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Extrapulmonary Manifestations of COVID-19

Neurologic . Thromboembolism
Headaches Deep vein thrombosis
Dizziness Pulmonary embolism
Encephalopathy Catheter-related thrombosis
Guillain-Barré
Ageusia . Cardiac
Myalgia S :
Anosmia Takotsuba cardiomyopathy
Stroke Myocardial injury/myocarditis

Cardiac arrythmias
Hepatic Cardiogenic shock
Elevated aminotransferases Myocardial ischemia
Elevated bilirubin Acute cor pulmonale
Renal Endocrine
Acute kidney injury Hyperglycemia
Proteinuria Diabetic ketoacidosis
Hematuria

Dermatological

Gastrointestinal Petechaie
Diarrhea Livedo reticularis
Nausea/vomiting Erythematous rash
Abdominal pain Urticaria
Anorexia Vesicles

Pernio-like lesions

Gupta A, et al. Nat Med. 2020;26:1017-1032; Lehmann M, et al. Mucosal Immunol. 2021;14:1381-1392.



COVID-19 and the Gl System

Patient-Reported Symptoms

Meta-analysis of 212 studies involving 281,461 patients with COVID/2!

16%
14%
12%
10%
8%
6%
4%
2%

0%

1

|

|

Patient-Reported Gl Symptoms

Gl, gastrointestinal.
a. Li J, et al. J Med Virol. 2021;93:1449-1458; b. Moyer MW. What are the symptoms of Omicron? New York Times. Published Dec 21,

2021. Updated January 3, 2022. Accessed January 17, 2022. https://www.nytimes.com/2021/12/21/well/live/omicron-variant-symptoms-

covid.html
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Anorexia Diarrhea Nausea Vomiting Abdominal

pain

* The Omicron variant
was the first COVID-
19 variant noted to
have more Gl
manifestations than
prior variants®]

* Children are more
likely to experience
(or at least to report)
Gl-related COVID

symptoms!P]



COVID-19 and the Gl System

Laboratory Reports

AST or ALT Elevation Upon Hospital Admission in Patients With COVID-19

AST ALT * Liver markers and
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% of patients with AST (left) and ALT (right) elevation
ALT, alanine aminotransferase; AST, aspartate aminotransferase. Bertolini A, et al. Hepatology. 2020;72:1864-1872; Bzeizi K, et al. Sci Rep. 2021;11:10599

abnormalities are
frequently seen in
patients who are
hospitalized with
COVID-19

* While inflammatory

markers are often
elevated in patients
with COVID-19, this is
most likely due to
systemic immune
response and not
inflammation of the GlI
tract specifically



COVID-19 and the Gl System

Laboratory Reports (cont)

Comparison of Intestinal Inflammation Markers Based on COVID-19 Infection, Gl Symptoms

Fecal Calprotectin (FC)
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Shokri-Afra H, et al. Sci Rep. 2021;11:22001.

Serum Calprotectin (SC)
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COVID Transmission
What We Know for Sure
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Sangkham S, et al. 2021;299:113563; Jo WK, et al. Transbound Emerg Dis. 2021,68:1824-1834.



COVID Transmission
Investigating Nonrespiratory Routes
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Sangkham S, et al. 2021;299:113563; Jo WK, et al. Transbound Emerg Dis. 2021;,68:1824-1834; Wu Y, et al. Lancet Gastroenterol Hepatol. 2020;5:434-435.



SARS-CoV-2 and the Gut Microbiome

What's Going On?

Gut virome
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Published online 2021.
doi:10.1016/j.gpb.2021.09.004
Wu 'Y, et al. Correction in: NPJ Biofilms. 2021 Dec 15;7:90. NPJ Biofilms Microbiomes. 2021,7:61; Lehmann M, et al. Mucosal Immunol. 2021;14:1381-1392; Hussain |, et al. Front Immunol.
2021;12:765965.




The Gut-Lung Axis and COVID-19

SARS-CoV-2 binds to
ACE2 receptor * *
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Leaky gut leading to:

* Increased translocation of
bacterial products and toxins
+ Amplification of
pro-inflammatory cytokines

—~ &

Healthy )
Dysbiosis inrobiome Multi-organ dysfunction

0N precipitated by cytokine storm

Dysbiosis potentiated by:

» Circulatory cytokines

* Possible leakage of
SARS-CoV-2 into gut

* Direct binding of SARS-CoV-2
to enterocytes

T Pathobionts, | synbiotic microbiome
T Gl symptoms
. . i T Stool calprotectin
ACE2, angiotensin-converting enzyme 2. T Markers of SARS-CoV-2 replicative activity

Creative Commons Attribution 4.0 Hussain I, et al. Front Immunol. 2021;12:765965.



Mechanism of SARS-CoV-2 Infection in the Gl Tract

HEALTHY INFECTED
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Pharmacotherapies for COVID-19 Treatment

—— Corticosteroids

Available and -
emerging —— Antivirals
COVID-19 «

treatment
options

—— Monoclonal antibodies

Others: convalescent plasma, interleukin
inhibitors, JAK inhibitors

JAK, Janus kinase.

U.S. Food and Drug Administration (FDA). Drugs and non-vaccine biological products. Accessed March 15, 222. https://www.fda.gov/emergency-preparedness-and-response/mcm-legal-

regulatory-and-policy-framework/emergency-use-authorization#coviddrugs; FDA. Know your treatment options for COVID-19. Updated January 27, 2022. Accessed March 15, 2022.
https://www.fda.gov/consumers/consumer-updates/know-your-treatment-options-covid-19



COVID-19 Treatment Recommendations

FDA Guidance for Adult Outpatient Care — Current as of March 2022

PATIENT DISPOSITION

Does Not Require
Hospitalization or
Supplemental Oxygen

PANEL'S RECOMMENDATIONS

All patients should be offered symptomatic management (Alll).

For patients who are at high risk of progressing to severe COVID-19
(treatments are listed in order of preference based on efficacy and
convenience of use):

* Ritonavir-boosted nirmatrelvir (Alla)
* Sotrovimab (Alla)

* Remdesivir (Blla)

* Molnupiravir (Clla)

The Panel recommends against the use of dexamethasone or other
systemic corticosteroids in the absence of another indication (Alll).

Remdesivir is approved by the FDA for treatment of COVID-19; the other drugs listed here are
available for use via the FDA Emergency Use Authorization act.

COVID-19 Treatment Guidelines Panel. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines. National Institutes of Health. Accessed March 15, 2022.
https://files.covid19treatmentguidelines.nih.gov/guidelines/covid19treatmentguidelines.pdf



COVID-19 Treatment Agents

Ineffective Against = Bamlanivimab + etesevimab
Omicron Variant@! = Casirivimab + imdevimab

Nirmatrelvir + ritonavir
i\ RiArl * Molnupiravir
| Bebtelovimab

For Prevention in
High-Risk Patients!]

= Tixagevimab + cilgavimab

For Management of

Gl Symptoms incovip " Niclosamide

a. FDA. Press announcement. Accessed March 21, 2022. https://www.fda.gov/news-events/press-announcements/coronavirus-covid-19-update-fda-limits-use-certain-monoclonal-antibodies-
treat-covid-19-due-omicron#:":text=The%20NIH%20COVID%2D19%20Treatment,because%20real%2Dtime%20testing%20to; b. FDA. Press announcement. Accessed March 21, 2022,
https://www.fda.gov/drugs/drug-safety-and-availability/fda-authorizes-revisions-evusheld-dosing.



Mechanism of Novel COVID-19 Treatment

Niclosamide
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Data on Novel COVID-19 Treatment

Niclosamide (RESERVOIR)

Study Aim

* To confirm the safety of niclosamide and assess the drug's ability to remove the
SARS-CoV-2 virus from the digestive tract, as measured by the rate of SARS2
clearance from stool samples assessed by PCR test

Niclosamide
400 mg 3 times daily

RSSO Ce o After 14 days, patients will

patients with a primary | e
diagnosis of COVID-19, cease treatment but remain

with or without
pneumonia

under observation for up to
6 weeks

Placebo
400 mg 3 times daily

Cairns DM, et al, JAMA Netw Open. 2022;5:22144942; ClinicalTrials.gov. Updated February 7, 2022. Accessed March 15, 2022. https://clinicaltrials.gov/ct2/show/NCT04858425



Mechanism of Novel COVID-19 Treatment
Molnupiravir

Molnupiravir is a nucleoside analogue that is thought to halt
SARS-CoV-2 replication via a 2-step mechanism

Step 1: Incorporation

+gRNA template
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Step 2: Mutagenesis
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Molnupiravir was fast-tracked through drug development during the COVID-19 pandemic.

-gRNA, negative-strand genomic; +gRNA, positive-strand genomic; RdRp, RNA-dependent RNA polymerase.
Kabinger F, et al. Nat Struct Mol Biol. 2021;28:740-746.



Data on Novel COVID-19 Treatment

Molnupiravir (MOVe-OUT)

Rate of Hospitalization or Death Through Day 29: Molnupiravir vs Placebo
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Jayk Bernal, A, et al. N Engl J Med. 2022;386:509-520.



Considerations for the Gastroenterologist

Possible Pre- or Probiotic Mechanisms Effective Against COVID-19["]

Might modulation of Prebiotics Synbiotics
gut microbiota improve

COVID-19 symptoms Bacterial metabolites

and speed recovery?
Prob S | > Trace elements
! | to redu
=5 dthe
et Commensal bacterial metabolites

coronavirusests Anti-inflammation

a. Dhar D, et al. Virus Res. 2020;285:198018; b. Chen J, et al. J Clin Med. 2021;10:2903; c. Walton GE, et al. Br J Nutr. 2021;126:219-227.



