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The Assessment of Convalescent Plasma Efficacy against COVID-19

Casadevall Med 1, 66–77, Dec 2020
7/01/2021 2



7/01/2021 3
Eric Lau Nat Comm 2021 12:63 

The evolution of neutralizing Ab titers after SARS-CoV-2 infection
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b) Blood IgG titers against S (left) and influenza virus vaccine (right) by ELISA in convalescent patients (open circles) and controls (closed circles).

SARS-CoV-2 infection induces long-lived bone marrow plasma cells in humans

Turner Reseaerch Square Dec 2020

a) Study design. 73 SARS-CoV-2 convalescent patients with mild disease were enrolled and 
blood was collected approximately 1 month, 4 months, and 7 months post onset of symptoms. 
Bone marrow aspirates were collected from eighteen of the participants 7 to 8 months after 
infection and from eleven healthy volunteers. 
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C) Frequencies of IgG BMPC specific for S (left) and 9 
influenza virus vaccine (right) plotted against respective IgG 
titers in paired blood  samples from convalescent patients 7 
months post symptom onset (open circles) and 11 control 
participants (closed circles)

SARS-CoV-2 infection induces long-lived bone marrow plasma cells in humans

Turner Reseaerch Square Dec 2020

B) Frequencies of bone marrow progenitor cells (BMPC) 
secreting IgG (left) or IgA (right) antibodies specific for 
the indicated antigens, indicated as percentages of 
total IgG- or IgA-secreting BMPC in convalescent (open 
circles) and control (closed circles) participants



The incidence of polymerase-chain-reaction (PCR) tests that were positive for SARS-CoV-2 infection during the period from April through November 
2020 is shown per 10,000 days at risk among health care workers according to their antibody status at baseline. In seronegative health care workers, 
1775 PCR tests (8.7 per 10,000 days at risk) were undertaken in symptomatic persons and 28,878 (141 per 10,000 days at risk) in asymptomatic 
persons; in seropositive health care workers, 126 (8.0 per 10,000 days at risk) were undertaken in symptomatic persons and 1704 (108 per 10,000 
days at risk) in asymptomatic persons. RR denotes rate ratio.

Antibody Status and Incidence of SARS-CoV-2 Infection in Health Care Workers

Lumley et al NEJM Dec 2020
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Single monoclonal antibody LY-CoV555 (Eli Lilly): not efficacious

ACTIV-3/TICO LY-CoV555 Study Group NEJM Dec 20207/01/2021 7



REGN-COV2, a Neutralizing Antibody Cocktail reduced viral load

Weinreich NEJM Dec 2020
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Prospective mapping of viral mutations that escape Ly or Regeneron mAbs

Starr bioRxiv Dec 2020
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Figure 1. Complete maps of escape mutations from the REGN-COV2 
antibodies and Ly-CoV016. 
A + B   Maps for antibodies in REGN-COV2. Line plots at left show total 
escape at each site in the RBD. Sites of strong escape (purple underlines) 
are shown in logo plots at right. The height of each letter is proportional 
to how strongly that amino-acid mutation mediates escape, with a per-
mutation “escape fraction” of 1 corresponding to complete escape. 
The y-axis scale is different for each row, so for instance E406W escapes 
all REGN antibodies but it is most visible for the cocktail as it is swamped 
out by other sites of escape for the individual antibodies.
Letters are colored by how mutations affect the RBD’s affinity for ACE2 , 
with yellow indicating poor affinity and brown indicating good affinity; 

(C) Validation of key mutations in neutralization assays using pseudotyped
lentiviral particles. Each point indicates the fold-increase in inhibitory 
concentration 50% (IC50) for a mutation relative to the unmutated 
“wildtype” (WT) Wuhan-Hu-1 RBD. The dotted blue line indicates 
wildtype-like neutralization sensitivity, and the dashed gray lines indicate 
upper and lower bounds on detectable fold changes. Point shapes / colors 
indicate if escape was expected at that site from the maps.



Prospective mapping of viral mutations that escape Ly or Regeneron mAbs

Starr bioRxiv Dec 2020
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Figure 2. Escape maps are consistent with viral mutations selected 
in cell culture and a persistently infected patient. 
(A) Viral escape mutations selected by Regeneron with spike-

pseudotyped VSV in cell culture in the presence of antibody 
(B) Escape maps like those in Fig. 1A but showing only mutations 

accessible by single-nucleotide changes to the Wuhan-Hu-1 
sequence, with non-gray colors indicating mutations in cell 
culture (red), in the infected patient (blue), or both (purple). 

(C) Dynamics of RBD mutations in a patient treated with REGN-
COV2 at day 145 of his infection (black dashed vertical line). 
E484A rose in frequency in linkage with F486I, but since E484A 
is not an escape mutation in our maps it is not shown in other 
panels. 

(D) The escape mutations that arise in cell culture and the infected 
patient are single-nucleotide accessible and escape antibody 
binding without imposing a large cost on ACE2 affinity. Each 
point is a mutation with shape / color indicating whether it is 
accessible and selected during viral growth. Points further to the 
right on the x-axis indicate stronger escape from antibody 
binding; points further up on the y-axis indicate higher ACE2 
affinity.



Prospective mapping of viral mutations that escape Ali Lilly or Regeneron mAbs

Starr bioRxiv Dec 2020
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Figure 3. Antibody escape mutations in circulating SARS-CoV-2. For each antibody or antibody combination, the escape 
score for each mutation is plotted versus its frequency among the 180,555 high-quality human-derived SARS-CoV-2 
sequences on GISAID database as of November 12, 2020. 



Tetravalent SARS-CoV-2 Neutralizing Antibodies Show 1 Enhanced Potency and Resistance to Escape Mutations

Miersch bioRxiv Dec 2020
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Legend to Fig 5 

(A) Neutralization of SARS492 CoV-2 strain 2019 n-CoV/USA_WA1/2020 by bivalent IgG (blue)  and tetravalent nAbs (red and yellow). The virus 
was pre-treated with serial dilutions of nAb and infection of ACE2-expressing Vero E6 cells was measured relative to untreated control. 

(B) Neutralization of a panel of pseudotyped virus-like particles (VLPs) displaying SARS-CoV-2 S-proteins with single alanine mutations in or near 
the ACE2-binding site of the S-protein RBD. The VLPs were treated with 50 nM of the indicated nAb and uptake by ACE2-expressing HEK-293 
cells was measured in duplicate, and results are representative of two independent experiments. The heat map shows uptake normalized to 
uptake in the absence of nAb. Boxed cells indicate VLPs that represent potential escape mutants for a given nAb, as defined by >5% uptake 
with nAb treatment compared with untreated control (the percent uptake is shown in each cell).

Models of bivalent and tetravalent neut mAbs



Cross-reactive Coronavirus Ab with extra-neutralization functions

Shiakolas bioRxiv Dec 2020
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Antibodies were tested for binding to SARS-CoV-2 S (S-2P), 
SARS-CoV-1 S (S-2P), OC43-oV S (S-2P), HKU1-CoV S (S-2P), 
and SARS-CoV-2 S (HexaPro = fusion stabilized S protein) by ELISA. 
HIV-specific antibody VRC01 is used as a negative control. 
Anti-SARS-CoV-1 mouse antibody 240CD was positive  control.



Cross-reactive Coronavirus Ab with extra-neutralization functions

Shiakolas bioRxiv Dec 2020
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(A) For cross-reactive coronavirus antibodies, ELISA binding data against the antigens are displayed as a heatmap of the AUC analysis 
(B) for SARS-CoV-2 S1 reactive antibodies, ELISA binding data against the RBD and NTD are displayed as a heatmap of the AUC analysis. 

Anti-HIV VRC01 and anti-VEGF antibodies are negative control and anti-SARS-CoV-1 antibody 240CD is positive control.
(F) Cross-reactive coronavirus antibodies target a variety of epitopes on the SARS-CoV-2 S, including the RBD (receptor binding domain), 
NTD (N-terminal Domain) of S1 and S2 domains. Antibodies targeting each epitope are listed and color coded for each domain.



Cross-reactive Coronavirus Ab with extra-neutralization functions

Shiakolas bioRxiv Dec 2020
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A) Timeline of the prophylactic antibody experiment in SARS-CoV-2 
mouse adapted (MA) in vivo infection model. 200 μg antibody was 
given via intraperitoneal route to BALB/c mice 12 hours prior to 
virus inoculation (n= 4 or 5 per group). 1x103 or 1x104 PFU 
infectious dose of SARS-CoV-2 MA was administered intranasally for 
the low dose and high dose. Weights were measured daily, and on 
day 4 tissue was 686 collected for histopathology and viral load 
quantification. 

C) For the experiment treating with 1x104 PFU of SARS-CoV-2 MA, 
percent survival for each antibody group is shown. 2/5, 4/5, 3/5, 
and 2/5 mice survived to day 4 for antibodies 46472-4,
692 46472-12, CR3022 (= non-neutralizing SARS-CoV-1 mAb) and 
isotype control DENV-2D22 respectively

Lung hemorrhage scores of gross pathology are shown for each low 
dose (B) and high dose (D) treatment group. An ordinary one-way 
ANOVA test with multiple comparisons was performed.



(B) The graph shows the PT188 neutralization titer after each mutation acquired by the authentic virus. Specific mutations, fold
decrease and days to which the mutations occur are reported in the figure. 
(C) SARS-CoV-2 S-protein gene showing type, position of mutations and frequency of mutations. 

SARS-CoV-2 escape in vitro from a highly neutralizing COVID-19 convalescent plasma 

Andreano bioRxiv 28 Dec 2020
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(A) Heat-map showing the neutralization activity of tested plasma samples to the SARS-CoV-2 WT, D614G and PT188-EM variants. 
(B) Heat-maps showing neutralization profiles of 13 tested mAbs

SARS-CoV-2 escape in vitro from a highly neutralizing COVID-19 convalescent plasma 

Andreano bioRxiv 28 Dec 2020
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Escape from neutralizing antibodies by SARS-CoV-2 spike protein variants

Weisblum eLife 2020;9:e61312.
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Escape from neutralizing antibodies by SARS-CoV-2 spike protein variants

Weisblum eLife 2020;9:e61312.
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Plasma’s mAbs



Escape from neutralizing antibodies by SARS-CoV-2 spike protein variants

Weisblum eLife 2020;9:e61312.
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Nearly all of the mutations that are present in the GISAID 
database of naturally occurring mutations in the proximity 
of the ACE2 binding site andother neutralizing epitopes, 
were tested for their ability to confer resistance to the 
monoclonal antibodies, using pseudotyped virus-based 
neutralization assay. 
- Complete or partial resistance to C121 and C144: g 

mutations at positions E484, F490, Q493 and S494 = 
center of RBD.

- Complete or partial resistance to C135 were at 
positions R346, N439, N440, K444, V445 and G446= 
peripheral of RBD



Escape from neutralizing antibodies by SARS-CoV-2 spike protein variants

Weisblum eLife 2020;9:e61312.
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D614G



Protective non-RBD spike Ab in convalescent serum Voss bioRxiv Dec 2020

Voss bioRxiv Dec 2020
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Protective non-RBD spike Ab in convalescent serum Voss bioRxiv Dec 2020

Voss bioRxiv Dec 2020
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Specificity: CM-17, 25, 58 = NTD

(c) Order of in vitro neut CM-25 > CM17 > CM58 
(d) and (e) similart suppression of lung viral load and survival in challenge of Balb:C mice with mouse-adapted SARS-CoV-2  


