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(JHTV) licensed start-up company. AliquantumRx has not started the FDA regulatory process.
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Today I will be discussing the use of convalescent plasma to treat COVID-19, FDA approved under a 
Biologic License Application with CBER
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Group. (May 19, 2020; replaces document of May 11, 2020.)
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Hit Virus Early With High Amounts of Therapy
1.Prophylaxis 2.Outpatient to

reduce hospitalizations
3.Inpatient to 
reduce deaths

4.Inpatient and newly 
intubated to reduce 
deaths5.Impact on long COVID-19



Antiviral Antibodies Work!
Passive Immediate immunity Active Delayed 

immunity

COVID-19 
Convalescent
Plasma
Outpatient and 
hospital

HyperImmune 
Globulin from 1000+
Donors
No RCT efficacy

Single 
Monoclonal 
antibodies

Antibody Immunoglobulin G (IgG) — scientific illustration

Multiple 
Monoclonal 
antibodies Vaccines

Time to production 
4-8 months4-8 months1 month

2 months

Time to Phase III efficacy trial 
4 months
Inpatient August 5, 2020
Outpatient June 10, 2020

8 months
Inpatient Oct 8, 2020
Outpatient August 6, 2021

1-2 months
Inpatient Jan 2020
Outpatient June 3 2020

6 months
Outpatient July 27, 2020 
Moderna
Outpatient July 27, 2020 Pfizer-
BioNTech

EUA Dec 14, 2020 11 months
FDA approval August 23, 2021

EUA hospitalized Aug 23, 2020
EUA outpatient Dec 27, 2021
FDA BLA Approval Dec 10, 2024

IVIG No efficacy
No EUA or FDA 
approval

EUA Nov 21, 2020 outpatient 
(not hospital) EUA revoked 4/21(BAM) 
EUA revoked Dec 13, 2024 (all Tx mAb)

Prophylaxis and outpatient 
but not once in hospital

Works for Prophylaxis, 
outpatient 
And reduced death

https://www.google.com/imgres?imgurl=http%3A%2F%2Fwww.visual-science.com%2Ffeature-img%2Fimmunoglobulin%2FIgG-full.jpg&imgrefurl=https%3A%2F%2Fwww.visual-science.com%2Fprojects%2Fantibody-immunoglobulin-G%2Fillustration%2F&tbnid=eHYCedjILLSPcM&vet=12ahUKEwjOvsT8-YHsAhXQeTABHYXNB6oQMygGegUIARDCAQ..i&docid=HTYOSFomtbj94M&w=650&h=650&q=immunoglobulin%20structure%203d&client=firefox-b-1-d&ved=2ahUKEwjOvsT8-YHsAhXQeTABHYXNB6oQMygGegUIARDCAQ


Drugs and antibodies-Duration and calendar months of the RCT in context of dominant variants of 
concern. Study start and end for enrollments with approximate time periods for variants of concern

Sullivan CTMI 2024 https://doi.org/10.1007/82_2024_273



Study Design: Double-Blind Randomized Controlled Trial
Outpatient Plasma Outcomes



Convalescent plasma is mostly water

January 27, 2021

Plasma
90% water
1% salts
Total protein 60-80 mg/mL
5% albumin 34-54 mg/mL
3.5% Globulins 
      1% Alpha- liver proteins for    
transport and osmotic function
       1% beta liver proteins for 
transport and osmotic pressure 
       Gamma immune function
 1% IgG =11 mg/mL
 0.16% IgA =1.5 mg/mL
 0.08% IgM = 0.8 mg/mL
0.5% fibrinogen 2-4 mg/mL
Donor viral specific antibodies about  
10  to 100 mcg per mL (Hospitalized 
BARDA plasma=50 mcg/mL-mBio)
doi/10.1128/mbio.03523-22

200 mL unit delivers ~ 2000 mg 
total antibody.
CCP= 2 to 20 mg viral specific 
dose
Monoclonals deliver 
200 to 2000 mg dose!! (100 times)

Clotting factors in alpha 
and beta fractions



The Plasma 

units numbers 

for two 

outpatient 

trials

3,159 Units 

Inventoried

1,351 CCP & Control 

Transfusions

29 Donor centers

29 Study blood banks 

26 Transfusions sites 

AAMC, 
Annapolis, MD

ARC DC

NYBC Delmarva

NYBC NYC

Vitalant, Rosemont IL

Impact Life, Iowa

Northshore, Evanston, IL

Assorted Military 
Blood Centers

J Clin Transl Sci. 2024 Nov 
14;8(1):e200. doi: 
10.1017/cts.2024.642.



Fast and slow pace of enrollments during pandemic

Sites Were Selected in Diverse HotspotsEarly treatment 1181 Transfusions

14 original sites

9 additional sites

Vertical lines are 
successive weeks of 
100 randomizations 
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2.9%
(17/592)

6.3%
(37/589)

54% (95% CI=0.2-0.74)
hospital relative rate 
reduction
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9.6%
(25/259)

1.9%
(5/258)

3.5%
(12/334

3.6%
(12/330

3% hospital
reduction

80% 
(95% CI=0.49-0.93)
hospital relative rate 
reduction

All Participants Early or Late Transfusion
EFFICACY RESULTS: The primary 
outcome hospitalization 
occurred in 17 of 592 
participants (2.9%) who received 
convalescent plasma and 37 of 
589 participants (6.3%) who 
received control plasma 
(absolute risk reduction, 3.4 
percentage points; 95% 
confidence interval, 1.0 to 5.8; P 
= 0.005), which corresponded to 
a relative risk reduction of 54%. 

SAFETY RESULTS: A total of 16 
grade 3 or 4 adverse events (7 in 
the convalescent-plasma group 
and 9 in the control-plasma 
group) occurred in participants 
who were not hospitalized.

Outpatient COVID-19 Convalescent Plasma is Safe and Effective

N England J Med. 2022 March 30 DOI: 10.1056/NEJMoa2119657

Primary Endpoint Subgroup point estimate



Upper 2 quintiles 
of CCP
Dose
Response
50% prevent 
hospitalizations

10-15% infection 
prevention

No effect on 
symptoms

No 
change in 
symptom 
resolutio
n

The monoclonal antibodies noted 

statistical faster resolution by 1, 2 or 

4 days for bamlanivimab/ 

etesevimab, bebtelovimab and 

casirivimab/imdevimab, 

respectively. 

Infection prevention requires more antibodies
Same antibody pools used in both trials



DOI: 10.1056/NEJMoa2033700

5 outpatient Convalescent Plasma Trials



The risk reduction in patients receiving high antibody titer CCP AND within 5 days of 
symptom onset was higher for the combined studies at 7.6% (95%CI: 4.0%-11.1%) ARR, NNT 
of 13, and 51.7% (95%CI: 28.3%-67.1%) RRR 

Both early treatment and high titer improve outcome even more

Clin Infect Dis. 2023 Jun 16;76(12):2077-2086 



Front Immunol . 2025 
Sep 25:16:1647488

Methylene Blue was associated with a significant 
decrease in cytophilic subclasses IgG1 and IgG3 
to S and S2, and IgA to RBD, S and S2 in CCP units, 
without a reduction in neutralization titer and 
with a modest increase in IgG2 to RBD and S



Strikingly, Early treatment with high post-transfusion 

antibody levels reduced hospitalization risk-0/102 

(0%) compared to 

all other CCP recipients-17/370 (4.6%; Fisher exact 

p=0.03) and to all 

control plasma recipients-35/461 (7.6%; Fisher exact 

p=0.001). 

We selected the upper 60% of donors for study 

qualification and by all antibody measurements for 

stratified analysis, the upper half of qualified donors 

which equals the upper 30%, had similar impact on 

hospitalization risk reduction. 

CCP recipients stratified     
early/late  and high/low

Therapeutic CCP should comprise the upper 30% of 

donor antibody levels to provide effective early outpatient 

use for immunocompromised and immunocompetent 

outpatients.

Early Transfusion Early (symptom onset within 
5 days) with the upper portion of antibody 
levels results in zero (nada) hospitalizations!!!

https://insight.jci.org/articles/view/178460
Open Access | 10.1172/jci.insight.178460

https://insight.jci.org/articles/view/178460
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biorender Control Plasma

12% 
Hospitalizations

Early     Late

8%  Total all control Hospitalizations

6%
Hospitalizations

3190 
Ab AUC

149 
Ab 
AUC

21-fold
less

4% total all CCP hospitalizations

Outpatient COVID-19 convalescent plasma recipient antibody thresholds 
correlated to reduced hospitalizations within a randomized trial

https://insight.jci.org/articles/view/178460
Open Access | 10.1172/jci.insight.178460

https://insight.jci.org/articles/view/178460


Favors CCP Favors Control

l

Robust randomized control trials established efficacy in four distinct 

disease stages-outpatient, inpatient, newly mechanically ventilated and 

in those immunocompromised to prevent acute disease progression or 
eliminate persistent viral carriage. 

Expert Rev Anti Infect Ther. 2026 Jan;24(1):97-111. doi: 
10.1080/14787210.2026.2623136.



Weekly geometric mean Euroimmun BAU/mL in 15,000 patients samples over three years with a 100-fold 
increase in total Spike 1 antibody levels from 14 BAU/mL to over 2000 BAU/mL in February 2023. 

Donor antibody levels 

from two RCTs-the 

outpatient CSSC-004 

(CCP) and the Hoffmann 

immunocompromised 

outpatient (vaccination 

and infection) measured 

mean antibody levels at 

266 and 11,104 BAU/mL. 

The Barr hospital study 

noted 85% of donor 

plasma over a minimum 

threshold for FDA high 

titer in 2021 without a 

geometric mean 
measured.

Expert Rev Anti Infect Ther. 2026 Jan;24(1):97-111. doi: 
10.1080/14787210.2026.2623136.



Comparison of COVIC-19 SARS-CoV-2 plasma neutralizations titers in the context of other efficacious CCP 
trials, vaccinations and periods for SARS-CoV-2 variants of concern 

Donor median plasma neutralizations 
The COVIC-19 donor pool delineated most recent SARS-
CoV-2 infection in the delta, omicron BA.1 and BA.2 periods. 



WA-1, delta and omicron 
virus microneutralization 
measured in CCP, post-
delta COVID-19/post-
vaccination and 
hyperimmune globulin 
(HIG) sorted for viral-
specific antibody levels by 
Euroimmun arbitrary 
units (AU) at 1:101 
dilution. IU/mL geometric 
means are shown above 
x-axis. 

High levels of antibodies in the top deciles still retain therapeutic neutralization against future variants. 

Blood Adv. 2022 Jun 28;6(12):3678-3683. 

WA-1 Delta Omicron

Sorting higher Euroimmun categories indicates virus neutralization to WA-1, delta and omicron 

High titer mismatch equals medium titer variant match in neutralization efficacy



Therapeutic Convalescent Plasma Niche 
Antibodies work best when delivered early in disease in high 
antibody levels
Efficacy will be unique to different microbes
Antibody naïve or predominate seronegative
Two phase disease with mild disease before severe disease
High (above 1%) case fatality to warrant convalescent donor pools
Lack of efficacious small molecule antivirals
No vaccine or monoclonal antibody therapy
Availability of rapid molecular diagnostic outpatient test
Potential candidates-RSV in adult immunosuppressed, Bird flu, West 
Nile Virus, Andes Hantavirus, CCHF, fungal infections, Staph. 
aureus, Candida auris, Acinetobacter baumanii



Main clinical and laboratory findings of HFRS and HCPS

HCPS=hantavirus 
cardiopulmonary syndrome.

Lancet Infect Dis 2023; 
23: e371–82





• Intervention: Immune plasma from ANDV-convalescent donors (collected 
≥6 months post-HCPS via plasmapheresis), administered intravenously at 
a neutralizing antibody (NAb) dose of 5,000 U/kg.

• Results:  From 2008-2012, Among 29 confirmed HCPS cases treated with 
immune plasma, the case fatality rate (CFR) was 14% (4/29), compared to:
• 32% (63/199) in untreated cases nationally during the same period (P = 

0.049, OR 0.35)
• 27% (18/66) at the same study sites from 2005–2012 (P = 0.15)
• 33% (20/60) in a prior methylprednisolone trial (P = 0.052)

• Safety: No serious adverse events were associated with plasma infusion.
• Limitations: The study was non-randomized, and plasma NAb titers 

achieved in recipients were variable. Viral load remained stable despite 
treatment, raising questions about the mechanism of benefit.

A non-randomized multicentre trial of human immune plasma for 
treatment of hantavirus cardiopulmonary syndrome caused by Andes virus

Antivir Ther . 2015;20(4):377-86. doi: 10.3851/IMP2875. Epub 2014 Oct 15



The model is a public-health–linked warm registry of confirmed hantavirus (other 

potential pandemic microbe) survivors, prequalified by neutralizing antibody testing, 
with rapid apheresis activation under IND/expanded access or trial protocol.

Maintain a registry of confirmed recovered survivors who may be eligible to 

donate high-titer investigational immune plasma if requested under an 
authorized clinical/regulatory pathway for many pathogens of pandemic potential

Core components (Public/Private Sponsorship for Investigational program)
Confirmed survivor registry
Permission-to-contact consent
Neutralizing antibody testing pathway
Donor classification system
Apheresis collection SOP
Investigational labeling/storage/release SOP
IND/expanded access template
Public health and hospital referral network

AABB Plasma Antibody Network (PLAN)-Reik, Lanteri, Casadevall, Sullivan, Hanley

The Convalescent Plasma Path Forward



PUBLISHED MANUSCRIPTS (#=61) March 2020 to March 2025
A. Papers testing safety and efficacy in diverse clinical populations (#=5)
Efficacy in Infection outpatient prevention (no), Early outpatient treatment (yes), Pediatric pharmacokinetics (yes), death 
reduction in both outpatients and inpatients (yes) and in those newly mechanically ventilated (yes). 
B. Papers characterizing donor convalescent plasma (#=16)
Age, sex and hospitalizations increase convalescent antibody levels, Fragment crystallizable portion contributes to CCP efficacy 
function, CCP has remnant elevated cytokines and heterogeneity of T-cell responses contributes to durable immunity
C. Papers describing novel biologic properties of convalescent plasma recipients and variant activity (#=11) 
CCP catalyzes (degrades) SARS-C0V-2 spike protein, CCP neutralizes future variants appearing months after infection or 
vaccination, dual vaccination and infection raise high the antibodies.
D. Papers characterizing secondary outcomes of clinical studies (#=10)
Early transfusion of plasma units in the upper 30% of study donors' antibody levels reduced outpatient hospitalizations. High 
antibody level plasma units, given early, should be reserved for therapeutic use. Outpatient convalescent plasma is safe. A 
Meta-Analysis of Individual Participant Data  from 5 diverse outpatient trials noted early high titer effectiveness.
E. Guidance and perspectives (#=19)
Meta-analysis perspective on convalescent plasma compared to monoclonals, antiviral drugs and repurposed drugs in the 
outpatient setting to prevent hospitalizations. Guidance on the use of CCP to treat immunocompromised COVID-19 patients. 
When transfused within 7 days from symptom onset, CCP significantly reduced the risk of death in those already hospitalized.

The clinical trial engine is built to shine bench data on equipoise.
FDA approvals rely on multiple trials in multiple phases of disease for safety and efficacy as well as potency.
FDA approval on Dec 10 2024 with safety, efficacy and potency against variants of concern generated much of this JHU 
work.  The CSSC manuscripts were all crafted to generate the FDA evidence base for approval.
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