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Vabret et al, Cell, 2020

Passive immunotherapy by transferring humoral immunity

Available therapeutic options to manage COVID-19 immunopathology and deter viral propagation  
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Passive immunotherapy to treat infectious diseases

Adolf von Behring (1854 –1917), was a German physiologist who received the 1901 

Nobel Prize in Physiology or Medicine, the first one awarded in that field, for his 

discovery of a diphtheria antitoxin and the demonstration, with Kitasato

Shibasaburo, that such antitoxin (diphtheria and tetanus) could allow for the 

transfer of anti-infectious immunity

Also other prominent researchers in the field: Paul Erhlich; Charles Richet: sérum

anti staphylocoque serum (1888), anti tuberculosis serum (1890); Albert Calmette: 

anti venom serum (1890); Emile Roux:  sérum antidiphtérique (1894)
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Passive immunotherapy to treat infectious diseases

• Convalescent plasma (CP) treatment, i.e. passive polyclonal antibody administration to provide 

immediate immunity, has been used to improve the survival rate of patients with severe acute 

respiratory syndromes of viral etiology (Mair-Jenkins J et al, J Infect Dis. 2015). 

• A number of CP studies, unfortunately all inadequately controlled for bias, have reported positive 

outcomes, including decreased mortality in the so-called Spanish Influenza A (H1N1) infections in 

1915-1917, the more recent Influenza A (H1N1)pdm09 infections in 2009/2010 as well SARS-CoV 

infections in 2003.

• Convalescent plasma was found to provide no benefit for the treatment of Ebola disease (Van Griesven

et al, NEJM, 2014) while being beneficial in the treatment of the Argentinian hemorrhagic fever (Junin

virus, Arenavirus, vector: drylands vesper mouse) 
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Devasenapathy et al, CMAJ 2020

Passive immunotherapy to treat COVID-19

Ab response to SARS-CoV-2



efs.sante.fr

Devasenapathy et al, CMAJ 2020

Passive immunotherapy to treat COVID-19

Ab response to SARS-CoV-2

Zohar and Alter, Nature Rev Immunol, 2020
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Antibody-dependant enhancement / Enhanced respiratory disease

Abraham et al, Nature Rev Immunol 2020
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Lee et al, Nature Microbiol, 2020

Antibody-dependant enhancement / Enhanced respiratory disease

Abraham et al, Nature Rev Immunol 2020
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Lee et al, Nature Microbiol, 2020

Antibody-dependant enhancement / Enhanced respiratory disease

Abraham et al, Nature Rev Immunol 2020

• Dengue, HIV, Ebola, ..

• Dengue, RSV, Measles (inactivated) 

vaccines

• Coronavirus : Cat FIPV vaccine, SARS-CoV 

vaccin in the mouse

• Risk mitigation: high titer neutralizing 

Ab, anti-spike specificity, Th1 response
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Liu et al, JCI, 2009
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Liu et al, JCI, 2009

Larsen et al, BioRxiv, 2020
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Liu et al, JCI, 2009

Larsen et al, BioRxiv, 2020

• Loss of Bcl-6-expressing T follicular 

helper cells and germinal centers in 

COVID-19 (Kaneko et al , Cell)

• Extrafollicular B cell responses with 

neutralizing antibodies and morbidity in 

COVID-19 (Woodruff et al Nature 

Immunology, 2020)

• Prothrombotic autoantibodies in serum 

from patients hospitalized with COVID-

19 (Zuo et al, Science Translational 

Medicine, 2020)

• Auto-antibodies against type I IFNs in 

patients with life-threatening COVID-19 

(Bastard et al, Science, 2020)
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Passive immunotherapy to treat COVID-19

COVID-19 convalescent plasma - Results

Li et al, JAMA, 2020)
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Joyner et al, medRxiv

Passive immunotherapy to treat COVID-19

COVID-19 convalescent plasma - Results
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COVID-19 convalescent plasma - Results

Salazar et al, Am J Pathol, 2020
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Joyner et al, JCI, 2020
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Joyner et al, JCI, 2020

Transfusion reactions associated

with COVID-19 convalescent plasma 

therapy for SARS-CoV-2
Nguyen et al, Transfusion, 2020

• 427 transfusions to 215 patients

• 55 reactions (12,9% incidence), among

which 13 (3,1%) were attributed to 

transfusion (FNRH, TACO mainly)

• 42 reactions (fever, hypoxia) (9,8%) 

were attributed to underlying disease
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Passive immunotherapy to treat COVID-19

COVID-19 convalescent donors
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Standard eligibility criteria, including a delay of 14 days 

since COVID-19 symptoms resolution (fever, dyspnea)

Apheresis : standard procedure, 650 ml 

Frequency : up to 3 times with a minimum of 15 days 

interval (per standard regulation)

Donor qualification: 

Neutralizing activity titer >= 1/40 (Xavier De Lamballerie) 

and/or Euroimmun Elisa ratio > 5,6 (Pierre Gallian, Sophie 

Lecam)

Plasma:

Pathogen reduced (Intercept) and cryopreserved for use as: 

• Convalescent plasma (neutralizing titer >= 1/40)

• Standard plasma (neutralizing titer  < 1/40)

From 07/04 to 12/06: 

- 2869 plasma donations (apheresis)

- 64 to 55% qualified donations (76% among PCR+ 

donors)

- 4700 qualified convalescent plasma units (200 to 220 

ml/unit)

Reinitiation of convalescent plasma collection since 26/10
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Characterization and duration of the anti-SARS-CoV-2 Ab response 
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Characterization and duration of the anti-SARS-CoV-2 Ab response 
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Olivier Adotevi et al, unpublished

T-cell responses in COVID-19 convalescent plasma donors
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Olivier Adotevi et al, unpublished

T-cell responses in COVID-19 convalescent plasma donors

On-going as well:

• Inflammatory mediators in convalescent plasma (Fabrice Cognasse et al; Paul Bastard, Jean-

Laurent Casanova et al)

• ABO group (Gallian et al, Antiviral Res) and anti-A/B  Ab profil in convalescent donors 

(France Pirenne, Jacques Chiaroni et al) 

• Characterization of the anti-SARS-CoV-2 Ab response (Pierre Gallian, Xavier De Lamballerie

et al, on-going; Pascal Morel et al)
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• Promoter: AP-HP, in collaboration with Etablissement Français du Sang, IHU Méditerranée 

Infection, REACTing Inserm.

• Principal investigator: Karine Lacombe, Sorbonne Université, IPLESP UMR-S1136

• Plasma administration: Two units of plasma (400-440 ml/day) as soon as possible, 2 days 

in a row (4 units total), at the latest on day 10 and 11 after onset of symptoms.

• Primary endpoints:

1. Survival without needs of ventilator utilization (including non- invasive 

ventilation) or of other immunomodulatory agents at day 14 

2. Early end point : WHO progression scale >=7 at day 4 after plasma transfusion

• Inclusion Criteria: Patients included in the CORIMUNO-19 cohort* with the specific

following criteria:

• Mild severity (grade 4 or 5) as described in the WHO scale

• Hospitalized and less than 10 days after onset of symptoms

• Immunomonitoring: Ab (Xavier De Lamballerie, Pierre Gallian, France Pirenne), T-cell

(Yves Levy), inflammation (Fabrice Cognasse)

• As of November 17th, 2020

15 clinical sites open

40 patients included

CORIMUNO - CORIPLASM Trial
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Hueso et al, Blood 

• Seventeen patients with B-cell lymphopenia

(15 patients with prior Rituximab treatment) 

and prolonged COVID-19 symptoms, negative 

immunoglobulin G (IgG)-IgM SARS-CoV-2 

serology, and positive RNAemia were 

transfused with 4 units of COVID-19 

convalescent plasma.

• Within 48 hours of transfusion: striking 

improvement of clinical symptoms in 16 out 

17 patients. 

• All 10 oxygen-dependent patients could be 

weaned from the oxygen mask or noninvasive 

ventilation.

• One patient requiring ventilation died of 

bacterial pneumonia

• SARS-CoV-2 RNAemia decreased to below the 

sensitivity threshold in 9/9 evaluated patients.

• Virus-specific T-cell responses were present in 

3/3 (Lucienne Chatenoud et al)

• No adverse event was reported.
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Up to now :

• Over 50 patients with B-cell deficiency treated

by CCP

• CCP transfusion in this setting is not always

successful, notably in late stage severe disease

• Disease recurrence (second infection most

probably) may occur

A matched controled study is being initiated in 

collaboration with the LYSA (Caroline Besson, 

Vincent Ribrag).

Approaching observations in patients with primary

immunodeficiencies (notably agammaglobulilnemia

(n=-6)) and other secondary immunodeficiency, 

including solid organ transplant recipients (n=29) 

(Senefeld et et al, medRxiv) .
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Passive immunotherapy to treat COVID-19

Anti-SARS-CoV-2 hyperimmune immunoglobulin (hIVIG) 

• High titer anti-SARS-CoV-2 IgG (five fold concentration increase?)

• Requires a large number of donations (extraction capacity: 4g IgG / liter of plasma)

CoVig-19 Plasma Alliance international consortium: lead by Takeda and CSL Behring (with

Biotest, BPL, LFB, Octapharma and Sanquin) 

• ITAC randomized clinical trial (NIH)(USA currently, England, Denmark, Japan, Greece

planned)

• IvIG/standard of care vs standard of care; 500 patients, «early » (≤ 12 days of 

symptoms), Remdesevir in both treatment arms

• Primary endoint: patient clinical status at day 7 of treatment

• Initiated in 10/2020,  scheduled end: 01/2021 

Kamada: completion of a phase 1/2 trial in Israel

• Hospitalized, non ventilated patients

• Symptom improvement in 11 /12 patients within 24 hours to 48 hours and discharged

from hospital within 4.5 days (press release, Kanada)

Sanquin: (Netherlands) has just produced a 1rst batch of hIVIG
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Marston et al, NEJM, 2020

Passive immunotherapy to treat COVID-19

Monoclonal antibodies
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Rogers et al, Science 2020

• Cohort of convalescent 

patients 

• Antibody neutralization 

assays

• High-throughput antibody 

generation pipeline

• Rapid screening of more 

than 1800 antibodies

• Animal model to test 

protection. 

• Isolation of neutralizing 

antibodies to two epitopes 

on RBD and to distinct 

non-RBD epitopes on the 

spike protein

• Demonstration that 

passive transfer of a nAb

provides disease 

protection in hamsters.
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Chen et al, NEJM, 2020

• Ongoing randomized 

phase 2 (Blaze) trial 

• Outpatients with recently 

diagnosed mild or 

moderate Covid-19 (less 

than 3 days since positive 

SARS-CoV-2 testing),

• Single iv infusion of of LY-

CoV555 (anti-spike, 

derived from a human 

convalescent plasma) in 

one of three doses 

(n=309) or placebo 

(n=153)

• No reported serious 

adverse events
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Later administration of 

(hospitalized patients) of Ly-

CoV555: trial interrupted (for 

futility?)



efs.sante.fr

Chen et al, NEJM, 2020

• Ongoing randomized 

phase 2 (Blaze) trial 

• Outpatients with recently 

diagnosed mild or 

moderate Covid-19 (less 

than 3 days since positive 

SARS-CoV-2 testing),

• Single iv infusion of of LY-

CoV555 (anti-spike, 

derived from a human 

convalescent plasma) in 

one of three doses 

(n=309) or placebo 

(n=153)

• No reported serious 

adverse events

Ly-CoV555+Ly-CoV016: 85,5% 

reduction in hospitalization 

(similar trial setting)(Eli Lilly 

press release)

Later administration of 

(hospitalized patients) of Ly-

CoV555: trial interrupted (for 
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Regeneron REGN-CoV2:

Combination of 2 MoAb

(human/mouse origins)  targeting 

different epitopes of the spike 

protein

Trial in hospitalized patients with 

high-flow oxygen or a ventilator) 

interrupted for « a potential 

safety signal and unfavorable 

risk/benefit profile” (Regeneron 

press release)
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• Use a recombinant chimeric VSV/SARS-CoV-2 reporter virus

• Demonstration that functional SARS-CoV-2 S protein variants with mutations in the RBD and 

N-terminal domain that confer resistance to MoAb or convalescent plasma can be readily 

selected. 

• SARS-CoV-2 S variants that resist commonly elicited neutralizing antibodies are now present 

at low frequencies in circulating SARS-CoV-2 populations

• Blaze trial: % resistant variants higher in the AcMo treatment arm? 8 vs 6%?

• New mutation of coronavirus found in mink farms in Denmark: implications for human 

health and treatment? 

• Mutations that could affect the efficiency of vaccines as well as passive immunotherapy 

approaches

Weisblum et al, Elife, 2020
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Gandhi et al, NEJM, 2020

Passive immunotherapy to treat COVID-19
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Passive immunotherapy to treat COVID-19

Antibody therapy
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Gandhi et al, NEJM, 2020

Passive immunotherapy to treat COVID-19

Antibody therapy

Irrespective of efficacy or not: 

Convalescent plasma: easy to produce, 

donor dependent, stockpiling difficult to 

achieve, short term time lag, variable 

concentration of polyclonal IgG/A/M,  

antibodies, versatile, transfusion associated 

side effects, cheap

HyperIg: donor dependent, robust and safe 

technology, longer term time lag, high 

concentration of polyclonal IgG (only)

Monoclonal antibodies: defined specificity, 

mid term time lag, limited availability early 

on, unlimited availability later?, more 

sensitive to resistant viral strain selection, 

expensive
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