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Introduction/concept

Staphylococcal enterotoxins (SES)
__ family of exotoxins (23-29 kDa) produced Staphylococcus aureus
categorized as a superantigen
_ stimulate T cells
release of cytokines (e.g., interferon-Y, IL-6 and TNF-a)

Prlmates/humans very sensitive to SEB due to 1+ MHC class Il binding affinities

MHC polymorphisms within human populations contributes to individual
differences in susceptibility to the effects of SEB

Inbred mice differ in MHC alleles — results in varying sensitivities to SEB

rodents are not very susceptible

A recombinant SEB vaccine (rSEBv) developed at USAMRIID protected both
rodents and nonhuman primates from lethal aerosols of SEB

enteric effects observed in vaccinees

May stem from lack of mucosal immunity against SEB

Both systemic and mucosal immunity is thought to be important when protecting against SEB
A proteosome-toxoid SEB vaccine admin. mucsoally to monkeys resulted in 100% protection
against SEB aerosol challenge and an overall reduction of enteric effects,

e this observation was not quantifiable (Lowell et al., 1996).
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Proof of concept: Mouse study

two strains of mice used in study

e In addition to efficacy, was imperative to
— Produce enough vaccine to support aerosol vaccination

— Characterize mucosal adjuvant
* Initial toxicity
« As an inhalable indication

— Characterize antigen as inhalable
— Define proportions of inhalable dose
— Reuvisit vaccination schedule

— Define immune response before and after vaccination

e characterize unusual adverse effects associated with this route of
administration (i.e., hypersensitivity)



Vaccine dosing and challenge

* Vaccination (rSEBv)

— 5 g (aerosol)

— 20 pg (intramuscular; IM)
 Adjuvant

— 5 g (CpG; aerosol)
— 20 g (CpG; IM) Biosample Collection LPS+/-

— 180 pg (Alum; IM)

Prime Boost

Quarantine Toxin Challenge




Aerop;y! 0gy

serum IgG

Q]
=
M
©
)
7))
-
O
=

B rSEBv + CPG (aerosol)
BB rSEBv (i.m./aerosol)

- rSEBv + alum (i.m.)
V7] rSEBV (aerosol)

BALB/c

E=] rSEBv + CpG (i.m./aerosol)

Il sham

W /7/777/7777772
EANNNNNNNNNY

AT GS__)g

1.0

0.8 A

0.2
0.0 -

(=} (=}
(wu oGyy) @2ueglOSqR

B2 rSEBv + CpG (aerosol)

E= sham

B rSEBv (aerosol)

I rscEBv (im)
VA rSEBV + CpG (i.m.)

HLA-DQS8

AN

AN

1.0

0.8 A

0.2
0.0 -

o o
(wu oGyy) @2ueglOSqR

100 1000 10000 100000

10

100 1000 10000 100000

10

dilution

dilution



absorbance (405 nm)
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Figure 1. Comparative protection of mice
against a lethal dose of aerosolized SEB in
BALB/c (a) or HLA-DQS8 transgenic (b).
Optimization of vaccine schedule (c) indicated
four vaccinations provided optimal protection
in the BALB/c mouse.
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Primate study '

e From mouse data
— established vaccination schedule
— EXpected survival rates

e Specific to NHP study

— characterize possible reduction in enteric
effects

— unknown adverse events in higher species
— FDA-approved device for aerosol

vaccination?

* lower demand on vaccine stocks (higher
efficiency of delivery)

* Produces equivalent aerosol size as nebulizer
used in mouse study (MMAD =1 um)

Provided in collaboration with Aerogen Corporation, Sunnyvale, CA (USAMRIID CRADA)



vaccination schedule

Prime Boost

Quarantine Toxin Challenge

Biosample Collection




Summary of Primate Experimenits

Phase |

Purpose: to determine which administration route for the vaccine provides protection
against lethality and enteric effects of SEB intoxication.

Group Vaccination Administration route
1 Sham IM

2 CpGP aerosol

3 rSEBva + CpGP IM

4 rSEBVP + CpGP aerosol

Phase Il




Delivers a fine particle, low-velocity
aerosol*

Precisely-defined particle size

Aerosolizes a broad range of
formulations

aerosol administration of vaccine

Nebulizers e Clinicuse

o

‘-—.-ﬂ

*provided via USAMRIID CRADA with Aerogen Corp.




Acute Pulmonary toxicity

Lung lavage

— CpG Oligo 10103 delivered by aerosol. Photos at 100x. (a) preexposure, (b) 24
hours postexposure.
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Bronchoscopies/BAL

assessed prior to and

24 hours after aerosol
administration of vaccine

at the primary tracheal
bifurcation (figure a) and the
left secondary superior and
inferior lobar bronchus
(figures b, c, d).

Results of visual
observations:

> no discernable toxicity

> minor trauma from
bronchoscope
procedure

»  pinpointed location of
BAL sample




clinical chemistries
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1.0

Serum Anti-SEB IgG development in
rhesus monkeys one week before
aerosol challenge using either rSEB
alone, CpG ODN alone, or comixed
administered either by injection,
inhalation, or combination of routes

thereof.
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2.0

Serum Anti-SEB IgG development in rhesus
monkeys one week before aerosol challenge

using either rSEB alone, CpG ODN alone, or
comixed administered either by injection, inhalation,
or combination of routes thereof.
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S-IgA development in rhesus monkeys one week before aerosol challenge (+98d).
Individual values are presented for the following groups: (a) rSEB+CpG (im), (b) e
sham (im); (c) rSEB + CpG ODN (aerosol), and (d) CpG ODN (aerosol).
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IgA from saliva samples in rhesus
monkeys one week before aerosol challenge
using either rSEB alone (a) or rSEB + CpG
ODN (b) administered by injection at prime
vaccination with boosts by aerosol.
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Incapacitation: Clinical Scoring

 Clinical signs observation performed 6 times/day post challenge

» Categorical scaling system adapted from SEB clinical signs

0
1
2
3

NO EVIDENCE OF SYMPTOMS

PRESENCE OF SYMPTOM IN A MILD OR UNDETERMINED DEGREE
INDICATES A DEGREE NOTABLE FOR REQUIRING THERAPY
SEVERE

» Signs were graded for each animal

SIGN

DESCRIPTION
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primate survival

challenge survival

Treatment

Vacc. Route

LD50s (mean £s.d.) alive/grp

MTD (hr)

rSEB + CpG

injection (im)
aerosol

injection (im)

16.0+ 2.5

204 +2.1

16.0+ 0.5

43.0+£12.9

43.5+16.5
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Conclusions (primate study)

aerosol vaccination, compared to the injected
vaccine, alone did not provide adequate protection
against aerosol challenge relative to injected vaccine

vaccination by a combination of routes (im prime;
aerosol boost) provided

— Equivalent anti-SEB 1gG and increased S-IgA production when
compared to injected cohorts

— comparable protection protection against lethal effects of
aerosolized SEB

— provided superior protection in abrogating acute-phase clinical
Intoxication

vaccine dose & optimization of schedule may be
Improved in future investigations
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