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Disclosures

• Prior to joining NIH in December, I had research support from 
GSK, Roche and Genentech (paid to NU), had paid consultations 
from Adagio, ADMA Biologics, AlloVir, Cidara, Genentech/Roche, 
Janssen, Shionogi, Takeda, Viracor Eurofins and served on 
DSMBs for Allovir, CSL Behring, Janssen, Merck, Sequiris, 
Takeda, Talaris

• Ongoing royalties from UpToDate

• Editor-in-Chief of Transplant Infectious Disease

• Will present unapproved therapies and non-FDA approved doses
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Prevention & Treatment of RVI in ICH

• Epidemiology and Unique Features of RVI in ICH

• Influenza

• RSV

• SARS-CoV-2

• Other RVI
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RVI in Solid Organ Transplant Recipients

Mombelli et al.  Am J Transplant. 2021;21:1789-1800.
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RVI in Solid Organ Transplant Recipients
Non-Lung Transplant RecipientsLung Transplant Recipients

Mombelli et al.  Am J Transplant. 2021;21:1789-1800.
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Epidemiology of RVIs:  HSCT

Milano et al. Blood. 2010;115: 2088-2094.

Cumulative Incidence of RVI in 215 HSCT Recipients
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Seasonality of RVI in Immunocompromised

Ison MG, Hirsch HH.  Clin Micro Rev. 2019;32:10.1128/cmr.00042-19.
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RVI in Lung Transplant:  Clinical Presentation

Brideveau et al.  Thorax. 2014;69:32-38.
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RVI in HSCT:  Clinical Presentation

Peck et al. Blood. 2007;110:1681-1688.
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RVI in Lung Transplant: Acute Complications

Peghin et al.  Am J Transplant. 2017;17:1304-1312.
Permpalung et al.  J Heart Lung Transplant. 2023;42: 953-963.

Risk Factors for IFI
Risk Factors for Graft Failure or CLAD
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Epidemiology of RVI:  Long Term Complications

Gottlieb et al.  Transplantation.  2009. 87:  1530-537. 
Chien et al.  AJRCCM.  2003;168:208-214.   Erard et al.  J Infect Dis.  2006; 193: 1619-1625.

• HR:  1.4  
• 95% CI 1.04 - 1.8

• P = 0.03

• Greatest risk with PIV
• HR ~18
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Risk Stratification

Ison MG, Hirsch HH.  Clin Micro Rev. 2019;32:10.1128/cmr.00042-19.
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Prevention of Influenza:  Antiviral Prophylaxis

Ison et al.  Antiviral Research. 2012;17(6):955-964.
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Management of Influenza:  Antiviral Therapy

Zheng W, Tao YJ.  FEBS Letters.  2013; 587: 1206-1214.

Available Influenza Antivirals
M2 Ion Channel Inhibitors:  Amantadine, 
Rimantadine

Neuraminidase Inhibitors:  Laninamivir, 
Oseltamivir, Peramivir, Zanamivir

Polymerase Inhibitors:  Baloxavir, Favipirivir, 
Ribavirin

Antibodies:  Monoclonal Ab, IgIV, Plasma

Antibodies

M2 Inhibitors
Polymerase Inhibitors

Neuraminidase Inhibitors
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Treatment of Influenza

• Antiviral Therapy and Outcomes
o No prospectively collected data 
o Most data with NAIs > M2 Inhibitors
o Reduced mortality 

 M2 Inhibitors:  60% vs. 70%

 NAI:  Few deaths reported with use

o Reduced viral shedding at day 10 
 M2 Inhibitors 20% vs. 50%

o Lower rate of pneumonia
 M2 inhibitors:  11% vs. 21%

 NAI:  0-5% vs. 21%

o Reduced risk of BOS
o Risk of resistance emergence

Ison MG, Hirsch HH.  Clin Microbiol Rev.  2019; 32: e00042-19.  Khanna et al.  Transpl Infect Dis. 2009; 11:100-105. 
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Influenza:  Virology in Setting of Treatment

Kumar et al.  Clin Infect Dis.  2018;67: 1322-1329.
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Oseltamivir in Lung Transplantation:  PFT Effects

Ison et al.  J Heart Lung Transplant.  2008; 27:  282-288.
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High Dose Oseltamivir:  Immunocompromised Patients

Mitha et al.  Infect Dis Therapy.  2019; 8: 613-626.
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Combination Therapy for Hospitalized Adults

Kumar et al.  Lancet ID.  2022; 22: 718-730.

Virology

Clinical Improvement

Ordinal Scale
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Combinations Prevent Resistance

Kumar et al.  Lancet ID.  2022; 22: 718-730.
O’Neil et al.  J Infect Dis.  2022; 226: 109-118.
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Gaps and Endpoints:  Influenza

• Gaps
 Management of hospitalized
 Duration
 Role of combination
 Management of resistance

• Potential Endpoints
 Virology does not correlate 

with clinical outcomes
 Prevention of CLAD
 Prevention of resistance?
 DOOR endpoint
 Ordinal Scale
 PRO likely won’t be useful in 

this population
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RSV:  Few Options, Mostly Directed at IC Hosts

Shah & Chemaly.  Blood.  2011; 117: 2755-2763. Nam HH, Ison MG. BMJ. 2019;366:bmj.l5021.
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Promise of Monoclonal Antibodies:  RSV

MUSIC Trial

Assad et al.  N Eng J Med.  2024;391: 144-154.
Domochowske et al.  Blood.  2023; 142: 1173.
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RVI in Lung Transplant:  Late Complications

De Zwart et al.  Clin Infect Dis. 2022;74: 2252-2260.
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Oral Ribavirin:  Alveolar Lung Fluid Concentrations

IC50 for Ribavirin vs RSV:  3-30 µg/mL

Mueller et al. Transpl Infect Dis. 2021;23:e13464. 
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RSV01: Inhaled siRNA RSV Antiviral

Gottlieb et al.  J Heart Lung Transplant.  2016; 35: 213-221.
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Studied RSV Antivirals:  Work in Challenge Model 
Studies but not in Patients

DeVincenzo et al. N Engl J Med. 2014;371:711-722.  DeVincenzo et al. N Engl J Med. 2015;373:2048-2058.  
Ahmad et al. N Engl J Med. 2022;386:655-666.

Lumicitabine
Polymerase Inhibitor

EDP-938
N Protein Inhibitor

Presatovir
F (Fusion) Inhibitor
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Presatovir Clinical Studies

GS-US-218-0103
Challenge Study

GS-US-218-1502
HCT LRTI

GS-US-218-1227
Hospitalized adults

GS-US-218-1797
Lung transplant

GS-US-218-0108
HCT URTI

URTI

LRTI

Disease progression

Summary of Presatovir Adult Phase 2 Studies
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Studied RSV Antivirals:  Work in Challenge Model 
Studies but not in Patients

Chemaly et al.  Clin Infect Dis.  2020; 71: 2777-2786.
Gottlieb et al.  J Heart Lung Transplant.  2023; 42: 908-916.

HSCT Studies Lung Transplant Studies
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Gaps and Endpoints:  RSV

• Gaps
 Risk and expected course
 Role of Ribavirin
 Role of immune modulation

• Potential Endpoints
 Prevention of CLAD
 DOOR endpoint
 Ordinal Scale
 Virology?
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Promise of Monoclonal Antibodies:  SARS-CoV-2

Esposito et al.  Vaccine.  2024;42: 126208.
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Continued Utility of Antivirals in ICH in Omicron Era

Pinargote-Celorio et al.  J Antimicrob Chemother.  2024;  10.1093/jac/dkae351.
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COVID-19 Treatment Guidelines

https://www.covid19treatmentguidelines.nih.gov/management/clinical-management-of-adults/
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Continued Utility of Antivirals in ICH in Omicron Era

Pinargote-Celorio et al.  J Antimicrob Chemother.  2024;  10.1093/jac/dkae351.
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PIV in Transplantation:  Ribavirin ± Immunoglobulin

Russell E, Ison MG.  Clin Infect Dis.  2017;65: 1570-1576.



36Chemaly et al.  Clin Infect Dis. 2021;73: e773–e781

DAS181 For the Treatment of Parainfluenza Virus:  Results

Mechanical ventilation stratumNIPPV/O2 supplemental oxygen stratum
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DAS181 For the Treatment of Parainfluenza Virus:  Results

Chemaly et al.  Clin Infect Dis. 2021;73: e773–e781
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Gaps and Endpoints:  PIV

• Gaps
 Risk and expected course
 Role of immune modulation

• Potential Endpoints
 PFTs
 Prevention of CLAD
 DOOR endpoint
 Ordinal Scale
 Clinical Signs or Normalization
 Virology?
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DAS181 For the Treatment of Parainfluenza Virus:  Results

All Subjects Severely Immunocompromised

Chemaly et al.  Clin Infect Dis. 2021;73: e773–e781
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Brincidofovir and Adenovirus
Virology

Survival by Arm

Grimley et al.  Bone Marrow Transplant.  2017; 23: 512-521.  
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Questions?

Michael G. Ison, MD MS

Michael.Ison@nih.gov
Office:  240-627-3569

@MichaelGIsonMD


