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Hantaviruses and Their Hosts

Hantaviruses have been detected in >50 species of rodents, shrews, moles and bats

Bunyaviridae

m- Sigmodontinae m Talpidae

Guo WP, et al. (2013) PLoSPathog 9(2): €1003159.




NIAID Category A
Priority Pathogens

Hantaan virus
Dobrava virus
Seoul virus

Puumala virus

Pathogenic Hantaviruses

- Persistently infected rodents
* Transmitted in aerosols of
rodents’ urine, feces, saliva

Old World Mortality
Rodents HFRS ~1%-15%

Sin Nombre virus
Andes virus
And more.....

New World Mortality
Rodents HPS ~40%




Phylogeny and Rodent Hosts

Coevolution Postulated for >100 MY*

Dobrava
Seoul
Hantaan
Puumala
Puumala
Tula
Prospect Hill
Bayou
Black Creek Canal
El Moro Canyon
RioSegundo

Sin Nombre

A. flavicolis

R. norvegicus  Murinae
A. Agrarius
M. glareolus
Arvicolinae

M. arvalis

M. pennsylvanicus

O. palustris

S. hispidus

Sigmodontinae
R. megalotis

R. mexicanus

P. maniculatus

*Plyusnin, A., Sironen, T., 2014. Virus research 187, 22-26.



Hantaviruses and Diseases
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Map adapted from Jonsson CB, et al. Clinical
Microbiology Reviews. 2010;23(2):412-41.



DNA Vaccines

Desirable Characteristics

v

Easily Manufactured

> Can be quickly designed and produced in response to emerging or
genetically engineered threats

- DNA has established and approved manufacturing procedures

Safe

- Plasmids are replication defective
> Not transmissible person to person or into the environment

No Pre-existing Vector Immunity

Flexible Platform

- Easily combined to form multivalent vaccines
> Can be delivered by a variety methods

v

A 4

A 4

- Gene gun
* Electroporation




Hantaviruses

enveloped, ~100 nm

sSRNA, (-),
3 segments
S M L
Bunyaviridae © m -
N Gy & G; Polymerase

Immunity: Neutralizing antibodies




Hantaan Virus M Segment DNA Vaccine

HTNV ~ DNA
HMAF G, Gg

200 .a

CMV intron A

KanR WRG7077

30 |

Immune precipitation of HTNV or
DNA vaccine expression products
with polyclonal mouse sera (HMAF)
or monoclonal antibodies (Gy,G¢ )




Hamster Protection Studies
HTNV DNA Vaccine ¢ {

v

Elicits neutralizing antibodies in hamsters

Protects hamsters from infection with HTNV

v

Protects most hamsters from SEOV or DOBYV infection

v

v

Does not protect hamsters from PUUYV infection

Hooper, et al., 1999 Virology, 255:269; Hooper, et al., 2001 J Virol, 75:8469;
Brocato, et al., 2013 Clin Vaccine Immunol, 20: 218



Hantaviruses

% Gy + Gc amino acid identities

Hantaan
Il Seoul 77% | Some neutralization

Dobrava 539

HFRS

Puumala (Finland)

Low or no neutralization

s
Puumala (Russia)

New York
Sin Nombre

pWRG7077

Bayou

Black Creek Canal i HTNV
s

HPS

Andes

Laguna Negra PWRG7077

_EV PUUV




Hamster Protection Studies
Co-delivery of HTNV and PUUV DNA Vaccines

. Mixed HTNV and PUUV DNA vaccines elicit
neutralizing antibodies in hamsters only to PUUV.

» Could not overcome this with higher ratio of
HTNV:PUUV DNA

» For Phase 1 (Gene Gun) study the HTNV and
PUUV DNAs were administered separately.

Spik KW, et al. Vaccine (2008)19;26(40):5177-81




Phase 1 Study
Gene Gun Delivery of HFRS DNA Vaccines

v

Phase 1 Study: 3 vaccine groups of 9 subjects

- HTNV DNA
- PUUV DNA
- Both DNAs delivered as separate administrations

v

The vaccines were well tolerated and immunogenic

v

Some volunteers produced high-titer neutralizing
antibody responses (PRNT;, >1000)

Overall sero-conversion rate for study was <50%

v

>

Improved delivery needed

Boudreau, et al. 2012, Vaccine 30, 1951-1958.




Electroporation-based DNA Vaccination
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Electrical Pulse creates Antigen Expression in

DNA Administration temporary membrane pores Transfected Tissue




GLP Preclinical Safety Studies

}. Neutralizing Antibody Responses
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Hooper, J.W. et al., Clin Micro Inf: 2014 20 Suppl 5, 110-117.




Phase 1 Clinical Study

IM-EP Delivered HTNV + PUUV
DNA Vaccines

» Three study groups: HTNV, PUUV, HTNV+PUUV
DNA Vaccines

- Determine if electroporation delivery improves
seroconversion rate

- Assess potential interference between hantavirus DNA
vaccines in humans

&oper, J. W, et al. 2014. Clin Microbiol Infect 20, Suppl 5:110-117.



Phase 1 Study IM-Electroporation

Neutralizing Antibody Responses

HTNV Vaccine: 2 mg DNA/1ml PBS, 3X at 4 wk intervals
Seroconversions: 7/11 = 64%
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Phase 1 Study IM-Electroporation

Neutralizing Antibody Responses

PUUV Vaccine: 2 mg DNA/1ml PBS, 3X at 4 wk intervals
Seroconversions: 6/8 = 75%
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Phase 1 Study IM-Electroporation

Neutralizing Antibody Responses

HTNV+PUUYV Vaccines: 1 mg each DNA/1ml PBS, 3X at 4 wk intervals

PUUV Seroconversions: 7/9= 78% HTNV Seroconversions: 3/9=33%
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Summary:
HFRS DNA Vaccines, IM-EP Delivery

» HTNV and PUUV DNA vaccines delivered by intramuscular
electroporation were safe and immunogenic in a Phase 1

clinical study

» Interference of mixed vaccines continued to be problematic

» Mixed, gene-optimized
HTNV and PUUV DNA
vaccines developed and
shown to be immunogenic in
hamsters when given alone
or as a mixture by IM-EP

HTNV
Titer

DDDDD

DDDDD

PUUV
Titer

DDDDD

DDDDD

Gene-opt Non-opt Gene-opt 1:1 Codon opt
HTNV HTNV  PUUV HTNV:PUUV
100png 100pug 100 pg 50 pg each



In progress: Phase 2a Dose ranging
Hantavirus DNA Vaccines Delivered by IM-EP

» Using modified HTNV DNA-no interference in animal studies
» Two schedules and two doses assessed

# of Vaccine Dose | Volume
Subjects (mg) (ml)

Days 0, 28, 56
HTNV/PUUV 180)
Days 0, 56
30 HTNV/PUUV 2.0 1.0 (180)
30  HTNV/PULV 1.0 1.0 Days 0, 28, 56
(180)
Days 0, 56
30 HTNV/PUUV 1.0 1.0 pre

120

Funded by the Military Infectious Diseases Research Program



Next: Phase 1 Clinical Study

Comparison of IM and ID EP with Mixed
Optimized DNA Vaccines for HTNV and PUUV

All Groups to be vaccinated on days 0, 28, 56

S 4 LA lE Dose/route Volume
#total Subjects Candidate

HTNV 0.6 mg/ID EP 200 pl

M EP 10 HTNV 2.0mg/IMEP 1000 pl
10 PUUV 0.6 mg/ID EP 200 pl

10 HTNV+PUUV 4.0 mg/IM EP 1000 pl

10 HTNV+PUUV 1.2mg/ID EP 200 pl

none -/ IM EP 1000 pl

5 none -/ 1D EP 200 pl

60

NIAID Contract: HHSN272201200019C
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