Patients may be in the “window period” of SARS-COV-2 infection
Patient may be in the early stage of infection, and the body’s immune response first produced the
antibody IgM, but no IgG was produced or the IgF content did not reach the detection limit of the
diagnostic treatment.

CRITICAL SYMPTOMS
ICU REQUIRED

THREE WEEKS

10.5 DAYS AFTER ONSET OF SYMPTOMS
6% OF SYMPTOMATIC PATIENTS

Patient is in the active phase of infection, but the human body has developed some immunity to
SARS-COV-2 (the persistent antibody IgG has been produced).

DEATH

Patient may be in the acute phase of SARS-COV-2 infection. At this time, nucleic acid test results
need to be considered (PCR may be false negative).

~18 DAYS
AFTER ONSET
OF SYMPTOMS
<1% OF
SYMPTOMATIC
PATIENTS

Patient has recently been infected with SARS-COV-2 and is in the recovery stage. Or the nucleic
acid test result is false negative and the patient is in the active infection stage.

WEEK THREE

WEEK FOUR

TWO MONTHS

• First identified in travellers from Brazil in Jan 2021 and has been reported in the US at the end of Jan 2021.
• There is some evidence to suggest increased transmissibility and an altered antigenic profile (which may affect the
efficacy of vaccine candidates developed against the common strain) of the P.1 variant.
• J&J vaccine candidate is 72% effective against the common strain vs 66% effective against the strains
circulating in Latin America (unclear what percentage of participants had the Brazilian strain)

Delta variant

Mutations:
Three mutations in the spike protein receptor binding domain:
• K417T
• E484K
• N501Y

Lambda Variant

Multiple mutations in the spike protein including:
Three mutations in the spike protein receptor binding domain:
• E484Q (similar to E484K found in SA and Brazil variants)
• L452R (also found in CA variant)
• P681R
• D950N

Omicron Variant
At the end of April 2022, an AdComm was announced for Novavax’s COVID-19 vaccine for review for US approval, scheduled for 6/7/22. NVX-CoV2373 would be the first proteinbased CVOID-19 vaccine to be up for review in the US. Recall, Novavax reported final efficacy data from its US/Mexico Ph3 trial in 2Q21 where two doses of its nanoparticle based
COVID-19 vaccine (5 ug NVX-CoV2373 + 50 ug Matrix M adjuvant, 7 days after the second dose) demonstrated 90% overall efficacy and 100% protection against moderate and
severe disease, and filed for EUA in January 2022 Novavax was also one of four vaccines in the UK “Com-COV2” study, which evaluated the potential for combined regimens that
mix vaccines from different manufacturers. Novavax did not match the immunogenicity of boosting with PFE/BNTX or AZN’s COVID-19 vaccines. Novavax has released preclinical
data supporting the potential future development of variant-targeting and/or multivalent boosters, including: 1. NHP data for a next-gen vaccine targeting the B.1.351 South Africa
variant demonstrating that a 3ug booster (NHPs originally received 2 doses of NVX-CoV2373) produced robust antibody levels above those seen following the original prime/
boost regimen, and 2. Novavax recently reported data from their Ph1/2 flu/COVID combo vaccine trial that demonstrated feasibility in combining flu and COVID antigens for a welltolerated and immunogenic vaccine.

2D

Novavax + CEPI & BARDA
(NVX-CoV2373) WARP

LIKELY TO BE PART OF THE FIRST WAVE OF VACCINATIONS

Pure Full-length Spike nanoparticles:

Novavax’s platform is promising because it is well tolerated, generates robust neutralizing antibody titers, and has demonstrated the highest efficacy against the original strain of SARS-CoV-2 to date (see data tables on
the map). Additionally, their quadrivalent influenza vaccine candidate (NanoFlu) has seen success in a large Ph3 trial with adults aged 65 years and older. Novavax uses its own unique adjuvant called Matrix M for both their
COVID-19 and influenza programs.

(known as B.1.1.529) (composed of sublineages BA.1, BA.1.1, and BA.2)

First detected in South Africa and reported to the WHO in November 2021. The variant has a large number of mutations,
and 30+ out of 50+ of them are located in the spike protein. Many of the spike protein mutations are shared with the
Delta and Beta VOCs, and there is especially a lot of overlap with the alpha variant, but the theory is that the mutations
seem to have evolved over a long time within an immunocompromised patient, mutating and mutating for months while the
compromised patient failed to clear the infection, before quickly escaping that patient to quickly infect others. Omicron
does not seem to lead to more serious disease, but it does seem to be more transmissible and have more immune escape.
Neutralizing titers against Omicron have been shown to be an average ~49x lower than against WT strain. Booster shots
have conferred ~20x-150x higher nAbs, but leading vaccine players are already in clinic with updated vaccines that are
strain specific against Omicron to combat the decline in nAb titers.
Mutations

BIVALENT VACCINE

START 2Q21

Combinable with flu vaccine in the same adjuvant system

Programs with marketed or clinically advanced quadrivalent seasonal
influenza vaccines that can be combined with their COVID-19 candidate
Truncated Spike protein trimers
2D

Sanofi* + BARDA

WARP

LIKELY TO BE PART OF THE FIRST WAVE OF VACCINATIONS

*with adjuvant from GSK

COMPANY

Sanofi makes the common seasonal quadrivalent flu vaccine and could easily drop in the SARS-CoV-2 subunit antigen in with the flu antigens to create a single pentavalent vaccine that people will get seasonally. Therefore,
while all eyes are now on the vaccines that will be first to market or even can be most rapidly scaled to give everyone their first vaccination, a juggernaut like Sanofi might best address the seasonal market over the long run.
All other companies would have to bring their own flu vaccines to the market, which is hard. Sanofi is comparing their own adjuvant with GSK’s adjuvant. Sanofi will move their COVID-19 vaccine forward in combination with
GSK’s adjuvant after observing superior immunogenicity results compared to their own adjuvant in early trials.

Multiple mutations (30+) in the spike protein including:
• D614G (found in all variants)
• K417N (also found in Beta, Gamma, and Delta)
• G339D
• E484A (similar to E484K found in Gamma)

PRIMARY
VACCINATION SERIES
REGIMEN

MODALITY

VACCINE

DOSE 1

mRNA

Not yet combinable with flu vaccine in the same adjuvant

Comirnaty

D0

D21

2D

Medicago/Mitsubishi Tanabe

Full-length spike within VLPs

Medicago has a plant-based quadrivalent VLP seasonal influenza vaccine candidate. While development has been discontinued in the US, a NDS is under review by Health Canada with possible approval coming 2021.
Medicago’s vaccine will contain GSK’s AS03 adjuvant.

mRNA

ExpreS2ion Biotechnology/AdaptVac/Bavarian Nordic

Protein

Partnered with Bavarian Nordic A/S, Europe’s largest independent vaccine developer, and sponsored by EU’s PREVENT-nCoV vaccine research consortium, this program initiated a
Ph1/2 in March 2021 investigating 3 dose levels (6ug, 12ug, and 25ug) with and without adjuvant. Ph1 safety and efficacy results were positive and Ph2 results released in December
201 on the boosting effect of the vaccine to individuals previously infected or vaccinated demonstrated 2-40x increase in nAbs over baseline. A similar increase was observed across
all variants tested (WT, alpha, beta, and delta).

Spikevax

D0

Truncated
spike protein
vaccine

D0

D28

2 DOSE

3 DOSE

55.20%

67.20%

Day 1-30
after 2nd dose

Day 14-28 days
after boost

D21

44%

71.60%

Day 14-90
after 2nd dose

Day 14-60
after boost

57.90%
> Day 14
after 2nd dose

VBI Vaccines/National Research Council of Canada + CEPI
VBI initiated Ph1/2 clinical trials in March 2021 for VBI-2902, the company’s monovalent enveloped virus-like particle (eVLP) COVID-19 vaccine candidate, with an aluminum
phosphate adjuvant. Ph1 evaluated one- and two-dose regimens of its 5 ug eVLP candidate and demonstrated induction of NAbs in 100% of two-dose recipients that on average were
~4x higher than convalescent sera and supported the assessment of the one-dose regimen as a booster candidate. Ph 1/2 studies of a next-gen candidate targeting the beta variant
(VBI-2905, with CEPI funding up to $33M for this vaccine) demonstrated an increase in nAbs against beta of 3.8x at day 28 and was described to be safe and well-tolerated.VBI is
also working on developing a pan-coronavirus trivalent vaccine candidate targeting COVID-19, SARS, and MERS (VBI-2901) with the first clinical trials expected to start in Summer
2022. VBI was previously awarded CAD $56M by the Canadian government to accelerate vaccine developments efforts through Ph2 testing.

2D

ExpreS2ion Biotechnology/AdaptVac/Bavarian Nordic

2D

VBI Vaccines/National Research Council of Canada* + CEPI

* for vaccine targeting the South Africa variant

Icosavax (IVX-411)

2D

Icosavax (IVX-411)

Icosavax initiated Ph1/2 clinical trials in June 2021 for IVX-411, a VLP vaccine displaying the displaying the SARS-CoV-2 receptor-binding domain (RBD). The Ph1 assessed IVX-411
with and w/out Seqirus’ MF59 adjuvant in participants naive to COVID-19, whereas the Ph2 will evaluate IVX-411 (adjuvanted or unadjuvanted) as a booster in vaccinated individuals.
Ph1/2 data released in March 2022 was disappointing, with the vaccine failing to achieve much of an immune response with naive individuals showing titers that were comparable to
or lower than human convalescent sera. We await RSV data in 2Q22 to validate or invalidate the platform.

2D

iBio (IBIO-201)

Spike within VLPs: no news about large investments in scaling up
manufacturing, suggesting that these programs may provide proof of concept
data but will be late in getting to large scale

EUA

Emeregency Use Authorization

Clinical Trial

RCT

Randomized Controlled Trial

IST

Investigator-Sponsored Trial

Approved Therapeutic

CASES BY TYPE

NUMBER OF CASES
ages

≥85

D

1D

65–74

2D
+ BARDA

ages

55–64

% OF CASES BY AGE
% OF POPULATION BY AGE

HOSPITALIZATION

ages

45–54

N/A
N/A

IV

Treatment In Hospital Setting Only

ID

One Dose Vaccine

Biological E received approval to initiate a Ph3 study after completing a Ph1/2 trial that started in Nov 2020 (results not yet released). Baylor College of Medicine licensed their
subunit vaccine candidate to Biological E to help manufacture and develop. Biological E expects to manufacture hundreds of million doses annually, although little information about
this program is available within the public domain. In February 2022 Biological E’s vaccine, “Corbevax” received approval in India, making it the 3rd COVID-19 vaccine to be
approved for children in India.

Kentucky Bioprocessing, Inc
Kentucky Bioprocessing is a wholly owned subsidiary of British American Tobacco leveraging a plant-based vaccine production platform. The company was still recruiting for its Ph1
trial YE21 and had guided to having the capacity to produce 1M-3M vaccine doses/week, which would be roughly 150M doses/year. They have not given any updates since.

Vaxxinity
Vaxxinity (formed from merger of COVAXX and United Neuroscience) is developing a synthetic RBD-Fc vaccine formulated with T-cell epitopes and a proprietary adjuvant. They
achieved high neutralizing antibody titers in guinea pigs ( >32,000) and entered Ph2 testing February 2021 in Taiwan. The company reported Ph1 results demonstrating neutralizing
antibodies induced in 100% of participants who received 2 doses of 100 ug of UB-612. In March 2022 Vaxxinity began. Heterologous boost studies for which they expect data 2H22.
Following the emergence of new COVID virus mutations, Vaxxinity began developing second generation vaccine candidates to elicit a broad immune response against multiple variants
of concern. In February 2022 they announced results showing 3x higher nAb titers against Omicron than original WT vaccines were showing. Received EUA in Tawain in 3Q21.

Subunit vaccines (loose protein or particle-based) that direct the immune response against viral
Spike protein (likely 2 doses, so strong immunity takes 6 weeks from first injection)

• Antibodies that bind the receptor binding domain (RBD) region of Spike block it from binding the ACE2 receptor on cells, neutralizing the
virus and preventing it from infecting cells. While this approach is the most plausible vaccine strategy for COVID-19, narrowly focusing on
this ‘Spike-only’ approach could put ‘too many eggs in the same basket.’ Still, vaccines that train the immune system against only Spike
will likely be sufficient; this is supported by lab work showing that vaccines targeting the other two external proteins, Envelope (E) and
Membrane (M), did not protect animals from infection; however, vaccines for Spike (S) did, demonstrating that vaccination against Spike
was ‘necessary and sufficient.’

EUA
2D

Baylor College of Medicine/Biological E

2D

Clover Biopharmaceuticals* + CEPI

• Manufacturing at large scale has been worked out for these ‘tried and true’ types of vaccines, but it is expensive and time consuming,
which means that small companies need large partners and big capital infusions. Those without such resources are unlikely to make a dent
in the world’s need for billions of doses in 2021.

*with adjuvant from Dynavax

2D

SpyBiotech / Serum Institute of India

2D

Kentucky Bioprocessing, Inc

2D

Vaxxinity (UB-612)

2D

SK Bioscience (GBP510)* + CEPI IM

Larger companies: more likely to both have larger-scale production capacity
to start with and ability to increase production in parallel with early testing,
which would facilitate production of large numbers of doses in 2021.

Conventional programs that can
easily be expanded to cover
more COVID-19 variants and be
combined with influenza vaccines
(pentavalent COVID + flu vaccine)

*Adjuvanted with Aluminum Hydroxide: Ph1/2: RCT: 3Q21:
*Adjuvanted +/- ASO3-COVID-19

Recombinant protein vaccine candidate that initiated trials in South Korea in February 2021. The company has $14M in CEPI funding to develop GBP510 against variants of concern
as well as $12.5M in additional funding to build out manufacturing capacity for hundreds of millions of doses. This vaccine is likely to be used primarily in Korea. Ph1/2 data published
in March 2022 demonstrated that ASO3 provided a strong adjuvant effect and elicit an immune response 3.6x human convalescent sera.

0%

VIDO-InterVac was awarded $23M by the Canadian government to accelerate COVID-19 vaccine development and the University of Saskatchewan was awarded another $59M
to address COVID-19 and prepare for future infectious disease outbreaks. Recently partnered with McMaster University to accelerate vaccine development and Dalton Pharma and
Biodextris for manufacturing and fill-finish. Ph1/2 clinical trials launched Feb 2021 and interim results demonstrated that it is safe and well-tolerated supporting its ongoing development
in clinical trials. In November 2021, CEPI awarded them $6M for their vaccine development.

Programs that have not yet been seriously explored for influenza. It is
unlikely that they will bring a seasonal flu vaccine to market now just to
combine with their COVID-19 candidate.

Anhui Zhifei Longcom Biopharmaceutical/Institute of
Microbiology, Chinese Academy of Sciences

VIDO-InterVac at the University of Saskatchewan

2D

WRAIR/USAMRIID

Smaller companies and academic groups: may quickly initiate early trials of
a small number of vaccine doses but cannot easily scale up manufacturing,
increasing the time needed to produce meaningful numbers of doses

0%

5%

10%

US Department of Defense-sponsored research effort that initiated a Ph 1 study in April 2021 (delayed from original projections to enter the clinic by Dec 2020). Historically focused
on vaccines for military applications and has limited manufacturing. The goal is to created a pan-coronavirus vaccine to provide wide-ranging protection against SARS-CoV-2 variants.

Bharat Biotech International/Ocugen (Covaxin)

Sinopharm Group/Wuhan Institute of Biological Products/Beijing Institute of Biological Products
Inactivated vaccine sponsored by the China National Pharmaceutical Group that in May 2021 became the first Chinese vaccine to receive EUA from the WHO, Sinopharm entered
Ph1/2 testing in April 2020 with early data from this trial demonstrating relatively low levels of neutralizing antibodies (121-250 GMT with a low stringency PRNT50 assay), although
they did not have a human convalescent comparator arm to benchmark these results to. Sinopharm initiated a Ph3 trial in the UAE enrolling up to 15K volunteers and early data from
this trial claims that the vaccine is 86% effective, although the company itself reported the vaccine is 79% effective. In September 2020, the UAE granted emergency use authorization
for this vaccine candidate before clinical trials are complete, becoming the first program to be granted approval by a foreign country. Sinopharm’s vaccine has been approved for
WHO EUA in >65 countries so far.

2D

Sinopharm Group/Wuhan Institute of Biological Products/
Beijing Institute of Biological Products

LIKELY TO BE PART OF THE FIRST WAVE OF VACCINATIONS

Chinese/Indian programs
will likely focus on domestic
markets in 2021

Inactivated virus: likely requires 2 doses, so strong immunity takes 6 weeks from first injection, but potentially
less regulatory risk relative to live viruses since chemical treatment renders virus incapable of propagation
This strategy is used for vaccination against hepatitis A, polio, and rabies.

Whole virus vaccines (not just Spike protein): these could provide a hedge against failure of
Spike-only vaccines (e.g., in case those caused immune enhancement or failed to generate
protective immunity), though very few are focusing on this approach

Valneva (VLA2001)
Valneva launched Ph3 testing for its inactivated, adjuvanted vaccine in April 2021 after releasing Ph1/2 data demonstrating neutralizing antibody titers at or above HCS levels. The UK
Ph3 trial compared VLA2001 with AstraZeneca’s conditionally approved vaccine head to head, allowing the company to run a smaller 4,000 patient trial, with possible approval in
fall 2021- Valneva began the rolling submission process to the MHRA in the UK at the end of August 2021. The UK has now ordered 100M doses for supply in 2022 with options for
90M additional doses between 2023-2025, which will be manufactured at its facilities in Livingston, Scotland and Solna, Sweden. The total value of the 190M doses, if all options are
exercised, is up to $1.7B. In addition, Valneva is in advanced discussions to supply the EU with up to 60M doses. Dynavax will supply its adjuvant for this agreement.

2D

Valneva (VLA2001)

US/EU program would likely
be needed to serve their
own markets in 2021/2022

Codagenix/Serum Institute of India

Meissa Vaccines (MV-014-210)
Meissa’s COVID-19 vaccine candidate, MV-014-210, was derived by modifying the company’s RSV LAV candidate, MV-012-968, and replacing the RSV glycoproteins with a
functioning SARS-CoV-2 Spike protein. This platform offers potential advantages for global deployment. Dosing of the Ph1 trial was completed in 2Q21 and interim data in October
2021 suggests the vaccine is safe and effective to support ongoing development.

1D

Codagenix/Serum Institute of India*

*Viral deoptimization platform addresses both safety and scalability

1D

Live-attenuated virus: likely only need 1 dose so immunity could kick in more quickly, but could face
additional scrutiny from FDA and other regulators since live virus is replicating in people receiving it

Meissa Vaccines (MV-014-210)

Intranasal

• This approach introduces a live and replicating (but weakened) virus that
gives the immune system a more realistic sense of what to expect from the
real thing and may also generate a strong T-cell response (though the benefit
of this response is not yet clear).
• This strategy is used for vaccination against measles, mumps, and rubella
(MMR), smallpox, chickenpox, and yellow fever.

• Likely not suitable for immunocompromised or otherwise high-risk patients
(as they can potentially cause disease).
• Technology is potentially rapidly scalable but, because the virus is
replicating, the FDA and other regulators might be more cautious and
therefore it could come to market after subunit, mRNA, and vectorized
vaccines (e.g., from JNJ).
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Vaxess Technologies/Medigen

WARP

Recognized by Operation Warp Speed (OWS)

Platforms that are redoseable and can
support seasonal
boosting against new
COVID variants

How Vaccines Work: Generating Neutralizing Antibodies

Key Risks: Immune Enhancement

The vaccine candidates on this map that prove to be safe and efficacious will have immediate shortterm value as part of our global pandemic response: they will help prevent SARS CoV-2 infection and,
for those who become infected, reduce the risk of serious infection and/or transmission to others; this
can help protect unvaccinated people or those who don’t develop a strong immune response to the
vaccine through a phenomenon called “herd immunity.”

Vaccines train the immune system to recognize pathogens like viruses by introducing a piece of the
virus or the entire virus after inactivating or weakening (attenuating) it. A vaccine for a different virus, like
influenza, cannot be simply repurposed to protect against COVID-19; to protect against infection the
vaccine must introduce the SARS-CoV-2 virus (or parts of it) to train the immune system to recognize
and destroy it. However, established techniques such as virus inactivation or attenuation used for flu
vaccines can be applied towards making COVID-19 vaccines. Newer vaccine technologies are not yet
broadly used in the clinic, but they have been shown to work in clinical trials evaluating vaccines against
other viruses.

The vaccine field must demonstrate that SARS-CoV-2 vaccines, both generally and for each vaccine
individually, do not paradoxically worsen disease if a person later becomes infected, a phenomenon
called “immune enhancement.” This has occurred with one vaccine in humans (for RSV in 1960s)
and in animals with some vaccines against two other diseases caused by novel (new) coronaviruses:
SARS and MERS; these vaccines induced the production of antibodies that helped the virus infect
immune cells, leading to overactivation of the immune system and ultimately causing organ damage.
Determining whether a vaccine causes immune enhancement requires developing animal models
of COVID-19, which some laboratories have only just managed to create in hamsters and monkeys.
Scientists are now beginning experiments to see if certain vaccines cause enhancement, in parallel with
initial human clinical trials. Companies will have to show lack of enhancement in animals before they
can start larger clinical studies and file for FDA approval.

However, there’s reason to believe that COVID-19 will continue to circulate with us for a while and
become endemic, so the map has been structured to teach the longer-term value that extends beyond
the initial pandemic response. We need to boost people’s immunity to COVID-19 for multiple reasons:
1) immunity wanes over time, 2) some people have compromised immune systems (particularly older
individuals, who are most vulnerable to COVID-19), 3) vaccines do not provide sterilizing immunity,
and 4) some people may refuse vaccination and serve as reservoirs for the virus, enabling it to spread.
It is likely that we will need seasonal immunizations against COVID-19, similar to how we already get
seasonal boosters for influenza. In this scenario we believe it makes the most sense to combine the
two: to develop a combined COVID-19 plus seasonal influenza vaccine called a pentavalent vaccine
that everyone could receive.

All known effective vaccines work by stimulating the immune system to generate antibodies that
bind and neutralize a given pathogen -- these vaccines employ this validated approach. Nearly all are
injected. In some cases, these vaccines may also stimulate a T-cell response against infected cells,
though the relevance of this is unclear since vaccines that only generate antibodies without T-cell
immunity also work.
A vaccine may turn out to be effective enough to stop a person from becoming infected. That would
prevent the virus from spreading throughout the population and so would protect even people who
weren’t vaccinated (i.e., it would facilitate herd immunity). However, a vaccine might also turn out to
protect a person from developing severe illness (or any illness) but not stop the virus from infecting
and replicating in a person’s nose (upper respiratory tracts), in which case the virus might still spread
throughout a vaccinated population (i.e., not providing herd immunity) and universal vaccination would
be required to protect everyone from COVID-19.

Additional Considerations: Combining Disparate Vaccines
Most vaccines are likely going to have to be given as 2 doses, typically spaced 3 or 4 weeks apart. The
first dose “primes” the immune system and generates some antibodies, and the second dose “boosts”
the immune response and helps improve the quality and quantity of neutralizing antibodies. So far, all
signs point to each SARS-CoV-2 vaccine developer planning on using 2 doses of their own vaccine.
However, it does not have to be that way. Vaccination courses can include one type of priming dose
(e.g., adenoviral vector) and another type of booster (e.g., protein subunit or MVA vector). Also, prime
and booster doses do not always require the same amount of vaccine. For example, Oxford is testing
a booster dose that is half of the prime dose. This helps to increase the total number of vaccine doses
available and to provide doses as quickly as possible.

1D

Verndari Inc

REPLICATION AND TRANSMISSION
The virus that causes COVID-19 is called SARS-CoV-2. SARS stands for “severe acute respiratory syndrome,” which can
involve shortness of breath, pneumonia and/or respiratory distress, and the virus is so named because it closely resembles the
virus (SARS-CoV) that caused the SARS outbreak of 2002/2003. Both viruses come from the coronavirus (CoV) family.

1

Spike
protein on the virion binds to ACE2, a cell-surface

protein. TMPRSS2, an enzyme, helps the virion enter

2

The virion releases its RNA

3

Some
RNA is translated into proteins by the cell’s machinery


4

Some
of these proteins form a replication complex with the

viral RNA genome to make more copies of the genome,
a process that introduces some mutations.
Although the virus has proof-reading
proteins that try to correct the
mistakes, some slip through

6

• Theoretically, oral and intranasal vaccines would train the immune system to generate the special IgA types of antibodies that protect our
mucus membranes from infection.

Spike protein (S)
Envelope protein (E)

Curevac reported final data from a 35,000 patient global Ph2b/3 data for 2 doses of 12ug demonstrating 48% overall VE and 53% VE (77% protection against severe disease and
100% protection against hospitalization or death) in younger participants (age 18-60). Interim immunogenicity data generated from their Ph1 trial demonstrated that the 12-ug dose
generated neutralizing antibodies equivalent to HCS (1:113, microneutrlaization assay). The company has several manufacturing agreements: 1. Agreement with Novartis to produce
up to 50M doses by YE21 and an additional 200M doses in 2022 at Novartis’ Austria manufacturing site, 2. Agreement with Celonic to manufacture 100M doses in Germany, 3.
Agreement with Wacker Chemie AG and plans to begin production 1H21 at 100M doses/year, and 4. Agreement with Bayey to support further development, supply, and key territory
operations of CureVac’s vaccine candidate. In February 2022 CureVac announced they had begun dosing of their Ph1 trial with multivalent flue vaccine candidate in development with
GSK. CureVac has shifted focus in COVID to their 2nd gen candidate (CV2CoV) with Ph1 data expected 2H22.

Providence/Everest Medicines
Providence granted Everest license to develop and market its mRNA COVID-19 vaccine candidate, PTX-COVID19-B, in emerging markets in Asia in Fall 2021. Ph1 data were positive,
demonstrating ~10x higher neutralizing antibody titers in vaccinated individuals vs human convalescent control. A 40ug 2-dose regimen is currently being investigated in Ph2 trials in
Canada. The company has an agreement with Emergent Biolsolutions to produce 10’s of millions of doses in 2022 and an agreement with Northern RNA for essential raw materials.

Proteins
and RNA are

assembled into a new
virion and
released
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SARS-CoV-2 is spread from person to person mainly through respiratory droplets that are created when a
person coughs, sneezes, or talks (similar to how influenza spreads). These droplets are thought to travel no more
than six feet, thus this distance is reflected in current social distancing rules, though research shows microdroplets can travel
further and therefore 6 feet should be considered a minimum. 10 feet apart is better. Wearing masks in public places can help
prevent both the spread of these droplets to others if you are infected and at least partially reduce inhalation of these droplets from
others if you are well.

50-100-μg doses

SARS-CoV-2 may also spread by touching an infected surface followed by subsequent contact with the eyes,
nose, or mouth. Regular hand washing and disinfection of commonly touched surfaces can help reduce this type of spread.
There is no evidence that SARS-CoV-2 can spread through food (different from foodborne viruses like
norovirus or hepatitis A) or through mosquitoes (different from mosquito-borne viruses like Zika or West
Nile). SARS-CoV-2 causes respiratory symptoms that increase its spread to others, unlike foodborne viruses that cause
gastrointestinal symptoms and spread primarily through contact or sharing food or utensils. Furthermore, in contrast to mosquitoborne viruses, the spread of SARS-CoV-2 occurs directly from person to person and not through an animal host.

EUA
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BioNTech/Pfizer (BNT162) WARP

LIKELY TO BE PART OF THE FIRST WAVE OF VACCINATIONS
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SARS-CoV-2 could theoretically be transmitted by blood transfusions, but viral transmission has not been
linked to blood transfusion for SARS-CoV-2, SARS, or MERS. Viral genomic material has been detected in the blood
of ~15% of patients hospitalized with COVID-193, but not in patients with milder disease4. For COVID-19, we do not yet know
whether these patients have infectious viral particles in their blood or only (noninfectious) genomic material. Both SARS and
MERS, two other related respiratory diseases caused by novel coronaviruses, were also associated with detectable virus particles
in the blood during infections, particularly SARS (~75% of patients with SARS5 and ~33% of patients with MERS6). Additionally,
replicating coronavirus particles have been detected in the blood of mice infected with SARS7. We also know that non-human
primates can be infected with the virus that causes SARS (SARS-CoV) via blood transfusions and that these animals also develop
SARS symptoms8. While it is encouraging that none of these diseases have been linked to human blood transfusions, there are
reasons to remain vigilant: SARS and MERS had very different infection numbers (~8,000 SARS infections9 and ~2,500 MERS
infections10 worldwide) and almost no asymptomatic infections (greatly reducing the risk of infected patients donating blood).

CureVac/Bayer + CEPI

LIKELY TO BE PART OF THE FIRST WAVE OF VACCINATIONS

Providence/Everest Medicines

Doses ranging from 1-100μg; if low doses work then
would have greater manufacturing capacity.

Major players (Spike antigen only)

Translate Bio/Sanofi

LIKELY TO BE PART OF THE FIRST WAVE OF VACCINATIONS

Sanofi and Translate Bio (Sanofi acquired Translate Bio for $3.2B in August 2021) initiated a Ph1/2 clinical trial of their mRNA vaccine candidate in March 2021. Previously released
preclinical NHP data in Oct 2020 demonstrated peak neutralizing antibody titers of 1,877, which places this vaccine in the middle of the pack for RNA candidates. Pfizer/BioNTech
(GMT 962) and Moderna (GMT 3481), which both used similar assays to Sanofi (50% inhibition live virus assay), observed similar neutralizing antibody titers in human convalescent
serum (GMT 41-94). Translate Bio has established 100g single-batch production with its clinical-stage mRNA therapeutics platform and build-out of dedicated manufacturing space,
initiated through a contract manufacturing partner to accommodate at least two 250-gram batches/month. In Fall 2021, Sanofi announced that they do not plan to pursue development
of this mRNA vaccine and has instead put all their focus on their recombinant protein vaccine in development with GSK.

Standard modified mRNA: can be
engineered to stimulate a stronger
immune response

Ntx (multivalent mRNA)

Ntx (multivalent mRNA)

mRNA encoding full-length Spike combined with additional mRNA encoding other viral antigens. Although behind other programs, this is the only other program in development
besides inactivated and attenuated viral vaccines to include more than just Spike protein.

Could help others scale-up their mRNA programs with
more efficient mRNA synthesis.
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Early academic program supported by Daiichi Sankyo that initiated Ph1/2 in Japan in March 2021. Began a Ph2 trial of their mRNA vaccine in Japan in November 2021 and initiated
a booster trial in Japan in January 2022.

2D

University of Tokyo/Daiichi-Sankyo

Small/early players

GSK
GSK’s wholly-owned self-amplifying mRNA packaged in a lipid nanoparticle that initiated Ph1 trials in February 2021. As one of the largest vaccine producers in the world, GSK has
the potential to play a major role in the endemic covid-19 market with this vaccine if clinical trials are successful. GSK will be able to GSK is also supporting NVX-CoV2373 production
in the UK and supplies adjuvant (ASO3) for several other covid-19 vaccine developers such as Sanofi, SK Bioscience, and Medicago.

VaxEquity/Imperial College London
VaxEquity completed a Ph1 trial of its LNP saRNA (sa111RNA) that failed to show a strong prime-boost response and some participants never achieved seroconversion despite strong
NHP data. The company has returned to preclinical development to try to create a better next-gen vaccine.

HDT Bio/Gennova
We have seen incomplete Ph1 data from a trial in India and data in mice showing that saRNA + LION (a cationic LNP) induces a weaker response than MRNA’s LNP. HDT-301/
HGC019 has been approved for Ph2/3 trials in India after demonstrating in Ph1 trials (run by Gennova, HDT’s development partner in India) that the vaccine is “safe, tolerable, and
immunogenic”. We await Ph1 clinical data from studies in Brazil, the US, and Korea 2H22. HDT has received $8M in NIH funding.

1D

Arcturus/Duke University

2D

GSK IM

2D

VaxEquity/Imperial College London

2D

HDT Bio/Gennova

Self-replicating mRNA: potentially much more potent such that low scale manufacturing might generate more doses; however, self-replicating mRNAs are
longer, harder to make, and so far are not as inherently immunogenic as modified mRNA
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COVID-19 VACCINES:

COVID-19 VACCINES:

EFFICACY

FLOW CYTOMETRY:
CD4+ CELLS

COMPANY

MODALITY

VACCINE

DOSES

NVX-CoV2373

Next Gen

BNT162b2

IL-2
TNFa

0.8

Next Gen

mRNA-1273.351

AZD-1222

Next Gen

Moderna
(mRNA-1273)
100mcg

BioNTech/Pﬁzer
(BNT162b1)*
all doses Germany

timepoint

D29

D43

D29

days post
boost
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14 days

7 days
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(AZD 1222) 5E10 vp

-
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Easy to expand valency, higher doses tolerable,
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Expanding valency limited because tolerability
worsens with higher doses, but single strain
boosters still viable as needed
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1.3B doses
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Better than Shingrix

-70°C
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the processes needed.” Good as a
de novo vaccine but not as a booster

57%
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COVID-19 VACCINES:

TITERS

BASIC PROTECTIVE
MEASURES

Human Convalescent Sera (HCS)
10000

CLEANING
YOUR HANDS
FREQUENTLY

SEE "SOCIAL DISTANCING"
FOR MORE DETAIL.

1

WEARING A FACE MASK,
even a less advanced one,
can help reduce both the risk
of infection and potentially the
severity of illness since in some
cases the amount of virus that
starts an infection correlates with
the severity of disease (more virus
at the time of initial infection gives
the virus a head start over the
immune system). To help prevent
the spread of COVID-19, wear
a mask in public settings (e.g.,
grocery stores or pharmacies).

1000

WASH
YOUR HANDS

671

100

10

10

NOT
REPORTED n=42

n=25

n=4

0

HCS
(NVAX panel)

DISINFECT
SURFACES

Assay Used

654

100

DAYS AFTER D21
BOOST

361

158

14

n=25 n=25 n=32

Novavax
(NVX-CoV2372)
5ug

MN 100%

MN 50%

% inhibition

least stringent

NOT
REPORTED n=13

n=3

n=12

Moderna
(mRNA-1273)
100 ug

AVOID TOUCHING YOUR
FACE to prevent accidental
transfer of the virus to your eyes,
nose or mouth.

DISINFECT SURFACES THAT
ARE COMMONLY TOUCHED
(phones, remote controls,
counters, tabletops, doorknobs,
etc.) with household cleaners
such as diluted bleach solution
(1/3 cup bleach per gallon of
water), alcohol solutions (>60%
ethanol or >70% isopropanol),
or other EPA-recommended
household disinfectants (https://www.

MN 100%

stringent

stringent

94

12

In addition to the the measures listed above,
THE FOLLOWING CAN HELP REDUCE THE SPREAD OF DISEASE IF YOU ARE
SICK OR THINK YOU MAY BE INFECTED:
STAY HOME
IF YOU FEEL UNWELL

PRACTICE RESPIRATORY
HYGIENE

STAY HOME IF YOU FEEL UNWELL TO
PREVENT SPREAD TO OTHERS AND CONSULT
WITH YOUR DOCTOR OR HEALTHCARE
PROVIDER, IF NEEDED. People who are mildly ill
with COVID-19 are able to recover at home. Do not
leave, except to get medical care. Call your doctor’s
office in advance of coming in and tell them you may
have COVID-19. This will help everyone in the office
protect themselves and other patients. Listen to the
instructions of your healthcare provider.

PRACTICE RESPIRATORY HYGIENE TO HELP
MINIMIZE INFECTION OF OTHERS. WEAR
A FACE MASK WHEN YOU ARE AROUND
OTHER PEOPLE AND COVER YOUR MOUTH
AND NOSE WITH YOUR BENT ELBOW OR
TISSUE WHEN YOU COUGH OR SNEEZE
(EVEN IF WEARING A MASK). SARS-CoV-2
spreads through droplets in the air. You can reduce
contamination of surfaces and prevent disease spread
by trapping these virus-containing droplets in a wellfitting mask.

3.2

US (age 18-55)

US (age 65-85)

VNT 50%

moderately stringent

In the best case scenario, we will see low-scale production of a SARS-CoV-2 vaccine by 4Q20, which will likely be
reserved for front-line and essential workers and maybe some vulnerable populations, followed by large-scale
production for the broader population in the first half of 2021; we will know if any of the first wave of vaccines are
showing efficacy in clinical trials during the June-October 2020 timeframe and can make better time estimates once
those data read out. It will take time to understand the efficacy and risks of these vaccines in development: this should not be viewed
as a race but rather a concerted effort to understand whether these approaches can provide real benefit to our society. While the goal is to
have a significant portion of the population vaccinated, it will take time for the vaccine to be produced and available in sufficient quantities.
Thus, we might see more vulnerable/high-risk people (e.g., healthcare workers, the elderly, those with pre-existing conditions) receive
the vaccine before it can be made available for the general population. Some vaccine doses, maybe millions of doses twidely throughout
the US and world over during the first half of that year. There is a real concern that vaccines will first be made available to nations that
sponsored their production, with secondary supply made available to other countries. That may happen (AstraZeneca partnered with
Oxford and specifically said that they would prioritize vaccinating the UK population; BARDA is funding programs with conditions that favor
vaccinating Americans), but CEPI and WHO are working to make sure that innovations coming out of the research and development for
a SARS-CoV-2 vaccine will hopefully become widely available in all countries quickly. Until a vaccine becomes broadly available, people
should continue to practice good hand hygiene, mask wearing, and social distancing when possible.

CASES
WITHOUT
PROTECTIVE
MEASURE

least stringent

reduction in peak
of outbreak

SURGICAL MASKS are loose-fitting masks that protect the wearer from large droplets that could
contain viral particles; their main role is to prevent contamination of the surrounding area when a
person coughs, sneezes, or even just talks. Healthy people can help reduce their exposure to SARS-CoV-2 by
wearing a surgical mask, particularly if they are participating in activities that increase their risk of infection (e.g., caring
for an infected person, visiting a crowded area, etc).

COVID-19 VACCINES:

MILESTONES

*

Company (Drug)
NANOPARTICLE

assuming 2 doses until data suggests otherwise

30
20
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0
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NOV 3

DEC 1

JAN 5
1919

FEB 2

FEB 23

SCHOOL CLOSURE
PUBLIC GATHERING BAN
BUSINESS HOURS RESTRICTED,
STREETCARS’ CAPACITY LIMITED

Production of N95 and surgical face masks has greatly increased and
availability for both healthcare professionals and the general public should
increase substantially in the coming months. 3M, Honeywell, and Kimberly-Clark
are the major US manufacturers of face masks. 3M in particular is massively expanding its
production and aims to make 1B+ face masks by YE20.
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Moderna Therapeutics/Lonza (mRNA-1273)
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Q4

START: 3Q20
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SpyBiotech / Serum Institute of India

CureVac
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Clover Biopharmaceuticals

PROOFREADING
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VBI Vaccines

Sanofi/GSK

LIVE ATTENUATED

2022

1

Bharat Biotech International

CORONAVIRUS

least stringent

40

SEP 8
1918

2020

Medicago

RE-ASSORTMENT & MUTATION

DIFFICULT TO DEVELOP NEW STRAINS
1. The single genomic segment of coronavirus prevents re-assortment
2. The proofreading enzyme corrects mutations

least stringent

(DATA AS OF MAY 13, 2022)

Sinopharm Group/Wuhan Institute of Biological Products/
Beijing Institute of Biological Products

SAME
CORONAVIRUS
STRAINS

stringent

VNT 50%

FOR A VISUALIZATION OF HOW DROPLETS SPREAD BETWEEN PEOPLE, SEE
or search online for “COVID microdroplets video”.

HOMEMADE CLOTH MASKS are a surrogate for surgical masks (which are still in short supply and
may need to be prioritized for healthcare workers) if they fit snugly over the nose and mouth,
allow for unrestricted breathing, and can be secured with ties or ear loops. The CDC recommends the
use of a facemask, including homemade cloth masks, to help prevent the spread of SARS-CoV-2 when people must
go into public settings (e.g., grocery stores or pharmacies).

ce
ll
m
e

UNCHANGED

MN 50%

Wearing a face mask, even a less advanced one, can help reduce both the
risk of infection and the severity of illness. While ideally masks would protect us
from infection, the reality is that all but the most advanced masks let some droplets through
(or around edges). However, by reducing the number of droplets, masks can also reduce the
amount of virus that someone is exposed to, which can reduce the severity of the resultant
disease if they do become infected. The more virus someone is infected with, the more of
a head start the virus has on their immune system. So wearing masks may help reduce the
severity of disease even if people still get infected.

N95 RESPIRATORS are tight-fitting protective masks that filter out ≥ 95% of very small (0.3 micron)
particles from the air, which includes bacteria and viruses, and therefore protect the wearer by
reducing inhalation of viral particles. These specialized masks are in short supply and should currently be worn
only by healthcare personnel due to their increased risk of exposure.

SUBUNIT

RNA replication

VNT 100%

There are several different face masks that can help prevent transmission of SARS-CoV-2:

NOVEL
INFLUENZA
STRAIN

NO RE-ASSORTMENT & LOW MUTATION RATE

n=10

TYPES OF MASKS AND WHEN TO USE THEM

WARP

RE-ASSORTED
+ MUTATED

n=5

distancing means staying a safe distance away from other people (CDC recommends minimum of 6 feet, 10 better) to
mitigate community spread of SARS-CoV-2. Ideally, you should stay home as much as possible. Social distancing slows the spread of disease (ie.
“flattening the curve” of infections) by reducing the chance that an infected person infects someone else before recovering, reducing the so-called “R0”
(pronounced “R-not”) value, ideally to below 1 so that each person infects less than 1 person and the infection burns itself out. Some small countries like
New Zealand have employed social distancing and testing (to know where to isolate people even more carefully) so successfully that they have stamped out
their infections, aka “crushing the curve”. While it’s now too late to stamp out SARS-CoV-2 in large countries and the world, social distancing helps ensure
that we avoid a rapid increase in cases that would overwhelm our healthcare system.

Icosavax
EASY TO DEVELOP NEW STRAINS
1. The multiple genomic segments of influenza can easily be re-assorted
2. The lack of a proofreading enzyme increases the number of mutations

JnJ
(Ad26.COV2.S)
5E10 vp

least stringent

We don’t currently know how long social distancing will be required before it is considered “safe” to re-integrate.
Ultimately, some degree of social distancing will be important until there’s been widespread vaccination. What is clear is that
social distancing combined with widespread, rapid testing and early and aggressive social isolation of infected people as well as those they came
in contact with (contact tracing) can be effective. The more piecemeal or inconsistent the measures, the less effective it will be. Because contact
tracing involves a lot of manual effort (an army of people chasing down each infection), it’s easier to implement contact tracing if a country has first
reduced the number of infections dramatically with widespread social distancing. When there are still thousands of new cases every day, it’s not
feasible to switch from social distancing to contact tracing and selective isolation as a means of keeping the curve flat..

VLP

INFLUENZA

AstraZeneca/
AstraZeneca/
University of
University of
Oxford
Oxford
(ChAdOx1 nCoV-19) (ChAdOx1 nCoV-19)
5E10 vp
5E10 vp

n=10

VNT 50%

RISK OF OPENING TOO EARLY

An effective vaccine against SARS-CoV-2 would greatly increase our ability to manage COVID-19. Without a vaccine,
the only way to become immune is to catch the disease and then recover. Given the risks of COVID-19, we can only fully lift the
numerous social distancing restrictions currently in place once a vaccine is available to protect high-risk individuals (e.g., elderly and/or
immunocompromised) and manage any future outbreaks. Once a large percentage of the population is vaccinated and immune to SARSCoV-2, spread of disease will be greatly reduced and even unvaccinated persons will have indirect protection, a phenomenon known as
“herd immunity.”
Currently marketed vaccines (e.g. for flu, measles, hepatitis B, etc) are safe and efficacious but novel vaccines
(e.g. SARS-CoV-2) must be tested to ensure they are safe and effective. There are risks associated with developing a novel
vaccine, including one against SARS-CoV-2. One such risk is enhanced disease, which is thought to occur when the body produces
antibodies against the virus that help the virus infect cells instead of neutralizing the virus. This phenomenon has only been seen once
before in humans (with a vaccine from the 1960s against an unrelated respiratory virus called RSV) and the risk is low. Vaccine platforms
that induce large amounts of antibodies that can neutralize infectivity and strongly activate immune cells (specifically T-cells) are thought
to have a lower risk of causing enhancement. References to the importance of skewing the vaccine response towards TH1 vs. TH2 (which
are specific types of T-cells) refers to the theory that certain types of antibodies that are made when the immune system has a stronger
TH1 response are less likely to cause immune enhancement than the kinds of antibodies made when the immune system skews to a TH2
response (e.g., antibodies more likely to cause allergic reactions). The earliest studies from animal model experiments with SARS-CoV-2
vaccines have so far shown them to be safe and effective, protecting animals from challenge with the virus without causing enhanced
disease.
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You can practice social distancing by avoiding large gatherings and minimizing time spent in public settings. We have a collective
responsibility to participate in social distancing as much as possible. The extent of social distancing will vary for each person and household for example, a healthcare worker won’t be able to proactively isolate themself at home the way someone who can easily work remotely via their laptop can.
HEALTH CARE SYSTEM CAPACITY
But all of us can be aware and do what we can to reduce person-to-person transmission. In households at risk of infection because someone is an essential
worker, that person must take precautions such as wearing
CASES WITH
a mask around others, stripping off potentially contaminated
WEEKLY EXCESS DEATH RATE FROM SEPTEMBER 8, 1918 - FEBRUARY 22, 1919
PROTECTIVE MEASURE
ST. LOUIS, MO
clothing ideally before entering the home (being mindful not to
TIME SINCE FIRST CASE
contaminate themselves and surfaces in the home), and clean
70
themselves and any surfaces they touch (car, home) thoroughly.
Weekly excess death rate
Even then, they should consider wearing a mask in the home
60
2 x baseline mortality
and sleeping in a separate room to reduce the chance of spreading the virus to family members. Social distancing can be difficult and ultimately
First pneumonia and influenza case
carries risk of its own adverse events, such as social isolation and depression, which must be weighed against the risks of COVID-19 for each
50
person and those around them.

Some vaccines contain adjuvants, which are substances that boost the immune response against an antigen.
Adjuvants are most commonly used in vaccines that deliver fragments of protein and thus need an extra “boost” to ensure a strong
immune response; they are used less commonly in whole virus or vector preparations that elicit a strong immune response on their
own. Examples of adjuvant ingredients used in US vaccines today include aluminum salts, monophosphoryl lipid A, squalene oil, and
cytosine phosphoguanine (CpG). A number of proprietary adjuvants (such as Dynavax’s CpG 1018 and GSK’s AS03) have been made
freely available to vaccine developers through the Coalition for Epidemic Preparedness Innovations (CEPI) in an effort to support the rapid
development of a vaccine against SARS-CoV-2.
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CORONAVIRUS
STRAINS

29

BioNTech/Pﬁzer
(BNT162b2) 30 ug

When considering when to reopen the country and ease social distancing mandates, we should be aware of potentially
eliciting a second wave of cases if doing so prematurely. The example to the right, straight out of the history books, describes what
happened during the 1918 influenza pandemic in St. Louis. Once the death rate due to the virus began to trend down, schools were reopened
and public gathering bans were lifted. However these orders resulted in a second, much larger wave of deaths. Had St. Louis continued their strict
social distancing and school closures, they would likely have avoided the second wave of deaths.

Vaccines are a type of medication used to prevent an infection in healthy individuals by teaching the immune
system to recognize the infectious agent (e.g., bacteria or virus) and destroy it. Vaccines can stimulate the immune system
and protect against disease-causing pathogens but generally do not cause infection themselves because they use weakened or killed
pathogens or only fragments of the pathogens. Vaccines have successfully reduced the impact of serious diseases such as influenza,
chickenpox, and Hepatitis A and B. Traditional vaccines consist of 1) an “antigen”, which is a protein or other piece of a pathogen or
even the whole pathogen (inactivated or weakened so that it is less likely to cause disease) together with 2) an immune stimulant called
an adjuvant. Together, they provoke an immune response in healthy individuals. Newer vaccine platforms deliver the genetic code for the
antigen using a harmless viral vector or encoded in genetic material (DNA or mRNA), which make a person’s own cells produce the antigen.
These vaccines can be injected into the muscle, subcutaneously, or intradermally or more rarely taken orally or intranasally. Vaccines
typically are given as 2 doses, the first to “prime” the immune system into making some antibodies and the second, usually 4 weeks later,
to “boost” the quantity and quality of the antibodies. Besides prompting the immune system to make antibodies, vaccines can also, to
varying degrees, elicit a T-cell response, which can mobilize these cells to help kill infected cells. All vaccines elicit antibodies whereas only
some also elicit a T-cell response. There are no marketed vaccines that only work by eliciting a T-cell response.

RA Capital Management, LP (“RA Capital”) is an investment adviser registered with
the Securities and Exchange Commission (“SEC”) under the Investment Advisers Act of
1940, as amended (“Advisers Act”).
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SOCIAL DISTANCING

epa.gov/pesticide-registration/list-n-disinfectants-use-

DISCLAIMER
From time to time, RA Capital may hold long and/or short positions in companies which are included in this map. The information contained
in this map should not be interpreted or construed as investment or other professional advice. All information about the individual companies
referenced in this map is presented for the purpose of progressing a strategic approach to the Coronavirus Disease 2019 (“COVID”) crisis,
and is in no way inclusive of all the factors that should be considered when making an investment decision. Such considerations include, but
are not limited to, the financial condition of a firm, the skill of the management team, the evolving competitive landscape, and other revenue
sources outside of COVID-related projects. Therefore, nothing herein should be used to partially or fully inform an investment decision. The map
is provided for informational purposes only, and nothing contained herein constitutes a solicitation, recommendation, endorsement, offer or an
inducement to invest with RA Capital or its funds, or to buy or sell any securities or other financial instruments in any jurisdiction. The factual
information contained within this map is publicly available. The analysis of such data represents the views held by RA Capital and its employees
at the time of publication and is subject to change without notification. Nothing in this map should be considered medical advice or guidance on
the treatment or prevention of COVID.
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(HK panel)

assuming 2 doses until data
suggests otherwise

It’s likely possible to develop mRNA vaccines for two variants, but to cover more on top of flu would be difficult. Even when covering a single COVID-19 variant, conventional vaccines are better tolerated, and would
be comparable to or more efficacious than mRNA vaccines.
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Programs that cannot be easily expanded to cover multiple variants (because of reactogenicity such as pain, fever, etc)
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AVOID TOUCHING
YOUR FACE

REGULARLY AND
THOROUGHLY WASH YOUR
HANDS with soap and water
and/or clean your hands with
an alcohol-based hand sanitizer
(must be >60% ethanol or >70%
isopropanol) to kill any virus that
may be on your hands.
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SEE "MASKS" FOR MORE
DETAIL
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HCS

Boost

Prime

3906

WEARING
A FACE MASK

CLEANING YOUR HANDS
FREQUENTLY, avoiding touching
your face, and disinfecting “high
touch” surfaces can reduce
infection following contact with an
infected surface.

SOCIAL DISTANCING can
prevent the spread of COVID-19
by reducing the number of people
an infected person comes into
contact with.

Vaccine Candidates

Severe

7457

7280

While there are no approved medications to prevent the spread of COVID-19,
THE FOLLOWING BASIC PROTECTIVE MEASURES
CAN HELP PREVENT INFECTION:
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Arcturus has competed enrollment of a 600 participant Ph2 trial in the US/Singapore with interim data reviewed by the DSMB supporting advancement of a single 5ug dose regimen
into Ph3 studies. Ph3 data was released in April 2022 and showed 55% VE overall when Delta and Omicron variants were dominant (PFE/BNTX have demonstrated real world VE
~55% against Omicron and ~87% against Delta). Immunogenicity and reactogenicity data have not been released yet. The company previously announced topline results from a
Ph1/2 trial in Singapore demonstrating that a single dose of their vaccine candidate generates neutralizing antibodies in the same range as human convalescent control (GMT 1:147).
Preclinical studies demonstrated that a single 2-μg dose of their LUNAR-COV19 vaccine provided immunity (seroconversion in 100% of animals vs 0% at this dose for standard mRNA).
The company is also advancing two next generation mRNA vaccine candidates targeting variants of concern (ARCT-154 and ARCT-165) that have reportedly demonstrated 15-25x
higher neutralizing antibodies (including antibodies against multiple variants of concern) vs ARCT-021 in NHPs. These next generation candidates are approved to begin Ph1 clinical
trials in Singapore and Vietnam as either a primary vaccination series or as a 3rd shot booster following 2 doses of Cormirnaty. Arcturus signed a partnership with Catalent to help
them scale up to 100M doses in 2021 and have completed stockpiling of greater than 10 million doses of lyophilized ARCT-021. Also signed an agreement with CDMO Recipharm to
support manufacturing, but have not provided additional dosing guidance. Arcturus also recently announced a collaboration with Vinbiocare to establish a manufacturing facility in
Vietnam. Vinbiocare will pay Arcturus $40M upfront for rights to manufacture and sell their STARR platform covid vaccines in Vietnam.

mRNA vaccines: fast to develop and immunogenic. This platform is useful for responding rapidly
to a new pandemic (especially for the next one when there will be larger-scale manufacturing
capacity from the start). However, mRNA is both antigen and adjuvant and highly reactogenic
(painful, hard to tolerate), so not a good fit for creating a pentavalent seasonal booster (i.e.,
people will learn to really fear their seasonal shot) unless next generation mRNA vaccines with
significantly better tolerability are developed.

Both Moderna and BioNTech/Pfizer have demonstrated that this platform is able to generate neutralizing antibody (nAb) titers multiple fold
greater than their respective human convalescent sera controls (see data tables on the map). nAbs have been established as a correlate of
protection, so it is better for a vaccine candidate to generate as high a titer as possible. Efficacy data has also shown success in preventing
overall infection, prevention against severe disease, and reduction in hospitalization for individuals vaccinated with an mRNA vaccine. The
reactogenicity profile of mRNA vaccines is even less tolerable than that of Shingrix (one of the most painful adult vaccines on the market),
which can partly be attributed to the lipid nanoparticle that is formulated to deliver the mRNA. It is thus unlikely for this platform, as it currently
stands, to support the addition of four influenza components for use in a flu plus COVID-19 pentavalent vaccine.

Arcturus Therapeutics/Duke University
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VACCINES

TRANSMISSION:

LIKELY TO BE PART OF THE FIRST WAVE OF VACCINATIONS

40

BIONTECH PBO US

COVID-19:

Using a microneedle patch to intradermally deliver vaccines is dose-sparing and more convenient to administer. However, there are no microneedle patch vaccines currently on the market despite these potential benefits, because significant challenges exist around the cost and QC to scale up manufacturing for large-scale
supply.

EUA

Moderna Therapeutics/Lonza + CEPI & BARDA
(mRNA-1273) WARP

20

Shingrix (70+)

CLICK TO SEE MAP UPDATE LOG >

Membrane protein (M)

• Still, these programs are worth watching since they could offer a means of vaccination without injections and could limit reduced systemic
toxicity.

Translate Bio/Sanofi

University of Tokyo/Daiichi-Sankyo

Intramuscular

Viral envelope

1 SARS-CoV-2

• In addition, oral and intranasal vaccines for other viruses, including the approved intranasal flu vaccine Flumist, tend not to work well, either
because they induce only local immunity in the nasal passages or because the vaccine is just not very strong. Oral polio vaccine is thought
to be much better than a non-replicating vector but it does not induce lasting immunity.

BioNTech/Pfizer (BNT162)

CureVac

Inhaled Delivery

Nucleocapsid (N)

Moderna/Lonza (mRNA-1273) + CEPI and BARDA

Pfizer/BioNtech have been granted full approval for their vaccine candidate in the US and EUA in the EU, UK, Canada, and several other countries (including expansion to include
adolescents aged 12-15 yrs after results from their Ph3 trial in this population demonstrated 100% VE) after completing their Ph3 trial demonstrating 95% efficacy 7 days after the
second dose (in 170 COVID cases, 9 severe cases in the placebo group and 1 in the vaccine arm). These results provide validation for vaccines targeting the Spike protein and greatly
surpass the benchmark set by the FDA (50% vaccine efficacy). Longer term data were recently reported, demonstrated 91% vaccine efficacy overall from months 1-6 (down from 95%
during months 1-3) showing that efficacy wanes over time, though it remained quite high. Pfizer/BioNtech have also submitted Ph1 booster data to the FDA and EMA demonstrating
higher neutralizing antibody titers against the WT, Beta, and Delta strains after a 3rd dose (30ug) administered 8-9 months after the 2nd dose than those seen after the 2-dose primary
series alone. They plan to submit Ph3 data (expected imminently) for licensure of a third dose in all adults via a supplemental BLA. A 3rd dose is authorized in adult populations and
a 4th dose is recommended in elderly and immunocompromised populations. Originally recognized by Operation Warp Speed (OWS) as one of five vaccine candidates most likely to
work.

Intranasal Delivery

RNA

RNA
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NR

NR

BioNtech BNT162b2 (30µg) US (18-55)
BioNtech BNT162b2 (30µg) US (65-85)

TO HELP PREVENT
INFECTIONS:

Microneedle patch

Early stage company spun out of UC Davis developing VaxiPatch (protein subunit + adjuvant + medical grade stainless steel patch) as a single dose, room temperature stable, selfadministrable vaccine. Recently announced a collaboration with NIAID to develop a intranasal Ad4 prime + VaxiPatch boost COVID-19 vaccine solution (would require two separate
regulatory paths).

Moderna has received full approval for their vaccine candidate in the US, UK, Canada, and several other countries after releasing primary efficacy data from their Ph3 efficacy trial
demonstrating 94.1% vaccine efficacy 14 days after the second dose (in 196 COVID cases, with 30 severe cases in the placebo group, 33 older adults, and 42 participants from
diverse communities) and 100% efficacy against severe disease. The biggest differentiating factor from PFE/BNTX’s mRNA vaccine here is Moderna’s cold chain storage advantage,
as their vaccine can be stored at -20C, while the Pfizer/BioNtech candidate requires -70C storage. Moderna has received full approval from the FDA for the prime series of their
COVID-19 vaccine, “Spikevax”. They have ongoing trials in pediatric populations, with the trial in teenagers demonstrating 96% efficacy. They have filed EUA for use in both
adolescent and pediatric populations down to children 6 months of age (two 25 ug doses instead of 100 ug as in adults). Interim data from trials for booster candidates has shown
positive results demonstrating higher neutralizing antibodies against variants of concern than the original vaccine, and they have also submitted application for approval of a 50 ug
booster dose (half of each of the two 100 ug doses in the prime series) and received EUA in adult populations. Data demonstrate that the vaccine maintains antibodies against VOCs
and VOIs at 6 months. In March 2021, Moderna initiated Ph1 clinical trials of a next-gen vaccine (mRNA-1273.351) that specifically targets the Beta (South Africa) variant of concern
(B.1.351). This was the first vaccine specifically targeting a variant of concern to enter the clinic. Data from this bivalent (WT + beta) vaccine demonstrated superior nAbs against all
VOCs, including Omicron, when compared to prototype vaccine. Moderna has also begun development on an Omicron-speicific bivalent boost (mRNA-1273.214) in Ph2/3 trials that
we expect to have data from late 2Q22.

Intradermal Delivery

CHANGES HIGHLIGHTED IN YELLOW

In collaboration with CEPI

COVID-19 Vaccines Have Short-Term and Long-Term Value:

Alternative routes of administration to improve upon standard injection: easier to administer and can theoretically
be expanded to cover more COVID-19 variants and be combined with influenza vaccines (pentavalent COVID + flu
vaccine), but have been logistically challenging to develop and bring to market.
Should the long-term cost-benefit of these next-gen vaccines prove superior to traditional injectables, they could replace our current mode of
seasonal immunizations.
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Intranasal vaccines: easier to administer but associated with limitations that have so far
prevented major vaccine funders from placing much stock in these approaches

Vaxess Technologies/Medigen
MIMIX platform allows for combination of multiple antigens (COVID and Flu) for the development of a pentavalent, single dose, self-applied vaccine. Vaxess recently announced a
partnership with Medigen to use their COVID-19 vaccine candidate for this combination patch. Their microneedle technology is silk-based and the antigen is room temperature stable.
It is unlikely that this program will contribute to the first wave of COVID vaccines. A more likely market is for future seasonal vaccine cycles. They have submitted IND and are on track
to have FIH data in 4Q22.

Intravenous Delivery

1.0

“Report of the WHO-China Joint Mission on Coronavirus ....” 28 Feb. 2020, https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
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Codagenix launched a Ph1 clinical trial for their vaccine candidate COVI-VAC in the UK December 2020. Their partnership with the Serum Institute of India provides manufacturing
capacity on the scale of hundreds of millions of doses. Interim Ph1 data from their intranasal COVID-19 vaccine demonstrated a cellular immune response showing increased T cell
immune responses. Full Ph1 data is expected MY22.

Subcutaneous Delivery

Flow cytometry - CD4+ cells

SARS-CoV-2 is thought to first infect the cells of the nose and throat, from where it can spread, but it does
not cause significant symptoms until it progresses into the lung. During the first stage of infection patients are
more likely to spread the virus to others by coughing or breathing, even before they start to show symptoms (referred to as
“asymptomatic”) or while their symptoms are too mild to distinguish from a harmless cold. Once the virus makes it way into the
lungs, more notable symptoms (coughing, fever, and/or shortness of breath) start to become more prevalent. SARS-CoV-2 also
uses additional mechanisms to slow down the response of the immune system, meaning that the infection can linger for longer and
the host can infect more people. In contrast, SARS-CoV and MERS-CoV primarily and quickly infect lung cells, which are deeper in
the respiratory tract and cause an earlier onset of serious symptoms, so patients can be identified and quarantined sooner before
they spread the virus, making it easier to stamp out the original SARS and MERS cases before they triggered a pandemic.

EUA

Bharat Biotech International/Ocugen (Covaxin)

Moderna (100µg)

Younger people make up majority
of the cases, while older people
disproportionately get serious
covid-19 and die.

SARS-CoV-2 enters host cells by binding a specific protein, called “ACE2,” on the cell surface; once inside, the
virus hijacks the host’s cellular machinery to replicate and assemble more viral particles. After the virus binds
the cell, enzymes produced by the host (TMPRSS2) activate the viral spike protein (S), which allows the virus to enter the cell (see
schematic below)1,2. Once inside the cell, the virus rapidly makes more copies of its genetic material (RNA) as well as the proteins
needed to create new viral particles. The RNA is packed into new particles, which are released into the body to infect surrounding
cells.
2D

Novavax (5ug)

15% 20% 25% 30% 35%

SARS-CoV-2 is enclosed by a protective lipid (fatty) membrane containing proteins that give the virus
structure and allow for infection.The membrane is a weak point that makes it easy to kill with soap, bleach,
or alcohol. Inside the virus there is a single strand of ribonucleic acid, or RNA, that contains the virus’s genetic information. The
coat of the virus consists of several structural proteins, including the spike protein (S), which allows the virus to attach to host cells
and gives the virus its distinctive shape.

WRAIR/USAMRII

Inactivated viral vaccine + ViroVax’s Alhydroxiquim-II adjuvant with Ph3 data demonstrating 78% efficacy overall (based on 127 symptomatic cases of COVID-19). The company
rolled out its first commercial batch of Covaxin from its commercial plants at the end of August 2021 and was available for supply starting in September 2021. They have guided
to producing 700M doses annually (up from previous guidance of 200M). Bharat Biotech was granted emergency use authorization by the Indian Central Drugs Standard Control
Organization on the basis of non-human primate, Ph1, and Ph2 Ocguen has partnered with Bharat to develop Covaxin in the US (including clinical development, regulatory approval,
and commercialization) in exchange or 45% profit sharing from sales in the US market. In November 2021 the WHO granted EUA.
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SURVIVE FOR
UP TO 72 HOURS

3-dose protein subunit vaccine that was approved in China in June 2021 (the 7th Chinese-developed vaccine to receive approval). Trials investigating the mixing of Anhui’s vaccine with
CanSino’s vaccine are ongoing in China. Little additional information is available publicly about this program’s clinical timeline or manufacturing scale. The company has focused on
the domestic Chinese market in 2021, but received approval in Indonesia in late 2021 and in Columbia in early 2022.

VIDO-InterVac at the University of Saskatchewan

Oral Delivery

The virus may be able to

Anhui Zhifei Longcom Biopharmaceutical/ Institute of Microbiology, Chinese Academy of Sciences
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Truncated Spike protein trimers: may not train the immune
system to recognize all the vulnerabilities that the full-length
protein would display. Although nearly all other viral vaccines
( including mRNA, adenoviral, nanoparticle, and inactivated)
display the full-length Spike protein trimer -- there is still a
good chance that vaccinating with a truncated Spike protein
will be good enough
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It’s not a foregone conclusion that this will be necessary. But we think it’s likely enough that we should
be looking ahead. Seasonal flu vaccines currently make up a $4.5B/year market and this could grow
substantially if transformed into a pentavalent vaccine market, making it attractive to vaccine developers
to compete for a share. This would require developing a flu and COVID antigen on the same platform
(e.g., all mRNA or, if protein based, using the same adjuvant) to create a vaccine that is well tolerated on
first dose and redosable (meaning it does not use a viral vector).

SK Bioscience (GBP510)

Recombinant stabilized prefusion SARS-CoV-2 spike protein vaccine adjuvanted with Dynavax’s CpG1018+Alum with published Ph1 data demonstrating nAbs 2-4x HCS. Ph2 testing
in Taiwan was completed in April 2021 and the vaccine received EUA in Taiwan in July 2021. The company has also initiated a booster study (as amendment to Ph1 trial) that is
evaluating immunogenicity and safety of a 3rd dose 6 months after after completing dose 2 (data expected 3Q21). Concurrently, manufacturing and scale-up are planned to provide
up to 200M doses by YE21. This program recently entered a partnership with Dynavax to supply CpG 1080 and Vaxess Technologies to develop a combination COVID-19 + seasonal
influenza microneedle patch vaccine.
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COVID-19 VACCINES:

Baylor College of Medicine/Biological E

A Ph1/2 study has been initiated in Australia. This platform uses a proprietary SpyCatcher/SpyTag “superglue” technology to display the Spike protein on the surface of Hepatitis B
surface antigen VLPs.

INHALED

In collaboration with BARDA

Acute respiratory distress syndrome (ARDS) is a serious complication in patients with severe
disease and is associated with a high risk of respiratory failure. These patients must be carefully
managed in the intensive care unit, often with the use of mechanical ventilation, and have the
highest risk of death from COVID-19. ARDS is common for hospitalized patients with COVID-19 (20-42%) and
initial labored breathing can quickly progress to ARDS and ICU admission. In addition to lung injury, ARDS is also
associated with kidney, liver, and heart complications, which can also increase the risk of mortality8,9,10.

6+ months after
prime

Novavax Ph1 Flu (single dose)

80

10 “Coronavirus disease 2019 (COVID-19): Critical care issues ....” 1 Apr. 2020, https://www.uptodate.com/contents/coronavirus-disease-2019-covid-19-critical-care-issues. Accessed 20 Apr. 2020.

Full-length (not truncated) Spike protein trimers: potentially
advantageous since displaying full-length protein shows the
immune system more of the Spike protein against which to
develop antibodies (trimer is a cluster of 3 spike proteins that
form the characteristic crowns decorating the virus)

Small company not funded to scale their VLP vaccines, although they estimate they could make about 500M doses annually once their vaccine candidate is approved. iBio has
completed IND-enabling tox studies for IBIO-201 (S Protein fused with their patented LicKM booster molecule) with no adverse effects identified. The clinical timeline for iBIO-201 is
unclear and it is unlikely to contribute to large-scale production before 2023. IBio is also developing a next-gen vaccine candidate (IBIO-202) targeting the N protein, which is more
highly conserved than the S protein, and therefore new viral variants may be less likely to escape vaccine protection. PC data supports continued development. The company is
moving forward with IND-enabling studies and hopes to file IND by YE22.

SpyBiotech / Serum Institute of India

INTRANASAL

Two Dose Vaccine

iBio (IBIO-201)

In March 2021, Clover initiated a 22,000 participant ex-US global Ph2/3 trial of it’s protein-based S-Trimer COVID-19 (2 doses of 30ug + Dynavax’s CpG 1018+Alum adjuvant)
and completed enrollment in July 2021. Ph2/3 data demonstrated 100% VE against severe COVID-19 and hospitalization, 84% VE against moderate disease, and 67% VE overall
against symptomatic COVID-19. Previously, Clover published Ph1 clinical data February 2021 demonstrating good nAb titers in younger participants (GMT ~1,000, 1.5x HCS) but
much lower levels in older adults (GMT 190, 25% of HCS). Interestingly, results from this study demonstrated superior titers with GSK’s adjuvant (5-6x HCS in younger adults and 1-2x
HCS in older adults), but the company has decided to move forward with Dynavax’s adjuvant exclusively. In May 2021, Clover announced positive PC data for a 2nd-gen proteinbased COVID-19 vaccine candidate against VoCs. Clover has in-house 2x2000L bioreactor capacity, which could translate to “hundreds of millions of doses” annually. CEPI recently
expanded its partnership with Clover by investing up to $328M (including $69.5M previously announced) to fund the company’s vaccine through licensure, including manufacturing
scale up.

SUBQ

Therapeutic Treatment Regardless of Hospitalization

Some patients who develop COVID-19 symptoms become seriously ill (1 out of every 6
diagnosed, but a lower rate amongst all, including undiagnosed, who are infected), develop
difficulty breathing, and must be admitted to the hospital to manage these symptoms. Older
people (≥65 years old) and those with other medical issues are most at risk of developing serious
illness. Some identified risk factors include cardiovascular disease, diabetes, high blood pressure (hypertension),
chronic lung disease, cancer, and chronic kidney disease (CKD). Typically, hospitalized patients have difficulty
breathing and decreased levels of oxygen in their blood, requiring administration of supplemental oxygen6,7.
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Preclinical Trial

Some “asymptomatic” patients with COVID-19 may not develop any noticeable symptoms and
may not realize they have been infected. Because these individuals can still spread the virus, everyone
should employ basic protective measures like social distancing, hand washing, and mask wearing (obviously none of
those are necessary if you live by yourself and never see anyone else, though washing hands is still nice).

Medicago/Mitsubishi Tanabe
Leveraging a plant-based vaccine production platform. Medicago initiated a global 30,000 participant Ph3 trial in March 2021 after Ph1 data demonstrated modest neutralizing
antibody titers (811 GMT with a low stringency 50% inhibition live virus assay) with the 3.75-ug dose that they are moving forward into further trials. Interim Ph2 safety and
immunogenicity data results were positive with NAb titers ~10x those of convalescent sera. The company has guided to supplying 120M doses annually by 2021, with plans to double
production capacity in 2022, and ultimately achieve greater than 1 billion doses of COVID-19 vaccines per year in 2023 after they complete building their large-scale factory in
Quebec. The company previously signed an agreement with the Government of Canada to supply 76M doses of its vaccine and will also receive $173M in funding to support research
and development.

100%

Most patients who develop COVID-19 have a mild disease course and are able to manage their
symptoms at home using over-the-counter medications that relieve pain and/or reduce fever
(e.g., Tylenol/acetaminophen or Advil/ibuprofen). If you are diagnosed with COVID-19, please follow the
advice of your healthcare professional.
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AGAINST OMICRON VARIANT

DOSE 2

80%

COVID-19 US CASES, BY AGE

CASE-FATALITY

NR

40

HEADACHE

severe

SHINGRIX PBO

Sanoﬁ Fluzone (single dose)

20

mild and moderate

AZN 5E10

MILD

OMICRON VACCINE EFFICACY

Sanofi + BARDA
Sanofi/GSK announced booster data in December 2021 that demonstrated homologous boost of up to 43x and heterologous boost that was on par with PFE/BNTX. In February
2022, they filed for regulatory approval based on strong boosting data and Ph3 efficacy data that demonstrated 100% efficacy against severe disease and hospitalization, 75%
efficacy against moderate disease, and 57.9% efficacy against symptomatic covid. Previous interim Ph1 results announced December 2020, showed that Sanofi’s vaccine elicited an
immune response comparable to recovered COVID-19 patients in adults age 18 to 49 but failed to elicit a strong response in older adults. The company launched a Ph2b February
2021 to study an improved antigen formulation of their vaccine in combination with GSK’s adjuvant, with interim results in May 2021 demonstrating neutralizing antibody responses
comparable to HCS.

Multiple mutations in the spike protein including:
• E484K (seen in beta and gamma variants)
• D950N (also in Delta variant)
• D614G (found in all variants)
• K417N

60%

75–84

If we had a therapy that was safe, efficacious, and
easy to administer, it could be given to people who
have come into contact with infected individuals (such
as caretakers or hospital workers) to try to prevent
them from becoming infected. This kind of treatment
is called post-exposure prophylaxis, and while there
are currently many ongoing trials in this space, no
medications are yet approved for this purpose. Those
who believe they have been exposed to the virus should selfquarantine for 14 days to prevent spreading it to others.

(known as B.1.621)

40%

ages

After exposure to SARS-CoV-2, it takes several days
for symptoms to develop. During this incubation
period, the infected person is able to transmit the
virus despite being unaware of their illness. This is
why basic protective measures like social distancing,
hand washing, and mask wearing are critical. Most
people develop symptoms between 2-14 days post-infection,
with the majority developing symptoms by 5 days5.

Multiple mutations in the spike protein including:
• L452Q (similar to L452R found in Delta variant)
• F400S
• D614G (also found in alpha, beta, gamma, and delta variants)

First detected in Columbina in January 2021, and now detected in 39 countries, it was classified as a “variant of interest”
and not yet a “variant of concern” by the WHO in early September 2021, but is being monitored as it shares traits with the
Delta variant, but the threat of it becoming the dominant strain is waning. Reports suggest that it is most similar to the beta
variant, but it has not caused as much alarm as alpha and delta which are classified as more serious variants of concern
due to their increased transmissibility and concerns of ability to evade immunity.

20%

POST-EXPOSURE

(known as C.37)

First detected in Peru last summer, it was classified by the WHO as a variant of interest 6/15/21. There is some evidence
that it has increased infectivity and immune escape from nAbs based on a study out of Chile. The first cases were detected
in the US in July 2021.

Novavax + CEPI (NVX-CoV2373)

COVID-19 can be prevented through the use of
basic precautions and (in the future) an effective
vaccine.

MUSCLE PAIN

Shingrix (70+)

SANOFI FLUZONE PBO NR

MAP LEGEND

*Weighted average2,3,4

PRE-INFECTION

(known as B.1.617)

First detected in India in October 2020, detection began increasing in frequency in Maharashtra, India in January 2021
and by mid-February it accounted for 60% of cases there. It contributed to the ferocious surge in cases in India in the
Spring of 2021 and now is responsible for 95% of cases in the United States. There is evidence to suggest that B.1.617 is
more transmissible and slightly better at evading immunity than existing variants based on preclinical data demonstrating
up to 3x lower levels of neutralizing antibodies generated by vaccinated individuals against B.1.617 vs the original Wuhan
strain. Real world effectiveness data have demonstrated a slight decrease in efficacy levels, but overall are still standing
up to the Delta variant. Reports out of various countries on PFE/BNTX’s VE demonstrate 65%-88% effectiveness against
infection and symptomatic disease, and still >90% protection rate from hospitalization.

Mu Variant

DISEASE PROGRESSION:

0

28 DAYS AFTER PRIME

WEEK TWO

WEEK ONE

ONSET OF SYMPTOMS

Patient may have been infected with SARS-COV-2 in the past, but the patient recovered or the virus
in body has been cleared.

0%

100
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PROGRESS TO DEATH

(known as P.1)

80

BIONTECH PBO - US

4%

DIARRHEA
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<1%

NASAL CONGESTION

5%

FATIGUE

40
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ICU REQUIRED respiratory failure, shock, or multiorgan dysfunction

5%

20

28 DAYS
AFTER
PRIME

PROGRESS TO CRITICAL SYMPTOMS

Patients may be in late or recurrent stage of infection.

NAUSEA/VOMITING

0

100

NR

7 DAYS AFTER D21 BOOST

4%

in hospital/ICU

11%

80

21 DAYS AFTER PRIME

HOSPITALIZATION REQUIRED difficulty breathing (dyspnea), low
oxygen (hypoxia), and/or lung involvement on imaging

CHILLS

60

(300µg)

WEEKLY EXCESS DEATH RATE
NUMBER OF DEATHS PER 100,000 POPULATION

8%

PROGRESS TO SEVERE SYMPTOMS

Gamma variant

15%

severe

40

7 DAYS AFTER D21 BOOST

no or mild pneumonia

MUSCLE/JOINT PAIN

20

hMPV/PIV3

in hospital

7 DAYS AFTER ONSET OF SYMPTOMS
14% OF SYMPTOMATIC PATIENTS

DEVELOP MILD SYMPTOMS ONLY

14%

0

HEADACHE
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mild and moderate
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(180µg)

COVID-19
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HEADACHE
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(multimeric)

21 DAYS AFTER PRIME

48%

IgG
SIGNIFICANCE
(Ab)

14%

80

14 DAYS AFTER D28 BOOST

HOSPITALIZATION REQUIRED

IgM
(Ab)

Fever, dry cough, fatigue, and shortness of breath are
the major symptoms associated with COVID-19. The CDC
also includes loss of taste or smell, chills, muscle pain,
headache, and sore throat as symptoms to watch for.
While other symptoms have been reported, they occur
much less frequently.

SORE THROAT

AZN 5E10

60

NR

(150µg)

Moderna mRNA-1647

CMV

PCR
(Ag)

SEVERE SYMPTOMS

no symptoms

19%

SHORTNESS OF BREATH

BioNtech BNT162b2 (30µg) US (18-55)
BioNtech BNT162b2 (30µg) US (65-85)

40

NR

(300µg)

(multimeric)

COVID-19

SOURCE: Genalyte COVID Investor 200404.pdf

Mutations:
Multiple mutations in the spike protein, including:
• K417N
• E484K
• N501Y
• Unlike the B.1.1.7 lineage detected in the UK, this variant does not
contain the deletion at 69/70.

33%

SPUTUM PRODUCTION

SYMPTOMS:

• First identified in South Africa in Oct 2020 and has been reported in the US as of Jan 2021.
• There is no evidence to suggest that B.1.351 affects severity of disease, however Ph3 vaccine efficacy data suggests
that vaccines developed against the common variant of SARS-CoV-2 may have decreased efficacy against this variant
• Novavax vaccine candidate is 96% effective against the common strain vs 60% effective against the UK
strain
• J&J vaccine candidate is 72% effective against the common strain vs 57% effective against the South Africa
strain

DIAGNOSTIC/CLINICAL SIGNIFICANCE

5-14 DAYS AFTER INFECTION
80% OF SYMPTOMATIC PATIENTS

(known as 20H/501Y.V2 or B.1.351)

38%

FATIGUE

NR

NR

BIONTECH PBO - US

The Biotech Social Contract, as described in The Great American Drug Deal,
affirms that we do not have to choose between innovation and affordability. We as
a society can rise to the challenge of tackling all human diseases just as we have
COVID-19, making investments that will permanently upgrade our health and that of
future generations.

68%

DRY COUGH

Moderna (100µg)

20

NR

(180µg)

Moderna mRNA-1653

CMV

MILD SYMPTOMS

Beta variant

79%

LOSS OF SMELL/TASTE*

NOVAVAX PBO

0

(300µg)

(250µg)

(multimeric)

hMPV/PIV3

depending on severity

DISEASE
OVERVIEW

88%

FEVER

Novavax (5ug)

14 DAYS AFTER D21 BOOST

REMAIN ASYMPTOMATIC

RECOVERY CAN
RANGE BETWEEN
0-6 WEEKS

COVID-19

SHINGRIX (70+) PBO

21 DAYS AFTER PRIME

SYMPTOMATIC
PATIENTS

5-14 DAYS AFTER INFECTION
40% OF INFECTED PATIENTS

Mutations:
• N501Y mutation: the amino acid asparagine (N) has been
replaced with tyrosine (Y) in the receptor binding domain (RBD) of
the spike protein at position 501 (referred to as N501Y).
• 69/70 deletion: occurred spontaneously many times and likely
leads to a conformational change in the spike protein
• P681H mutation: near the S1/S2 furin cleavage site, a site
with high variability in coronaviruses. This mutation has emerged
spontaneously multiple times.

COVID-19 SYMPTOMS1

NR

(100µg)

Moderna mRNA-1647

COVID-19

• First identified in the UK in Sept 2020 and has been reported in the US as of Dec 2020.
• B.1.1.7 is associated with increased transmissibility and some data suggest a possible increased risk of death (although
earlier reports found no evidence to suggest this variant has an impact on severity of disease). Ph3 efficacy data
suggest that vaccines developed against the common variant of SARS-CoV-2 may have slightly decreased efficacy
against B.1.1.7
• Novavax vaccine candidate is 96% effective against the common strain vs 86% effective against the UK
strain).

RECOVERY/IMMUNE

40%

(known as 20I/501Y.V1, VOC 202012/01, or B.1.1.7)

Shingrix (70+)

MODERNA PBO NR

NR

(300µg)

(monomeric)

CMV

Alpha variant

To save lives, we need vaccines to prevent infection and drugs to treat people who become infected.
Fortunately, several have been developed and proven successful, and many of both are still in development.
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Moderna mRNA-1273
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Moderna mRNA-1653

SWELLING

NR
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INFLUENZA

DAY 15
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COVID-19

DAY 14

Moderna (100µg)

SHINGLES

DAY 13

NR

NOVAVAX PBO

COVID-19

DAY 12

Novavax Ph1 Flu (single dose)

SHINGLES

DAY 11

SANOFI FLUBLOK PBO

INFLUENZA
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Sanoﬁ Flublok (single dose)

COVID-19

DAY 9

NR

Novavax (5ug)

DOSE 2

DAY 8

ANTIGEN

ASYMPTOMATIC
PATIENTS

40%

DAY 7

IgG ANTIBODIES

INCUBATION PERIOD

100% OF THE POPULATION

DAY 6

Sanoﬁ Fluzone (single dose)

SHINGLES

IgM ANTIBODIES peaks between day 7-14
IgG ANTIBODIES peaks after day 14

DAY 5

The legacy of COVID-19 will hopefully include not only new treatments for an acute viral illness but also
a greater appreciation of what society can accomplish when we unite against a common foe. We've
already achieved remarkable innovations in many diseases: hepatitis C, HIV, melanoma, breast cancer,
and cystic fibrosis, to name a few. What we need now is a sustained, collective
effort to make medical advances available to everyone instead of overburdening
patients with excessive out-of-pocket costs that discourage them from receiving
appropriate care. This will require fundamentally reforming America’s insurance
system, building on the recent patches put in place after payers initially refused
to cover COVID-19 testing and the uninsured were overwhelmed by the cost of
hospitalization.
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SHINGRIX PBO
NR

LOCAL PAIN
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FEVER
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COVID-19

RNA peaks at day 3-4
ANTIGEN peaks at day 1-2

DAY 4
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DOSE 1

SOURCE: https://diagnostics.roche.com/us/en/products/params/elecsys-anti-sars-cov-2.html

DAY 3

RNA

PATHOGEN PRESENCE

SENSITIVITY OF KEY
BIOMARKERS FOR COVID-19

DAY 2

RESOLVED INFECTION/POTENTIAL IMMUNITY

mRNA TOLERABILITY

SANOFI FLUZONE PBO NR

DOSE 2

DAY 1

RECOVERY

severe

Live Virus Neutralizing GMTs (Log10)

ONGOING INFECTION/INFECTIVITY

As SARS-CoV-2 spreads throughout various populations and geographies, the virus can make errors when it makes copies of itself. These errors are point mutations (single amino
acid changes in the virus protein) can disappear or persist depending on selective pressures driven by immune fitness to favor mutations that increase transmission or escape from the
host’s immune responses. From late 2020 to early 2021, three SARS-CoV-2 variants have become increasingly prevalent worldwide (UK variant, South Africa variant, and the Brazil
variant). Vaccine efficacy data and immunogenicity data indicate that vaccines designed against the original SARS-CoV-2 virus are less effective against a few of these new variants
(see below). While the current generation of vaccines appears sufficiently efficacious to protect against severe disease and hospitalization,we will likely need booster shots to keep up
with the virus. Multiple vaccine makers are already designing next generation vaccines and have already entered the clinic.
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Our visualization aims to convey not only individual innovations from specific companies but also the
collective effort and sheer hustle of the entire industry.
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Visit www.racap.com/covid-19 for latest version.
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This map is a compilation of the
biotech industry's effort to rid the
world of COVID-19.
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