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TRAC Mission Statement
MWA: Medicine with Attitude

You got to use what you got to get what you want
James Brown
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COVID-19 and the Immune System

X

Antibody

SARS HCoV-2

Host receptor

Viral infection

Antibody-blocked 
host receptor 

Blockade of viral infection
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COVID-19 virus SARS-2: Spike infection protein

- SARS-2 is nearly identical to SARS-1 (80%)

- Spike protein mediates host recognition and entry (infection)

- RBD recognizes host receptor ACE2

- Most natural SARS-1 neutralizing antibodies bind to the RBD and compete for binding with ACE2

- Develop synthetic antibodies that bind SARS-2 RBD and compete for binding with ACE2

- THESE ARE PRIME CANDIDATES FOR BIOLOGIC THERAPEUTICS FOR COVID19

SARS-2 spike

receptor binding domain (RBD)
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Therapeutic mAb Generation

Antigen Immunization

1. Harvest Spleen 
2. Immortalize
3. Screen Hybridoma
clones for antigen binding

Evaluate biology 
of murine MAb

ChimeraHumanized
Presta & Carter
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Toronto Recombinant Antibody Centre
A High-throughput synthetic antibody platform
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CDR-L3

CDR-H2

CDR-H3

CDR-H1

-Single, highly validated human framework
(Hereceptin, Avastin, Xolair, etc.)

-High stability and yield, low immunogenicity
-Minimal targeted synthetic CDR diversity
àDiverse functions with fixed biophysics

àModular design

Highly Validated Technology
- a fully human protein
- Highly stable
- Long half-life (weeks)
- Highly potent 
- Highly specific
- Low immunogenicity
- Identical to natural neutralizing 

antibodies
- A validated human therapeutic
– (> 50 approved drugs)
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Integrated Discovery Platform:
From Targets to Functional Antibodies 

Cancer cell lines
v Pancreatic
v Ovarian 

v Breast
v Head & Neck 

Additional
Cell lines

Genomics
v Next-generation

sequencing

Functional Genomics
v Pooled lentiviral shRNA

screens

Synthetic 
Lethality Screens

Literature & 
Public

Databases

Cell Surface
Targets

Antibody Discovery 
v Phage display
v know how

Antibody Discovery 
v Phage display
v know how

Ø Functional antibodies
Ø Mechanism of action
Ø Proof of concept data
Ø Companion biomarkers
Ø Multi-level IP

Patient tumors:
Pancreatic, ovarian, 
breast, head & neck

Primary 
Xenografts

Matched 
Cell lines
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Functional genomics 
platform

Large-scale, industry-quality 
antibody generation

Preclinical biology in 
relevant models
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>14,000 Antibodies
>1,300  Antigens
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The Therapeutic Antibody War Chest
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Key Questions

• Can we apply the TRAC pipeline to COVID-19?

•YES WE CAN

• How quickly can we go from idea to drug?

•PRETTY DAMN QUICK
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Synthetic Antibodies with a Human Framework That Protect Mice
from Lethal Sudan Ebolavirus Challenge
Gang Chen,†,# Jayne F. Koellhoffer,‡,# Samantha E. Zak,§,# Julia C. Frei,‡ Nina Liu,‡ Hua Long,† Wei Ye,†
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and Jonathan R. Lai*,‡

†Banting and Best Department of Medical Research, Terrence Donnelly Centre for Cellular and Biomolecular Research, University of
Toronto, 160 College Street, Toronto, ON, Canada M5S 3E1
‡Department of Biochemistry and ∥Department of Microbiology and Immunology, Albert Einstein College of Medicine, 1300 Morris
Park Avenue, Bronx, New York 10461, United States
§Virology Division, United States Army Medical Research Institute of Infectious Diseases, 1425 Porter Street, Fort Detrick, Maryland
21702, United States

*S Supporting Information

ABSTRACT: The ebolaviruses cause severe and rapidly progressing hemorrhagic fever. There are five ebolavirus species;
although much is known about Zaire ebolavirus (EBOV) and its neutralization by antibodies, little is known about Sudan
ebolavirus (SUDV), which is emerging with increasing frequency. Here we describe monoclonal antibodies containing a human
framework that potently inhibit infection by SUDV and protect mice from lethal challenge. The murine antibody 16F6, which
binds the SUDV envelope glycoprotein (GP), served as the starting point for design. Sequence and structural alignment revealed
similarities between 16F6 and YADS1, a synthetic antibody with a humanized scaffold. A focused phage library was constructed
and screened to impart 16F6-like recognition properties onto the YADS1 scaffold. A panel of 17 antibodies were characterized
and found to have a range of neutralization potentials against a pseudotype virus infection model. Neutralization correlated with
GP binding as determined by ELISA. Two of these clones, E10 and F4, potently inhibited authentic SUDV and conferred
protection and memory immunity in mice from lethal SUDV challenge. E10 and F4 were further shown to bind to the same
epitope on GP as 16F6 with comparable affinities. These antibodies represent strong immunotherapeutic candidates for
treatment of SUDV infection.

The ebolaviruses and Marburg virus (MARV) comprise the
family Filoviridae of enveloped negative-sense RNA

viruses that cause severe hemorrhagic fever.1−4 Based on
nucleotide sequence and outbreak location, isolates of Ebola
virus are classified into five species: Zaire (EBOV), Tai Forest
(TAFV), Sudan (SUDV), Reston (RESTV), and Bundibugyo
(BDBV). There are two MARV variants (Marburg and Ravn).
Severe human disease, Ebola or Marburg Viral Disease, is
associated with EBOV, SUDV, BDBV, and MARV with 30−
90% case fatality rates in large outbreaks.2 EBOV and SUDV
are the most pathogenic among the ebolaviruses, and both have
been associated with recurring outbreaks.5 Among the 13
documented EBOV outbreaks and the six SUDV outbreaks
from 1976 to 2012, the average human case fatality rates are
70% and 52%, respectively. Together, EBOV and SUDV have
accounted for over 95% of Ebola virus-related deaths;5 these

statistics do not include the ongoing large outbreak in West
Africa, which is of unprecedented scope and geographic
distribution.1,6 Many studies have been directed at under-
standing EBOV entry and inhibition of virus entry with
antibodies and other agents;3,4,7−9 however, considerably less is
known about MARV and SUDV despite the increasing
prevalence of these two species.
Currently there are no FDA-approved therapies or vaccines

to treat any filovirus infection. A number of therapeutic
strategies have been proposed, including vaccines, small
molecules, and modified oligonucleotides.9−12 Passive immu-
notherapy has been gaining attention as a therapeutic approach
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Synthetic Antibodies with a Human Framework That Protect Mice from Lethal Sudan Ebolavirus Challenge 

Validated Antibody Platform for Anti-Virals

-Similar to SARS-CoV-1/2, Ebola has an acute life cycle
-Developed humanized Abs to key epitope on Ebola virus
-Treatment with single Ab protected virtually all mice from Ebola challenge
-Surviving mice proved resistant to subsequent Ebola challenge

-Ab cleared initial Ebola challenge and enabled host immune system to develop natural resistance
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Synthetic Neutralizing Antibodies – Proven Stability and Efficacy
-Rapid Development and Scalable Cost-effective Production

Effectiveness of convalescent plasma therapy in severe
COVID-19 patients
Kai Duana,b,1, Bende Liuc,1, Cesheng Lid,1, Huajun Zhange,1, Ting Yuf,1, Jieming Qug,h,i,1, Min Zhoug,h,i,1,
Li Chenj,1, Shengli Mengb, Yong Hud, Cheng Penge, Mingchao Yuank, Jinyan Huangl, Zejun Wangb, Jianhong Yud,
Xiaoxiao Gaoe, Dan Wangk, Xiaoqi Yum, Li Lib, Jiayou Zhangb, Xiao Wud, Bei Lie, Yanping Xug,h,i, Wei Chenb,
Yan Pengd, Yeqin Hub, Lianzhen Lind, Xuefei Liug,h,i, Shihe Huangb, Zhijun Zhoud, Lianghao Zhangb, Yue Wangd,
Zhi Zhangb, Kun Dengd, Zhiwu Xiab, Qin Gongd, Wei Zhangd, Xiaobei Zhengd, Ying Liud, Huichuan Yanga,
Dongbo Zhoua, Ding Yua, Jifeng Houn, Zhengli Shie, Saijuan Chenl, Zhu Chenl,2, Xinxin Zhangm,2,
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Plasma-derived Biotherapies Co., Ltd, 430207 Wuhan, China; eKey Laboratory of Special Pathogens, Wuhan Institute of Virology, Center for Biosafety
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Laboratory of Medical Genomics, Shanghai Institute of Hematology, National Research Center for Translational Medicine, Ruijin Hospital, Shanghai Jiao
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and Drug Control of China, 102629 Beijing, China

Contributed by Zhu Chen, March 18, 2020 (sent for review March 5, 2020; reviewed by W. Ian Lipkin and Fusheng Wang)

Currently, there are no approved specific antiviral agents for novel
coronavirus disease 2019 (COVID-19). In this study, 10 severe pa-
tients confirmed by real-time viral RNA test were enrolled prospec-
tively. One dose of 200 mL of convalescent plasma (CP) derived
from recently recovered donors with the neutralizing antibody
titers above 1:640 was transfused to the patients as an addition
to maximal supportive care and antiviral agents. The primary end-
point was the safety of CP transfusion. The second endpoints were
the improvement of clinical symptoms and laboratory parameters
within 3 d after CP transfusion. The median time from onset of
illness to CP transfusion was 16.5 d. After CP transfusion, the level
of neutralizing antibody increased rapidly up to 1:640 in five cases,
while that of the other four cases maintained at a high level
(1:640). The clinical symptoms were significantly improved along
with increase of oxyhemoglobin saturation within 3 d. Several
parameters tended to improve as compared to pretransfusion, in-
cluding increased lymphocyte counts (0.65 × 109/L vs. 0.76 × 109/L)
and decreased C-reactive protein (55.98 mg/L vs. 18.13 mg/L). Ra-
diological examinations showed varying degrees of absorption of
lung lesions within 7 d. The viral load was undetectable after
transfusion in seven patients who had previous viremia. No severe
adverse effects were observed. This study showed CP therapy was
well tolerated and could potentially improve the clinical outcomes
through neutralizing viremia in severe COVID-19 cases. The opti-
mal dose and time point, as well as the clinical benefit of CP ther-
apy, needs further investigation in larger well-controlled trials.

COVID-19 | convalescent plasma | treatment outcome | pilot project

Since December 2019, a pneumonia associated with severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),

named as coronavirus disease 2019 (COVID-19) by World
Health Organization (WHO), emerged in Wuhan, China (1–3).
The epidemic spread rapidly worldwide within 3 mo and was
characterized as a pandemic by WHO on March 11, 2020. As of
March 12, 2020, a total of 80,980 confirmed cases and 3,173
deaths had been reported in China. Meanwhile, a total of 44,377
confirmed cases and 1,446 deaths was reported in another 108
countries or regions. Currently, there are no approved specific
antiviral agents targeting the novel virus, while some drugs are
still under investigation, including remdesivir and lopinavir/

ritonavir (4, 5). Although remdesivir was reported to possess
potential antiviral effect in one COVID-19 patient from the
United States, randomized controlled trials of this drug are on-
going to determine its safety and efficacy (6). Moreover, the
corticosteroid treatment for COVID-19 lung injury remains
controversial, due to delayed clearance of viral infection and
complications (7, 8). Since the effective vaccine and specific
antiviral medicines are unavailable, it is an urgent need to look

Significance

COVID-19 is currently a big threat to global health. However,
no specific antiviral agents are available for its treatment. In
this work, we explore the feasibility of convalescent plasma
(CP) transfusion to rescue severe patients. The results from 10
severe adult cases showed that one dose (200 mL) of CP was
well tolerated and could significantly increase or maintain the
neutralizing antibodies at a high level, leading to disappear-
ance of viremia in 7 d. Meanwhile, clinical symptoms and par-
aclinical criteria rapidly improved within 3 d. Radiological
examination showed varying degrees of absorption of lung
lesions within 7 d. These results indicate that CP can serve as a
promising rescue option for severe COVID-19, while the ran-
domized trial is warranted.

Author contributions: Z.C., X. Zhang, and X. Yang designed research; S.M., Yong Hu, C.P.,
M.Y., Z.W., J.Y., X.G., D.W., L. Li, J.Z., X.W., B. Li, W.C., Y.P., Yeqin Hu, L. Lin, S.H., Z. Zhou,
L.Z., Y.W., Z. Zhang, K. Deng, Z.X., Q.G., W.Z., X. Zheng, Y.L., H.Y., D.Z., D.Y., J. Hou, and
Z.S. performed research; J. Huang, X. Yu, Y.X., X.L., S.C., and Z.C. analyzed data; and
K. Duan, B. Liu, C.L., H.Z., T.Y., J.Q., M.Z., L.C., and Z.C. wrote the paper.

Reviewers: W.I.L., Columbia University; and F.W., Beijing 302 Hospital.

The authors declare no competing interest.

This open access article is distributed under Creative Commons Attribution License 4.0
(CC BY).

Data deposition: Detailed data on patients that support the findings of this study have
been deposited in the Open Science Framework (https://osf.io/gahz5).
1K. Duan, B. Liu, C.L., H.Z., T.Y., J.Q., M.Z., and L.C. contributed equally to this work.
2To whom correspondence may be addressed. Email: zchen@stn.sh.cn, zhangx@shsmu.
edu.cn, or yangxiaoming@sinopharm.com.

This article contains supporting information online at https://www.pnas.org/lookup/suppl/
doi:10.1073/pnas.2004168117/-/DCSupplemental.
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Chest CTs of two patients. (A) Chest CT of patient 9 obtained on February 9 (7 dpoi) before 
CP transfusion (10 dpoi) showed ground-glass opacity with uneven density involving the 
multilobal segments of both lungs. The heart shadow outline was not clear. The lesion was 
close to the pleura. (B) CT Image of patient 9 taken on February 15 (13 dpoi) showed the 
absorption of bilateral ground-glass opacity after CP transfusion. (C) Chest CT of patient 10 
was obtained on February 8 (19 dpoi) before CP transfusion (20 dpoi). The brightness of 
both lungs was diffusely decreased, and multiple shadows of high density in both lungs 
were observed. (D) Chest CT of patient 10 on February 18 (29 dpoi) showed those lesions 
improved after CP transfusion 

Adverse Effects of CP Transfusions. Patient 2 showed an evanescent
facial red spot. No serious adverse reactions or safety events were
recorded after CP transfusion.

Discussion
Our study explores the feasibility of CP therapy in COVID-19.
All enrolled severe COVID-19 patients achieved primary and
secondary outcomes. One dose of 200-mL CP transfusion was
well tolerated, while the clinical symptoms significantly improved
with the increase of oxyhemoglobin saturation within 3 d, ac-
companied by rapid neutralization of viremia.

Severe pneumonia caused by human coronavirus was charac-
terized by rapid viral replication, massive inflammatory cell in-
filtration, and elevated proinflammatory cytokines or even
cytokine storm in alveoli of lungs, resulting in acute pulmonary
injury and acute respiratory distress syndrome (ARDS) (17).
Recent studies on COVID-19 demonstrated that the lymphocyte
counts in the peripheral blood were remarkably decreased and
the levels of cytokines in the plasma from patients requiring
intensive care unit (ICU) support, including IL-6, IL-10, TNF-ɑ,
and granulocyte-macrophage colony-stimulating factor, were

Fig. 1. Chest CTs of two patients. (A) Chest CT of patient 9 obtained on February 9 (7 dpoi) before CP transfusion (10 dpoi) showed ground-glass opacity with
uneven density involving the multilobal segments of both lungs. The heart shadow outline was not clear. The lesion was close to the pleura. (B) CT Image of
patient 9 taken on February 15 (13 dpoi) showed the absorption of bilateral ground-glass opacity after CP transfusion. (C) Chest CT of patient 10 was obtained
on February 8 (19 dpoi) before CP transfusion (20 dpoi). The brightness of both lungs was diffusely decreased, and multiple shadows of high density in both
lungs were observed. (D) Chest CT of patient 10 on February 18 (29 dpoi) showed those lesions improved after CP transfusion.
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Fig. 2. Dynamic changes of laboratory parameters in all patients. The dotted horizontal line represents the reference value range. SaO2, oxyhemoglobin
saturation; TBIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Lym, lymphocyte.
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FDA Approved a Clinical Trial for 
Convalescent Plasma Therapy (CPT)

- Patients exhibited strong positive responses within days
-Success of CPT validates neutralizing Abs as effective therapy for COVID19
-Next-generation therapy should be a recombinant neutralizing Ab
-Recombinant Ab will enhance efficacy while obviating limits of CPT

-Defined and consistent formulation and activity
-Highly stable single agent optimized for neutralization
-High purity guarantees high safety compared with undefined plasma

12



Project Timeline
Parameter Method Numbers Timeline

Pooled selections Phage display >1010 3/24 – 3/29

Binding screen Phage ELISA 384 3/30

Host receptor blocking 
screen

Phage ELISA 358 3/30

IgG production Mammalian cell expression 66 3/31 – 4/11

Identification of unique IgGs DNA sequencing >50 4/8

IgG binding to virus ELISA ~50 4/12

Receptor blocking 
confirmation

ELISA ~25 4/12

Affinity Quantitative virus binding ~15 (sub-nanomolar) 4/13

Biophysical characteristics Yield, solubility, 
heterogeneity

3-4 (top leads) 4/13

In vitro virus neutralization In vitro cell assay 2 4/30

In vivo virus neutralization Human trials 1 7/1 13



Institutions: Roadblocks and Opportunities

Institution Roadblock Opportunity

Finance Greed Investment

Government Politics Mobilization

Academics Bureaucracy Clarity

Science Conservatism Innovation

Humanity Nationalism Globalism
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Questions Answers
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