antibodies develop against severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2) they may induce an inflammatory process 

through a similar mechanism. Although this study has shown that multisystem inflammatory 

syndrome in children (MIS-C) has differences from pre-coronavirus disease 2019 (COVID-19) 
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Kawasaki disease (KD), the similarity in clinical characteristics in some cases and progression of 

coronary artery (CA) aneurysms in both disorders may offer clues to the 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 study, most patients with multisystem inflammatory 

syndrome in children (MIS-C) were managed with intravenous immunoglobulin (IVIG) and/or 

corticosteroids (CSs), and fewer patients received a range of other immunomodulating agents. In 

view of the excessively elevated C-reactive protein (CRP) concentrations, interleukin-6 (IL-6) 

may be included in the myocardial depression. Finally, authors concluded that in this case series 

of hospitalized children who met criteria for multisystem inflammatory syndrome in children 

(MIS-C), there was a broad spectrum of presenting signs and symptoms and disease severity, 

ranging from fever and inflammation to myocardial injury, shock, and progression of coronary 

artery (CA) aneurysms. The comparison with patients with Kawasaki disease (KD) and 

Kawasaki disease shock syndrome (KDSS) offers views into this syndrome, and proposes this 

disorder differs from other pediatric inflammatory entities. 

Multisystem inflammatory syndrome in children (MIS-C) can present with signs and symptoms 

that mimic those of septic shock and toxic shock syndrome (TSS). Thus, patients exhibiting 

severe multisystem involvement, especially those with shock, should receive prompt empiric 

broad-spectrum antibiotic therapy pending culture results. An adequate empiric regimen consists 

of ceftriaxone (CE) plus vancomycin (VA). Ceftaroline (CFT) plus piperacillin-tazobactam (PIP-

TAZ) is an alternative regimen, especially for children with acute kidney injury 

(AKI).  Clindamycin (CL) is added if there are characteristics consistent with toxin-mediated 

illness (e.g., erythroderma). Antibiotics should be discontinued once bacterial infection has been 

excluded if the child's clinical condition has stabilized.  

The role of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2)  antiviral therapies 

(e.g., remdesivir) in the management of multisystem inflammatory syndrome in children (MIS-

C) is obscure. Many patients are polymerase chain reaction (PCR)-negative for severe acute 

respiratory syndrome coronavirus-2 (SARS-CoV-2), and multisystem inflammatory syndrome in 

children (MIS-C) likely represents a postinfectious 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, antiviral remedy may have probably to impact the disease process in 

some, but not all, patients. Use of antiviral agents is generally restricted to children with severe 

multisystem inflammatory syndrome in children (MIS-C) manifestations. Additional therapy 

depends on the clinical presentation. These presentations can intervene, and it may be suitable to 

offer interventions from more than one category. For example, patients presenting with 

Kawasaki disease (KD) with associated distributive shock should receive management for 

Kawasaki disease (KD) [i.e., intravenous immunoglobulin (IVIG) and aspirin (or acetylsalicylic 

acid (ASA)] and appropriate hemodynamic support [i.e., volume expansion and 

epinephrine(EP)]. Children presenting with shock should be recovered according to 

standard protocols. In the available case series, most children with multisystem inflammatory 

syndrome in children (MIS-C) experienced vasodilatory shock that was refractory to volume 

expansion. Epinephrine (EP) or norepinephrine (NE) are the preferred vasoactive agents for the 

treatment of fluid-refractory shock in children; epinephrine (EP) is favored when there is 

evidence of ventricular dysfunction. In children presenting with severe ventricular dysfunction, 

the addition of milrinone (MIL)  may be helpful. Patients who meet criteria for incomplete or 

complete Kawasaki disease (KD) should be administered standard remedies for Kawasaki 

disease (KD), involving intravenous immunoglobulin (IVIG), aspirin, and, if there are persistent 

signs of inflammation or coronary artery (CA) dilation/aneurysm, glucocorticoids (GCs). During 

the acute inflammatory phase (beginning within seconds to minutes following injury to tissues, 

characterized by  redness, heat, swelling, and pain) of disease, children with myocardial 

dysfunction may experience arrhythmias and hemodynamic compromise. Serial 

echocardiographic assessment of cardiac function and monitoring of brain natriuretic peptide 

(BNP) and troponin (Tn) levels can help guide therapy. Management focuses on supportive care 

to maintain hemodynamic stability and ensure adequate systemic perfusion. Intravenous 

immunoglobulin (IVIG) is frequently administered in severe cases when the clinical picture is 

consistent with myocarditis, though conclusive evidence of benefit is lacking. Continuous 

cardiac monitoring is crucial so that arrhythmias are immediately detected and managed. Patients 

with considerable ventricular dysfunction are managed with intravenous (IV) diuretics and 

inotropic agents, such as milrinone (MIL), dopamine (DA), and dobutamine (DOB). In cases of 

fulminant disease, mechanical hemodynamic boost 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 antithrombotic 

therapy, which, at a minimum, includes low-dose aspirin. Additional antiplatelet and/or 

anticoagulant therapy may be warranted in select patients, depending on the degree of coronary 

artery (CA) dilation. Systemic anticoagulation may be adequate for patients with moderate to 

severe left ventricular (LV) dysfunction. In patients without Kawasaki disease (KD) or 

considerable left ventricular (LV) dysfunction, the decision to initiate therapy for prevention of 

venous thromboembolism (VTE) is individualized. The diagnosis of coronavirus disease 2019 

(COVID-19)-related multisystem inflammatory syndrome in children (MIS-C)  itself should be 

regarded a major risk factor for venous thromboembolism (VTE). Venous thromboembolism 

(VTE) prophylaxis is generally adequate for older children and adolescents hospitalized with 

moderate to severe multisystem inflammatory syndrome in children (MIS-C), provided that 

bleeding risk is low. In infants and young children, the decision is made on a case-by-case basis, 

weighing other venous thromboembolism (VTE) risk factors and the patient's bleeding risk. 

When venous thromboembolism (VTE) prophylaxis is used, low molecular 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 multisystem inflammatory syndrome in 

children (MIS-C)-related coagulopathy may worth a higher level of intervention. The benefits 

and risks of adjunctive therapies [glucocorticoids (GCs), interleukin-1 (IL-1) inhibitors 

(e.g., anakinra, canakinumab), interleukin-6 (IL-6) inhibitors (e.g., tocilizumab), convalescent 

plasma from recovered coronavirus disease 2019 (COVID-19) patients] are obscure. 

Consultation with pediatric infectious disease and rheumatology specialists is advised. Decisions 

about the use of adjunctive therapies depend on a case-by-case basis, according to disease 

severity and markers of inflammation or active severe acute respiratory syndrome coronavirus-2 

(SARS-CoV-2) infection. Glucocorticoids (GCs) are adequate for patients with characteristics of 

Kawasaki disease (KD) who have persistent fever after intravenous immunoglobulin (IVIG) or 

coronary artery (CA) dilation/aneurysm. In addition, glucocorticoids (GCs) can be described for 

patients with cytokine release syndrome (CRS). Cytokine release syndrome (CRS), also called 

cytokine storm, is characterized by persistent fever, markedly elevated inflammatory markers 

(e.g., C-reactive protein (CRP), D-dimer (DD), ferritin) and elevated proinflammatory cytokines 

[e.g., interleukin-6 (IL-6)]. Anakinra (ANA), canakinumab (INN), and tocilizumab (TOC) are 
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alternative options for management of cytokine release syndrome (CRS) in patients who cannot 

receive glucocorticoids (GCs) and those who are refractory to glucocorticoids (GCs). Such 

decisions should be made under the direction of a pediatric rheumatologist and should occur in 

the context of a clinical trial whenever possible.  
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10.Respiratory Manifestations  

10.1Pneumonia 

 

 

 

 

 

 

 

 

 

 

 

 

        

 

 
Figure(55): Pneumonia types (www.google.com) 
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Figure(56): Pneumonia symptoms (www.google.com) 

Figure(57):Pneumonia (www.google.com) 
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Pneumonia has been defined as an infection of the lung parenchyma. Rather than looking at it as 

a single disease, health care professionals must mind that pneumonia is an umbrella term for a 

group of syndromes resulted from a variety of organisms leading to varied manifestations and 

sequelae. There have been many endeavors to classify pneumonia depended on the etiology, 

clinical setting in which the apparent acquired the infection, and the type of involvement of lung 

parenchyma, among other classifications. Lobar pneumonia affects one or more sections (lobes) 

of the lungs. Bronchial pneumonia (also called bronchopneumonia) affects patches throughout 

both lungs. Community-acquired Pneumonia (CAP) is any pneumonia acquired outside of a 

hospital in a community environment. Hospital-acquired pneumonia (HAP) is any pneumonia 

acquired 48 hours after being admitted in an inpatient status such as a hospital and not incubating 

at the time of admission is considered as hospital-acquired pneumonia (HAP). Now all 

pneumonia acquired in the status of assisted-living facili ties, rehabilitation facilities, and other 

healthcare facilities have been involved under community-acquired pneumonia, and a hospital 

environment is requisite for classifying pneumonia as hospital-acquired pneumonia (HAP). 

Ventilator associated pneumonia (VAP) is any pneumonia acquired 48 hours after endotracheal 

intubation is described as ventilator associated pneumonia (VAP). These categories have aided 

confirm the common organisms responsible for each type of pneumonia and assisted to 

Figure(58): Healthy alveolus versus Unhealthy alveolus in pneumonia [Lashkari C.; Thomas L. (2019). 

Is walking pneumonia contagious?. News. Medical Life Sciences] 


