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CORONAVIRUSES: OVERVIEW

◼ Coronaviruses (COVs): first characterized in 
the 1960s, they are a large family of 
enveloped, positive-strand RNA viruses with 
spike glycoproteins that cause a substantial 
proportion of URT inf’s in children and adults

◼ 7 CoVs are known to cause human disease, 
either of low or highly pathogenic potential 

◼ Kahn JS, McIntosh K. History and Recent Advances in Coronavirus Discovery. Pediatr Infect Dis J. 
2005;24(11):S223. doi:10.1097/01.inf.0000188166.17324.60

◼ Raoult D, Zumla A, Locatelli F, Ippolito G, Kroemer G. Coronavirus infections: Epidemiological, clinical and 
immunological features and hypotheses. Cell Stress. March 2020. doi:10.15698/cst2020.04.216

◼ To KKW, Hung IFN, Chan JFW, Yuen K-Y. From SARS coronavirus to novel animal and human coronaviruses. 
J Thorac Dis. 2013;5 Suppl 2:S103-108. doi:10.3978/j.issn.2072-1439.2013.06.02



3 HIGHLY PATHOGENIC COV’S
◼ SARS coronavirus (SARS-CoV, now named 

SARS-CoV-1)

◼ The Middle East respiratory syndrome (MERS) 
coronavirus (MERS-CoV) 

◼ SARS-CoV-2, the agent of COVID-19, identified 
in patients in Wuhan, China w/severe PN

◼ Xu J, Zhao S, Teng T, et al. Systematic Comparison of Two Animal-to-Human Transmitted Human 
Coronaviruses: SARS-CoV-2 and SARS-CoV. Viruses. 2020;12(2):244. doi:10.3390/v12020244

◼ HO | Severe Acute Respiratory Syndrome (SARS). WHO. https://www.who.int/csr/sars/en/. 

◼ Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus ADME, Fouchier RAM. Isolation of a Novel 
Coronavirus from a Man with Pneumonia in Saudi Arabia. N Engl J Med. 2012;367(19):1814-1820. 
doi:10.1056/NEJMoa1211721

◼ He F, Deng Y, Li W. Coronavirus disease 2019: What we know? J Med Virol. n/a(n/a). 
doi:10.1002/jmv.25766



Viral shedding and Incubation

◼ The median incubation period is 4-5 days

◼ After becoming infected, 97.5% of people will 
have symptoms within 11.5 days

◼ Viral shedding can happen up to 3 days before  
becoming symptomatic, & 40% to 50% of cases 
are likely transmitted from asymptomatic 
individuals

◼ Gandi R, et al. Mild or Moderate COVID-19. NEJM, Apr 24, 2020

◼ https://www.nejm.org/doi/pdf/10.1056/NEJMcp2009249

https://www.nejm.org/doi/pdf/10.1056/NEJMcp2009249


Early Prodromal Symptoms 

◼ Anosmia, hyposmia and dysgeusia = 88%

◼ Followed days later by fever (91.7%), chills, 
cough (75.0%), SOB, fatigue (75.0%), GI  
symptoms including N+, V+, diarrhea (39.6%). 

◼ A sore throat, headache, myalgias and rarely 
conjunctivitis, hemoptysis have been reported

◼ Coronavirus Disease 2019: Resources. American Academy of Otolaryngology-Head and Neck Surgery. 
https://www.entnet.org/content/coronavirus-disease-2019-resources. Published March 15, 2020. 
Accessed March 29, 2020.

◼ Zhang J-J, Dong X, Cao Y-Y, et al. Clinical characteristics of 140 patients infected with SARS-CoV-2 in 
Wuhan, China. Allergy. February 2020. doi:10.1111/all.14238

◼ Singhal T. A Review of Coronavirus Disease-2019 (COVID-19). Indian J Pediatr. 2020;87(4):281-286. 
doi:10.1007/s12098-020-03263-6



Significance of Anosmia

◼ Very few diseases cause a sudden loss or 
decreased sense of smell and/or taste: 1*:

trauma, rhinosinusitis/nasal polyps, viral inf’s 
◼ 5% of people exhibit functional anosmia (age)

◼ 25% of people > 50 y.o. have impaired smell

◼ Also seen in early neurodegenerative dx 
(Alzheimers, PD, Lewy body dementia)

◼ Hummel T, Landis BN, Hüttenbrink K-B. Smell and taste disorders. GMS Curr Top Otorhinolaryngol Head Neck Surg. 2012;10. 
doi:10.3205/cto000077

◼ Murphy C, Schubert CR, Cruickshanks KJ, Klein BEK, Klein R, Nondahl DM. Prevalence of Olfactory Impairment in Older Adults. 
JAMA. 2002;288(18):2307-2312. doi:10.1001/jama.288.18.2307

◼ Doty RL, Shaman P, Applebaum SL, Giberson R, Siksorski L, Rosenberg L. Smell identification ability: changes with age. 
Science. 1984;226(4681):1441-1443. doi:10.1126/science.6505700

◼ Hüttenbrink K-B, Hummel T, Berg D, Gasser T, Hähner A. Olfactory Dysfunction: Common in Later Life and Early Warning of 
Neurodegenerative Disease. Dtsch Ärztebl Int. 2013;110(1-2):1-7. 



5 Categories of Derm

Manifestations with COVID-19
◼ 5 Skin manif’s: pseudo-chilblain (19%), other vesicular 

eruptions (9%), urticarial lesions (19%), maculopapules
(47%), and livedo or necrosis (6%)

◼ Pseudo-chilblain lesions affect younger patients with less 
severe disease (bottom left)

◼ Vesicular lesions: affect middle age, intermediate severity

◼ Urticarial, maculopapular, and livedoid/necrotic lesions were all 
associated with more severe disease

◼ ↑ H. zoster also seen



‘COVID TOES’: Early Sx, ? Only Sx
“Purple lesions" on Feet (or hands)



Early Prodromal CNS Symptoms: 

Confusion, ANE, Stroke 

◼ Altered brain function can be an early sign: 
HA’s, confusion, seizures, tingling & numbness 

◼ Worst complication: Acute Necrotizing 
Encephalopathy (ANE) 

◼ Large Vessel Stroke in the Young
◼ Figure 2a: MRI images demonstrate T2 FLAIR hyperintensity within the bilateral 

medial temporal lobes and thalami (A, B, E, F) with evidence of hemorrhage indicated 

by hypointense signal intensity and rim enhancement on postcontrast images (D, H).

◼ Oxley TJ, Mocco J, Majidi S, et al. Large-Vessel Stroke as a Presenting Feature of Covid-19 in the Young. 
New England Journal of Medicine. 2020;0(0):e60. doi:10.1056/NEJMc2009787

◼ Neo Poyiadji et al., COVID-19–associated Acute Hemorrhagic Necrotizing Encephalopathy: CT and MRI 
Features. Images in Radiology. Published Online:Mar 31 2020https://doi.org/10.1148/radiol.2020201187



Neuroinflammation & Blood Brain 

Barrier Disruption: COVID PCR + On LP
Welcome, M., Inflammopharmacology 2020, Springer Nature



Other Neuro Complications: GBS, MS, 

Acute Disseminated Encephalomyelitis 

*ADEM  

◼ Post-infectious, immune-mediated complications in the 
convalescent period are possible

◼ Viral RNA can be found within brain tissue & CSF

◼ Meningitis, encephalitis, acute flaccid paralysis

◼ Direct neuronal injury in brainstem cardiorespir centers

◼ Autoimmune inflammatory and demyelinating 
syndromes seen in susceptible individuals

◼ Carlos A. Pérez, MD. Looking ahead: The risk of neurologic complications due to COVID-19. NeurClinPrac. DOI: 
10.1212. CPJ.0000000000000836



SEVERE COMPLICATIONS

◼ Severe complications include: Novel 
Coronavirus Pneumonia (NCP) with or without 
acute respiratory distress syndrome (ARDS) 
and respiratory failure

◼ Organ function damage with cardiac injury 
and fulminate myocarditis, pneumothorax, 
liver dysfunction & acute kidney injury

◼ Ruan Q, Yang K, Wang W, Jiang L, Song J. Clinical predictors of mortality due to COVID-19 based on an 
analysis of data of 150 patients from Wuhan, China. Intensive Care Med. March 2020. 
doi:10.1007/s00134-020-05991-x

◼ Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia 
in Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med. 2020;0(0). 
doi:10.1016/S2213-2600(20)30079-5



Cardiac Complications: Acute 

COVID-19 CV Syndrome (ACovCS)

◼ Due to cytokine storm: myocarditis, 
microvascular injury, stress rel cardiomyopathy

◼ Cardiac arrythmias, clinical CHF can result

◼ ↑ Troponin, CV stable → no need for extensive 
cardiac imaging



1/3 Pts Have Liver Abnormalities: 

Higher % on Lopinovir/Ritonavir



Hirsch JS, et al. Nephrology COVID-19 Research Consortium, ACUTE KIDNEY INJURY IN PATIENTS HOSPITALIZED 
WITH COVID-19, Kidney International (2020), doi: https://doi.org/10.1016/j.kint.2020.05.006.

https://doi.org/10.1016/j.kint.2020.05.006


How Many People Will Get Sick 

From COVID? Look at Risk Factors



Risk Factors COVID-19

◼ Advanced age (≥ 65), male gender, race 
(African-American), obesity, smoking history 

◼ Prior medical histories: HTN, DM, CV and 
respiratory disease (asthma, emphysema), 
Hemorrhagic or ischemic strokes, 
immunosuppression, cancer, chronic kidney 
and liver disease & secondary infections

◼ Shi Y, et al. Host susceptibility to severe COVID-19 and establishment of a host risk score: findings of 487 
cases outside Wuhan. Crit Care. 2020;24. doi:10.1186/s13054-020-2833-7

◼ Garg S. Hospitalization Rates and Characteristics of Patients Hospitalized with Laboratory-Confirmed 
Coronavirus Disease 2019 — COVID-NET, 14 States, March 1–30, 2020. MMWR Morb Mortal Wkly Rep. 
2020;69. doi:10.15585/mmwr.mm6915e3

◼ Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult inpatients with COVID-19 in 
Wuhan, China: a retrospective cohort study. Lancet Lond Engl. March 2020. 



ACEI/ARB Therapy: No ↑ Risk



↑ HbA1c: ↑Risk Inflammation, 
Hypercoagulability, Poorer Prognosis



Is Low T A Risk Factor in Older Men?
https://www.sciencetimes.com/articles/25685/20200514/men-hypogonadism-leading-low-testosterone-levels-

more-die-coronavirus-study.htm

◼ Of the 35 male COVID-19 patients in an ICU at a 
German hospital, > than 68% had low levels of test 

◼ The majority of female patients had elevated 
testosterone levels. Of all the participants in the 
study, nine men and three women died

◼ Sex hormones are involved in the process of 

how the immune system starts an

inflammatory response to pathogens

◼ Need a larger, controlled study

◼ FU: 71-79% men in 2 Spanish studies

admitted to hospitals had low T



Genetic Risks: Type A Blood, Gene 

Loci on Chromosome 3 (CCL-2 SNP)
Lower risks: Type O Blood (23 & Me)



Risk in Children: Rare Cases of Kawasaki 

Dx: Inflammation Bl. Vessels, Toxic Shock 
https://www.nytimes.com/2020/05/05/nyregion/children-Kawasaki-syndrome-coronavirus.



Pregnancy: The Placenta Can Be Affected 
A small study of 16 pregnant women w/ Covid-19 found evidence of 

injury to the placenta: insufficient blood flow from the mother to the 
fetus and blood clots in the placenta. ? Need to test the O2 delivery 
of the placenta during pregnancy and follow the intrauterine growth 

via ultrasounds, although the babies were healthy



Risk Is Lower At High Altitudes
https://www.wvgazettemail.com/washington_post/international/from-the-andes-to-tibet-the-coronavirus-

seems-to-be-sparing-populations-at-high-altitudes/article_e2c145af-f774-51fd-ae0b-e4d6597eabc3.html

◼ From the Andes to Tibet, COVID-19 seems to be 
sparing populations at high altitudes

◼ May be due to a combination of an ability to cope 
with hypoxia and a natural environment hostile to the 
virus — dry mountain air, high levels of UV radiation 
and the possibility that lower barometric pressure 
reduces the virus’s ability to linger in the air

◼ Also, acclimatization to oxidative stress at high 
altitude and ↑ GSH levels may play a role: After 13 
months at ↑ altitude, plasma total antioxidant status 
(TAS) improved by 21% & glutathione levels by 32.8%

◼ https://pubmed.ncbi.nlm.nih.gov/16351564/

https://www.wvgazettemail.com/washington_post/international/from-the-andes-to-tibet-the-coronavirus-seems-to-be-sparing-populations-at-high-altitudes/article_e2c145af-f774-51fd-ae0b-e4d6597eabc3.html
https://pubmed.ncbi.nlm.nih.gov/16351564/


Risk Is Increased With Air Pollution

◼ First nationwide study linking exposure to PM 
2.5 to COVID death rates (Harvard, in peer review)

◼ Inflammation: common denominator in 
environmental toxin exposure & chronic disease

◼ Horowitz, R.I., The Global Rise of Chronic Diseases: Why Broaden the Paradigm to Include Tick-borne Illness 
and Environmental Toxin Exposure? Arch Med Case Rep. 2019, Volume 1, Issue 1. 

Exposure to air pollution and COVID-19 

mortality in the United States: A nationwide 

cross-sectional study 

 View ORCID ProfileXiao Wu,  View ORCID ProfileRachel C. Nethery, Benjamin 
M. Sabath, Danielle Braun, Francesca Dominici 
doi: https://doi.org/10.1101/2020.04.05.20054502 



The 3 I’s: Infection, Immune 
Dysfunction, Inflammation



RISKS BY THE NUMBERS: April 2020

◼ April 2020: As of April 11, 2020 almost 1.7 
million people worldwide had been infected

◼ Global mortality rates over time are around 
5.7% converging with current WHO estimates

◼ US: Based on death certificates, % of deaths 
attributed to PN, influenza or COVID-19 (PIC) 
ranged from 14.6%-23.6% during week 16-17 

◼ Coronavirus. https://www.who.int/emergencies/diseases/novel-coronavirus-2019. Accessed April 12, 
2020.

◼ Baud D, Qi X, Nielsen-Saines K, Musso D, Pomar L, Favre G. Real estimates of mortality following COVID-19 
infection. Lancet Infect Dis. 2020;0(0). doi:10.1016/S1473-3099(20)30195-X

◼ https://www.cdc.gov/coronavirus/2019-ncov/covid-data/covidview/index.html



Risks By the Numbers: May 22, 2020
◼ More than 5 million people have now been infected with 

COVID 19 worldwide: This translates into 1 million new 
infections in 2 weeks (NYT, May 22, 2020)

◼ New coronavirus cases have emerged in northeast China, Iran 
& US states that have loosened restrictions. Now at 100k, 5/28

have 

emerge

d in 

northe

ast 

China



WHO Worldwide: Almost At 7 

Million, 400,000 Deaths, June 9th

WHO Numbers: June 9, 2020



NYT: June 11th, 2020: 

Daily Country Curves 



Putting the Risk of Covid-19 in Perspective
The New York Times,  David C. Roberts, May 22, 2020

◼ A useful way to understand risks is by comparing 
them with a “micromort,” which measures a one-in-a-
million chance of dying (aver risk/day = 1 micromort)

◼ General anesthesia in the US (5 micromorts)

◼ Skydiving (7 micromorts per jump)

◼ Driving a motorcycle 44 mi every day (11 micromorts per day)

◼ Giving birth in the United States (210 micromorts)

◼ An individual living in New York City has experienced roughly 
50 additional micromorts of risk per day because of Covid-19

◼ If you’re infected with the virus, your odds of dying jump 
dramatically: 1% case fatality rate = 10,000 micromorts



Establishing a Clinical Risk Score:
Age, CXR, Dyspnea, Hemoptysis, Unconsciousness, Co-morbidities, Cancer, 

Neutrophil/lymphocyte ratio, LDH, Direct Bilirubin
JAMA Intern Med. Published online May 12, 2020



Establishing a Clinical Risk Score: 

LDH, Lymphocyte Ct, HS-CRP !



Establishing a Clinical Risk Score: Key 

Numbers for LDH, hs-CRP, lymph’s



Lymphocytopenia, Low CD4/CD8 counts: 

Key Clinical Indicators of Severe Dx
IL-6, IL-8 also ↑



APACHE II Score ≥ 17 Predicts Death
Critical Care Medicine: May 01, 2020 - Volume Online First - Issue -

doi: 10.1097/CCM.0000000000004411



5 Support Targets For COVID-19: 
Foundation, Antioxidant/Anti-inflammatory, Support NK/Th1

Evidence Supporting a Phased Immuno-physiological Approach to COVID-19 From Prevention Through Recovery
Yanuck et al. Immuno-physiological Approach to COVID-19. Integrative Medicine, Vol. 19, No. S1 Epub Ahead of Print





Pathogenicity of COVID-19

◼ “Cytokine storm syndrome” with ARDS is the 
primary cause of death. Also:

◼ Fulminant myocarditis w/ multiorgan dys(f)

◼ Uncontrolled systemic inflammatory response 
↑ large amounts of pro-inflammatory 
cytokines (IFN-α, IFN-γ, IL-1β, IL-6, IL-12, IL-18, 
IL-33, TNF-α, TGFβ, etc.) & chemokines 
(CXCL9, CXCL10, etc.) by immune effector cells  

◼ Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, 
China. Lancet Lond Engl. 2020;395(10223):497-506. doi:10.1016/S0140-6736(20)30183-5

◼ Li X, Geng M, Peng Y, Meng L, Lu S. Molecular immune pathogenesis and diagnosis of COVID-19. J Pharm 
Anal. March 2020. doi:10.1016/j.jpha.2020.03.001



Pathogenicity of COVID-19:  

◼ We also can see: Secondary hemophagocytic 
lymphohistiocytosis (sHLH), also known as 
Macrophage Activation Syndrome (MAS)

◼ This is a hyperinflammatory syndrome 
characterized by a fulminant and fatal 
hypercytokinemia with multiorgan failure

◼ Seen in approximately 4% of cases triggered 
by viral infections and/or sepsis

◼ Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. COVID-19: consider cytokine storm 
syndromes and immunosuppression. The Lancet. 2020;395(10229):1033-1034. 

◼ Adult haemophagocytic syndrome - The Lancet. 
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(13)61048-X/fulltext. Accessed April 12

◼ Karakike E, Giamarellos-Bourboulis EJ. Macrophage Activation-Like Syndrome: A Distinct Entity Leading to 
Early Death in Sepsis. Front Immunol. 2019;10. doi:10.3389/fimmu.2019.00055



Cardinal features of sHLH/MAS*

◼ Unremitting fever, cytopenia’s, low or absent 
natural killer (NK) cell activity, HSM, hepatobiliary 
dysfunction (HBD), coagulopathy, high ferritin 
levels (≥500 ng/ml), fasting triglycerides ≥265 
mg/dl w/ fibrinogen ≤150 mg/dl

◼ Pulmonary involvement with ARDS can occur in 
up to 50% of patients. All these are seen in fatal 
complications from COVID-19

◼ Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. COVID-19: consider cytokine storm 
syndromes and immunosuppression. The Lancet. 2020;395(10229):1033-1034. 

◼ Seguin A, Galicier L, Boutboul D, Lemiale V, Azoulay E. Pulmonary Involvement in Patients With Hemophagocytic 
Lymphohistiocytosis. Chest. 2016;149(5):1294-1301. doi:10.1016/j.chest.2015.11.004



Macrophage Activation Syndrome

◼ MAS has been reported in AI disorders & viral inf’s
◼ Pathogenesis: ↑ activation of macrophages and NK 

cells → ↑↑ interleukin (IL)-1β over-secretion leads  
cytokine storm of IL-6, IL-18, ferritin, and IF-gamma

◼ High ferritin levels = diagnostic hallmark of MAS

◼ Ferritin measurements within the first 24 hours can 
be used as a diagnostic biomarker of MAS 

◼ IL-18 also can promote human MAS
◼ Karakike E, Giamarellos-Bourboulis EJ. Macrophage Activation-Like Syndrome: A Distinct Entity Leading to 

Early Death in Sepsis. Front Immunol. 2019;10

◼ Rosado FGN, Kim AS. Hemophagocytic LymphohistiocytosisAn Update on Diagnosis and Pathogenesis. Am 
J Clin Pathol. 2013;139(6):713-727.

◼ Rosário C, et al. The hyperferritinemic syndrome: macrophage activation syndrome, Still’s disease, septic 
shock and catastrophic antiphospholipid syndrome. BMC Med. 2013;11:185



Pulmonary involvement in HLH/MAS

◼ Dyspnea and cough were the most common 
symptoms at the onset of the disease

◼ CXR’s: interstitial infiltrates w/ centrilobular 
nodules, 

◼ Ill-defined consolidation

◼ Ground-glass opacities

(GGO, crazy paving pat) 

Seguin A, Galicier L, Boutboul D, Lemiale V, Azoulay E. Pulmonary Involvement in Patients With 
Hemophagocytic Lymphohistiocytosis. Chest. 2016;149(5):1294-1301. 



Figure 2: Chest CT findings of COVID-19 pneumonia on transaxial images. (a) GGO; (b) crazy-paving pattern (GGO with superimposed inter- and 

intralobular septal thickening); (c) Consolidation. All images have the same window level of -600 and window width of 1600.

Pan F. Published Online: February 13, 2020

https://doi.org/10.1148/radiol.2020200370



Acute Resp Distress Syndrome (ARDS)

▪ 81% of critically ill COVID-19 patients develop 
life-threatening ARDS, hypoxemic respiratory 
failure → mechanical ventilation, and/or 
hypotension requiring vasopressor treatment 

▪ ARDS is caused by lung inflammation & ↑
alveolar endothelial and epithelial 
permeabilities→ protein-rich pulmonary edema 
w/ severe hypoxemia and ↓ CO2 excretion

▪ Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-
centered, retrospective, observational study – The Lancet Respiratory Medicine 
https://www.thelancet.com/journals/lanres/article/PIIS2213-2600(20)30079-5/fulltext

▪ Bhatraju PK, Ghassemieh BJ, Nichols M, et al. Covid-19 in Critically Ill Patients in the Seattle Region — Case 
Series. N Engl J Med. 2020;0(0):null. 

https://www.thelancet.com/journals/lanres/article/PIIS2213-2600(20)30079-5/fulltext


Etiology of ARDS Lung Injury 

◼ Neutrophil & platelet-dependent damage to 
the endothelial and epithelial barriers of the 
lung, frequently caused by pneumonia 

◼ Neutrophils become activated→ ↑ toxic 
mediators including reactive oxygen species 
(ROS), proinflammatory cytokines (TNF-α, IL-
6, IL-8) & procoagulant molecules

◼ Synergistic interaction w/ platelets ↑ damage 

◼ Matthay MA, Zemans RL. The Acute Respiratory Distress Syndrome: Pathogenesis and Treatment. Annu
Rev Pathol. 2011;6:147-163.

◼ Looney MR, et al. Platelet depletion and aspirin treatment protect mice in a two-event model of 
transfusion-related acute lung injury. J Clin Invest. 2009;119(11):3450-3461.



Procoagulant Effect/Coagulopathy

◼ A procoagulant effect with coagulopathy and 
anti-phospholipid antibodies has recently 
been reported in patients with Covid-19

◼ These abnormal coagulation parameters are 
associated with a poorer prognosis in patients 
with novel coronavirus pneumonia (NCP)

◼ Zhang Y, Xiao M, Zhang S, et al. Coagulopathy and Antiphospholipid Antibodies in Patients with Covid-19. 
N Engl J Med. 2020;0(0):null.

◼ Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated with poor prognosis in 
patients with novel coronavirus pneumonia. J Thromb Haemost. 2020;18(4):844-847. 
doi:10.1111/jth.14768



What Can We Do To Lower The 

Risk of Dying on a Ventilator?



NCP: Control Inflammation with 

Steroids, IV Vitamin C, Heparin?
https://covid19criticalcare.com/wp-content/uploads/2020/04/MATHPressRelease.pdf



Anticoagulation (AC) May Help Lower 

Mortality Rates on Ventilators in COVID

◼ 2,773 patients were hospitalized with COVID-19: 786 
(28%) received systemic AC (oral, SQ, IV) median 3 d 

◼ Patients who received AC were more likely to require 
invasive mechanical ventilation & had ↑ PT/PTT, LDH, 
hsCRP, ferritin, D-dimers at baseline: in-hospital 
mortality was 29.1% with a median survival of 21 days 
w/ AC, 62.7% with a median survival of 9 days w/o AC

◼ Longer duration of AC treatment was associated with a 
reduced risk of mortality (p<0.001).

◼ Paranjpe I, Fuster V, Lala A, Russak A, Glicksberg BS, Levin MA, 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.

https://doi.org/10.1016/j.jacc.2020.05.001


CCB’s May Decrease Ventilator 
Mortality: Retrospective Study 65 Pts:

50% survived vs 14.6% 



Noninvasive Oxygenation: Lower 

Mortality With COVID-19
NIV, similar to IMV, probably reduces mortality : https://www.acpjournals.org/doi/10.7326/M20-2306

https://www.acpjournals.org/doi/10.7326/M20-2306


Supportive Measures for ARDS

◼ Attention to fluid balance, ↓ transfusions, ↓
sedatives & neuromuscular blocking agents

◼ Inhaled bronchodilators & prostacycline

◼ Vasoconstrictors & anti-inflammatory agents 
including steroids (no benefit, cause harm)

◼ These confer short term improvement, but 
have no proven effect on survival 

◼ Why? ROS overwhelm endogenous anti-
oxidants resulting in oxidative cell damage 

◼ Pierrakos C, Karanikolas M, Scolletta S, Karamouzos V, Velissaris D. Acute Respiratory Distress Syndrome: 
Pathophysiology and Therapeutic Options. J Clin Med Res. 2012;4(1):7-16. doi:10.4021/jocmr761w

◼ Martin TR. Lung cytokines and ARDS: Roger S. Mitchell Lecture. Chest. 1999;116(1 Suppl):2S-8S



Addressing ROS & Inflammation:  

Block NF-kappaB, Stimulate Nrf2 

◼ Activation of NF-kappaB is required for 
transcription of the genes→ ↑ pro-
inflammatory mediators associated w/ ARDS

◼ NF-κB plays a key role in the orchestration of 
the multifaceted inflammatory response, in 
the pro-inflammatory phase and later in the  
the resolution of inflammation when anti-
inflammatory genes are expressed (ARE)

◼ Gasparini C, Feldmann M. NF-κB as a target for modulating inflammatory responses. Curr Pharm Des. 
2012;18(35):5735-5745. doi:10.2174/138161212803530763

◼ Rahman A, Fazal F. Blocking NF-κB. Proc Am Thorac Soc. 2011;8(6):497-503. doi:10.1513/pats.201101-
009MW



Blocking NF-κB: Antioxidant Tx

◼ Antioxidants including N-acetyl-cysteine (NAC), 
alpha lipoic acid (ALA) and glutathione (GSH), 
have all been published to inhibit activation of 
NFKappaB

◼ Both NAC and alpha-lipoic acid upregulate and 
regenerate glutathione production in vivo 

◼ Brocard H, Charpin J, Germouty J. [Multicenter, double-blind study of oral acetylcysteine vs. placebo]. Eur J 
Respir Dis Suppl. 1980;111:65-69.

◼ Zhang WJ, Frei B. Alpha-lipoic acid inhibits TNF-alpha-induced NF-kappaB activation and adhesion molecule 
expression in human aortic endothelial cells. FASEB J Off Publ Fed Am Soc Exp Biol. 2001;15(13):2423-2432.

◼ Cho S, Urata Y, Iida T, et al. Glutathione downregulates the phosphorylation of I kappa B: autoloop 
regulation of the NF-kappa B-mediated expression of NF-kappa B subunits by TNF-alpha in mouse vascular 
endothelial cells. Biochem Biophys Res Commun. 1998;253(1):104-108. 





Primary Roles of Glutathione

◼ Antioxidant/Anti-inflammatory activity of GSH: 
neutralize potentially dangerous molecules (ROS, RNS), 
xenobiotics, metals

◼ Regulates cell processes: metabolism, proliferation, 
differentiation, apoptosis

◼ Regulates immune response: the concentration of GSH 
and its oxidized form, glutathione disulfide (GSSG), 
mainly determines the redox state of the cell

◼ Viruses alter the intracellular redox state to pro-oxidant 
conditions, contributing to viral pathogenesis

◼ Dickinson DA, et al. Cellular glutathione and thiols metabolism. Biochem Pharmacol. 2002 Sep; 64(5-6):1019-26.

◼ Forman HJ, et al. Glutathione: overview of its protective roles, measurement, and biosynthesis. Mol Aspects 
Med. 2009 Feb-Apr; 30(1-2):1-12.



Other Roles of GSH: 

Glutathionylation in Infection & 

Inflammation



Glutathionylation: Antiviral Activity
Checconi P, et al. Role of Glutathionylation in Infection and Inflammation. Nutrients. 2019;11(8):1952. Published 2019 Aug 20

◼ Glutathionylation is the formation of mixed disulfides 
between protein cysteines and (GSH) cysteines

◼ Microbial proteins undergo glutathionylation, with 
modification of their functions

◼ Viruses alter the intracellular redox state to pro-
oxidant conditions, which is an alteration that 
contributes to viral pathogenesis

◼ Redox signaling: potential target for antiviral strategies
◼ Palamara AT, et al. Evidence for antiviral activity of glutathione: in vitro inhibition of herpes simplex virus 

type 1 replication. Antiviral Res. 1995 Jun; 27(3):237-53. 

◼ Palamara AT, et al. Glutathione inhibits HIV replication by acting at late stages of the virus life cycle. Res Hum 
Retroviruses. 1996 Nov 1; 12(16):1537-41.

◼ Ciriolo MR et al. Loss of GSH, oxidative stress, and decrease of intracellular pH as sequential steps in viral 
infection. J Biol Chem. 1997 Jan 31; 272(5):2700-8.



Other Beneficial Antioxidants: Nrf2 

Stimulation & Vitamin C

◼ Stimulation of Nrf2 blocks the macrophage 
inflammatory response: 4 nutraceuticals: 
curcumin, sulforaphane glucosinolate (broccoli 
seed extract), resveratrol, EGCG (green tea)

◼ Vitamin C: can ↓ the duration of mechanical 
ventilation in critically ill patients 

◼ Hemilä H. Vitamin C and Community-acquired Pneumonia. Am J Respir Crit Care Med. 2011;184(5):621-622.

◼ Kobayashi EH, Suzuki T, Funayama R, et al. Nrf2 suppresses macrophage inflammatory response by blocking 
proinflammatory cytokine transcription. Nat Commun. 2016;7. 

◼ Yadav VS, Mishra KP, Singh DP, Mehrotra S, Singh DVK. Immunomodulatory Effects of Curcumin. 
Immunopharmacol Immunotoxicol. 2005;27(3):485-497

◼ Subedi L, Lee JH, Yumnam S, Ji E, Kim SY. Anti-Inflammatory Effect of Sulforaphane on LPS-Activated 
Microglia Potentially through JNK/AP-1/NF-κB Inhibition and Nrf2/HO-1 Activation. Cells. 2019;8(2)



Other Potentially Beneficial 

Therapies: Zinc

◼ Zinc plays a central role in the immune system 

◼ Mediates nonspecific immunity, affecting 
neutrophils & natural killer (NK) cells 

◼ Zinc-deficiency ↑ susceptibility to  pathogens

◼ After zinc supplementation → ↓ incidence of 
infections, ↓ TNF-α & oxidative stress markers

◼ Shankar AH, Prasad AS. Zinc and immune function: the biological basis of altered resistance to infection. Am J 
Clin Nutr. 1998;68(2 Suppl):447S-463S.

◼ Prasad AS, et al. Zinc supplementation decreases incidence of infections in the elderly: effect of zinc on 
generation of cytokines and oxidative stress. Am J Clin Nutr. 2007;85(3):837-844.

◼ Prasad AS, et al. Antioxidant effect of zinc in humans. Free Radic Biol Med. 2004;37(8):1182-1190. 



Other Potentially Beneficial 

Therapies: Zinc

◼ Zn inhibits induction of TNF-α and IL-1β mRNA in 
mononuclear cells (MNCs)

◼ Provides protection against TNF-α–induced 
nuclear factor–κβ activation in mononuclear cells

◼ Macrophages are adversely affected by zinc 
deficiency, which can dysregulate intracellular 
killing and cytokine production

◼ Prasad AS, Beck FWJ, Bao B, et al. Zinc supplementation decreases incidence of infections in the elderly: effect of 
zinc on generation of cytokines and oxidative stress. Am J Clin Nutr. 2007;85(3):837-844.

◼ Prasad AS, Bao B, Beck FWJ, Kucuk O, Sarkar FH. Antioxidant effect of zinc in humans. Free Radic Biol Med. 
2004;37(8):1182-1190. 



Efficacy of GSH in Relieving Dyspnea 

Associated w/COVID-19 Pneumonia
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 

pneu-monia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020 



Low Blood Glutathione Levels in 

Healthy Aging Adults
Lang, C. et al., Jnl Lab and Clin Med. VOLUME 120, ISSUE 5, P720-725, NOVEMBER 01, 1992

◼ Test the hypothesis that blood GSH levels are ↓ in 
aging human subjects. Took 39 men and 130 women, 
20 to 94 years old, who were healthy

◼ Reference group was comprised of the 20- to 39-yo’s, 
whose RBC blood GSH levels were 547 ± 53.5 μg

◼ Cutoff: 440 μg/10 10 erythrocyte cutoff

◼ The incidence of low blood GSH in the older subjects 
increased significantly, particularly in the 60- to 79-
year-old group. Their RBC GSH levels were 452 ± 86.8 
μg/, 17% lower than the reference group ( p < 0.001).



Other Researchers Believe GSH 

Deficiency Is Of Primary Importance
Polinokov, A. Endogenous deficiency of glutathione as the most likely cause of serious manifestations 

and death in patients with the novel coronavirus infection (COVID-19): a hypothesis based on 
literature data and own observations, Pre-print, April 2020



Efficacy of GSH in Relieving Dyspnea 

Associated w/COVID-19 Pneumonia
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 

pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020 

◼ Two cases: both pts w/ hx of LD & co-inf’s 
(Anaplasma, babesia; Bart, RMSF) presented w/ 
symptoms & signs of COVID-19 PN w/ SOB

◼ Pt 1: Significant autoimmune/inflammatory 
markers (ANA, RF, anticardiolipin AB), Hg, low T, 
low normal cortisol, normal hs-CRP & ferritin 
levels

◼ Pt 2: hx improvement post tx LD & Bartonella 



Efficacy of GSH in Relieving Dyspnea 

Associated w/COVID-19 Pneumonia
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 

pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020 

◼ Shared symptoms: anosmia, dysgeusia, severe 
fatigue, myalgias, chills, night sweats, HA, 
sore/scratchy throat, cough, SOB, chest 
tightness, nausea, diarrhea, dizziness, brain fog, 
chronic insomnia

◼ Patient 1: symptoms started one week before 
testing returned positive for COVID-19

◼ Patient 2: sudden onset fevers, cough, SOB, 
anosmia, diarrhea. Testing unavailable in ER



Efficacy of GSH in Relieving Dyspnea 

Associated w/COVID-19 Pneumonia
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 

pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020 

◼ Pt 1, Symptoms: After several months of 
treatment with antibiotics during the time 
period of 2011 to 2012, the patient remained in 
relatively good health until 8 years later

◼ January 2020 symptoms relapsed w/ moderate 
fatigue, insomnia (sleeping 6 hours per night), 
occasional migratory pain in the muscles and 
joints, including low back, shoulders, ankles and 
feet, mild tremors & mild cognitive dysfunction



Efficacy of GSH in Relieving Dyspnea 

Associated w/COVID-19 Pneumonia
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 

pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020 

◼ Labs Patient 1: Lyme C6 ELISA was negative, IgM 
and IgG Immunoblot were negative with a 
negative PCR for Borrelia burgdorferi, along 
with negative Babesia testing and negative 
testing for other tickborne co-infections

◼ Complement levels were ↑ with ↑ C4a, & ↑
immune complex detection by C-1 Q binding

◼ RF ↑ (154), ANA ↑ (1:320). All other AI markers 
were negative



Efficacy of GSH in Relieving Dyspnea 

Associated w/COVID-19 Pneumonia
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 

pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020 

◼ Labs Patient 1: Hg level in the blood was 
elevated at 15.3 (normal range < 10 ug/L), Lead 
level was 1 (normal range 0 – 4 ug/dL) 

◼ Uric acid was sl. ↑ at 7.4 (normal range less than 
7 mg/deciliter) with a normal hemoglobin A1c 
at 5.3 (normal range less than 6.0). 

◼ A CBC and CMP were WNL, as were 
immunoglobulin levels (IGA, IgM and IgG) and 
mineral levels (iodine, zinc, copper, mag)



Efficacy of GSH in Relieving Dyspnea 

Associated w/COVID-19 Pneumonia
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 

pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020 

◼ Symptoms Patient 1: presented with anosmia, 
dysgeusia with a metallic taste, low-grade fevers 
(99.5 to 100.5 Fahrenheit), sweats (day and night 
occasionally interfering with sleep), body aches 
with flulike symptoms, low back pain, a dry 
cough with labored breathing, scratchy throat, 
severe headache, brain fog and diarrhea

◼ Symptoms started 1 week prior when testing 
returned + for COVID-19. ER: CXR was negative



Potential Pharmaceuticals for COVID-19

◼ Hydroxychloroquine +/- azithromycin, Chloroquine

◼ Alinia (nitazoxanide), Ivermectin +/- doxycycline

◼ Remdesivir (↓ illness by 4 days), itolizumab (monocl)

◼ Protease inhibitors lopinavir and ritonavir + rib/interf

◼ Melatonin, mercaptopurine, and sirolimus

◼ Antibody-rich plasma of recovered COVID-19 pts
◼ Liu J, Cao R, Xu M, et al. Hydroxychloroquine, a less toxic derivative of chloroquine, is effective in inhibiting SARS-CoV-2 

infection in vitro. Cell Discov. 2020;6(1):16. 

◼ Gautret P, Lagier J-C, Parola P, et al. Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-
label non-randomized clinical trial. Int J Antimicrob Agents. March 2020:105949. 

◼ Rossignol J-F. Nitazoxanide, a new drug candidate for the treatment of Middle East respiratory syndrome coronavirus. J 
Infect Public Health. 2016;9(3):227-230. 

◼ Liu C, Zhou Q, Li Y, et al. Research and Development on Therapeutic Agents and Vaccines for COVID-19 and Related Human 
Coronavirus Diseases. ACS Cent Sci. 2020;6(3):315-331. doi:10.1021/acscentsci.0c00272

◼ Chu CM, et al. Role of lopinavir/ritonavir in the treatment of SARS: initial virological and clinical findings. Thorax. 
2004;59(3):252-256. doi:10.1136/thorax.2003.012658

◼ Guo Y-R, Cao Q-D, Hong Z-S, et al. The origin, transmission and clinical therapies on coronavirus disease 2019 (COVID-19) 
outbreak – an update on the status. Mil Med Res. 2020;7(1):11. doi:10.1186/s40779-020-00240-0



Mycoplasma pneumoniae has been found in 

26.5% of COVID-19 pts: ? Use Doxy or Zithromax 
Check Ratio CRP/Procalcitonin: Predictive Mycoplasma



Influenza A Co-inf w/COVID-19: ?Tamiflu 
Poor Sensitivity COVID RT PCR Nasopharygeal Swab: BALF +

? Broader Viral Panel Testing Needed in Difficult Cases



Efficacy of GSH in Relieving Dyspnea 

Associated w/COVID-19 Pneumonia
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with COVID-19 

pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020 , 
https://www.sciencedirect.com/science/article/pii/S2213007120301350?via%3Dihub

◼ Patient 1, Treatment: Hydroxychloroquine as a 

loading dose of 400 milligrams BID × 2 days, followed by 
200 milligrams TID × 8 days, nitazoxanide 500 milligrams 
PO BID, and Zithromax 250 milligrams BID × 10 days

◼ No Hx QT prolongation on an EKG

◼ Albuterol inhaler: no help with SOB

◼ Immune and nutritional support (NS): Zinc, Vit C, 3,6 
Beta glucan, curcumin, sulforaphane glucosinolate, NAC, 
ALA, GSH, probiotics (acidophilus, lactobacillus, 
bifidobacterium and Saccharomyces boulardii)

https://www.sciencedirect.com/science/article/pii/S2213007120301350?via%3Dihub


Dosing Nutritional/Immune Support

◼ Zinc 40 milligrams per day (40-50 mg/d)

◼ Vitamin C 1-2 grams, TID (↑ dose for PN)

◼ 3, 6 beta glucan (500-1000 milligrams per day)

◼ Curcurmin 1 gm twice a day (can ↑ 2-4 gm BID)

◼ Sulforaphane glucosinolate 100 mg twice a day

◼ NAC 600 milligrams BID (can ↑ to 1.2 gm BID)

◼ Alpha lipoic acid 600 milligrams BID (?hypoglycemia)

◼ Glutathione 2, 500 mg capsules BID, can ↑ to 2 
grams all at once prn for acute respiratory 
distress. Repeat up to 6 gm/d. Use w/alkalinizing



Clinical Course Patient 1

◼ Day 11 postexposure, 4 days into the 
antibiotic regimen (day 4 of nitazoxanide) the 
patient began to clinically improve, although 
he still complained of anosmia, dysgeusia, 
poor appetite, a cough, significant shortness 
of breath, debilitating fatigue and several 
episodes of diarrhea per day with 
dehydration. Pulse oximetry’s remained at 
95% or higher 



Clinical Course Patient 1: GSH

◼ A trial of 2 grams of oral GSH was tried for the 
moderate SOB → significantly improved his 
dyspnea within 1 hour 

◼ A home nursing service was subsequently 
hired to administer IV fluids (secondary to 
dehydration from significant night sweats and 
diarrhea with difficulty keeping down fluids)

◼ A dose of IV GSH 2 gm in 1 liter 0.9% NS was 
then infused over 1 hr → again, signif. ↓ SOB, 
improved sense of well being 



Clinical Course Patient 2: GSH
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with 

COVID-19 pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020

◼ 48-year-old, G4P4 female with a 15 pack-year 
smoking history, & hx of Lyme disease and 
associated tick-borne infections (Bartonella 

henselae, Rickettsia rickettsii, Rickettsia typhi]

◼ March 22, 2020, the patient woke up with 
103°F, severe dyspnea at rest that worsened 
with exertion, dry cough, chest tightness, 
nausea, dizziness, diarrhea, severe fatigue, 
body pains, shallow breathing, & anosmia. 



Clinical Course Patient 2: GSH
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with 

COVID-19 pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020

◼ Went to the ER, where they performed a CXR 

◼ Showed “hazy opacities and peribronchial 
thickening in the left mid and lower lung field 
concerning for pneumonia, possible atypical”.  
Patient was given a loading dose of 500 mg of 
azithromycin in the ER and discharged with a 
diagnosis of “Suspected 2019 Novel 
Coronavirus Infection and Atypical 
Pneumonia”



Clinical Course Patient 2: GSH
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with 

COVID-19 pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020

◼ Went to the ER, where they performed a CXR 

◼ Showed “hazy opacities and peribronchial 
thickening in the left mid and lower lung field 
concerning for pneumonia, possible atypical”.  
Patient was given a loading dose of 500 mg of 
azithromycin in the ER and discharged with a 
diagnosis of “Suspected 2019 Novel 
Coronavirus Infection and Atypical 
Pneumonia”



Clinical Course Patient 2: GSH
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with 

COVID-19 pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020

◼ On Monday, March 23, 2020, the patient 
started a loading dose of hydroxychloroquine 
400 mg PO q12h, followed by maintenance 
doses of Plaquenil 200 mg TID × 8 days w/ 
azithromycin 250 mg PO q12h (No QT ↑)

◼ Amoxicillin/clavulanate 875-125 mg PO q12h 
was added for continued SOB, w/out help

◼ March 23-30th, 2020: cough, dyspnea at rest 
that worsened with exertion, diarrhea persisted



Clinical Course Patient 2: GSH
Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with 

COVID-19 pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020

◼ On March 31, 2 g of reduced, L-glutathione PO 
was given with 2 Alka seltzer gold, alpha lipoic 
acid 600 mg, and N-acetylcysteine 600 mg PO  

◼ The patient saw immediate improvement 
described as “being able to breath better and 
having more energy” within an hour of use

◼ Repeat dosing (2 gm) next am: able to ambulate, 
perform ADL’s, without pre-syncopal episodes

◼ Lower dose GSH (500mg) : not as efficacious



Immune/Antioxidant Activity of GSH

◼ GSH ↑ innate and adaptive immunity, conferring 
protection vs microbial, viral and parasitic infections

◼ GSH ↑ (f) activity of natural killer (NK) cells and T cells

◼ GSH is 1° IC, except in the lung tissue: neutralizes 
ROS, acts as a mucolytic, combines with NO to make 
nitrosoglutathione, our endogenous bronchodilator

◼ IV NAC: Can treat ARDS (low levels GSH in lungs): ↑ 
O2 delivery, ↑ lung compliance, resolves pulm edema

◼ Morris, D. et al. Glutathione and Infection. Biochimica et Biophysica Acta (BBA) - General Subjects, Volume 
1830, Issue 5, May 2013, Pages 3329-3349

◼ Fitzpatrick AM, Jones DP, Brown LA. Glutathione redox control of asthma: from molecular mechanisms to 
therapeutic opportunities. Antioxid Redox Signal. 2012;17(2):375‐408. doi:10.1089/ars.2011.4198

◼ Bernard GR. Potential of N-acetylcysteine as treatment for the adult respiratory distress syndrome. The 
European Respiratory journal. Supplement. 1990 Oct;11:496s-498s.



Antiviral Activity of GSH
◼ Glutathione has antiviral effects against HIV, HSV 1, 

influenza A, murine leukemia virus, dengue virus 
serotype 2, and hepatitis C 

◼ Binding of the SARS-CoV-2 spike protein to ACE2, the 
protein it uses to attach to the cell, depends on 
disulfide bond formation (NAC and GSH are mucolytic) 

◼ One of the principle roles of GSH in the extracellular 
fluid of the lung is to break disulfide bonds, thereby  
possibly slowing the rate at which the virus gets into 
our cells, reducing the peak viral load

◼ Aquilano, K. et al. Glutathione: New Roles in Redox Signaling For an Old Antioxidant. Front. Pharmacol., 26 
August 2014 ; Antiviral Research 25(1995) 237-253; Morris, D. Glutathione and infection. Biochimica et 
Biophysica Acta (BBA) - General Subjects. Volume 1830, Issue 5, May 2013, Pages 3329-3349. Chakravarthi S, 
Jessop CE, Bulleid NJ. The role of glutathione in disulphide bond formation and endoplasmic-reticulum-
generated oxidative stress. EMBO Rep. 2006;7(3):271‐275. doi:10.1038/sj.embor.7400645



Antiviral Activity of GSH
▪ Fraternale A, et al. GSH and analogs in antiviral therapy. Mol 

Aspects Med. 2009 Feb-Apr;30(1-2):99-110. doi: 
10.1016/j.mam.2008.09.001. Epub 2008 Sep 27

▪ Diotallevi, M., Palmara, T. et al. Glutathione Fine-Tunes the 
Innate Immune Response toward Antiviral Pathways in a 
Macrophage Cell Line Independently of Its Antioxidant 
Properties. Front. Immunol., 29 September 2017  
https://doi.org/10.3389/fimmu.2017.01239

▪ Fraternale A, Paoletti MF, Casabianca A. Antiviral and 
immunomodulatory properties of new pro-glutathione (GSH) 
molecules. Curr Med Chem. 2006;13(15):1749-55.

▪ Palamara, AT. Et al. Evidence for antiviral activity of glutathione: 
in vitro inhibition of herpes simplex virus type 1 replication. 
Antiviral Res. 1995 Jun;27(3):237-53.

https://doi.org/10.3389/fimmu.2017.01239


ANTIBODY, ANTIGEN, PCR 

TESTING ALL AVAILABLE AS OF 

MAY 10TH 2020

TESTING FOR COVID-19



Antibody Testing for COVID-19



Testing for COVID-19

◼ Antibody testing: IgA, IgM, IgG: typically takes 1-
3 weeks to develop antibodies to SARS-CoV-2

◼ “Point of care” rapid immunological testing chips: 
IgM/IgG AB’s (whole blood, serum or plasma)

◼ PCR: CDC 2019-Novel Coronavirus Real-Time 
Reverse Transcriptase (RT)-PCR Diagnostic Panel

◼ Current inf requires a PCR (nasopharyngeal swab)

◼ Rapid tests not vetted by FDA. False +/False -

◼ https://www.cdc.gov/coronavirus/2019-ncov/faq.html#Symptoms-&-Testing

◼ Ollar, R. A Practical Approach to Testing for Coronavirus COVID-19 Should Include Both Rapid Immunological 
Assays, as Well as, Virological Realtime RT-PCR Assays. Echronicon, Apr 30, 2020

https://www.cdc.gov/coronavirus/2019-ncov/faq.html#Symptoms-&-Testing


IgG Antibody Testing
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/eua-authorized-serology-test-

performance

◼ Sensitivity/specificity depends on the test used

◼ Euroimmune ELISA: 90% sensitivity, 100% specificity

◼ Abbott Architect: 100% sensitive/99.6% specific

◼ Abbott Alinity: 100% sensitive/99% specificity (real 
world: missed > 48% cases: CNN, Wash Post…) 

◼ Autobio: 95.7% sensitivity/99.7% specificity

◼ BioRad Platelia: 92.2%/99.6%

◼ Chembio: IgM 77.4%/IgG 87.1% (combined 93-94%)

◼ Orthoclinical: 100% sensitive/100% specific
◼ https://www.washingtonpost.com/health/2020/05/13/abbott-test-hailed-by-president-trump-has-been-

dogged-by-accuracy-questions/



May 8, 2020 : A test kit was developed by a Rutgers University lab called RUCDR Infinite Biologics, in 
partnership with Spectrum Solutions and Accurate Diagnostic Labs, & tests should be limited to those 
who are symptomatic. The F.D.A. said that Rutgers had submitted data showing that testing saliva 
samples collected by patients themselves, under the observation of a health care provider, was as 
accurate as testing deep nasal swabs that the health professional had collected from them. LabCorp 
previously had an in-home test nasal swab approved. A time lag exists in getting in home testing back



FDA Approves 15 Min Antigen Test
https://www.washingtonpost.com/health/2020/05/09/fda-issues-emergency-approval-new-antigen-test-that-is-

cheaper-faster-simpler

◼ The Sofia 2 SARS Antigen FIA by Quidel Corp, is a 
nasal swab that produces results in 15 minutes 

◼ The test cartridges can be placed in its Sofia 2 
machine or manually developed on a countertop

◼ Less reliable than the PCR test (not as sensitive)

◼ Positive results are “highly accurate,” but a 
negative result does not rule out the presence of 
the virus. Need AB, Ag & PCR for full evaluation



◼ Potential Enhanced Diagnostic Practices 

for COVID-19: App’s, Questionnaires
Horowitz, et al. Three Novel Prevention, Diagnostic and Treatment Options for COVID-19 Urgently Necessitating 
Controlled Randomized Trials. Med Hypothesis. Submitted Apr 13, 2020. Accepted May 21, 2020

◼ Symptoms could be collected via an online questionnaire 
or digital app: ? Anosmia, dysgeusia, fever, sore throat, 
cough, chest tightness, SOB, diarrhea, N+, V+, CNS sx

◼ Recently, an app was developed by Israeli researchers, &  
has been instituted as a screening tool in Canada  

◼ Online tracking of vital signs (temp, O2 sat% via pulse ox) 
& scored questionnaires that are statistically validated 

◼ Would require a randomized, controlled trial 
◼ Canadian hospital battles coronavirus outbreak with “revolutionary” app. MSN. https://www.msn.com/en-

ca/news/technology/canadian-hospital-battles-coronavirus-outbreak-with-revolutionary-app/ar-BB12uc5c. 
Accessed April 13, 2020.



SOCIAL DISTANCING, MASKS, 

HANDWASHING, ? GARGLING, ? 

IONIZERS ? NEED TO AVOID INFECTED 

STOOL, ? GSH & PRECURSORS  ? NRF2 

ACTIVATION, ZINC, VIT C, BETA 

GLUCAN, PULSED IVERMECTIN…

PREVENTION FOR    
COVID-19



May 14, 2020, Washington Post: As some countries ease up, others are 

reimposing lockdowns amid a resurgence of  coronavirus infections. Countries 

on at least 3 continents are renewing restrictions as new cases spike.





Prevention Practices 
◼ Physical distancing, handwashing, isolation

◼ How important are masks? Speech droplets can be 
emitted at a rate of 1000’s/sec, takes 8-14  min to 
dissipate (PNAS, May 2020, NIH study). ? Use Ionizers 



Cloth Masks May Prevent 

Transmission



PPE: Non-Recommended Masks



Viral Lipid Membrane Disruption 

by Gargling w/Listerine?
“Emerging studies increasingly demonstrate the importance of the throat and salivary 

glands as sites of virus replication” 
O’Donell, V., et al. Potential role of oral rinses targeting the viral lipid envelope in SARS-CoV-2 infection” 

Function, zqaa002. Published: 14 May 2020



Role For Air Disinfection? Filters, 

UV Light



RT-PCR + in Stool, Neg in Respiratory 

Tract Specimen: ? Indirect Transmission



Plaquenil Does Not Confer 

Protection in SLE Patients



Yet Plaquenil May Provide 

Protection in Health Care Workers ?
◼ The case-control investigation of the ICMR reveals 

that consumption of 4 or more maintenance doses of 
hydroxychloroquine led to a significant decline in the 
odds of healthcare workers getting infected w/ COVID

◼ Reduction of risk by 80% seen w/ 6 prophylactic doses 
(400 mg, 1 x/ week)

◼ The sample size consisted of 378 symptomatic 
healthcare workers who tested + for COVID-19

◼ The registry-based analysis recorded ↑ frequencies of 
ventricular arrhythmias in patients receiving HCQ

◼ https://www.indiatoday.in/india/story/4-hydroxychloroquine-hcq-doses-coronavirus-healthcare-workers-
icmr-1684112-2020-06-01

https://www.indiatoday.in/india/story/4-hydroxychloroquine-hcq-doses-coronavirus-healthcare-workers-icmr-1684112-2020-06-01


No Benefit to Plaquenil in Large 

Controlled Clinical Trial, NEJM June 2020
A Randomized Trial of Hydroxychloroquine as Postexposure Prophylaxis for Covid-19. Boulware, D. et al. 

◼ First large controlled clinical trial of Plaquenil from 
the Univ of Minnesota and Canada did not show any 
effect in preventing COVID-19 in over 800 subjects 
given the drug, but no serious side effects reported



Potential Enhanced Prevention Practices 

for COVID-19: IVERMECTIN
◼ No validated protocols except for physical distancing, 

hand washing, and isolation exist

◼ Ivermectin, chloroquine & hydroxychloroquine have 
anti-viral properties against COVID-19, but chloroquine 
& Plaquenil have recently been reported to have 
potential SE’s (arrythmias…) & Plaq was ineffective 

◼ Ivermectin: FDA approved for parasitic inf’s; WHO 
“Essential medication”; inhibits COVID-19 in vitro & 1 
dose: ~5000-fold reduction in virus at 48 h in cell culture

◼ Liu J, Cao R, Xu M, et al. Hydroxychloroquine, a less toxic derivative of chloroquine, is effective in inhibiting 
SARS-CoV-2 infection in vitro. Cell Discov. 2020;6(1):16. 

◼ Caly, L., et al. The FDA-approved drug ivermectin inhibits the replication of SARS-CoV-2 in vitro. Antiviral 
Research, Volume 178, June 2020, 104787. https://doi.org/10.1016/j.antiviral.2020.104787

https://doi.org/10.1016/j.antiviral.2020.104787




Ivermectin Decreases Ventilator 

Mortality 
(non-randomized, non controlled study)

◼ In an observational study from 169 hospitals across 
Asia, Europe, Africa, North and South America, they 
evaluated 1970 critically ill hospitalized patients 
diagnosed with COVID-19 with lung injury requiring 
mechanical ventilation, between Jan-Mar 2020

◼ 1,609 survived hospitalization and 361 died (18.3%)

◼ 52 patients received Ivermectin (150 mcg/Kg) after 
mechanical ventilation was instituted

◼ Survival benefit for ivermectin was 18.6% vs 7.7%
◼ Patel, A. et al. Ivermectin in COVID-19 Related Critical Illness. Univ. of Utah, Salt Lake City, 

https://ssrn.com/abstract=3570270

https://ssrn.com/abstract=3570270


Ivermectin & Doxycycline 

◼ A combination of Ivermectin and Doxycycline 
was tried on a group of 60 COVID-19 patients 
with respiratory problems & other symptoms 
of coronavirus disease 

◼ All patients were cured within 4 days

◼ No side effects were reported 

◼ Viral testing was negative post treatment 

◼ https://www.firstpost.com/health/medical-team-in-bangladesh-suggests-combination-of-ivermectin-and-
doxycycline-for-covid-19-treatment-8380171.html/amp

https://www.firstpost.com/health/medical-team-in-bangladesh-suggests-combination-of-ivermectin-and-doxycycline-for-covid-19-treatment-8380171.html/amp


Potential Enhanced Prevention Practices 

for COVID-19: ? Ivermectin +/- NS
Horowitz & Freeman. Three Novel Prevention, Diagnostic and Treatment Options for COVID-19 Urgently Necessitating 
Controlled Randomized Trials. DOI: https://doi.org/10.1016/j.mehy.2020.109851 Reference: YMEHY 109851

◼ What if we were to do a prevention trial of once 
or twice a week ivermectin? (incubation phase of 
COVID-19: 3 days –14 days)+/- Zinc, Vit C, D, 3,6 
Beta glucan, Nrf2 activators (curcurmin, 
sulforaphane glucosinolate), NAC, ALA, GSH

◼ Anti-viral activity & 

◼ anti-inflammatory therapies

◼ Randomized, controlled trial

needed 

https://doi.org/10.1016/j.mehy.2020.109851


Vaccine Trials: 135 Vaccines as of 

June 11th, NYT

◼ Texas A&M to lead testing of TB vaccine against COVID-
19 - HoustonChronicle.com. BCG provides immune 
benefits, but Israeli study w/ 3064 patients: no benefit  

◼ "Operation Warp Speed" : White House’s task force have 
honed in on 14 different vaccines? Mutations?

◼ https://www.medicalnewstoday.com/articles/covid-19-could-tb-vaccine-offer-protection

◼ https://www.drugs.com/medical-answers/bcg-vaccine-tb-covid-19-3535337/

◼ Hamiel U, Kozer E, Youngster I. SARS-CoV-2 Rates in BCG-Vaccinated and Unvaccinated Young Adults. JAMA. Published online May 
13, 2020. doi:10.1001/jama.2020.8189

◼ Miller A , et al. Correlation between universal BCG vaccination policy and reduced morbidity and mortality for COVID-19: an 
epidemiological study. medRxiv. Preprint posted March 28, 2020. 



Will Postinfection Immunity Confer 

Resistance? What About Mutations 

Kirkcaldy RD, et al COVID-19 and Postinfection Immunity: Limited Evidence, Many Remaining Questions

JAMA. Published online May 11, 2020



Moderna’s Vaccine Trial: 8 Patients:
↑levels of neutralizing antibodies equivalent to those found in 

convalescent serum of those who recovered from covid-19. ? Science



CanSino’s Covid Vaccine Shows 

Promise in an Early Study: 108 pts



Extent of Protection? Unclear
Only 50% of those who received the medium dose of developed neutralizing 

antibodies. Adenovirus 5 vector failed in HIV trial years ago. 
Different technologies: mRNA vaccines, recombinant subunit vaccines, recombinant 

viral vectors, inactivated virus vaccines, virus like particle technology…



Risks of Vaccines? Endotoxins 

◼ Horseshoe crab blood needed to check for endotoxins. 
Alternative test rFc (recombinant factor C) needs more 
study, but the European Pharmacopia has approved 
the alternative test

◼ ? Safety: Is unproven

◼ Endotoxins can cause

Toxic Shock Syndrome

with fever & death



Prevention: Stress Management

◼ US: MD’s dying on the front lines, ↓ PPE’s; ↑ nursing 
home deaths, ↑ respirator deaths, job insecurity 
w/unemployment, ↑ stress among farmers needing to 
kill animals (NYT, May 15), ↑ domestic violence 

◼ Russia: Russian doctors are rapidly falling ill. 180 have 
died so far, and thousands more are ill. Some are from 
suicides (NYT, 5/15/20)

◼ Regular stress reduction practices like meditation, 
yoga, T’ai Chi, etc are now not an option, but essential 
as part of a complete prevention/treatment program

◼ Stress can ↓ immune function/ability to fight viruses
◼ Cohen S, Tyrrell DA, Smith AP. Psychological stress and susceptibility to the common cold. N Engl J Med. 

1991;325:606–612. 



POTENTIAL 

TREATMENTS FOR     

COVID-19



How Best To Respond And Treat 
COVID-19?



First: Self Care is Important: Pay 

Attention To Diet, Exercise, Sleep



Pay Attention To Mental Health: 

Higher Risk of Mental Illness
McGinty et al. JAMA June 3, 2020



Potential Pharmaceuticals for COVID-19

◼ Hydroxychloroquine +/- azithromycin, Chloroquine/Zn

◼ Alinia (nitazoxanide), Ivermectin +/- doxycycline

◼ Remdesivir (↓ length of illness by 4 days)
◼ Lopinavir and ritonavir + ribavirin + interferon 1 beta

◼ Melatonin, mercaptopurine, and sirolimus

◼ Antibody-rich plasma of recovered COVID-19 pts
◼ Liu J, Cao R, Xu M, et al. Hydroxychloroquine, a less toxic derivative of chloroquine, is effective in inhibiting SARS-CoV-2 infection in vitro. 

Cell Discov. 2020;6(1):16. 

◼ Gautret P, Lagier J-C, Parola P, et al. Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an open-label non-
randomized clinical trial. Int J Antimicrob Agents. March 2020:105949. 

◼ Rossignol J-F. Nitazoxanide, a new drug candidate for the treatment of Middle East respiratory syndrome coronavirus. J Infect Public 
Health. 2016;9(3):227-230. 

◼ Liu C, Zhou Q, Li Y, et al. Research and Development on Therapeutic Agents and Vaccines for COVID-19 and Related Human Coronavirus 
Diseases. ACS Cent Sci. 2020;6(3):315-331. doi:10.1021/acscentsci.0c00272

◼ Chu CM, et al. Role of lopinavir/ritonavir in the treatment of SARS: initial virological and clinical findings. Thorax. 2004;59(3):252-256. 
doi:10.1136/thorax.2003.012658

◼ Guo Y-R, Cao Q-D, Hong Z-S, et al. The origin, transmission and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak – an 
update on the status. Mil Med Res. 2020;7(1):11. doi:10.1186/s40779-020-00240-0

◼ Hung, I., et al. Triple combination of interferon beta-1b, lopinavir–ritonavir, and ribavirin in the treatment of patients admitted to hospital 
with COVID-19: an open-label, randomised, phase 2 trial. Lancet, May 08, 2020DOI:https://doi.org/10.1016/S0140-6736(20)31042-4



Mice Treated with COVID-AB’s from 
Recovered Patients: ↓ Viral load 2500 X



Patients Treated with COVID-AB’s:
No Statistical Benefit; ? Underpowered

Li, Ling, et al.  JAMA, June 2020



Updated Results Plaquenil & 

Azithromycin, Didier Raoult, May 14, 

2020

◼ As of May 14, 2020, 2600 patients were 
treated with Plaq and Zithromax: 10 died

◼ Mortality rate < 0.5%

◼ Survey SERMO: > 50% of MD’s using Zithromax 
& 44% are using Plaquenil (check G6PD, QT)

◼ As of May 28th, 3737 pts, 0,9% mortality rate
◼ https://www.youtube.com/watch?v=Xhoi1JKjClk

◼ http://www.leparisien.fr/societe/coronavirus-didier-raoult-publie-sa-propre-etude-scientifique-pour-
defendre-l-hydroxychloroquine-27-05-2020-8325003.php

https://www.youtube.com/watch?v=Xhoi1JKjClk
http://www.leparisien.fr/societe/coronavirus-didier-raoult-publie-sa-propre-etude-scientifique-pour-defendre-l-hydroxychloroquine-27-05-2020-8325003.php


NYS Study on Hydroxychloroquine 

& Azithromycin: No Benefit
◼ 1438 Patients, no decrease in mortality (Zithromax  

hazard ratio was lower, but not stat. significant)
◼ Rosenberg ES, Dufort EM, Udo T, et al. Association of Treatment With Hydroxychloroquine or 

Azithromycin With In-Hospital Mortality in Patients With COVID-19 in New York State. JAMA. Published 
online May 11, 2020. doi:10.1001/jama.2020.8630



BMJ: 4 French Tertiary Care Centers: 

Hydroxychloroquine: No Benefit Using 

600 mg/d X 48 Hrs Prior to Admission



BMJ: Hydroxychloroquine in Mild-Mod 

COVID-19: No Help, ↑ GI Symptoms



Retracted Lancet Study: Hydroxychloroquine 

Chloroquine +/- Macrolide: ↑ Mortality
◼ 671 hospitals on 6 continents. 96 032 patients (mean age 53 Y)

◼ Hydroxychloroquine (18·0%) hydroxychloroquine with a 
macrolide (23·8%), chloroquine (16·4%), and chloroquine with a 
macrolide (22·2%) were each independently associated with an 
increased risk of in-hospital mortality.

◼ Compared with the control group (0·3%), hydroxychloroquine 
(6·1%), hydroxychloroquine with a macrolide (8·1%), 
chloroquine (4·3%), and chloroquine with a macrolide (6·5%) 
were independently associated with an increased risk of de-
novo ventricular arrhythmia during hospitalisation.

◼ Did NOT evaluate QT intervals, nor K+, Mag++ deficiency

◼ ACEI (not ARB’s) & Statins decreased mortality in women/pts
◼ Mehra, M, et al. Hydroxychloroquine or chloroquine with or without a macrolide for treatment of COVID-19: a multinational 

registry analysis. Published: May 22, 2020 DOI: https://doi.org/10.1016/S0140-6736(20)31180-6



Lancet & NEJM Plaquenil Studies 

Retracted: June 5th, 2020 

◼ Lancet & NEJM Studies retracted for lack of 
transparency of data

◼ Trials resumed by

WHO



Adding Zinc to Plaquenil & Zithromax:

↓ ICU admission, ventilation, mortality



Role of NLRP-3 Mediated 

Inflammation: Inflammasomes
Nature Microbiology Vol 4, May 2019



Decreasing Inflammasome Activation: 

Role of Melatonin

◼ Inflammasomes are part of our innate immune system 
that sense pathogens & danger associated molecular 
patterns (DAMPs). The activation of 
inflammasomes→↑ proinfl cytokines IL-1β & IL-18

◼ High level activation of the NLRP3 inflammasome is 
essential for inducing cytokine storms & lung injury

◼ Melatonin Inhibits NLRP3 Inflammasomes
◼ An NLRP3 inflammasome-triggered cytokine storm contributes to Streptococcal toxic shock-like syndrome 

(STSLS) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6553798/

◼ Regulation of the NLRP3 inflammasome and macrophage pyroptosis by the p38 MAPK signaling pathway in a 
mouse model of acute lung injury https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6172370/

◼ Critical role for the NLRP3 inflammasome during acute lung injury  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061751/ 

◼ Melatonin Alleviates Acute Lung Injury Through Inhibiting the NLRP3 Inflammasome – PubMed 
https://pubmed.ncbi.nlm.nih.gov/26888116-melatonin-alleviates-acute-lung-injury-through-inhibiting-the-
nlrp3-inflammasome/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6553798/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6172370/


Potentially Beneficial Therapies: 

Melatonin
Zhang,R. et al. Melatonin as a Potential Adjuvant Treatment, Life Sciences, Mar 20, 2020

◼ Melatonin: anti-inflammatory, anti-oxidative and immune enhancing features



Vitamin D and COVID-19

◼ Low Vitamin D may ↑ risk of COVID-19 inf and severity

◼ Vitamin D is needed for innate immunity, boosts 
immune function against viral diseases & has an 
immune-modulating effect lowering inflammation

◼ Respiratory cells in culture document some of these 
effects of vitamin D & patients with respiratory 
infections tend to have lower blood levels of 25OH Vit D

◼ 3 Asian hospitals: risk of having low Vit D ↑ risk 8 X of 
contracting severe disease 

◼ Alipio, Mark, Vitamin D Supplementation Could Possibly Improve Clinical Outcomes of Patients Infected with 
Coronavirus-2019 (COVID-19) (April 9, 2020). Available at SSRN: https://ssrn.com/abstract=3571484 or 
http://dx.doi.org/10.2139/ssrn.3571484



Vitamin K and COVID-19: EAT 

CHEESE PLEASE! (Stilton, Cheddar, Gouda)

Vit K involved in blood clotting. Natto ↑ (Japan)



Network-Based Drug Repurposing for 

Novel Coronavirus-2019
Zhou et al. Cell Discovery (2020) 6:14



Disulfiram: ? Repurposed Drug



Famotidine: ? Repurposed Drug

◼ 1620 patients with COVID-19, retrospective study

◼ 21% who took Pepcid 60-240 mg/d: Decreased risk 
of intubation or death

◼ Randomized controlled clinical trial 

needed

◼ No help with PPI’s. 



Natural Protease Inhibitors: Curcumin, 

Quercetin, Oleuropein..? Helpful Tx



Potential Enhanced Treatments for 

COVID-19: GSH & Precursors

◼ COVID-19 induced inflammation & “cytokine storm 
syndrome” with Macrophage Activation Syndrome 
(MAS) have resulted in extreme morbidity & 
mortality (esp. w/ co-morbidities)

◼ Deficiency in RBC, serum and alveolar GSH has been 
published in the medical literature for ARDS, as well 
as viral and bacterial pneumonias, resulting from 
increased levels of free radical/oxidative stress

◼ Gadek JE, Pacht ER. The Interdependence of Lung Antioxidants and Antiprotease Defense in ARDS. CHEST. 
1996;110(6):273S-277S. doi:10.1378/chest.110.6_Supplement.273S

◼ Gasparini C, Feldmann M. NF-κB as a target for modulating inflammatory responses. Curr Pharm Des. 
2012;18(35):5735-5745. doi:10.2174/138161212803530763



Heparin, Diamox, Sildenafil?
Horowitz, et al. Three Novel Prevention, Diagnostic and Treatment Options for COVID-19 Urgently Necessitating 
Controlled Randomized Trials. Med Hypothesis.     https://doi.org/10.1016/j.mehy.2020.109851

◼ High mortality rates from sepsis induced DIC due to 
COVID 19 infection has also been associated with 
thrombotic events and elevated levels of D-dimer

◼ Randomized controlled trials of heparin is urgently 
required, especially in pts on ventilators w/ sepsis 
induced coagulopathy (SIC) criteria. Also:

◼ ? use acetazolamide with or without sildenafil + 
heparin → may ↑ O2 delivery to vital organs through 
prevention of thrombosis w/ carbonic anhydrase 
inhibition. Sildenafil may also help breathing efficiency

◼ Lalande S, Snyder EM, Olson TP, et al. The effects of sildenafil and acetazolamide on breathing efficiency and 
ventilatory control during hypoxic exercise. Eur J Appl Physiol. 2009;106(4):509-515. 

https://doi.org/10.1016/j.mehy.2020.109851


Autopsy Findings: 58% With 

COVID-19 Had Venous 

Thromboembolism

◼ Autopsy revealed deep venous thrombosis in 
7 of 12 patients (58%) in whom venous 
thromboembolism was not suspected before 
death; pulmonary embolism was the direct 
cause of death in 4 patients (33%)

◼ Limitation: limited sample size 

◼ Dominic Wichmann, MD et al. Autopsy Findings and Venous Thromboembolism in Patients With COVID-
19. A Prospective Cohort Study. Ann Int Med. 6 May 2020. https://doi.org/10.7326/M20-2003

https://doi.org/10.7326/M20-2003


Non-Recommended Treatments



Non-Recommended Sports Solutions

◼ In the absence of stadium fans, a South Korean 
soccer team used sex dolls

◼ https://www.nytimes.com/2020/05/18/world/coronavirus-
news.html?campaign_id=154&context=menu&emc=edit_cb_20200518&instance_id=18595&module=STYLN_live_tabs&nl=coronavirus-
briefing&pgtype=Article&regi_id=103987437&region=header&segment_id=28360&state=default&te=1&user_id=a2c3fadde0fc78562ace8fa1d14b7b07
&variant=1_menu#link-33ca0865



Conclusion: Best Practice Guidelines

◼ COVID-19 can cause cytokine storm syndrome & MAS 
in susceptible individuals' w/thrombosis

◼ Inflammation, inflammasomes, & NFK-B activation all 
increase chemokines, cytokines

◼ These cytokines and GSH depletion have been 
associated with ARDS and injury to int. organs

◼ Using targeted antivirals like ivermectin +/- doxy with 
anti-oxidant therapies (NAC, ALA, GSH, curcumin, 
sulforaphane, melatonin, Zn, Vit C, Vit D, 3,6 B glucan)

◼ Published case studies show GSH rapidly helps dyspnea

◼ Randomized, controlled trials need to be done ASAP!
◼ Horowitz, R.I.,  Freeman P, Bruzzese, J. Efficacy of glutathione therapy in relieving dyspnea associated with 

COVID-19 pneumonia: A report of 2 cases. Respiratory Medicine Case Reports, April 21, 2020



Conclusion: Practice Guidelines

◼ In patients with significant risk factors (age, DM, Ca, 

immunosuppression, PN/ARDS w/dyspnea, hemoptysis, 
cytopenia’s, ↑ ferritin, ↑ LDH, direct bilirubin, CRP, D-

dimers)→ consider using higher doses of NAC
(1800 mg -2400mg) & GSH (2000 mg 2-3 x/day, 
oral liposomal/IV) which have: antiviral, antioxidant, 

mucolytic & bronchodilatory effects, along with zinc, 
Vit C & Vit D, ALA, curcurmin, sulforaphane, Beta 
glucan, melatonin 

◼ ↑ CRP/Procalcitonin: PN, sepsis: Ivermectin + doxy

◼ Samsudin I, Vasikaran SD. Clinical Utility and Measurement of Procalcitonin. Clin Biochem Rev. 2017;38(2):59‐68.



In Patients With Severe COVID-PN 

& ARDS
◼ Check D-dimers, LDH, cytopenias, hs-CRP, ferritin: →

Rule out Macrophage Activation Syndrome/sHLH

◼ Check CXR (?GGO) + home pulse ox ? < 90%: ↑ risk 
◼ Check CBC & CMP, INR for liver/kidney involvement

◼ Follow troponin levels/ CPK for cardiac involvement

◼ Consider Non-invasive Ventilation (NIV) vs PEEP

◼ Consider heparin, IV Vitamin C, ? CCB’s, ? 
Acetazolamide, sildenafil

◼ High dose GSH +/- IV NAC. Nebulized GSH? 

◼ Ivermectin & doxycycline (check procalcitonin/CRP)
◼ Mild or Moderate COVID-19, NEJM, Apr 24, 2020. DOI: 10.1056/NEJMcp2009249



“Wisdom is the marriage of knowledge and 
experience bound by compassion.”


