Engineering Viral Genomes:
Vaccinia Virus Vectors



Viral vectors
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Adeno-associated ~4.5-9 (?) kb Low Long Nonpathogenic, episomal, Immunogenic, toxicity,
virus efficiency infects nondividing cells small packaging limit
Adenovirus 2-38 kb No Short Efficient gene delivery, Transient, immunogenic
infects nondividing cells
Alphavirus ~5 kb No Short Broad host range, high Virulence
level expression
Epstein-Barr virus ~120 kb No; episomal Long High capacity, episomal,
long-term expression
Gammaretrovirus 1-7.5 kb Yes Shorter than Stable integration May rearrange genome,
formerly insertional mutagenesis
require cell division
Herpes simplex virus ~30 kb No Long in central Infects nondividing cells; Virulence, persistence in
nervous system, neurotropic, large neurons, immunogenic
short elsewhere capacity
Lentivirus 7-18 kb Yes Long Stable integration; infects Insertional mutagenesis
nondividing and terminally
differentiated mammalian
cells
Poliovirus ~300 bp for helper-  No Short Excellent mucosal Limited capacity; reversio
free virus; ~3 kb immunity to neurovirulence
for defective virus
Rhabdovirus Unknown No Short High-level expression, Virulence, highly
rapid cell killing cytopathic
Vaccinia virus At least ~25 kb, No Short Wide host range, ease of Transient, immunogenic

probably ~75-100 kb

isolation, large capacity,
high-level expression




Ramses V, the first reported case of smallpox in history
(1145 B.C.)




Poxviruses:
The smallpox story

Smallpox first appeared in China and the
Far East at least 2000 B.C.

The Pharaon Ramses V died of smallpox in
1145 B.C.

The disease reached Europe in 710 A.C.
and was transferred to America by
Hernando Cortez in 1520 - 3.5 million Aztecs
died in the next 2 years.

In the cities of 18th century Europe,
smallpox reached plague proportions (7-
12% of all deaths) and was a feared scourge
- highly infectious.

In 1967, there were still more than 5 million
of cases worldwide, with 2 milion deaths.

The last naturally occurring outbreak of
smallpox was in Somalia on 26th October

1977.

Smallpox has now been eradicated.



GLOBAL SMALLPOX ERADICATION

The historically important dates highlighted in the map show countries
in which the last naturally acquired cases of smallpox occured.

The years for each continent correspond to the year
when the disease was eradicated there.

-

Bangladesh, October 16, 1975
Last known case of variola major

AFRICA ¢ in the world

1952

Somalia, October 12, 1977\>

Last known case of variola
minor in the world

Ecuador, 1962
Last known case of variola
major on the continent

SOUTH AMERICA

Brazil, April 19, 1971
Last known case of variola
minor on the continent

1980, WHO declares the /
world free of smallpox
1977, Africa
1952, North America 1975, Asia
l95;,jurope 1971, South America
1950 1960 1970 1980

* Smallpox was never endemic (widespread) in Australia
CS265471-A



Virus Disease Epidemiology

Variola virus Smallpox Transmission Distribution of virus
* Smallpox: respiratory droplets, * Ubiquitous
Vaccinia virus (smallpox vaccine)  Encephalitis and vaccinia necrosum contact with virus on fomites * No seasonal incidence
(complications of vaccination) * Other poxviruses: direct contact * Natural smallpox has been
or fomites eradicated
Orf virus Localized lesion
At risk or risk factors Vaccines or antiviral drugs
Cowpox virus Localized lesion * Molluscum contagiosum: sexual * Live vaccine against smallpox
contact, wrestling (vaccinia virus)
Pseudocowpox virus Milker’s nodule » Zoonoses: animal handlers * No antiviral drugs
(contact with lesion)
Monkeypox virus Generalized disease
Bovine papular stomatitis virus Localized lesion
Tanapox virus Localized lesion
Yaba monkey tumor virus Localized lesion
Molluscum contagiosum virus Disseminated skin lesions

Disease mechanisms

Smallpox transmitted by respiratory
tract secretions, spreads through lymphatics

and blood Respiratory tract, skin:

Invasion
Multiplication

Virus — —

Molluscum contagiosum and

zoonoses transmitted by contact
Regional lymph node:

Sequential infection of multiple organs Multiplication
Cell-mediated and humoral
immunity important to resolve

infection Villus
jatch)

Bloodstream:
Primary viremia

Spleen and liver:
Necrosis
Multiplication

Incubation period
A

Bloodstream:
Secondary viremia

Skin: Focal infection
Multiplication




Smallpoxvirus dissemination in the host




Vaccinia Virus Vectors

 Vaccinia virus (Orthopoxvirus)
— live vaccine
 used for the eradication of smallpox
— genome is ds DNA (187kb)
— generally benign
— broad host range



POXVIRUSES




Vaccinia virus structure

EV envelope

MV membrane
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Core wall

Nucleocapsid
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Structure and genome organization of the poxvirus vaccinia virus
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Replication of vaccinia virus
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Vaccinia Virus: facts

Closely related to cowpox virus and variola (smallpox)
Virus.

Replicate entirely within the cytoplasm.

Virus particles are brick shaped, 300-400 nm in diameter
with lipoprotein membranes that surround a complex core
structure.

The core contains a linear dsDNA genome and numerous
virus-encoded enzymes that enable particles to synthesize
translatable mRNA of early genes.

The early genes are involved in stimulation of the growth
of neighboring cells, defense against host immune
responses, replication of the viral genome and
transcription of the intermediate class of viral genes.



Favourable Features of Vaccinia Virus Vectors

 The methods of recombinant virus construction is relatively
simple.

« The ability to infect a wide choice of cell types (most
mammalian and avian cell lines).

* The transcription occurs in the cytoplasm and thus it does
not require nuclear processing and RNA transport.

* The expression level is relatively high.

« Appropriate transport, secretion, processing and
posttranslational modifications

* Retention of infectivity with cloning of large fragments of
foreign DNA (> 20 kb)



Vaccinia Virus as a Viral Vector

« Large genome prevents direct cloning of antigen
genes into Vaccinia genome

« Use homologous recombination to move foreign
genes into Vaccinia genome

« Use of poxvirus promoters is essential because
cellular and other viral promoters are not recognized
by the vaccinia transcriptional apparatus



Flow Chart for Vaccinia Virus Expression System

Clone foreign gene into
transfer vector

Vaccinia virus Propagate and purify vector
containing foreign gene

Infect cells with vaccinia virus
and transfect with vector

TK™
XGPRT
E.coli LacZ

PCR

Southern Select and screen

Immunoblotting recombinant virus plaques
Immunostaining

E.coli GUS
Plaque-forming

Amplify a plaque and prepare defects
recombinant virus stock

Infect target cells and analyze
proteins synthesized



Vaccinia virus system: plasmid transfer vector pSC11

Xbal 3984
P11 | P75 E
~- polylinker 4257

Clal 3050 — TK
Xmalll 4873

Xbal 139 o 4
polylinker:
pSC11 CCCGGG
L Smal-
STOPSTOPSTOP

pSC11ss GTCGACAGGCCTAATTAATTAA
L Sall- -Stul -

pSC11  8-B-A-K-N G TCGACGTACA GATCTGTACGGGCC CGTACGGTAC CGTACGC GGCCGC
L—Sall- L Bgil- L Apal - L Kpnl - L— Notl —!



Selection

TK"

Plaque

XGPRT

Vaccinia virus
transfer vectors

Insertion

Selection/

Vector® Promoter®  Cloning sites® .~ : Reference
sites screening
pGS20 __ p;5(E/L)  BamHI; Smal TK TK- Mackett et al., 1984
pSC11  p;5(EL) Smal; MCS TK TK-, B-gal Chakrabarti et al., 1985;
Earl et al., 1990; Bacik et
al__1904
pMJ601, pgyn (L) MCS TK TK", B-gal Davison and Moss, 1990
pMI602
pRB21 p.,(E/L) MCS F12L/F13L Plaque Blasco and Moss, 1995
pMCO02  pg, (E/L)  MCS TK TK-, GUS Carroll and Moss, 1995
pSC59  pgya (E/L)  MCS TK TK~ Chakrabarti et al., 1997
pSC65  pgya (E/L)  MCS TK TK-, B-gal Chakrabarti et al., 1997
pIS4 Psyn (E/L)  MCS TK TK- Chakrabarti et al., 1997
X2
pJS5 psyn (E/L)  MCS TK gpt Chakrabarti et al., 1997
X2
pGO06 Psyn (B/L)  MCS Del III Transient gpt¢ Sutter et al., 1994
pLW-7 ;7(53,, (E/L)y MCS Del III Transient gpt® Wyatt et al., 1996
pMCO3  pg, (E/L) MCS Del III GUS Carroll and Moss, 1995
pLW-9  pyus(E/L) MCS Del III Transient gpt® Wyatt et al., 1996
pLW-17 pys(E/L) MCS Del 11 None L. Wyatt and B. Moss,
unpub. observ.
pLW-21 pg, (E/L)  MCS Del I None L. Wyatt and B. Moss,
unpub. observ.
pLW-22  pg, (E/L)  MCS Del I B-gal L. Wyatt and B. Moss,
unpub. observ.
pLW-24 p;s(E/L) MCS Del II None L. Wyatt and B. Moss,

unpub. observ.

2pRB21 was specifically designed for use with vaccinia virus vRB12, which has a deletion in the F13L gene. The plasmids
pGO06, pLW-7, pMCO03, pLW-9, pLW-17, pLW-21, pLW-22, and pLW-24 were designed for MVA.

b Abbreviations: E, early; L, late; E/L, early and late. The designation “x2" refers to two oppositely oriented promoters
that can be used for expression of two genes.
¢Smal digestion gives a blunt end for cloning any fragment that has been blunt-ended. MCS signifies multiple cloning

sites.

d Abbreviations: TK, thymidine kinase locus; F12L/F13L, between F12L and F13L open reading frames; Del III, site of
natural deletion in MVA.
®Transient selection in which XGPRT gene is deleted from recombinant vaccinia virus during recombination; see
Background Information.




Homologous recombination between a transfected
plasmid and the vaccinia virus genome

The flanking vaccinia virus
DNA is chosen so that
recombinantion will interrupt an
non essential viral gene

il

foreign
gene

L TK R

double cross-over event results in
l integration of /acZ and foreign gene

segment of plasmid into TK gene of
vaccinia virus

. Q= —

-+ > foreign TKg
P11 P7s gene

TKL lacZ



Transfer vector for Homologous
Recombination

Plasmid

/

Cloned
Gene

—
/" N\ N\

Vaccinia virus Vaccinia virus Vaccinia virus

thymidine kinase = promoter thymidine kinase
DNA DNA




Homologous Recombination into the
Vaccinia Genome

Plasmid

v

& Without selection, the ratio

of recombinant to parental
vaccinia virus is usually

/ 1:1000

Vaccinia virus Cloned
DNA ' / gene

||
Vaccinia / /

virus promoter Vaccinia virus DNA




Formation of recombinants by single (A) or double
(B) homologous recombinantion events

A B
a b a b
>< b X \\\
1° recombination from a C: Z C: %%D
. a a
single cross-over event
(frequent) :

a b a b
Intermediate with a tandem .
duplication, unstable ::% (] [ —
l resolution \ Y
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Fragment of vaccinia virus Recombinant
thymidine kinase gene plasmid

Selection of
recombinant vaccinia
virus by —L

5-bromodeoxyuridine @  Foreign DNA
Wild -type
thymidine
kinase gene Transfect
Wild -type
vaccinia Infect
virus DNA

Cells with no
thymidine kinase

Homologous
recombinatio recombmatlon

SR | N ) E— I
Recombinant vaccinia Wild -type vaccinia
DNA DNA
()

Grow cells in
5-Bromodeoxyuridine

Recombinant
virions No growth,
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Development of Vaccinia Virus Vectors:
Selection of recombinants by complementation
of plaque-forming defects

* The vaccinia gene F13L encodes VP37 that is
specific of the outer envelope of EEV

 Initial experiments suggested that a F13L mutation
(VRB12) prevented normal-size plaque formation on
cells in culture (pin-point plaques)

 The strategy involves replacement by homologous

recombination of F13L, with a selectable resistance
marker in Wt VV genome



A Modified Vaccinia Virus Genome;
the AF13L mutant

Wild-type genome
L flank F13L gene R flank

Recombinant genome

—>
L flank p7.5 Marker gene R flank




Homologous Recombination in Vaccinia

Recombinant genome
—»

L flank p7.5 Marker gene R flank
% —

L flank F13L gene p7.5 Target gene R flank

e J— [

Vaccinia virus transfer vector ~ MCS

After recombination, viruses can form normal-size
\ plaques on cells in culture




Applications of Vaccinia Virus Vectors

* Production of biologically active proteins in cell
culture

* Analysis of mutant forms of proteins
« Determination of transport and processing signals

* Immunological studies to determine cell-mediated
and humoral responses to specific proteins

* Vector vaccines for human and veterinary uses



Clone individual genes from pathogenic
virus in vaccinia virus genome

Vaccinia Virus Applications:
Epitopes identification

Assay recombinant viruses for reactivity
with immune human serum

Assay cells infected with recombinant virus for reactivity
with immune cytotoxic T lymphocytes (CTL)

Antigen is target for Antigen is target for both Antigen is target for
antibody response only antibody and CTL response CTL response only
and has potential as a vaccine



Vaccinia Virus Vectors as Vector Vaccines

A live non-pathogenic virus can be used to immunize a host
against a pathogen (e.g., pathogenic virus).

The pathogen’s proteins are delivered to the immune system
in the context of the non-pathogenic infection promoted by
the vector virus.

This approach merges subunit vaccine and live attenuated
virus technologies.

This system provides all the “benefits” of a viral infection with
respect stimulating an immune response with none of the
pathogenesis associated with the virulent virus.

The vector initiates a local inflammatory response and the
host mobilizes all the arms of its immune defense to this site,
where the vaccine protein is presented and recognized and
its memory is implanted in the immune system.



Vaccinia virus thymidine kinase (TK) gene  Cloned and isolated
inactivated by insertion of vaccinia influenza virus

rsomeamngn - wmganngne\fgccinia Virus Applications:

carygene_IK A Vaccination with vaccinia

virus vectors

TK* (wt)

Linearize with BamHI /

Mix, ligate

Infect with
DNA-mediated transformation w vaccinfa virus

Homologous recombination
replaces TK* genes in virus
with inactive TK region \

from plasmid

Select with BudR

TK=(HA")
-

Vaccinate
hamsters

Animals immune to infection Recombinant (TK") vaccinia
with influan7a virus virus with hemagglutinin gene



Advantages of Vaccination with Vaccinia
Virus Vectors

Antigen is authentically expressed in mammalian cells

Amount of antigen is amplified during replication of the live
Virus

A single administration provides immunity
Eliminates the need to purify the protein in the native state

Protection afforded by immunization can be correlated with
neutralizing Abs and CTLs

The poxvirus life cycle allows for de novo synthesis of
vaccine antigens in the cytosol and appears particularly
suitable for efficient presentation via MHC-I molecules as a
prerequisite for CD8 response



Vaccinia Virus Vaccine Disadvantages

The host is iImmunized against the viral vector as well
the vaccine antigen (antivector immunity).

Serious viral infection in immunocompromised
individuals

— AIDS and transplant patients, e.g.

Low freq. of complications in humans
— frequency of 3 x 10° (1 in 333,000)



Vaccination with Vaccinia Virus Vectors
Development of Modified Vaccinia Virus Ankara

This highly attenuated strain has been developed for use
as safer vaccine during the last decades of smallpox
eradication campaign.

MVA contains multiple genomic deletions, which block
replication at a late stage in most cell types with the sole
exception of CEF and BHK21 cells.

Thus, MVA is replication-defective in human cells.

However, viral and recombinant protein expression occurs
in all cell lines infectable by standard VV strain.



IVI VA d eve I O p m e nt Gallego-Goémez et al. J. Virol. 2003

1953 — VV Ankara was broughtto D
Munich

Growth in embryonated eggs and
established as Chorioallantoids
Vaccinia Virus Ankara (CVA) O

¥

516 passages in CEF — Modified ANKARA T
Vaccinia virus Ankara (MVA) B% ¢ ;

¥

1968-1980 — MVA as smallpox
vaccine in humans

' A

572 passages in CEF — MVA
genome mapping MVA

-




Modified vaccinia virus Ankara (MVA)

CVA MVA

MVA-infected CEF

After 516 CEF passage,
MVA was unable to
productively grow in cell
cultures of human origin
and it was found to be
avirulent in various lab

animals BS-C-1: monkey kidney cells
CAM: chicken chorioallantois membranes




MVA Infects, but does not replicate in human cells
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Modified vaccinia virus Ankara (MVA) genome

MVA genome (Hind Il map)
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During attenuation MVA genome had suffered large deletions
totalling a loss of about 15% of genetic information



Drexler et al. Curr. Opin. Biotech. 2004
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Advantages of Vaccination with MVA

Recombinant MVA is a prime candidate poxvirus vector
for a generation of new vaccines against infections and
tumors, suitable for prophylactic and therapeutic
immunization of humans

*High-level biological safety (BSL1)

*Ability to activate appropriate innate immune mediators
upon vaccination

Capacity to deliver substantial amounts of
heterologous antigens even in nonpermissive cells

ln animal models, MVA vaccines have been found
immunogenic and protective against various infectious
agents (HIV, influenza, PIV, measle, RSV, SARS)



Recombinant MVA as vector vaccines

First clinical evaluation of recombinant MVA vaccines.

Target disease Antigen Clinical trial

AIDS HIV-1 Nef Phase I/ll, immunotherapy
AIDS HIVA multiantigen Phase |, prophylaxis
Cervical cancer HPV E2 Phase I/ll, immunotherapy
Breast cancer MUC1 Phase |, immunotherapy
Melanoma Tyrosinase Phase /Il

Malaria P. falciparum ME-Trap Phase |, prophylaxis

Malaria P. faciparum ME-Trap Phase |, prophylaxis
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Available online at www.sciencedirect.com
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ELSEVIER Vaccine 25 (2007) 2863-2885 —_—
www.elsevier.com/locate/vaccine

Head-to-head comparison on the immunogenicity of two HIV/AIDS Bami1 (546)
vaccine candidates based on the attenuated poxvirus strains MVA and e

Ascl (4507)

TSNT

NYVAC co-expressing in a single locus the HIV-1px0s gp120 and LT ag"m
HIV-1113 Gag-Pol-Nef proteins of clade B
Carmen Elena Gémez?®, Jose Luis Ndjera®, Eva Pérez Jiménez®, Victoria Jiménez?, /BamHI/Klenow IAscl/Klenow/CIP
Ralf Wagnerb, Marcus Graf®, Marie-Joelle Frachette ¢, Peter Liljestrom®,
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BX08gp120 - pLZAWI1gp120B/gagpolnefB-1

13123bp el
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MVA-B

sENL promoter
LAC-Z

7 E3L promoter

Abstract Gagpolnef-B

Part 1 of Left TK flanking arm

In this investigation we have generated and defined the immunogenicity of two novel HIV/AIDS vaccine candidates based on the highly
attenuated vaccinia virus strains, MVA and NYVAC, efficiently expressing in the same locus (TK) and under the same viral promoter the
codon OEtlleed HIV-1 genes encodmg gEl”O and Gag-Pol-Nef antigens of clade B ( referred as MVA-B and NYVAC-B). In infected human
HelLa cells, gp120 is released from cells and GPN is produced as a polyprotein; NY VAC- B induces severe apoptosis but not MVA-B. The
two poxvirus vectors showed genetic stability of the inserts. In BALB/c and in transgenic HHD mice for human HLA-A2 class I, both
vectors are efficient immunogens and induced broad cellular immune responses against peptides represented in the four HIV-1 antigens. Some
differences were observed in the magnitude and breadth of the immune response in the mouse models. In DNA prime/poxvirus boost protocols,
the strongest immune response, as measured by fresh [FN-y and IL-2 ELISPOT, was obtained in BALB/c mice boosted with NY VAC-B,
while in HHD mice there were no differences between the poxvirus vectors. When the prime/boost was performed with homologous or with
combination of poxvirus vectors, the protocols MVA-B/MVA-B and NYVAC-B/NYVAC-B, or the combination NYVAC-B/MVA-B gave
the most consistent broader immune response in both mouse models, although the magnitude of the overall response was higher for the
DNA-B/poxvirus-B regime. All of the immunization protocols induced some humoral response against the gp160 protein from HIV-1 clone
LAV. Our ﬁndmos mdlcate that MVA- B and NYVAC-B meet the criteria to be potentially useful vaccine candidates against HIV/AIDS.




MVA as platform for HIV vaccines

4 \ (‘
MVA HIV-B v ERVA B
EUROPEAN  ALUIANCE HOME ABOUTUS PROGRAMME PARTNERS

P European HIV Vaccine Alliance (EHVA)
initiates a clinical trial to test a novel
therapeutic vaccine and
immunotherapy drug

Paris, November 27 2018 - The European HIV Vaccine Alliance (EHVA) announces the start of the
EHVA TO1 / ANRS VRIO5 trial, with the initiation of screening of participants at the Lausanne
University Hospital Switzerland. EHVA-TO1 / ANRS VRIO5, a phase /Il placebo-controlled
randomised trial, will evaluate an experimental therapeutic HIV vaccine and an experimental
immunotherapy drug in people living with HIV across six countries in Europe.

EUROPEAN  ALLIANCE " The vaccine candidate is a prime-boost combination of a DNA and an MVA-based vaccine. The

DNA vaccine, GTU-MultiHIV B-clade DNA, was developed by FIT Biotech (an EHVA partner), and
comprises multiple components of genetic information of HIV Clade B. The MVA vaccine, MVA

HIV-B, was develoged b¥ ANRS, and contains genetic_sequences of the HIV Clade B genes gag,

pol and nef, within a viral vector based on Modified Vaccinia Virus Ankara (MVA).




The RM 144 Thai vaccines

ALVAC-HIV vaccine (Sanofi Pasteur)

nef |

HIV gp120 Canarypox vector
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The Uhambo Trial 2016-2020

ABOUT VOLUNTEER STUDY CLINICS FAO @ T

HOME ABOUT VOLUNTEER STUDY CLINICS FAQ @

(.5; ABOUT

WHAT IS HVTN 702?

HVTN 702 is a large efficacy study that is testing a combination of two

experimental vaccines against HIV. The study vaccines are called ALVAC-HIV
(vCP2438) and Bivalent Subtype C gp120/MF59. The main goals of this study are:

¢ Are the vaccines safe to give to people?
e Can the vaccines prevent HIV infection?
¢ Do people’s immune systems respond to the study

vaccines?

The vaccines used in this study are not made from
live HIV, killed HIV, parts taken from HIV, or HIV- aung

infected human cells. The HIV vaccines being tested are made from synthetic

(man-made) copies of HIV pieces. Therefore, the vaccines CANNOT cause HIV

infection or AIDS.

o
SANOFI PASTEUR « @ BILL& MELINDA MRC\§ 0
A

YATES founds
GATES foundation HIV VACCINE
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Rabies: an example of a vaccinia virus-based
vaccine to prevent a viral infectious disesae

Virus Disease Epidemiology , .
Lyssavirus Transmission Distribution of virus
¢ Rabies virus Rabies * Reservoir: wild animals + Ubiquitous, except certain islands
* Vectors: wild animals, * No seasonal incidence
+ Related viruses of rodents Rarely cause rabies-like unvaccinated dogs and cats
and bats encephalitis « Bite of rabid animal (virus in
saliva), aerosols (in caves
Vesiculovirus harboring rabid bats)
* Vesicular stomatitis virus Flu-like illness
At risk or risk factors Vaccines or antiviral drugs

« Animal handlers, veterinarians ¢ Vaccines for pets and wild animais
« Those in countries with no pet  * Inactivated virus vaccine for
vaccinations or quarantine at-risk personnel, postexposure
prophylaxis
* No antiviral drugs

Disease mechanisms

Replicates in muscle at bite site

Descending infection via
nervous system to eyes, salivary

Incubation period of weeks to months, depending
glands, skin, and other organs

on inoculum and distance of bite from central
nervous system

Infects peripheral nerves and travels to brain : ;
Infection of spinal cord,

brain stem, cerebellum,
and other brain structures

Replication in brain causes hydrophobia, seizures,
hallucinations, paralysis, coma, and death

Lumbosacral

ds to sali lands, fi hich
Spreads to salivary glands, from whic dorsal root

it is transmitted Rapid ascent

in spinal cord

Postexposure immunization can prevent disease
due to long incubation period

Replication in
dorsal ganglion

Virion enters peripheral
nervous system

T

Viral replication
in muscle

Virus inoculated




Rabies, countries or areas at risk

IR R e

LR, N
W %ﬁ%ﬁ»@%?% z

LF
A3

.

5
/

& t’”;

v

o

[ ] norisk
|:’ Low risk
[ Mediumrisk
B Hicn risk

“dIn countries of categories 1, 2 and 3, contacts with suspect rabid animals
including bats should be followed by rabies post-exposure prophylaxis.
No risk: no risk at all.

Low risk: pre-exposure immunization recommended for

people likely to have contact with bats.

Medium risk: pre-exposure immunization recommended

for travellers and other people for whom contact with bats

and other wildlife is likely.

High risk: pre-exposure immunization recommended

for travellers and other people for whom contact with

domestic animals particularly dogs and other rabies

vectors is likely. -
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Rabies in USA

Common carriers
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www.cdc.gov/vitalsigns/rabies




Suggested reading: Nature, 354, 520- 522, 1991

Rabies virus

abies vir
ultrathin cross section ultrathin longitudi

FIG. 2 Geographic distribution of 79 foxes (78 healthy, 1 rabid) shot or found
dead in the area vaccinated three times (collection period: October 15, 1990
to April 30, 1991). @, Animals tetracycline-positive; O, animals tetracycline-
negative; 2, rabid tetracycline-negative fox.
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Large-scale eradication of

rabies using recombinant
vaccinia-rabies vaccine

B. Brochier®, M. P. KienyT, F. Costyi, P. Coppens®,

B. Bauduin®, J. P. Lecocqf, B. Languet§, G. Chappuis$,

P. Desmettre$§, K. Afiademanyo||, R. Libois||
& P.-P. Pastoret*
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FIG. 3 Seven-year evolution of the incidence of rabies in domestic livestock.
Histogram boxes plot the half-yearly (Jan-Jun and Jul-Dec) numbers of cases
of rabies notified in sheep and cattle in the target area before and following
vaccination. The arrows indicate the rough timing of the three large-scale
campaigns of vaccine-bait dispersal.
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Oral Rabies Vaccine For Wildlife

viral coat DNA

DNA is removed allowing the
cDNA insertion of rabies
glycoprotein gene into

VACCINIA VIRUS

vaccinia virus
] o ¢
DNA from Vaccinia Virus [L] = -
(T T [T

RABIES VIRUS with

2. The recombinant vaccinia rabies vitus infects the host cell where
it boses its viral coat. The inserted gene is transcribed and
transll'gd into glycoprotein. Progeny recombinant vitus is also

host cell expressing rabies glycoprotein
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3. The rabies glycoprotein is
expressed on the host cell surfaces.
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Result:
Antibody
Neutralized
Virus
5. When exposed to infectious rabies
virus, antibodies attach to the rabies

glycoprotein and neutralize the rabies
virus
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Plasma cell produces
rabies antibodies
4, Lymphocytes recognize
the rabies glycoprotein as
foreign and respond by
producing antibodies and
cellular immune responses.



RABORAL V-RG Baits

There are two bait formats used to

Raboral VRG

Oral Rabies Vaccine For Wildlife

Control of k. \
B Raccoon Rabies f;‘ RX\E\Q},}L b\}
» Aerial Delivery

4 meal polymer bait that is hollowed
[]Sl 11 9, out through the center. This not

-+ a
RABORALAMRG o wihsandbeing roppd

only provides a strong attractant to
p . airplanes.
from Merial

A sachet containing rabies vaccine
is inserted into the baits and sealed
in with wax (bait shown cut open
above). When the raccoon bites
into the bait, the sachet is uptured
allowing the vaccine to flow into the
raccoon’s mouth and throat.

The RABORAL V-RG coated sachet
contains rabies vaccine and is coat-
ed in wax and fishmeal crumbles.
When the raccoon bites into the
sachet, it is ruptured allowing the
vaccine to flow into the raccoon’s
mouth and threat
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Rabies in Italy
2008-2010




La rabbia silvestre in ltalia
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* Nell’ ottobre del 2008 la rabbia é ricomparsa in Italia; il primo focolaio & apparso nel territorio del
Comune di Resia (UD), a seguito dell’ evolversi dell’ epidemia che interessa i paesi dell’ est limitrofi
(Slovenia e Croazia).

* Nel corso del 2009 e inizio 2010 I’ epidemia si & diffusa in direzione Sud- Ovest, comprendendo il
Friuli Venezia Giulia, il Veneto in particolare la provincia di Belluno, fino ai casi piu recenti riscontrati
nella provincia di autonoma di Trento.

 La prevalenza dei casi ha interessato gli animali selvatici, per lo piu le volpi, che rappresentano il
principale serbatoio della malattia, ed alcuni caprioli e tassi. Sono stati riscontrati positivi anche
animali domestici tra cui cani, gatti, un cavallo ed un asino.

* Nell’ Ordinanza Ministeriale del 26 novembre 2009, sono stati disposti i seguenti provvedimenti:
obbligo di vaccinazione antirabbica dei cani e altri animali da compagnia sensibili al seguito di
persone che si recano nelle zone interessate, obbligo di vaccinazione dei cani di proprieta e degli
animali domestici sensibili condotti al pascolo nelle zone interessate, campagne di vaccinazione
orale delle volpi mediante vaccino addizionato a specifiche esche distribuite sul territorio interessato
dalla malattia e in un’ ampia zona di protezione circostante.

*Dal dicembre 2009 é stato attivato un piano di vaccinazione orale delle volpi nei confronti della
rabbia che ha interessato le Regioni del nord-est italiano. Nel 2010 sono state completate quattro
campagne di vaccinazione, effettuate con mezzi aerei, su un’ area di oltre 30.000 kmg.

*Grazie a questi interventi sanitari la malattia é ritenuta sotto controllo e al momento si assiste ad
una riduzione dei casi accertati: infatti si & passati dalle 49 positivita al virus registrate nelle volpi nel
mese di gennaio 2010, ai 9 casi del giugno 2010.




I

Comunicato stampa n. 38

Data comunicato: 26 febbraio 2013

Iltalia di nuovo Paese indenne da rabbia

L’Italia ha riacquisito lo status di Paese indenne da rabbia. Lo status di Paese indenne da rabbia, come
stabilito dalle procedure dalla Organizzazione Mondiale della salute animale (OIE), pud essere
riacquisito, trascorsi due anni dall’accertamento dell’ultimo caso di malattia che in Italia risale al 14
febbraio del 2011. Il risultato & stato conseguito a seguito dell’applicazione delle misure previste dalle
Ordinanze che il Ministero della Salute ha emanato nel novembre 2009 e nel febbraio del 2012 la cui
applicazione é stata curata dalla Direzione generale della sanita animale

Un esteso piano di vaccinazione orale antirabbico nelle volpi e |'obbligo di vaccinazione dei cani
presenti nelle zone a rischio e degli animali condotti al pascolo in diversi parti dei territori del Hord Est

d’ltalia, effettuati col sostegno finanziario dall’Unione Europea, sono stati efficacemente attuati nei
territori interessati con la collaborazione del centro nazionale di referenza presso U’Istituto
Zooprofilattico di Padova e dai veterinari sia pubblici che privati.

Monostante la favorevole situazione epidemiologica |’ltalia manterra un piano di vaccinazione nelle
volpi nella Regione Friuli Venezia Giulia, lungo il confine italo-sloveno, in considerazione del
permanere della situazione di rischio nell’area balcanica.
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Rabbia Silvestre - Piano biennale di vaccinazione orale delle volpi

FONTE: Ministero della Salute

Piano biennale di vaccinazione orale delle volpi contro la rabbia

Capitolo 1. Attivita svolta

Con il piano biennale 2015-16 si prolunga di altri due anni ’attivita di vaccinazione orale antirabbica delle volpi nel Nord Est Italia. Il piano & rimasto sostanzialmente simile a quello del biennio
precedente (2013-14) grazie al permanere di una favorevole situazione epidemiologica con ’ultimo caso di rabbia nel Nord est Italia risalente al febbraio del 2011. A partire da questa data nessun
nuovo caso di malattia e stato registrato nei territori a rischio e ’ltalia ha riacquisito nuovamente lo status di indennita da questa malattia presso |’Organizzazione mondiale della sanita animale
(OIE).

La decisione di proseguire con un piano biennale di vaccinazione & connessa alla situazione epidemiologica della rabbia negli Stati confinanti ed in particolare in Croazia dove la malattia & ancora
presente mentre in Slovenia il rischio & oramai notevolmente diminuito.

In considerazione di questi dati epidemiologici la vaccinazione delle volpi viene mantenuta come nel biennio precedente nella sola Regione Friuli Venezia Giulia lungo il confine con la Slovenia, in
una fascia di territorio profonda circa 20 km cosi da creare un’ampia zona di vaccinazione che comprende tutto il territorio sloveno e parte di quello italiano
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Rabbia - Area di vaccinazione
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