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The coronaviruses (order Nidovirales, fami-
ly Coronaviridae, genus Coronavirus) are a
diverse group of large, enveloped, positive-
stranded RNA viruses that cause respiratory and
enteric diseases in humans and other animals. At
~30,000 nucleotides (nt), their genome is the
largest found in any of the RNA viruses. There
are three groups of coronaviruses; groups | and
2 contain mammalian viruses, whereas group 3
contains only avian viruses. Within each group,
coronaviruses are classified into distinct species
by host range, antigenic relationships, and
genomic organization. Coronaviruses typically
have narrow host ranges and are fastidious in
cell culture. The viruses can cause severe dis-
ease in many animals; and several viruses,
including infectious bronchitis virus, feline in-
fectious peritonitis virus, and transmissible gas-
troenteritis  virus, are important veterinary
pathogens. Human coronaviruses (HCoVs) are
found in both group 1 (HCoV-229E) and group
2 (HCoV-0C43) and are responsible for ~30%

ek mmild sssmsnar sesmieateons deact llascens TR TN

30 MAY 2003 VOL 300 SCIENCE www.sciencemag.org

l0J) papeojumoq



Structure of Coronaviruses
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SARS-CoV Vaccine Development
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g 100 The causative agent of severe acute respiratory syndrome and antibody responses. The rhesus macaque was chosen for
= (SARS) has been identified as a new type of coronavirus. Here, these studies because it is a highly relevant translational
g we have investigated the ability of adenoviral delivery of codon- model for people. Immunological assays including the
% 10 optimised SARS-CoV strain Urbani structural antigens spike ELISPOT assay have been well characterised and validated
& protein S1 fragment, b protein, and ! psid in this model.
protein to induce virus-specific broad immunity in rhesus We did western blot analysis directed toward the spike
0 ; {3 : ; 0 . M15101 We d rhesus int larly protein S1 fragment—the most likely to elicit neutralising
0 10 20 30 40 50 with a combination of the three Ad5-SARS-CoV vectors or a responses—on serum samples from immunised animals.

Days post immunisation

control vector and gave a booster vaccination on day 28. The
inated animals all had antibod i spike

We transfected HEK293 cells with expression plasmids
encoding the S1 fragment or a control empty plasmid, and



MERS-CoV
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Isolation of a Novel Coronavirus
from a Man with Pneumonia in Saudi Arabia
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RAPID COMMUNICATIONS

Severe respiratory illness caused by a novel coronavirus,
in a patient transferred to the United Kingdom from the

Middle East, September 2012
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MERS-CoV Is a Zoonotic Virus That is Transmitted From Animals to
Humans

The origins of the virus are not fully understood but, according to the analysis of different virus
genomes, it is believed that it originated in bats and was transmitted to camels sometime in the
distant past.

Bats
lissitimioweis W g:fifve;a MERS-COV INFECTED ANIMALS
Attract bats | Parturition AND HUMANS: EXPOSURE AND
TRANSMISSION
Palms
Dates/Flowers
Sap/Drinks
Shade
Contact (climbing) Structures/Caves

Bat roosts

‘ ' Baboon/cat rodentcontact

Cattle
Farms/Saleyards/
Husbandry
Close contact

Alpaca
Asymptomatic Water SPORADIC
Farming Contaminated TRANSMISSION
Comgl MOST CASES
|ﬁ::: Close contact
" Horses h Fresh excreta Healthcare setting
Farms/Saleyards Baboons - M%EFCh/e;AYIk Humans
Events Goats Fresh excreta Cats/rodents C!(Iaselrl%nta' ct iAehrolso!
Husbandry v ISaleyard Caves/trash  Fresh excreta nhalation
Close contact Ma_lfk'?“ /g ety?: S Pets Self-inoculation
“Husbandry Close confact Note pikig
Close contact ‘Meat/milk/urine contact

VIROLOGY DOWN UNDE!
IAN M MACKA
V7 12JUN201



MERS-CoV Vaccine Development
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Carboxymethylcellulose-Based Microneedle Patches for Subunit
Vaccine Delivery
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MERS-CoV Vaccine Development
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Carboxymethylcellulose-Based Microneedle Patches for Subunit
Vaccine Delivery
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SARS-CoV-2 (COVID-19)

The NEW ENGLAND JOURNAL of MEDICINE
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A Novel Coronavirus from Patients
with Pneumonia in China, 2019

Na Zhu, Ph.D., Dingyu Zhang, M.D., Wenling Wang, Ph.D., Xingwang Li, M.D.,
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This article was published on January 24,
2020, and updated on January 29, 2020,
at NEJM.org.



SARS-CoV-2 (COVID-19)
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SARS-CoV-2 Vaccine Development
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SARS-CoV-2 Vaccines Pipeline:
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STEP1

STEP3

STEP4

STEPS

Manufacturing of MASTER VIRAL BANK

Thaw HEK?293 Master Cell
Bank into a T75 flask

Split 3 T150 dishes
into 8 T150 dishes

Seed 8 T150 dishes
into 1 cell factory

Split 1 cell factory
into 3 cell factories

STEP9

Final virus product is aliquoted
at 1x10°12 vp/ml in 500ul and
aliquots are stored at -80°F.

<

' SplitT75 Flaskinto 3 gTEp 2
] 4§|  T150 Dish
A

~4 daysl

OO0

~4daysl
0]0)0)0
©0]010]0)

~ 4 days

STEP6
Change the media and
inoculate Seed Virus Stock
at 5 MOl in each cell
factory

~ 3 days

STEP8

Virus is dialyzed against 5%
threalose storage buffer.
<

~ 3 days

Virus is harvested and
purified using two CsCl
gradient ultracentrifugation

STEP7



STEP1

STEP3

STEP4

STEP5

STEP6

STEP 12
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DRUG SUBSTANCE was
aliquoted at 6.2x10"12 vp/ml in
19.2 ml aliquots are stored at -80°F.

Manufacturing of DRUG SUBSTANCE

Thaw HEK?293 Master Cell
Bank into a T75 flask

Split 3 T150 dishes
into 8 T150 dishes

Seed 8 T150 dishes
into 1 cell factory

Split 1 cell factory
into 3 cell factories

Split 3 cell factories
into 9 cell factories

i—m

T150 Dish

~4 daysl

OO0

~4 daysl

0000

STEP11
Virus is dialyzed
against 5% threalose
storage buffer.

——

—==— === == inoculate Master Viral Bank
: at 5 MOI or Mock in each 14
“FF- - |

<

Benzonase treated Virus or
Mock is harvested and purified
by a second CsCl gradient
ultracentrifugation

Split T75Flask into 3 gTEP 2

STEP7

Change the media and

cell factory

~ 3 days

STEP 10 - STEP8

o Virus or Mock is

P SdeE\Ij 9 . harvested and purified
t u“t '3 _tlhrus 1S by one CsCl gradient
reated wi ultracentrifugation
benzonase.
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Manufacturing of DRUG PRODUCT

DRUG SUBSTANCE
aliquots of 6.2x10711 vp/ml

STEP 1 arediluted to desired
concentration to become
DRUG PRODUCT

DRUG PRODUCT
STEP 2 isaliquoted at 5x10°10
vp/ml in 1.2ml final volume

DRUG PRODUCT
STEP 3 s vialed capped and
labeled

DRUG PRODUCT
STEP 3 s stored at -80°F
until use.




Ad.SARS-CoV-2-51 Clinical Trial
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FIG. 3. Measurement of two subclasses of SARS-CoV-2-S1-
specific IgG antibodies: IgG1 and IgG2a. On weeks 0, 2, 4, and 6
after treatment, sera from mice immunized subcutaneously or
intracutaneously with 1.5x10'° vp of Ad5.SARS-CoV-2-S1 (Ad5.51)
were collected, diluted (100x for IgG1, 50x for IgG2a), and tested for
the presence of SARS-CoV-2-S1-specific IgG1 (A) and IgG2a (B)
antibodies at the indicated time points by ELISA. Significance was
determined by one-way ANOVA followed by Tukey's test (*p < 0.05).
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PROPOSTA STUDIO COVID-19

IDENTIFICAZIONE DELLA SPERIMENTAZIONE CLINICA

TITOLO STUDIO/STUDY TITLE: A Phase I/1l Clinical Trial of Ad.SARS-CoV-2-S1 Vaccine in Healthy Volunteers for
the prevention of COVID-19 disease.

SPONSOR/PROMOTORE: UPMC Italy

SPERIMENTATORE RESPONSABILE DELLO STUDIO/ STUDY RESPONSIBLE INVESTIGATOR: (richiedente)
Nome e Cognome: Dr. Gennaro Daniele

CENTRO COORDINATORE/ COORDINATOR CENTER (solo per studi multicentrici):
N.A.

CENTRI COINVOLTI NELLA SPERIMENTAZIONE/CENTERS INVOLVED IN THE STUDY:
Fondazione Policlinico Universitario Agostino Gemelli IRCCS — Roma
Istituto Mediterraneo per i Trapianti e Terapie ad Alta Specializzazione ISMETT IRCCS - Palermo

FARMACO/1 O INTERVENTO TERAPEUTICO / DRUG/S OR THERAPEUTIC INTERVENTION:
breve descrizione del razionale, delle caratteristiche del/i farmaco/i e del
d'azione/funzionamento. Fornire dettagli sulla fornitura del farmaco.

meccanismo

The study product is a recombinant adenoviral vector encoding the spike 1 glycoprotein from SARS-CoV-2.
Below is the schematic diagram of the Ad.SARS-CoV-2-51 vaccine:
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The SARS-CoV-2-S1 from BetaCoV/Wuhan/IPBCAMS-WH-05/2020 (GISAID accession id. EPI_ISL_403928
amino acids 1 to 661) gene was codon-optimized for optimal expression in mammalian cells by the UpGene
codon optimization algorithm and synthesized by gene synthesis. We will evaluate Ad.SARS-CoV-2-51 a liquid
formulation supplied as single-use doses tlxlO"lOvp and 5x10710vp for intranasal or intramuscular
administration,. The intranasal delivery will be carried out using mucosal atomization device (MAD Nasal,
Teleflex Medical, CE). Our considerable preliminary data supports intranasal adenoviral based vaccines
| delivery as an effective route of immunization.
TIPO DI STUDIO /STUDY TYPE

Indicare se lo studio & osservazionale (prospettico o retrospettivo) o sperimentale. Nel caso si tratti di uno
studio sperimentale indicarne brevemente le caratteristiche (se randomizzato, se in cieco ecc.), la fase (1-
2-3-4), si dovra poi indicare se si tratta di uno studio di superiorita, di equivalenza o di non inferiorita.

This study is afirst in human, open label, phase I/Il protocol that will evaluate the safety and
immunogenicity of the Ad.SARS-CoV-2-S1 preventative SARS-CoV-2 vaccine.

On December 31, 2019, Chinese authorities reported a cluster of pneumonia cases in Wuhan, China, most
of which included patients who reported exposure to a large seafood market selling many species of live
animals. Emergence of another pathogenic zoonotic HCoV was suspected, and by January 10, 2020,

- STUDY OVERVIEW
3 Cohorts, 2 vaccine: INand IM

2 doses: 1x10710vp and 5x10A10vp
2 strata: 18-45y/o and 47-70
ﬁ? Key inclusion criteria:
+ Healthy adults
StudyWeek + Covid-19 negative
012345678 12 1620 24 36 48 +  Notimmunocompromised

+ Not pregnant

18 study subjects per group

Screen

Assessment of humoral response
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PROTOCOL NUMBER: Ad.SARS.CoV-2-S1-N-AG0014

PHASE OF DEVELOPMENT: 1/2

STUDY CENTER: University of Pittsburgh School of Medicine

- STUDY OVERVIEW
3 Cohorts, 2 vaccines: IN and IM

2 doses: 1x10~10vp and 5x10A10vp .
2 strata: 18-45 y/o and 46-70 18 study subjects per group

% Study Week

Screen 012345678 12 1620 24 36 52

Assessment of humoral and
cellular response

Key inclusion criteria:

.

Healthy adults

Covid-19 negative

Not immunocompromised
Not pregnant

OBJECTIVES:
Phase 1
or intramuscularly (IM) at 2 dose levels at Weeks 0 in | hw(;awl"thy adults age 18-70.

S-CoV-2-S1-N at Week 8 as
odies and SARS-CoV-2 (spikel and

Primary Immunogenicity: To evaluate the immunogenicity of A
measured by SARS-CoV-2 (spike) protein binding and neutralizin
nucleoprotein) CD8+ and CD4+ specific response.

Secondary Immunogenicity:

To evaluate the immunogenicity of Ad.SARS-CoV-2-S1-N at Week 12 as measured by SARS-CoV-2 (spike)
protein binding and neutralizing antibodies and SARS-CoV-2 (spikel and nucleoprotein) CD8+ and CD4+
specific response.

To evaluate the immunogenicity of Ad.SARS-CoV-2-S1-N at time points other than Week 8 and 12 by SARS-
CoV-2 (spike) protein binding and neutralizing antibodies and SARS-CoV-2 (spikel and nucleoprotein) CD8+
and CD4+ specific response.

Phase 2

administered at (TBD) dose levels at Weeks 0 in h;anﬁla;ngﬂults age 18-70.

Primary Immunogenicity: To evaluate the immunogenicity of Ad.SARS-CoV-2-S1-N at Week 8 as
measured by SARS-CoV-2 (spike) protein binding and neutralizing antibodies and SARS-CoV-2 (spikel and
nucleoprotein) CD8+ and CD4+ specific response.

Secondary Immunogenicity:

To evaluate the immunogenicity of Ad.SARS-CoV-2-S1-N at Week 12 as measured by SARS-CoV-2 (spike)
protein binding and neutralizing antibodies and SARS-CoV-2 (spikel and nucleoprotein) CD8+ and CD4+
specific response.

To evaluate the immunogenicity of Ad.SARS-CoV-2-S1-N at time points other than Week 8 and 12 by SARS-
CoV-2 (spike) protein binding and neutralizing antibodies and SARS-CoV-2 (spikel and nucleoprotein) CD8+
and CD4+ specific response.




