


Learning Objectives

▪ Describe the clinical characteristics associated with 

COVID-19

▪ Review the pathophysiological responses to 

COVID-19

▪ Describe the clinical symptoms of COVID-19 salient 

to organ systems



Clinical Presentation of COVID-19

▪ Fever

▪ Anosmia  

▪ Dyspnea

▪ Dry spasmodic cough

▪ Secondary symptoms
• Headache

• Diarrhea

• Blueish toe/fingers

• Confusion

• Stroke



COVID-19 Symptoms









How COVID-19 Causes Smell Loss
▪ Temporary loss of smell, or anosmia, is the main neurological symptom and one of the earliest 

and most commonly reported indicators of COVID-19. Studies suggest it better predicts the 

disease than other well-known symptoms such as fever and cough, but the underlying 

mechanisms for loss of smell in patients with COVID-19 have been unclear.

▪ Reporting in Science Advances on July 24, the research team found that olfactory sensory 

neurons do not express the gene that encodes the ACE2 receptor protein, which SARS-CoV-2 

uses to enter human cells. Instead, ACE2 is expressed in cells that provide metabolic and 

structural support to olfactory sensory neurons, as well as certain populations of stem cells and 

blood vessel cells.

▪ The findings suggest that infection of nonneuronal cell types may be responsible for anosmia in 

COVID-19 patients and help inform efforts to better understand the progression of the disease..

▪ A majority of COVID-19 patients experience some level of anosmia, most often temporary, 

according to emerging data

https://dx.doi.org/10.1126/sciadv.abc1564


Neuron Effects of COVID-19





An Autoimmune-like Antibody Response is Linked 
with Severe COVID-19



In patients with severe COVID-19 infections, evidence 
emerged that the inflammatory process used to fight the 
SARS-CoV-2 virus were, in addition to fighting the virus, 
potentially responsible for harming the patient. Clinical 
studies described so-called cytokine storms in which the 
immune system produced an overwhelming quantity of 
inflammatory molecules, antibodies triggering dangerous 
blood clots and inflammation of multiple organ systems, 
including blood vessels. All these were warning signs that 
in some patients, immune responses to the SARS-CoV-2 
virus, which causes COVID-19, may have tipped from 
healing to destructive.

http://doi.org/10.1002/art.41285
http://doi.org/10.3389/fimmu.2020.01708
http://doi.org/10.1056/NEJMc2007575
http://doi.org/10.1056/NEJMoa2021680


Cytokine Storm









Immune Response: Cytokine Storm



Effects at the Alveolar Level



Treatment JAK Inhibitor



Clotting During COVID



Blood Clotting

▪ Changes in blood platelets triggered by COVID-19 could contribute to the onset of heart 
attacks, strokes, and other serious complications

▪ Inflammatory proteins produced during infection significantly alter the function of platelets, 
making them "hyperactive" and more prone to form dangerous and potentially deadly blood 
clots.

▪ Using differential gene analysis, the researchers found that SARS-CoV-2, the virus that 
causes COVID-19, appears to trigger genetic changes in platelets. 

▪ In laboratory studies, they studied platelet aggregation, an important component of blood clot 
formation, and observed COVID-19 platelets aggregated more readily. They also noted that 
these changes significantly altered how platelets interacted with the immune system, likely 
contributing to inflammation of the respiratory tract that may, in turn, result in more severe 
lung injury.

▪ Emerging evidence suggests COVID-19 is associated with an increased risk of blood clotting, 
which can lead to cardiovascular problems and organ failure in some patients, particularly 
among those with underlying medical problems such as diabetes, obesity, or high blood 
pressure.



COVID Toes



COVID-19 Is Linked To Rare Recurrent Blood Clots

• Researchers at Rutgers Robert Wood Johnson Medical School are reporting 
the first instance of COVID-19 triggering a rare recurrence of potentially 
serious blood clots in people’s arms.

• The discovery, published in the journal Viruses, improves the 
understanding of how inflammation caused by COVID-19 can lead to upper 
extremity blood clots and how best to treat them. The case study is part of 
a larger Rutgers study of 1,000 hospitalized patients diagnosed with COVID-
19 who were admitted and discharged between March and May 2020.

Often, blood clots are preceded by chronic inflammatory conditions 
exacerbated by immobility, and rarely do they occur in patients who are 
otherwise healthy and active at baseline.”

https://www.mdpi.com/1999-4915/13/5/878


Risk of Deep Vein Thrombosis and Pulmonary 
Embolism in COVID Patients

▪ The research, conducted at the Medical University of Vienna in Austria, 
found that the risk of VTE is considerably higher in COVID-19 than in other 
comparable serious medical illnesses. Deep vein thrombosis was detected 
in almost half of the hospitalized COVID-19 patients who had been 
systematically screened for thrombosis using ultrasound.

▪ The overall VTE risk in hospitalized patients with COVID-19 is 14%, 
despite rigorous thromboprophylaxis regimens in most studies. Further, 
high heterogeneity in VTE rates was found between different patient 
subgroups. The rate was highest in patients admitted to intensive care 
units, with 23% of patients suffering VTE. Patients admitted to general 
wards suffered VTE in 8% of the cases. These findings underline the high 
risk of VTE in COVID-19 patients.



COVID-19 Frequently Causes Neurological Injuries
• Without directly invading the brain or nerves, the virus responsible for COVID-19 causes 

potentially damaging neurological injuries in about one in seven infected. These injuries range 
from temporary confusion due to low body-oxygen levels, to stroke and seizures in the most 
serious cases.

• Led by researchers at NYU Grossman School of Medicine, the study showed no cases of brain or 
nerve inflammation (meningitis or encephalitis), indicating no immediate invasion of these organs 
by the pandemic virus, SARS-CoV-2.

• While this should reassure patients, the neurological complications of COVID-19 should be taken 
seriously because they dramatically raise a patient’s risk of dying while still in hospital (by 38 
percent), researchers say. 

• Such adverse effects also raise a coronavirus patient’s likelihood (by 28 percent) of needing long-
term or rehabilitation therapy immediately after their stay in hospital

• Half of those neurologically affected were over the age of 71, which researchers say is 
significantly older than the other 3,885 patients with COVID-19 (at a media age of 63) who did not 
experience brain dysfunction. Most were men (66 percent) and white (63 percent). Frontera
notes that the study results do suggest that Blacks are not at greater risk of neurological 
complications than other COVID-19 patients, which is “welcome news,” given that Blacks are 
widely known to be at greater risk of death from coronavirus infection. 



Increase Hemodialysis  
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Barotrauma Via HFPV
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COVID-19 Patient 
Cat-scan



Progression of COVID
3-14 days
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ARDS is a Syndrome – NOT a Specific Disease

▪ The “Berlin Definition”: 
• 1. Acute

• 2. Bilateral

• 3. Hypoxemia

• 4. NOT CHF

▪ ARDS is heterogeneous:
• Etiologies

• Severity

• Pathology

• Trajectory

• Biomarker profiles



ARDS is Heterogeneous - Etiologies

▪ Primary lung injury
• Aspiration

• Infectious pneumonia (COVID -19 starts as a viral pneumonia)*

• Contusion

• Inhalation injury

▪ Secondary lung injury (lung is one of many organs hit by 
MSOF)

• Sepsis

• Pancreatitis

• TRALI

*Can evolve into a sepsis/MSOF syndrome



Berlin P/F Ratio Criteria

▪ Mild
• P/F <300>200

• Mortality 24%

▪ Moderate
• P/F <200>100

• Mortality 34%

▪ Severe
• P/F <100

• Mortality 44%

• COVID-19 >50% China/Italy  



ARDS is Heterogeneous - Pathology



Lobar

37%

Patchy

41%
Diffuse

22%
Puybasset L, et al. Intensive Care Med 2000; 26:857 

Important implications for positive pressure ventilation –
majority of patients do NOT have diffuse disease

ARDS is Heterogeneous - Distribution

We have seen all of these patterns in COVID-19



Pathophysiology

http://www.medscape.com/viewarticle/558310_3



Pathophysiology

▪ The injured lung goes through 3 phases:

▪ Exudative

▪ Proliferation 

▪ Fibrotic



Exudative Phase

▪ Occurs in the first week after onset 
of respiratory failure

▪ Inflammatory cells migrate into the 
lungs and release substances to 
cause capillary leakage

▪ Type I pneumocytes swell and 
detach from basement membrane

▪ Increased pulmonary vascular 
permeability

▪ Alveolar collapse



Permission  granted from Gary Neiman 

Uninjured Alveoli



Injured Alveoli



Proliferative Phase

▪ Usually prominent in 2nd and 3rd week after 
onset

▪ Type II cells proliferate and reline membrane

▪ Fibroblast infiltration – migration through 
breaks in membrane forming granulation 
tissue

▪ Surfactant abnormalities occur – damage to 
Type II and alveolar flooding destabilize the 
surfactant layer- Marked by poor gas 
diffusion



Fibrotic Phase

▪ May begin as early as two weeks after injury

▪ Extensive remodeling by collagenous tissue

▪ Alveolar duct fibrosis

▪ Elastic collagen replaced by rigid collagen –
resulting in stiff lung

▪ Extent of fibrosis correlates with mortality 

▪ VD/VT>60% Large amount of wasted 
ventilation good predictor of mortality 
(Kallet)



Structural Changes

▪ Damage to type I alveolar epithelial cells

▪ Increase edema influx

▪ Loss of surfactant

▪ Poor fluid clearance mechanism

▪ Development of a hyaline membrane

▪ Reduction in gas exchange

▪ Pulmonary Fibrosis development

▪ “Liver” lung appearance





ARDS Post-mortem Findings 

Dense infiltration with leukocytes 

and proteinaceous material

Wet, heavy, congested lungs 

with collapsed alveoli

Pneumonia revealed in up to 75 

% of cases



Liver like appearance



Dependent hemorrhagic

injury



Wet Heavy lung



Pneumonia Induced ARDS





Clinical Manifestations Of ARDS

▪ Dyspnea

▪ Tachypnea ( rapid, shallow breathing)

▪ Severe Hypoxemia – refractory to O2 therapy

▪ Intercostal and suprasternal retraction on inspiration

▪ CXR reveals diffuse bilateral infiltrates (not always a 

reliable study) CAT SCAN Better!!



WOB

Associated with 

ARDS





COVID Two Different ARDS?

Luciano Gattinoni
Department of 
Anesthesiology and 
Intensive Care, 
Medical University 
of Göttingen



COVID-19 pneumonia, Type L (“Happy 
hypoxemia”)

At the beginning, COVID-19 pneumonia presents with the 
following characteristics:
• Low elastance: the nearly normal compliance indicates that 
the amount of gas in the lung is nearly normal  CLT>30cm
• Low ventilation to perfusion (VA/Q) ratio: since the gas 
volume is nearly normal, hypoxemia may be best explained by 
the loss of regulation of perfusion and by loss of hypoxic 
vasoconstriction. Accordingly, at this stage, the pulmonary 
artery pressure, should be near normal.
• Low lung weight: Only ground-glass densities are present on 
CT scan, primarily located subpleurally and along the lung 
fissures. Consequently, lung weight is only moderately

increased.
• Low lung recruitability: the amount of non-aerated tissue is 
very low, consequently the recruitability is low.  

Acts like a diffusion deficient-poor DLCO



Treatment of Phenotype L

▪ Higher threshold for intubation

▪ Early prone

▪ High FIO2 administered >70%

▪ Lower PEEP  



COVID-19 pneumonia, Type H
The Type H patient

• High elastance: The decrease of gas volume due to increased 
edema accounts for the increased lung elastance. CLT<30cm
• High right-to-left shunt: This is due to the fraction of cardiac 
output perfusing the non-aerated tissue which develops in the 
dependent lung regions due to the increased edema and 
superimposed pressure.
• High lung weight: Quantitative analysis of the CT scan shows a 
remarkable increase in lung weight (> 1.5 kg), on the order of 
magnitude of severe ARDS • High lung recruitability: The 
increased amount of non-aerated tissue is associated, as in severe 
ARDS, with increased recruitability .
The Type H pattern, 20 – 30% of patients in our series, fully fits 
the severe ARDS criteria: hypoxemia  P/F<100 torr



Treatment of Phenotype H

▪ Early intubation

▪ High PEEP

▪ Paralytic

▪ Prone inhaled pulmonary Vasodilators

▪ ?ECMO



Mechanical Ventilation During the First year of the 
COVID-19 Pandemic

▪ RC Jour Aug 2021Vol 66 1341-1359

▪ Richard Kallet UC Trauma Division

▪ Argues that COVID is not a true ARDS but really a 

mutifocal pneumonia associated with pulmonary 

vasoconstriction and lung tissue inflammation  

▪ ARDS may occur later in the disease but not intially







COVID-19 Fatalities Shared 
These Characteristics

The research, which was published online in the American Journal of 

Respiratory and Critical Care Medicine, studies the electronic health records 

of 85 COVID-19 patients who died between Jan 9 and Feb 15, 2020 after 

treatment at two Wuhan hospitals.

Some of the clinical characteristics of the patient fatalities included: 

•65.8 median age

•72.9 % were men

•Most common symptoms: fever, dyspnea, and fatigue

•Most common comorbidities: hypertension, diabetes, and coronary heart 

disease

•80%+ of patients had very low counts of eosinophils on admission

•Complications included: respiratory failure, shock, ARDS and cardiac 

arrhythmia

•Most patients received antibiotics, antivirals and glucocorticoids

•Some were given intravenous immunoglobulin or interferon alpha-2b

•The majority of patients studied died from multiple organ failure











COVID outcomes
Patients
18-34 age group



COVID-19
Phenotypes and Clinical Implications

• Is COVID-19 ARDS? Yes If yes, is there a specific phenotype (or 
phenotypes)? Like ARDS in general, multiple phenotypes

• Are there special ventilator management strategies needed for 
COVID-19? No

• What are respiratory adjuncts that can be helpful in COVID-19 Several

• Is the mortality for COVID-19 higher than other mechanically  
ventilated patients? No 



Mortality in 
COVID-19 
Mechanically 
Ventilated 
Patients

New York City (JAMA April 29 2020 – n=1148):

• 35 discharged, 282 dead, 831 still on vent (89% 
mortality)

Boston (AJRCCM April 22 2020 – n=66):

• 41 discharged, 11 dead, 14 still on vent (22% 
mortality)

Emory (medRx Apr 26 2020 – n= 165)

• 86 discharged, 47 dead, 32 still in ICU (14 still on vent) 
(26% mortality)

Duke data (July 1 2020 – n=47)

• 26 discharged, 10 dead, 11 still in ICU (28% mortality)



• LVHN Outcome Data

• Nov 20 2020
Site Total Ventilated Pt. Liberation Expired Still ventilated

Muhl 51 29 20 2

CC 115 56 48 11

LVH-H 26 14 11 1

LVH-P 40 20 15 5

LVH-S 12 3 7 2

Total 234 110 (51%) 95 (41%) 21 (8%)



Outcomes 

May 1 2021 

Site Total Ventilated 
Pt. 

Liberation Expired Still ventilated 

Muhl 109 47 61 1 

CC 320 141 170 8 
LVH-H 41 22 18 2 
LVH-P 74 29 45 0 

LVH-S 19 5 14 0 
Total 556 239 (43.2%) 304 (54.5%) 11 (2%) 

 



Outcomes 

June 21 2021 

Site Total Ventilated 
Pt. 

Liberation Expired Still ventilated 

Muhl 118 49 67 2 

CC 343 155 187 1 

LVH-H 43 24 19 0 

LVH-P 77 30 47 0 

LVH-S 19 5 14 0 

Total 600 263  334  3 

 



COVID-19 Reduced Americans’ Life Expectancy 
by 1.13 Years



The COVID-19 pandemic, which claimed more than 336,000 
lives in the United States in 2020, has significantly affected life 
expectancy, USC and Princeton researchers have found

The researchers project that, due to the pandemic deaths last year, life expectancy at birth for 
Americans will shorten by 1.13 years to 77.48 years, according to their study published Thursday in 
the Proceedings of the National Academy of Sciences. That is the largest single-year decline in life 
expectancy in at least 40 years and is the lowest life expectancy estimated since 2003.

The declines in life expectancy are likely even starker among Black and Latino communities. For Black 
Americans, the researchers project their life expectancy would shorten by 2.10 years to 72.78 years, 
and for Latino Americans, by 3.05 years to 78.77 years.

Whites are also impacted, but their projected decline is much smaller — 0.68 years — to a life 
expectancy of 77.84 years.

Overall, the gap in life expectancy between Blacks and whites is projected to widen by 40%, from 3.6 
to more than 5 years — further evidence of the disease’s disparate impact on minority populations.

https://universityofsoutherncalifornia.createsend1.com/t/j-l-adkdyiy-l-m/


Why Males May Have a Worse Response to COVID-19
• Sex differences in COVID-19

• Reports of SARS-CoV-2 infection rates are similar between males and females, but male sex is 
a significant risk factor for more serious COVID-19 disease and death. In fact, one study 
revealed that men are 2.4 times more likely to die from COVID-19. I find it interesting that 
higher death rates in men also occurred in other coronavirus diseases like severe acute 
respiratory syndrome, caused by SARS-CoV, and Middle East respiratory syndrome. 

• Based on data from the Centers for Disease Control and Prevention as of Oct. 5, 2020, the 
risk of death from COVID-19 in men 30-49 years old was also found to be more than twice 
that of females. 

• Males with SARS-CoV-2 show greater inflammation

• Men showed higher levels of cytokines that trigger inflammation, like IL-8 and IL-18, than 
women. Higher quantities of these cytokines are linked to more severe disease. In severe 
cases of COVID-19, fluid builds up in the lungs, reducing the oxygen available in the body for 
normal functions. This can lead to tissue damage, shock and potentially the failure of 
multiple organs. 

• Females with SARS-CoV-2 are better prepared to eliminate the virus

• Compared to men, women had a higher number of T cells – essential for eliminating the virus 
– that were activated, primed and ready to respond to the SARS-CoV-2 infection. Men with 
lower levels of these activated T-cells were more likely to have severe disease. 

https://covid.cdc.gov/covid-data-tracker/?utm_source=morning_brew#demographics
https://doi.org/10.3389/fpubh.2020.00152
https://doi.org/10.3389/fpubh.2020.00152
https://doi.org/10.4049/jimmunol.1601896
https://covid.cdc.gov/covid-data-tracker/?utm_source=morning_brew#demographics
https://dx.doi.org/10.1016/j.cpcardiol.2020.100618


The Rise of ‘COVID Parties’

• Parties in which young people try to catch Covid-19 to gain immunity 
could become the norm if the virus is not eradicated, a Cambridge 
professor has suggested, prompting others to caution that the long-
term effects of infection are not yet known.

• In the cases of the latter, he suggested: “You’ll get it when you’re 
young and not get sick. People will be invited to parties – like 
chickenpox parties – so you don’t get it when you’re older, but we’ll 
have to wait and see.”

• While some have raised concerns about waning immunity, Lehner
again was optimistic, saying that a reinfection was likely to be less 
severe than the first, while reinfection, so far, seems rare.



Does COVID Symptoms Regress?





Future of COVID



First Documented COVID-19 Reinfection, Immunity 
May Not Last

▪ That is almost unassailable evidence that the man was infected a 
second time, and another indication, albeit far from definitive, that 
immunity to SARS-CoV-2 may not last very long.

▪ Interestingly, the patient was asymptomatic during his second infection, 
the authors said.

▪ Reinfection was suspected in a few previous cases of COVID-19, but 
never documented. Many experts believed what appeared to be 
reinfection was simply prolonged infection.

▪ Epidemiological, clinical, serological and genomic analyses confirmed 
that the patient had reinfection instead of persistent viral shedding from 
first infection.





A Third of COVID Survivors Have Long-Haul Symptoms

▪ About 33% of COVID-19 patients who were never sick enough to 
require hospitalization continue to complain months later of symptoms 
like fatigue, loss of smell or taste and "brain fog," University of 
Washington (UW) researchers found.

▪ The brain fog's particularly debilitating to folks who do a lot of 
intellectual work and often work from home via computer," Ganesh said. 
"They just can't focus on the computer that long, and the bright lights 
bother them and give them headaches. They're just not as productive 
as they used to be, and it's very frustrating for them.

▪ Nearly 31% of patients said they had a worse health-related quality of 
life now, compared to before getting COVID-19, the researchers 
reported.

https://www.webmd.com/sleep-disorders/ss/slideshow-fatigue-causes-and-remedies


More Than a Quarter of Long COVID Patients Still 
Not Recovered After 6 Months 

▪ How long can some COVID symptoms linger? New research suggests that more 
than a quarter of adults who had COVID-19 in 2020 weren't fully recovered six to 
eight months later.

▪ There's growing evidence that COVID-19 can cause long-term physical and mental 
health problems. These cases -- called long-haul COVID -- are a growing issue for 
health care systems.

▪ This study included 431 people in Zurich, Switzerland, who tested positive for SARS-
CoV-2 (the virus that causes COVID-19) between February and August 2020. They 
all completed an online health questionnaire about seven months after their initial 
diagnosis. Their average age was 47.

▪ Nearly 9 in 10 of the participants had symptoms when they were diagnosed, and 
19% were hospitalized at the time of their diagnosis.

▪ Overall, 26% of the patients reported in the questionnaire they had not fully 
recovered after their initial COVID-19 diagnosis. Of those, 55% reported fatigue; 
25% had shortness of breath, and 26% had symptoms of depression.





Prolonged Brain Dysfunction in COVID-19 
Survivors: A Pandemic in its Own Right? 

▪ One in three survivors of COVID-19, those more commonly referred to as COVID-19 long-
haulers, suffered from neurologic or psychiatric disability six months after infection, a recent 
landmark study of more than 200,000 post-COVID-19 patients showed.

▪ Researchers looked at 236,379 British patients diagnosed with COVID-19 over six months, 
analyzing neurologic and psychiatric complications during that time period. They compared 
those individuals to others who had experienced similar respiratory illnesses that were not 
COVID-19.

▪ They found a significant increase in several medical conditions among the COVID-19 group, 
including memory loss, nerve disorders, anxiety, depression, substance abuse and insomnia. 
Additionally, the symptoms were present among all age groups and in patients who were 
asymptomatic, isolating in home quarantine, and those admitted to hospitals.

▪ The results of this study speak to the seriousness of long-term consequences of COVID-19 
infection. Numerous reports of brain fog, post-traumatic stress disorder, heart disease, lung 
disease and gastrointestinal disease have peppered the media and puzzled scientists over 
the past 12 months, begging the question: What effect does COVID-19 have on the body long 
after the acute symptoms have resolved?

https://doi.org/10.1016/S2215-0366(21)00084-5


▪ Several other viruses, including a large majority of those that cause common upper 
and lower respiratory infections, have been shown to produce such chronic 
symptoms as anxiety, depression, memory problems and fatigue. Experts believe 
that these symptoms are likely due to long-term effects on the immune system. 
Viruses trick the body into producing a persistent inflammatory response resistant to 
treatment.

▪ Myalgic encephalomyelitis, also known as chronic fatigue syndrome, is one such 
illness. Researchers believe this condition results from continuous activation of the 
immune system long after the initial infection has resolved.

▪ In contrast to other viral infections, the COVID-19 survivors in the study reported 
persistent symptoms lasting more than six months, with no significant improvement 
over time. The abundance of psychiatric symptoms was also notable and likely 
attributable to both infection and pandemic-related experience.

https://doi.org/10.1037/0033-2909.130.4.601
https://www.cdc.gov/me-cfs/about/index.html


Man Needed Double Lung Transplant, Wishes He’d 
Been Vaccinated

▪ A 24-year-old Georgia man who contracted COVID-19 and required a double lung 
transplant, and who remains hospitalized, has expressed his regret he did not get 
vaccinated for the virus, which has so far killed more than 607,000 Americans.

▪ Blake Bargatze had told his parents he was putting off receiving a COVID-19 vaccine 
because he felt uncertain about its possible side effects.

▪ Bargatze, who had no preexisting medical conditions and has endured prolonged 
intensive care stays at hospitals in three different states over the last three months, 
believes he contracted COVID-19 during an April visit to Florida.

▪ Many complications occurred during his hospital stay that caused extensive damage 
to his lungs, requiring the need for a double lung transplant to survive. Blake was 
transferred to the University of Maryland Medical Center on June 12th. He remains 
on the ventilator and ECMO as he waits for the lung transplant.”





Many ICU staff have experienced mental health 
disorders in COVID-19 pandemic

▪ In a study of 515 healthcare staff working in intensive care 
units (ICUs) in seven countries, the researchers found that 
48 percent of participants had mental health problems -
depression, insomnia and post-traumatic stress disorder 
(PTSD).

▪ The team also found a 40 per cent increase in these 
conditions for those who spent more than six hours in 
personal protective equipment (PPE), compared to those 
who didn’t.



In Conclusion

▪ COVID-19 pathophysiology is more than just respiratory 

dysfunction

▪ The body’s response to the disease may be more deadly 

than the disease itself

▪ There is a subset of COVID patients that symptoms 

continue to manifest long beyond “recovery”.
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