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“Play me first”

Coronavirus, an update
Grand Rounds, DMU
September 3, 2020 @ 0700
Via Zoom

Source

Overview
Declarations (for all speakers) Objectives
• Agency: none
• COI: none
• FDA: off‐label for sure
• Rules of engagement: adults
• To submit questions:
• Chat box to Christina Billings
• Direct query to person/panel
• May be time afterwards….

• Understand the pathogenesis
and spread of Coronavirus‐19
• Gain insight into a new
understandings of lung
damage from Coronavirus
• Learn about new advances in
anticoagulation in the setting
of Coronavirus
But first, assumptions

Order of the day
• Introduction/overview/perspectives: Dr. Sarah Werning
• Community spread: Dr. Noreen O’Shea
• Acute presentation: Dr. Teresa Aoki
• Thrombosis insights: Dr. Daniela Frankova
• The final word…: Dr. Kevin Carnevale
Open session for questions
Submit questions in Chat Box direct to Christina Billings.
If you’d like to ask a specific presenter, start “To: Dr. Werning…”
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Questions to
Christina Billings
via Chat Box

Coronavirus, an overiew
Dr. Sarah Werning, PhD

• coronaviruses = any of ~50 species within Coronaviridae
• family of enveloped RNA viruses (positive, single strand)
• mainly infect mammals & birds
• humans: normally ~5‐10% of respiratory infections (e.g., common cold, SARS, MERS)

• SARS‐CoV‐2 = Severe Acute Respiratory Syndrome Coronavirus 2
• before Feb 11: “2019 novel coronavirus”
• genetically, most similar to SARS‐CoV (2003 SARS outbreak)

• Covid‐19 = Coronavirus Disease 2019
• symptoms 2‐14 days after exposure
• presentation varies greatly
Worldwide

USA (56 states + territories)

Iowa

reported to WHO Dec 31‐Sep 2

reported to CDC Jan 21‐Sep 2

reported to CDC Jan 21‐Sep 2

total cases: 25,602,665
total deaths: 852,758
new cases last 7 days: 245,984*

total cases: 6,047,692
total deaths: 184,083
new cases last 7 days: 295,039*

total cases: 65,448
total deaths: 1,122
new cases last 7 days: 8,154

source: WHO COVID‐19 Dashboard, accessed 2 Sep 2020

source: CDC Covid Data Tracker, accessed 2 Sep 2020
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receptor‐mediated endocytosis!

All humans have ACE2 receptors.
# varies by tissue type & by person.

not all viruses enter the cell via
endocytosis – some enter via
membrane fusion
Spike protein has a high affinity
for ACE2 receptors & binds
very quickly (100‐200s)
Spike & Nucleocapsid proteins
are unique to SARS‐CoV‐2.
Spike is a more likely target for
the immune system because of
its location (outer surface)
source: Figs 1, 2 in: Alanagreh et al. (2020) Pathogens 9: 331

angiotensin converting enzyme 2
ACE2 breaks down angiotensin II

source: Wadman et al. (2020) Science 368: 356‐360

ANG II ↑ BP & ↑ inﬂamma on,
which damages blood vessels &
injures tissues
When SARS‐CoV2 binds ACE2
receptors, a cell can’t take in ACE2.
So it can’t break down ANG II.

ACE2 receptors are in MANY cell types – epithelial, cardiac muscle, neurons

source: Matacic (2020) Science (News)

pulmonary edema
pneumonitis
heart chamber dilation
hemorrhage

cytopathic effects
enlarged cells with atypical shape,
enlarged nuclei, very large nucleoli,
atypical staining (H&E)

FISH (alveolar cells)
green: RNA; red: DNA
arrows: aggregates of
enlarged pneumocytes

diffuse alveolar damage
perivascular lymphocytes

MULTI‐ORGAN CLOTTING
“100s to 1000s of microclots”
other clots fill large vessels
megakaryocytes, platelets, fibrin
All images this slide are from: Fox, et al. (2020) The Lancet
Respiratory Medicine 8: P681‐686
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Also:
older age
being male
• greater risk of respiratory failure
• higher death rates, even when adjusted
for common comorbidities
• risk increase is higher for men
• risk increase is greater in patients <65yo

Source: CDC; data updated 10 Aug 2020; accessed 2 Sep 2020

racial disparities evident in USA by early March, despite sparse reporting
• Milwaukee: Black people = 26% of population, ~50% of infections, 81% of deaths
• Michigan: 14% of population, 40% of deaths

• Black, Indigenous, & Latinx Americans are more likely to suffer chronic
health conditions
Dr. Ibram X. Kendi, PhD
Boston University Center for Antiracist Research

• health care access & lack of consistently available testing

• 80% of Black Americans work in jobs that cannot be done remotely
• Black, Indigenous, Latinx, & Asian Americans are more likely to live in
multigenerational households

Source: The Covid Racial Data Tracker, accessed 2 Sep 2020

Covid‐19 Cases and Deaths, According to Black or White Race and Latinx Ethnicity
source:

USA = 56 states & territories
2 Sep 2020:
• only 51 report race/ethnicity data for covid cases
• only 49 report race/ethnicity data for covid deaths
Dr. Ibram X. Kendi, PhD
Boston University Center for Antiracist Research

Source: The Covid Racial Data Tracker, accessed 2 Sep 2020

•
•

CDC has race/ethnicity data for 49% of covid cases
CDC has race/ethnicity data for 82% of covid deaths

•

Johns Hopkins & NY Times do not track race/ethnicity

“Black, Latinx, and Native Americans are overrepresented among people with Covid‐19
and related deaths, but these groups were substantially underrepresented in the study
samples” [Adaptive Covid‐19 Treatment Trial (ACTT‐1) & Gilead‐funded Remsvidir trial]
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Questions to
Christina Billings
via Chat Box

Vulnerable communities
Noreen O’Shea, DO, FAAFP (Family Medicine)

Who has COVID‐19? February/March 2020
Cruise ships

Super‐spreader events

Diamond Princess, Japan February 2020/Grand
Princess, California March 2020

Biogen Leadership conference 2/26/20—Boston
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Who has COVID‐19? March/April 2020
Elderly in Nursing homes
Elderly: 11% of Iowans, 46% of deaths (4/8/20)

Care workers in Nursing homes
• Direct Care workers: 4.5M (2018): 59% people of
color, median age 41, 86% female

Who has COVID‐19? April/May 2020
Meat packing plant workers
7/10/20: 23 states: 16,233 cases, 239 facilities, 86
(0.5%) deaths. 87% cases are minorities (Iowa did
not contribute data to this report !?!)

Prison/jail inmates
FCI Seagoville TX prison worst outbreak, 1300
cases/1750 inmates (8/8/20)

Who has COVID‐19? April/May 2020
Navajo reservation

New Orleans/New York

Lockdowns on weekends (latest 8/29‐
8/31/20)
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What do these have in common?
• Early spring
• Travel outside US
• Return home allows community spread
• Super‐spreader events

• Spring/early summer
• Essential workers
• Crowded conditions
• working/living

• Multi‐generational families
• Vulnerable populations with chronic diseases

• Summer/fall
• Super‐spreader events?

References
• Cruise ships: https://www.nature.com/articles/d41586‐020‐00885‐w
• Biogen conference: https://www.nytimes.com/2020/04/12/us/coronavirus‐biogen‐boston‐superspreader.html;
https://www.bostonglobe.com/2020/03/11/nation/how‐biogen‐leadership‐conference‐boston‐spread‐
coronavirus/
• Nursing homes: https://www.desmoinesregister.com/story/news/health/2020/04/08/look‐nursing‐home‐thats‐
epicenter‐covid‐19‐iowa/2973893001/ ; https://phinational.org/wp‐content/uploads/2020/01/Its‐Time‐to‐Care‐
2020‐PHI.pdf
• Meat packing plants: https://www.cdc.gov/mmwr/volumes/69/wr/mm6927e2.htm;
https://bangordailynews.com/2020/04/14/paymeter‐categories/free/us‐backs‐contentious‐meat‐plant‐changes‐
with‐supply‐at‐risk/ (picture is from Dodge City KS plant)
• Prisons/jails: inforney.com/local‐news/fci‐seagoville‐hardest‐hit‐federal‐prison‐in‐nation‐with‐over‐72‐of‐
population‐testing‐positive/article_67244fbc‐d1c3‐11ea‐a443‐8316dfadbb79.html
• Navajo nation: https://www.theguardian.com/us‐news/2020/aug/27/covid‐19‐coronavirus‐navajo‐nation‐sisters
• NOLA/NYC:
https://apnews.com/1ec467d7fd31cddb56d4797ef6101bf3/gallery/d8f881df74db42278b768f4ef3f0b596;
https://nymag.com/intelligencer/2020/04/coronavirus‐nyc‐empty‐streets.html

Questions to
Christina Billings
via Chat Box
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Presentation of the Covid patient
Teresa Aoki, MD, Internal Medicine, Pulmonology

Objectives

• Discuss clinical presentation of COVID‐19
• Discuss management of respiratory failure in COVID‐19

SARS‐CoV‐2 Infection of Airway Cells. NEJM 2020;383:969

SARS‐2 infection: COVID‐19
• Incubation period: up to 14 days (average 4‐5 days) from exposure
• Presenting complains: Non‐specific
•
•
•
•
•
•
•

Fever
Myalgias
Respiratory: cough, dyspnea, sore throat, rhinorrhea
Cardiovascular: arrhythmias, chest pain, hypotension
Neurologic: Anosmia, dizziness, confusion, headaches
Gastrointestinal: nausea, diarrhea, abdominal pain
Dermatologic: rash

Young, S. ; Fernandez, A. Clev Clin J Med, June 2020
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Organ involvement in COVID‐19:
• Respiratory

• Acute respiratory failure: ARDS
• Pulmonary embolism

• Cardiovascular

• Ischemic and non ischemic cardiomyopathy

• Neurological

• Encephalitis
• Ischemic events

• Renal

• Acute kidney injury

• Hepatic

• Transaminitis

• Hematologic

• Lymphopenia, hypercoagulable state

Hypoxemia without dyspnea in COVID‐19
Pulse ox 68%, PaO2 on ABG 38% on room air…patient talking on his cell phone…
Proposed mechanisms:
• PaCO2 level?
• The ventilatory and dyspnea responses to hypoxia are heavily influenced by
the prevailing PaCO2. Severe hypoxia elicits an effective increase in
ventilation only when background PaCO2 exceeds 39 mm
• Blunted carotid body chemoreceptors?
• ACE 2 receptors present in carotid body
• Blunted respiratory center response?
• ACE 2 receptors present in olfactory bulb (entry port to CNS?)
• Physiological ventilatory hyperbolic curve response to hypoxia?
• Degree of hypoxia required to induce increase in ventilatory response is
similar to the one required to induce dyspnea
• Variable sensitivity among subjects, decreased in aging, diabetes
• Idiosyncratic?
Tobin, M; Laghi, F; Jubral, A. Why COVID‐19 hypoxemia is baffling to physicians? AJRCCM 2020 (202)3:356‐360

Lung imaging:
Diffuse ground glass opacities
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Management of
hypoxemia in
COVID‐19
• Low flow systems:
Nasal cannula
• High Flow systems: up
to 60 LPM flow. Early
debate regarding risk
for aerosol forming.
• Non‐invasive
ventilation (NIPPV):
higher risk of
aerosolization

Li J, Fink JB, Ehrmann S. High‐flow nasal cannula for
COVID‐19 patients: low risk of bio‐aerosol
dispersion. Eur Respir J 2020; 55

Management of respiratory
oxygenatory failure
• Mechanical ventilation:
• Low tidal volume ventilation
(LTVV): 6‐8 ml/kg Ideal body
weight

• Prone positioning: when
PaO2:FiO2 <150
• Paralytics: intermittent
preferred, prevention of
dissynchrony and facilitate LTVV
• ECMO: prolonged stay
Coppo, A. et al. Feasibility and physiological effects of prone positioning in non‐intubated patients with
acute respiratory failure due to COVID‐19 (PRON‐COVID): a prospective cohort study. Lancet Respiratory
Medicine Volume 8 Issue 8 Pages 765‐774 (August 2020)

Besides oxygenatory support, what else may
help?
• So far only 2 interventions with both, observational and RCT studies, showing
benefit on:
• Mortality: Dexamethasone 6mg PO/IV daily for 10 days, no benefit in patients
not requiring oxygen therapy
• Time to recovery: Remdesivir 200mg IV followed by 100mgday for 5 days. No
benefit in patients on mechanical ventilation or ECMO
• Convalescent plasma: to be seen, one RCT has not shown benefit, despite
promise on early observational studies
• Hydroxychloroquine: RCT shown no benefit and increased adverse events,
recommend avoidance of use
• Tocilizumab: no benefit
The RECOVERY Collaborative Group. Dexamethasone in hospitalized patients with Covid‐19.N Engl J Med. Published online July
17, 2020
ACTT‐1 study group. Remdesivir for the treatment of Covid‐19 A preliminary report. N Eng J Med May 22,2020
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Christina Billings
via Chat Box

Covid‐19 Associated
Coagulopathy (CAC)
Daniela Frankova, MD (Internal Medicine)

Scope of the problem
• ~10% incidence of VTE is patients in ICU despite VTE prophylaxis (Cook D,
Crit Care Med. 2005)

COVID‐19

• China Zhang Circulation 2020 : 46.1%
• Netherlands Klok Thromb res 2020 Jul: 49% (95% CI 41‐57%)
• Italy Lodigianini Thromb res 2020 21% (27.6% in ICU, 6.6% ward)
Metanalysis in Thrombosis research 2020
By Porfidia, almost 4000 patients ~30 studies,
• The incidence of VTE was 26% (95% PI, 6%–66%)

11

9/3/2020

May 21, 2020,
at NEJM.org.

https://www.nejm.org/doi/full/
10.1056/NEJMoa2015432

Results
Looked at :
7 lungs ARDS due COVID ‐19
7 lungs ARDS due H1N1
10 age‐matched, uninfected control lungs.

Pulmonary vessels in patients with Covid‐19 showed
widespread thrombosis with microangiopathy.
Alveolar capillary microthrombi were 9 times as
prevalent in patients with Covid‐19 as in patients with
influenza (P<0.001).

https://doi.org/10.1016/j.jvsv.2020.05.018

Journal of Vascular Surgery: Venous and
Lymphatic Disorders
Volume 8, Issue 5, September 2020, Pages
711‐716
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Proposed algorithm

•Madan Raj Aryal, Current Cardiology Reports volume 22, Article number: 52 (2020)

Questions to
Christina Billings
via Chat Box

Autopsy Findings in Severe Acute
Respiratory Syndrome Coronavirus 2
(SARS‐CoV‐2, better known as COVID 19)
Kevin Carnevale, MD (Pathology)
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Autopsy Findings in Patients Infected With
SARS‐CoV‐2 or COVID 19
• SARS‐CoV‐2 appears to attack the lungs the most ferociously. They also
found the virus in parts of the brain, kidneys, liver, heart, gastrointestinal
tract, spleen and in the endothelial cells. It is inhaled in the nasal cavity and
binds to epithelial cells and starts replicating. The virus enters cells through
Angiotensin Converting Enzyme 2 receptors.
• Lungs –Acute Respiratory Distress Syndrome (ARDS) and clotting
• Large and small vessel clotting in almost every organ (lungs, heart, kidneys,
liver, brain, etc)
• Megakaryocytes in the heart, lung, liver
• Brain Damage ‐ excessive sleepiness to coma thought to be due to oxygen
deprivation‐ acute hypoxic injury in cerebrum and cerebellum. Virus
found in brain of 3 of 18 patients had virus in frontal lobe, olfactory nerves
near frontal lobe, and medulla oblongata. Microthrombi with small and
patchy evidence of tissue death caused by blockage of small blood vessels
in both peripheral and deep parts of the brain is also found.

Lungs EM
findings

Ackermann M. et al., Pulmonary Vascular Endothelialitis,
Thrombosis, and Angiogenesis in Covid‐19. N Engl J Med 2020;
383:120‐128 DOI: 10.1056/NEJMoa2015432
Mason RJ, Pathogenesis of COVID‐19 from a cell biology
perspective. European Respiratory Journal 2020 55: 2000607;
DOI: 10.1183/13993003.00607‐2020

Gross Lungs – ARDS and Vascular Thrombosis

Wichmann D et al., Autopsy Findings
and Venous Thromboembolism in
Patients With COVID‐19: A
Prospective Cohort Study. Ann Inter
Med, 2020 Aug 18;173(4):268‐277.
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Lungs – ARDS Microscopic
ARDS
NL

Heart
Elevation of cardiac troponin is common in COVID 19 patients and is associated with a poorer outcomes.
Little inflammation within cardiac muscle, but microthrombi is a problem.

Microthrombus

Megakaryocyte

BM – CD61

IHC COVID 19

A.V. Rapkiewicz et al., Megakaryocytes and platelet‐ﬁbrin thrombi characterize multi‐organ thrombosis at
autopsy inCOVID‐19: Acaseseries,EClinicalMedicine (2020), https://doi.org/10.1016/j.eclinm.2020.100434

Brain
Little inflammation within brain tissue, but many hypoxic changes within the
cerebrum and cerebellum. Microthrombi is a problem.

Hypoxic Cerebrum

Hypoxic Cerebellum
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Working Model of COVID 19 Deaths
• Massive inflammation in the Lungs leading to ARDS
• Small and large vessel clotting in lungs and multiple organ systems –
released megakaryocytes from bone marrow plays a role
• Shock
• Cardiac Arrest
• Multiorgan failure
• Hypoxic brain injury

Questions to
Christina Billings
via Chat Box

May you live
in interesting
times
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