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1) Understanding of Epidemiology and clinical presentation

2) Understand the Overall Pathogenesis of COVID-19
• ACE2 Receptor and its role in COVID-19

3)      Understand the  Immune Response to SARS CoV-2( COVID-19)

4) Understand the Coagulopathy in COVID-19

5)      Update on COVID-19 SCD Cases 

(~30 more slides added for teaching)

Learning Objectives
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Understanding of  Epidemiology and clinical 
presentation

May 19, 2020



• Enveloped; single stranded, + sense RNA

What is coronavirus?

http://web.stanford.edu/group/virus
/1999/mhsiang/corona.htmly

https://www.nejm.org/doi/full/10.1056/NEJMp030078

http://web.stanford.edu/group/virus/1999/mhsiang/corona.htmly
https://www.nejm.org/doi/full/10.1056/NEJMp030078
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Coronaviruses have a long history of zoonotic transmission

Many of these viruses have now become endemic, but were once probably pandemic

Source: Timothy Sheahan, UNC (reprinted from Wall Street Journal, March 11, 2020)



• Emerging strains
‒ SARS-CoV
‒ Emerged 2002 in Guangdong Province, China
‒ Zoonosis- bats → civets → humans  
‒ Pandemic <1 year
‒ >8000 cases, 900 deaths (~11% CF rate)  

‒ MERS-CoV
‒ Emerged 2012 in Saudi Arabia
‒ Zoonosis- ? → camels → humans
‒ Ongoing regional epidemic
‒ ~2500 cases, >850 deaths (~34% CF rate)

Other Coronaviruses



COVID-19 
• Coronavirus disease 2019 (COVID-19) is defined as illness caused by a novel 

coronavirus now called severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2; formerly called 2019-nCoV) 

• 1st identified amid an outbreak of respiratory illness cases in Wuhan City, Hubei 
Province, China.

• It was initially reported to the WHO on December 31, 2019. On January 30, 2020, 
the WHO declared the COVID-19 outbreak a global health emergency.

• On March 11, 2020, the WHO declared COVID-19 a global pandemic, its first such 
designation since declaring H1N1 influenza a pandemic in 2009.

• CASE Fatality Rate 1-5%( changing daily; most recently 1-2%)
Source: emedicine Medscape; WHO/  US CDC
2019 Novel Coronavirus, Wuhan, China. CDC. Available at https://www.cdc.gov/coronavirus/2019-ncov/about/index.html. WHO Director-
General's remarks at the media briefing on 2019-nCoV on 11 February 2020. at https://www.who.int/dg/speeches/detail/who-director-
general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020. February 11, 2020; Accessed: February 13, 2020.
Estimates of the severity of coronavirus disease 2019: a model-based analysisVerity, Robert et al.The Lancet Infectious Diseases,  Mar 30, 
2020 online

https://www.cdc.gov/coronavirus/2019-ncov/about/index.html
https://www.who.int/dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020


The SARS pandemic that occurred in 2002 originated in the Guangdong Province 
in southern China. According to the World Health Organization (WHO), 

The CoV responsible for this disease, SARS-CoV, spread rapidly through 29 
countries in Southeast Asia where it resulted in 8096 confirmed cases of SARS, 
with 774 of these individuals dying. Today’s pandemic has surpassed these 
numbers. 

The WHO has estimated that to date, over 110,000 individuals in over 100 
countries have been diagnosed with COVID-19, with over 4,000 of these 
individuals dying.

The rapid spread of this respiratory illness has resulted in a coordinated 
international effort to quickly characterize the etiology agent in order to develop 
potential vaccines and/or therapeutic agents that specifically target the virus or 
host cell components necessary for viral replication.

COVID-19 

Source: emedicine Medscape; WHO/  US CDC
2019 Novel Coronavirus, Wuhan, China. CDC. Available at https://www.cdc.gov/coronavirus/2019-ncov/about/index.html. WHO 
Director-General's remarks at the media briefing on 2019-nCoV on 11 February 2020. 
at https://www.who.int/dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-
february-2020. February 11, 2020; Accessed: February 13, 2020.

https://www.who.int/csr/sars/country/table2004_04_21/en/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://nextstrain.org/ncov
https://www.cdc.gov/coronavirus/2019-ncov/about/index.html
https://www.who.int/dg/speeches/detail/who-director-general-s-remarks-at-the-media-briefing-on-2019-ncov-on-11-february-2020


COVID-19  and SARS-CoV2: What’s the Difference?

• The Illness caused by SARS-CoV-2 was recently termed COVID-
19 by the WHO, the new acronym derived from "coronavirus 
disease 2019.”

• Disease

• coronavirus disease

• (COVID-19)
•

Virus
• severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2)
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Personal Hygiene
Take Steps to Protect Yourself

• Clean your hands often

- Wash your hands often with soap and water for at least 
20 seconds especially after you have been in a public 
place, or after blowing your nose, coughing, or 
sneezing.

- If soap and water are not readily available, use a hand 
sanitizer that contains at least 60% alcohol. Cover all 
surfaces of your hands and rub them together until they 
feel dry.

- Avoid touching your eyes, nose, and mouth with 
unwashed hands.

• Avoid close contact

- Avoid close contact with people who are sick

- Put distance between yourself and other people if 
COVID-19 is spreading in your community. This is 
especially important for people who are at higher risk of 
getting very sick.

Take Steps to Protect Others

• Stay home if you are sick

• Cover coughs and sneezes

• Wear a facemask if you are sick

• Clean and disinfect frequently touched surfaces

Source: Center for Disease Control (CDC)



COVID
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https://www.cdc.gov/coronavirus/2019-ncov/index.html

https://www.cdc.gov/coronavirus/2019-ncov/index.html


COVID-19

15https://www.cdc.gov/coronavirus/2019-ncov/index.html

https://www.cdc.gov/coronavirus/2019-ncov/index.html


COVID-19
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https://www.cdc.gov/coronavirus/2019-ncov/index.html

https://www.cdc.gov/coronavirus/2019-ncov/index.html
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Flattening the Curve

• We know that social distancing is an 
effective way to mitigate the spread of a 
virus.

• Goal of staying home is that it reduces the 
number of people physically working, 
socializing together, which further protects 
those who are required to be onsite at a 
hospital or on a manufacturing line to 
perform their work. 

• Together we can flatten the curve

Measures which slow the peak (1) and  “flatten the curve” (2) will 
delay and spread out the pressure on essential healthcare function 
and supply chains. [3]

Source: Center for Disease Control (CDC)
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Social Distancing

• Social distancing is deliberately increasing the 
physical space between people to avoid spreading 
illness. Staying at least six feet away from other 
people lessens your chances of catching COVID-19

• Other examples of social distancing that allow you 
to avoid larger crowds or crowded spaces are:

- Working from home instead of at the office

- Closing schools or switching to online classes

- Worshipping with your congregation virtually on 
line

- Visiting loved ones by electronic devices instead 
of in person

- Cancelling or postponing conferences and large 
meetings

Source: John Hopkins Medicine



COVID-19 Testing PCR 

What Is the PCR Test for COVID-19 Infection?

• Samples are taken from places likely to have the virus that causes COVID-19, 
like the back of the nose or mouth or deep inside the lungs.

• After a sample is collected, RNA, which is part of the virus particle, is 
extracted and converted to complementary DNA for testing. The PCR test 
involves binding sequences on the DNA that only are found in the virus and 
repeatedly copying everything in between.

• This process is repeated many times, with doubling of the target region with 
each cycle. 

Testing Individuals for Coronavirus Disease 2019 (COVID-19)
Joseph Hadaya, MD1; Max Schumm, MD1; Edward H. Livingston, MD1,2

Author Affiliations Article Information
JAMA. Published online April 1, 2020. doi:10.1001/jama.2020.5388

https://jamanetwork.com/searchresults%3Fauthor=Joseph+Hadaya&q=Joseph+Hadaya
https://jamanetwork.com/searchresults%3Fauthor=Max+Schumm&q=Max+Schumm
https://jamanetwork.com/searchresults%3Fauthor=Edward+H.+Livingston&q=Edward+H.+Livingston
https://jamanetwork.com/journals/jama/fullarticle/2764238


COVID-19 Testing PCR 

Testing Individuals for Coronavirus Disease 2019 (COVID-19)
Joseph Hadaya, MD1; Max Schumm, MD1; Edward H. Livingston, MD1,2

Author Affiliations Article Information
JAMA. Published online April 1, 2020. doi:10.1001/jama.2020.5388

https://jamanetwork.com/searchresults%3Fauthor=Joseph+Hadaya&q=Joseph+Hadaya
https://jamanetwork.com/searchresults%3Fauthor=Max+Schumm&q=Max+Schumm
https://jamanetwork.com/searchresults%3Fauthor=Edward+H.+Livingston&q=Edward+H.+Livingston
https://jamanetwork.com/journals/jama/fullarticle/2764238


COVID-19  Clinical Presentation

• COVID-19 have ranged from asymptomatic/mild symptoms to 
severe illness and mortality.

• Symptoms may develop 2 days to 2 weeks following exposure 
to the virus.

• A pooled analysis of 181 confirmed cases of COVID-19 outside 
Wuhan, China, found the mean incubation period to be 5.1 
days and that 97.5% of individuals who developed symptoms 
did so within 11.5 days of infection.



• Incubation period ~4-7 days
‒ Mean: 5.2 days (Li et al. 2020. NEJM)

• S&S
‒ Fever and cough frequent early in illness (Wang et al. 2020. JMV)
‒ LRT findings (dyspnea, SOB, +CXR) ~1wk from onset (Chaolin. 

2020. Lancet)

• M&M
‒ adult patients with SARS-CoV-2 pneumonia admitted to ICU: 

mean age, 59.7y; 40% had chronic illness. 61.5% patients died at 
28 days Lancet Respir Med. 2020 Feb 24. pii: S2213-
2600(20)30079-5

SARS-CoV-2 Clinical Significance

https://www.ncbi.nlm.nih.gov/pubmed/32105632


COVID-19 Clinical Presentation 

Wu and McGoogan reported that, among 72,314 COVID-19 
cases reported to the Chinese Center for disease Control and 
Prevention (CCDC):

• 81% were mild (absent or mild pneumonia),
• 14% were severe (hypoxia, dyspnea,
• >50% lung involvement within 24-48 hours), 
• 5% were critical (shock, respiratory failure, multiorgan 

dysfunction)
• 2.3% were fatal



COVID-19 Clinical Presentation 

Wu and McGoogan reported that, among 72,314 COVID-19 cases 
reported to the Chinese Center for disease Control and Prevention 
(CCDC):

Cough and shortness of breath or difficulty breathing plus at 
least two of the following symptoms may indicate COVID-19:

•Fever
•Chills
•Repeated shaking with chills
•Muscle pain
•Headache
•Sore throat
•New loss of taste or smell



COVID-19 Clinical Presentation  II

Wu and McGoogan reported that, among 72,314 COVID-19 cases 
reported to the Chinese Center for disease Control and Prevention 
(CCDC)

Other reported symptoms have included the following:
Fatigue
Sputum production
Diarrhea
Malaise
Respiratory distress



COVID-19 Clinical Presentation  III

• The most common serious manifestation of COVID-19 appears to be 
pneumonia.

• A complete or partial loss of the sense of smell (anosmia) has been 
reported as a potential history finding in patients eventually diagnosed 
with COVID-19.

• A phone survey of outpatients with mildly symptomatic COVID-19 found 
that 64.4% (130 of 202) reported any altered sense of smell or taste.

• Symptoms in children with infection appear to be uncommon, although 
some children with severe COVID-19 have been reported.



DA Berlin et al. N Engl J Med 2020. DOI: 10.1056/NEJMcp2009575

Timeline of Symptoms of Severe Coronavirus Disease 2019 
(Covid-19).



RT Gandhi et al. N Engl J Med 2020. DOI: 10.1056/NEJMcp2009249

SARS-CoV-2 Transmission According to Stage of Infection.



RT Gandhi et al. N Engl J Med 2020. DOI: 10.1056/NEJMcp2009249

Established and Potential Risk Factors for Severe Covid-19.*

DA Berlin et al. N Engl J Med 2020. DOI: 10.1056/NEJMcp2009575



DA Berlin et al. N Engl J Med 2020. DOI: 10.1056/NEJMcp2009575

Radiographic and Ultrasonographic Findings of Severe Covid

Chest radiography (Panel 
A) shows bilateral ground-
glass opacities and 
consolidations. Computed 
tomography (CT) of the 
chest (Panel B) shows 
bilateral ground-glass 
opacities. Thoracic 
ultrasonography (Panel C) 
shows B lines (arrow); this 
image is courtesy of Dr. 
Christopher Parkhurst. CT 
of the head (Panel D) 
shows left-greater-than-
right cerebral infarcts 
(arrow).



Understand the  Overall Pathogenesis of COVID-19:
ACE2 Receptor and its role in COVID-19



Targeting of ACE2 by SARS-CoV-2 results in angiotensin dysregulation, innate and adaptive 
immune pathway activation, and hypercoagulation to result in organ injury and AKI associated 

with COVID-19. 

Daniel Batlle et al. JASN doi:10.1681/ASN.2020040419

©2020 by American Society of Nephrology



• The pathophysiology of SARS-CoV-2 infection closely resembles that of SARS-CoV
infection, with aggressive inflammatory responses strongly implicated in the 
resulting damage to the airways

• Therefore, disease severity in patients is due to not only the viral infection but also 
the host response. 

• The pattern of increasing severity with age is also broadly consistent with the 
epidemiology of SARS-CoV and MERS-CoV

SARS-CoV-2.  Pathogenesis

Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and intervention. Nat Rev 
Immunol (2020).



SARS-CoV-2.  Pathogenesis

• Like the other respiratory coronaviruses, SARS-CoV-2 is transmitted primarily via 
respiratory droplets, with a possible, but unproven, faecal–oral transmission route.

• On infection, the median incubation period is approximately 4–5 days before 
symptom onset with 97.5% of symptomatic patients developing symptoms within 
11.5 days.

• At the point of hospital admission, patients with COVID-19 typically exhibit a fever 
and dry cough; less commonly, patients also experience difficulty in breathing, 
muscle and/or joint pain, headache/dizziness, diarrhoea, nausea and the coughing 
up of blood

• Within 5–6 days of symptom onset, SARS-CoV-2 viral load reaches its peak —
significantly earlier than that of the related SARS-CoV, where viral load peaks at 
about 10 days after symptom onset

• Severe COVID-19 cases progress to acute respiratory distress syndrome
Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and intervention. Nat Rev 
Immunol (2020).



Shown is the initial entry of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) into cells, primarily type 
II pneumocytes, after binding to its functional receptor, angiotensin-converting enzyme 2 (ACE2). After endocytosis 
of the viral complex, surface ACE2 is further down-regulated, resulting in unopposed angiotensin II accumulation. 
Local activation of the renin–angiotensin–aldosterone system may mediate lung injury responses to viral insults. 
ACE denotes angiotensin-converting enzyme, and ARB angiotensin-receptor blocker.



Junyi Guo. Journal of the American Heart Association. Coronavirus 
Disease 2019 (COVID-19) and Cardiovascular Disease: A Viewpoint 
on the Potential Influence of Angiotensin-Converting Enzyme 
Inhibitors/Angiotensin Receptor Blockers on Onset and Severity of 
Severe Acute Respiratory Syndrome Coronavirus 2 Infection, Volume: 
9, Issue: 7, DOI: (10.1161/JAHA.120.016219) 

Copyright © 2020 The Authors. Published on behalf of the 
American Heart Association, Inc., by Wiley Blackwell



Daniel Batlle et al. JASN doi:10.1681/ASN.2020040419

KEY POINTS RELATED TO THE INTERPLAY BETWEEN COVID-19 AND THE RENIN–
ANGIOTENSIN–ALDOSTERONE SYSTEM

• ACE2, an enzyme that physiologically counters RAAS activation, is the functional 
receptor to SARS-CoV-2, the virus responsible for the Covid-19 pandemic

• Select preclinical studies have suggested that RAAS inhibitors may increase ACE2 
expression, raising concerns regarding their safety in patients with Covid-19
• Insufficient data are available to determine whether these observations readily 
translate to humans, and no studies have evaluated the effects of RAAS inhibitors in 
Covid-19
• Clinical trials are under way to test the safety and efficacy of RAAS modulators, 
including recombinant human ACE2 and the ARB losartan in Covid-19

• Abrupt withdrawal of RAAS inhibitors in high-risk patients, including those who have 
heart failure or have had myocardial infarction, may result in clinical instability and 
adverse health outcomes

• Until further data are available, we think that RAAS inhibitors should be continued in 
patients in otherwise stable condition who are at risk for, being evaluated for, or with 
Covid-19



Understand the  Immune Response to SARS CoV-2           
( COVID-19)



Figure 

The Lancet Respiratory Medicine DOI: (10.1016/S2213-2600(20)30217-4) 
Copyright © 2020 Elsevier Ltd Terms and Conditions

Immunotherapies for COVID-19: lessons learned 

http://www.elsevier.com/termsandconditions


SARS-CoV-2. Host cell infection and its prevention
(1) Antibodies against the spike protein 
(raised through vaccination or by 
adoptive transfer) could block severe 
acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) from interacting with the 
angiotensin-converting enzyme 2 (ACE2) 
receptor on host cells. (2) Protease 
inhibitors against the serine protease 
TMPRSS2 can prevent spike protein 
cleavage, which is necessary for viral 
fusion into the host cell. Blocking either 
ACE2 interaction or viral fusion could 
prevent the virus from infecting the host 
cell. (3) Virus-specific memory CD8+ T 
cells from a previous vaccination or 
infection can differentiate into effector 
cells during rechallenge. When they 
identify infected cells presenting virus-
specific epitopes, they degranulate and 
kill infected cells before they can 
produce mature virions. (4) In a novel 
treatment method that targets the 
cytokine storm symptoms, the blood of 
patients with coronavirus disease 2019 
(COVID-19) can be passed through 
customized columns that are specially 
designed to trap pro-inflammatory 
cytokines, before the purified blood is 
passed back into patients.Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and 

intervention. Nat Rev Immunol (2020).



Understand the  Immune Response to SARS CoV-2( 
COVID-19)

Host cell infection and its prevention
The first step in infection is virus binding to a host cell through its target receptor.

• SARS-CoV infection reduces ACE2 expression in lung cells. Because loss of pulmonary 
ACE2 function is associated with acute lung injury, virus-induced ACE2 
downregulation may be important for disease pathology

• ACE2 has been shown to regulate the renin–angiotensin system (RAS) Therefore, a 
reduction in ACE2 function after viral infection could result in a dysfunction of the 
RAS, which influences blood pressure and fluid/electrolyte balance, and enhance 
inflammation and vascular permeability in the airways.

Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and 
intervention. Nat Rev Immunol (2020).



• As SARS-CoV-2 uses the same entry receptor, these cell subsets are likely 
targeted by this virus.

• Targets  Cells: a)airway epithelial cells b) alveolar epithelial cells, c) vascular 
endothelial cells and d)macrophages in the lung, all of which express the 
angiotensin-converting enzyme 2 (ACE2) host target receptor used by SARS-
CoV

• SARS-CoV infection reduces ACE2 expression in lung cells. Because loss of 
pulmonary ACE2 function is associated with acute lung injury, virus-induced 
ACE2 downregulation may be important for disease pathology

• Therefore, a reduction in ACE2 function after viral infection could result in a 
dysfunction of the RAS, which influences blood pressure and fluid/electrolyte 
balance, and enhance inflammation 

SARS-CoV-2. Host cell infection and its prevention

Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and 
intervention. Nat Rev Immunol (2020).



• COVID-19 shows a 
difference in fatality rate 
between males (2.8%) 
and females (1.7%). 
As ACE2 is located on 
the X chromosome, 
there may be alleles that 
confer resistance to 
COVID-19, explaining the 
lower fatality rate in 
females. and vascular 
permeability in the 
airways.

SARS-CoV-2. Host cell infection and its prevention

Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and 
intervention. Nat Rev Immunol (2020).



• One pathway for the development of therapeutics against SARS-CoV-2 is to block the 
host target ACE2 receptor or TMPRSS2 

• Currently, there are compounds that target these molecules that have been clinically 
approved for other indications.

• For example, machine learning algorithms predicted that baricitinib, a Janus kinase 
(JAK) inhibitor approved for treatment of rheumatoid arthritis, could inhibit ACE2-
mediated endocytosis

• Another JAK inhibitor, ruxolitinib, will be tested in clinical trials for treatment of 
COVID-19 later this year. An alternative strategy is to deliver high concentrations of a 
soluble form of ACE2 that could potentially reduce virus entry into target host cells. 
This principle is being tested with APN01, a recombinant form of ACE2 developed by 
APEIRON that is currently in clinical trials.

SARS-CoV-2. PATHOGENESIS AND TREATMENT

Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and 
intervention. Nat Rev Immunol (2020).



SARS-CoV-2

The trinity of COVID-19: immunity, inflammation and intervention
When severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-
2) infects cells expressing the 
surface receptors angiotensin-
converting enzyme 2 (ACE2) and 
TMPRSS2, the active replication 
and release of the virus cause the 
host cell to undergo pyroptosis and 
release damage-associated 
molecular patterns, including ATP, 
nucleic acids and ASC oligomers. 

These are recognized by 
neighbouring epithelial cells, 
endothelial cells and alveolar 
macrophages, triggering the 
generation of pro-inflammatory 
cytokines and chemokines 
(including IL-6, IP-10, macrophage 
inflammatory protein 1α (MIP1α), 
MIP1β and MCP1). 

These proteins attract monocytes, 
macrophages and T cells to the site 
of infection, promoting further 
inflammation 
(with the addition of IFNγ produced 
by T cells) and establishing a pro-
inflammatory feedback loop.

Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and 
intervention. Nat Rev Immunol (2020).



SARS-CoV-2.  Pathogenesis- Healthy Immune Response

• Alternatively, in a healthy 
immune response (right side), 
the initial inflammation 
attracts virus-specific T cells to 
the site of infection, where 
they can eliminate the 
infected cells before the virus 
spreads. Neutralizing 
antibodies in these individuals 
can block viral infection, and 
alveolar macrophages 
recognize neutralized viruses 
and apoptotic cells and clear 
them by phagocytosis.

Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and 
intervention. Nat Rev Immunol (2020).



SARS-CoV-2.  Pathogenesis- Defective Immune Response
In a defective immune response 
(left side) this may lead to further 
accumulation of immune cells in 
the lungs, causing overproduction 
of pro-inflammatory cytokines, 
which eventually damages the 
lung infrastructure.

The resulting cytokine storm 
circulates to other organs, leading 
to multi-organ damage. In 
addition, non-neutralizing 
antibodies produced by B cells 
may enhance SARS-CoV-2 
infection through antibody-
dependent enhancement (ADE), 
further exacerbating organ 
damage.

Tay, M.Z., Poh, C.M., Rénia, L. et al. The trinity of COVID-19: immunity, inflammation and intervention. Nat Rev 
Immunol (2020).



DA Berlin et al. N Engl J Med 2020. DOI: 10.1056/NEJMcp2009575s

Selected Candidate Therapies for Coronavirus Disease 2019 
(Covid-19).*



• Observational data show overlapping clinical features in severe COVID-19 with 
macrophage activating syndrome (MAS) and secondary haemophagocytic
lymphohistiocytosis (HLH)

• Hyperinflammatory states, specifically in fatal cases, highlight why 
consideration of HLH and MAS

• Furthermore, the pathogenesis underlying SARS-CoV-2 involves several key 
pathways that can be manipulated, and use of these therapies can mitigate the 
propagation of an overdriven inflammatory response therapies are warranted.

• Lancet Rheumatology 2020

SARS-CoV-2.  Immune Response



• The immune system of children: the key to understanding SARS-CoV-2 susceptibility?
are warranted.

• Adults can be infected with different outcomes, from asymptomatic, mild, moderate 
to severe disease, and death. Children can also be infected by SARS-CoV-2, but most 
paediatric cases with laboratory-confirmed SARS-CoV-2 infection are mild; severe 
COVID-19 disease in children is rare.1

• Children are more vulnerable to other infections; thus, the important question 
arises—why are children less susceptible to COVID-19 disease compared with adults? 

• So far, there is no evidence of a lower degree of expression or function of the SARS-
CoV-2 receptor (namely ACE2) in children. Thus, studying the innate immune system 
of children might be the key to understanding protection against or susceptibility to 
SARS-CoV-2.

• Lancet Rheumatology 2020

SARS-CoV-2.  Immune Response

https://www.thelancet.com/journals/lanchi/article/PIIS2352-4642(20)30135-8/fulltext


Figure 

The Lancet Respiratory Medicine DOI: (10.1016/S2213-2600(20)30226-5) 

Lancet Respir Med 2020 Published Online May 4, 2020 https://doi.org/10.1016/ S2213-2600(20)30226-5



Multisystem Inflammatory Syndrome in Children (MIS-C) 
Associated with Coronavirus Disease 2019 (COVID-19)

Case Definition for Multisystem Inflammatory Syndrome in Children (MIS-C)

An individual aged <21 years presenting with feveri, laboratory evidence of 
inflammationii, and evidence of clinically severe illness requiring hospitalization, with 
multisystem (>2) organ involvement (cardiac, renal, respiratory, hematologic, 
gastrointestinal, dermatologic or neurological);

AND
No alternative plausible diagnoses;

AND
Positive for current or recent SARS-CoV-2 infection by RT-PCR, serology, or antigen test; 
or COVID-19 exposure within the 4 weeks prior to the onset of symptoms
iFever >38.0°C for ≥24 hours, or report of subjective fever lasting ≥24 hours
iiIncluding, but not limited to, one or more of the following: an elevated C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR), fibrinogen, procalcitonin, d-dimer, 
ferritin, lactic acid dehydrogenase (LDH), or interleukin 6 (IL-6), elevated neutrophils, 
reduced lymphocytes and low albumin

Source: CDC (US)



SARS-CoV-2.  Immune Response

Multisystem Inflammatory Syndrome in Children (MIS-C) Associated with Coronavirus 
Disease 2019 (COVID-19)

On April 26, 2020, clinicians in the United Kingdom (UK) recognized increased reports of 
previously healthy children presenting with a severe inflammatory syndrome with 
Kawasaki disease-like features.

The cases occurred in children testing positive for current or recent infection by SARS-CoV-
2, the novel coronavirus that causes COVID-19, based on reverse-transcriptase 
polymerase chain reaction (RT-PCR) or serologic assay, or who had an epidemiologic link 
to a COVID-19 case. 

Patients presented with a persistent fever and a constellation of symptoms including 
hypotension, multiorgan (e.g., cardiac, gastrointestinal, renal, hematologic, dermatologic 
and neurologic) involvement, and elevated inflammatory markers.2 Respiratory symptoms 
were not present in all cases.

Source: CDC (US)



SARS-CoV-2.  Immune Response

Multisystem Inflammatory Syndrome in Children (MIS-C) Associated with 
Coronavirus Disease 2019 (COVID-19)

Eight cases, including one death, from the UK were described in a recent 
publication. In the limited sample of 8 children, it was reported that 75% of the 
patients were of Afro-Caribbean descent and 62.5% were male. The report also 
indicated that all 8 patients tested positive for SARS-CoV-2 through antibody 
testing, including the patient that died.3

During March and April, cases of COVID-19 rapidly increased in New York City and 
New York State. In early May 2020, the New York City Department of Health and 
Mental Hygiene received reports of children with multisystem inflammatory 
syndrome. From April 16 through May 4, 2020, 15 patients aged 2-15 years were 
hospitalized, many requiring admission to the intensive care unit. As of May 12, 
2020, the New York State Department of Health identified 102 patients (including 
patients from New York City) with similar presentations, many of whom tested 
positive for SARS-CoV-2 infection by RT-PCR or serologic assay. New York State and 
New York City continue to receive additional reports of suspected cases.

Source: CDC (US)



• High SARS-CoV-2 Attack Rate Following Exposure 
at a Choir Practice — Skagit County, Washington, 
March 2020
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https://www.cdc.gov/mmwr/volumes/69/wr/mm6919e6.htm%3Fs_cid=mm6919e6_e&deliveryName=USCDC_921-DM28169


A person from the choir had cold-like symptoms that 
started on or around March 7th. He or she attended 
choir practice three days later. The March 10th session 
lasted 2.5 hours in the evening. Several members 
showed up early to set up the chairs, which were 
placed in six rows of 20 chairs each, spaced 6-10 inches 
apart. Because only 61 people of the 122-person team 
attended the practice, some people sat apart from 
others as they practiced for 40 minutes.
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Then they split into two smaller groups for a separate 
session of 50-minutes. Each group moved to a smaller 
room, with the group that stayed in the bigger one 
moving the seats next to one another. The people in 
the smaller room sat next to one another on benches.
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• Summary
• What is already known about this topic?
• Superspreading events involving SARS-CoV-2, the virus that causes COVID-19, 

have been reported.
• What is added by this report?
• Following a 2.5-hour choir practice attended by 61 persons, including a 

symptomatic index patient, 32 confirmed and 20 probable secondary COVID-19 
cases occurred (attack rate = 53.3% to 86.7%); three patients were hospitalized, 
and two died. Transmission was likely facilitated by close proximity (within 6 
feet) during practice and augmented by the act of singing.

• What are the implications for public health practice?
• The potential for superspreader events underscores the importance of physical 

distancing, including avoiding gathering in large groups, to control spread of 
COVID-19. Enhancing community awareness can encourage symptomatic 
persons and contacts of ill persons to isolate or self-quarantine to prevent 
ongoing transmission.
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•The overproduction of early response proinflammatory cytokines (tumour necrosis factor 
[TNF], IL-6, and IL-1β) results in what has been described as a cytokine stormàleading to an 
increased risk of: 

• vascular hyperpermeability
•multiorgan failure,
• eventually death when the high cytokine concentrations are unabated over 
time.

•Activation of coagulation pathways during the immune response to infection results in 
overproduction of proinflammatory cytokines leading to multiorgan injury.

• Although the main function of thrombin is to promote clot formation by activating platelets 
and by converting fibrinogen to fibrin,5 thrombin also exerts multiple cellular effects and can 
further augment inflammation via proteinaseactivated receptors (PARs), principally PAR-1.5

Jose RJ, Manuel A. COVID-19 cytokine storm: the interplay between inflammation and coagulation [published 
online ahead of print, 2020 Apr 27]. Lancet Respir Med. 2020;S2213-2600(20)30216-2. doi:10.1016/S2213-
2600(20)30216-2

COVID-19 : Coagulopathy Pathogenesis
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Thrombin generation is tightly controlled by negative feedback loops and physiological 
anticoagulants, such as antithrombin III, tissue factor pathway inhibitor, and the protein C 
system.

• During inflammation, all three of these control mechanisms can be impaired,
reduced anticoagulant concentrations due to reduced production and increasing 

consumption. 

• This defective procoagulant–anticoagulant balance predisposes to the 
development of microthrombosis, disseminated intravascular coagulation, and 
multiorgan failure—evidenced in severe COVID-19 pneumonia with raised d-
dimer concentrations being a poor prognostic feature and disseminated 
intravascular coagulation common in non-survivors.

Jose RJ, Manuel A. COVID-19 cytokine storm: the interplay between inflammation and coagulation 
[published online ahead of print, 2020 Apr 27]. Lancet Respir Med. 2020;S2213-2600(20)30216-2. 
doi:10.1016/S2213-2600(20)30216-2
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• The finding of increased d-dimer levels in patients with 
COVID-19 has prompted questions regarding coexistence of 
venous thromboembolism exacerbating ventilation–
perfusion mismatch, and some studies have shown that 
pulmonary emboli are prevalent.

• However, due to increased risk of bleeding and 
despondence related to previous negative trials of 
endogenous anticoagulants in sepsis, clinicians might be 
reluctant to offer it to all. 

Jose RJ, Manuel A. COVID-19 cytokine storm: the interplay between inflammation and coagulation 
[published online ahead of print, 2020 Apr 27]. Lancet Respir Med. 2020;S2213-2600(20)30216-2. 
doi:10.1016/S2213-2600(20)30216-2
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• Outside of the prevention and management of venous thromboembolism, it is 
clear that effects of coagulation activation go beyond clotting and crosstalk 
between coagulation and inflammation can significantly affect disease 
pprogression and lead to poor outcome. 

• Prophylactic dose low molecular weight heparin (LMWH) is recommended for 
hospitalised patients with COVID-19 to prevent venous thromboembolism 
and treatment dose . LMWH is contemplated for those with significantly raised 
d-dimer concentrations due to concerns of thrombi in the pulmonary 
circulation; but LMWH also has anti-inflammatory properties that might be 
beneficial in COVID-19.

Jose RJ, Manuel A. COVID-19 cytokine storm: the interplay between inflammation and coagulation 
[published online ahead of print, 2020 Apr 27]. Lancet Respir Med. 2020;S2213-2600(20)30216-2. 
doi:10.1016/S2213-2600(20)30216-2
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Pathological Evidence of Pulmonary Thrombotic Phenomena in Severe 
COVID-19 

•A group out of Sao Paulo, Brazil performed minimally invasive autopsies in fatal 
cases of COVID-19 in order to characterize the pathology and pathogenesis Used an 
ultrasound-based minimally invasive autopsy (MIA-US) that samples tissues from 
several organs and minimizes risks of the autopsy procedure

•This is a preliminary autopsy set of results looking for insights into the relationship 
between COVID-19 and DIC

•Dolhnikoff M et al. Pathological Evidence of Pulmonary Thrombotic Phenomena in Severe 
COVID-19. Journal of Thrombosis and Haemostasis 2020. [Epub Ahead of Print]

https://onlinelibrary.wiley.com/doi/10.1111/jth.14844
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Pathological Evidence of Pulmonary Thrombotic Phenomena in Severe 
COVID-19 [13]

•Dolhnikoff M et al. Pathological Evidence of Pulmonary Thrombotic Phenomena in Severe 
COVID-19. Journal of Thrombosis and Haemostasis 2020. [Epub Ahead of Print]

https://onlinelibrary.wiley.com/doi/10.1111/jth.14844
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JACC Recommendations (Published April 17th, 2020)[11]
•The data derived for recommendations is primary from small and 
retrospective analyses
•Although older age and comorbidities such as cardiovascular disease have 
a higher risk for severe disease, young and otherwise healthy patients are 
also at risk for complications
•Elevated D-dimer levels are associated with higher risk of requiring 
mechanical ventilation, ICU admission, or death

Source: Journal of the American College of Cardiology

Coagulopathy  and COVID-19
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JACC Recommendations (Published April 17th, 2020)

•The data derived for recommendations is primary from small and retrospective 
analyses

•Although older age and comorbidities such as cardiovascular disease have a 
higher risk for severe disease, young and otherwise healthy patients are also at 
risk for complications

•Elevated D-dimer levels are associated with higher risk of requiring mechanical 
ventilation, ICU admission, or death

Source: Journal of the American College of Cardiology

Coagulopathy  and COVID-19
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Source:Charney AW, Narula J, Fayad ZA, Bagiella E, Zhao S, Nadkarni GN, Association of Treatment Dose Anticoagulation with In-Hospital Survival 
Among Hospitalized Patients with COVID-19, Journal of the American College of Cardiology (2020), doi: 
https://doi.org/10.1016/j.jacc.2020.05.001.

Association of Treatment Dose Anticoagulation with In-Hospital Survival Among Hospitalized 
Patients with COVID-19 
Figure 1. Kaplan-Meier curve for hospitalized COVID-19 patients (A) and those mechanically ventilated (B). Colors 
indicate treatment-dose anticoagulation. Patients hospitalized at time of data-freeze or discharged within the study 
period were right-censored. 
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Patients with ARDS due to COVID-19 from 4 ICUs (2 centers) in France Used a 
historical prospective cohort of “non-COVID-19 ARDS” patients. All patients on 
prophylactic or therapeutic anticoagulation

150 COVID-19 patients
Relevant thrombotic complications: 64/150 (42.7%)
Mainly PEs = 25/150 (16.7%)

Troncular = 9
Lobar = 8
Segmental = 5
Subsegmental = 3

Receiving Continuous Renal Replacement Therapy who Developed Circuit 
Clotting = 28/29 (96.6%)

No MIs during ICU stay in this study
Only 4 patients (2.7%) presented with hemorrhagic complications

2 with recent head trauma before ICU admission
Elevated D-Dimer & Fibrinogen Levels: >95% of patients
Positive Lupus Circulating Anticoagulant: 50/57 (87.7%)

Coagulopathy  and COVID-19

Helms, Julie et al. “High risk of thrombosis in patients with severe SARS-CoV-2 
infection: a multicenter prospective cohort study.” Intensive care medicine, 1–10. 4 May. 
2020, doi:10.1007/s00134-020-06062-x
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cohort study.” Intensive care medicine, 1–10. 4 May. 2020, doi:10.1007/s00134-020-06062-x
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Table 1. COVID-19 Associated Coagulopathy 

1. Coagulopathy is manifest as elevated fibrinogen, elevated D-dimers, and minimal 
change in PT, PTT , and platelet count in early stages of infection

2. Increasing Il-6 levels are correlated with increasing fibrinogen levels 

3. Coagulopathy appears to be related to severity of illness and resultant 
thromboinflammation and not intrinsic viral activity 

American Society of Hematology recommends all hospitalized patients 
with COVID-19 should receive thromboprophylaxis with LMWH or 
fondaparinux (suggested over unfractionated heparin to reduce contact) 
unless the patient is judged to be at increased risk of bleeding. In 
patients with a history of heparin-induced thrombocytopenia (HIT) use 
fondaparinux
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4. Elevated D-dimer at admission is associated with increased mortality

5. Rising D-dimer after admission precedes multiorgan failure and overt DIC 
a. Noted to start at 4 days after admission in non-survivors b. Longer duration 
of hospital stay associated with increasing D-dimer and development of sepsis 
physiology 

6. Bleeding manifestations are not common despite coagulopathy

Table 1. COVID-19 Associated Coagulopathy 
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ISTH Interim Guidance on Recognition and Management of Coagulopathy 
in COVID-19 

•One of the most significant poor prognostic features of severely ill COVID-19 
patients is the development of coagulopathy

•They developed a guidance document that provides a risk stratification at 
admission for COVID-19 patients as well as the management of coagulopathy 
which may develop

•Patients with an elevated d-dimer (i.e. arbitrarily defined as 3 – 4 fold 
increase) will need admission to the hospital
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ISTH Interim Guidance on Recognition and Management of Coagulopathy 
in COVID-19 

Monitoring for decreased fibrinogen levels later in the disease process (i.e. 
days 10 – 14) may be helpful in determining if a patient has developed 
disseminated intravascular coagulation (DIC)

•LMWH should be considered in ALL patients (including non-critically ill) who 
require hospital admission for COVID-19 infection, in the absence of any 
contraindications:

• Active bleeding
• Platelet count <25×109/L
• Monitoring advised in severe renal impairment
• Abnormal PT or aPTT is not a contraindication

•LMWH may have anti-inflammatory properties which can be an additional 
benefit in COVID-19 infection
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Algorithm for the Management of Coagulopathy in COVID-19 Based on Simple 
Laboratory Markers

• The list of markers is given in the decreasing order of importance.
** Performing fibrinogen assays may not be feasible in many laboratories but 
monitoring the levels can be helpful after patient admission

•
*** Although a specific cut-off cannot be defined, a 3-4-fold increase in D-
dimer values may be considered significant. Any one of the values in this 
table may be considered significant
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Algorithm for the Management of Coagulopathy in COVID-19 Based on 
Simple Laboratory Markers



• Pain Crisis as a presenting symptom

• Acute Chest Syndrome may not mirror the classic COVID-19 pathology/appearance 
of CXR

• May need escalation of Ventilatory Support 

• Anticoagulation is recommended, especially as prophylaxis

• Standard Treatment for Acute Chest Syndrome

• If simple transfusion fails, consider Full Exchange Blood Transfusion

Principles in Managing SCD in COVID-19
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