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The Epidemiology of Vaccination and B. Pertussis Transmission/Resurgence

The short duration of protection and inability to alter transmission with aP vaccines has contributed to the
resurgence of pertussis in multiple countries.?

Relative to other vaccines, acellular
pertussis (aP) immunity wanes rapidly;
requiring multiple boosters

aP vaccine introduction is associated
with pertussis resurgence (by
surveillance and modeling estimates)?!

WHO recommends to continue wP vaccines
if switching to aP has not yet occurred?
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The Public Health Impact of Interrupting B. Pertussis Transmission

Epidemic cycle propagates Pertussis enters a community

Epidemic cycles reduced/eliminated Humans are only known B.
Pertussis reservoir.

Vulnerable population

develops severe disease Transmission occurs by close contact

Cocooning strategies and herd

orotection can be improved Disruption of transmission will
i i v

reduce/eliminate epidemics
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Live Attenuated BPZE1 is Designed to Interrupt Transmission

PT—Pertussis Toxin EE—
Mutation creates
an enzymatically
inactive PT

1. Nasal vaccination
with BPZE1 using
VaxINator

DNT—Dermonecrotic Toxin
Removed via allelic

. exchange
2. BPZE1 stimulates
mucosq/ qnd . TCT—Tracheal Cytotoxin
systemic immunity

Gene replaced — reduces
TCT release to <1%

3. B. pertussis transmission
is interrupted at
mucosal barrier

Aerobic gram (-) rod
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Phase 2b Clinical Protocol Endpoints*

SAFETY COLONIZATION

Effect of BPZE1
Revaccination/Challenge

Reactogenicity (1°)

Safety Labs (cohort)

B. Pertussis culture and
colony counts

Vitals
Unsolicited AEs

SYSTEMIC IMMUNITY

IlgG Whole cell extract (WCE)
Individual IgG antigens (PT, PRN, FHA) Individual IgA antigens
Individual IgA antigens (PT, PRN, FHA) (PT, PRN, FHA)

MUCOSAL IMMUNITY
IgA Whole cell extract (WCE) (1°)

*Descriptive only, no adjustments for multiplicity
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Phase 2b Design- Randomized Control Trial (18-59 Year Old Healthy Adults)

BPZE1:
N=100

In!raqasa! Muco§al BPZE1 + Placebo:
Atomization Device N=200 PlaceBll Day 85
N=100
%%% v Day :‘ 183 EIF:E Efulfl ctor;orgq=2522;4§afety cohort n=24) Revacci nation/
acCcination safetyfead-in n=
BPZE1: Challenge
(Intranasal and IM) ]
Boostrix + Placebo: N=50 (Intranasal)
70 Placebo:
N=50

Days

Reactogenicity —

Safety Labs (subset)

| JO,
®
| JO
®

Immune Serum

Immune Mucosal ‘

B. Pertussis Culture ' ‘ ‘
PBMC Subset O O O
Safety All AE AE Related to Vaccination All AE SAE + any newly defined AESI
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Methods

Sihma <y Diolabs <’z0)biolabs
Colonization Mucosal Sample and Assay

* N-PAK nasopharyngeal Whole cell extract and PRN Synthetic Absorptive Matrix
aspiration assays — validated on (SAM) Leukosorb strips

« Stored (2) in 20% glycerol -70C MesoScale Diagnostic (MSD) » 2 min Nasal absorption

* Qualitative culture on charcoal platform * Centrifuged with diluent and
agar plates * PTand FHA assays — stored at -20C

« Confirmed Bordetella with commercial kits *  Same assay platforms as for
MALDI-TOF (Eurolmmune) serum testing (validated)

* (+) samples re-plated for
colony counts with 2" aliquot
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Systemic Reactogenicity - Maximum Symptoms Through 7 Days Following
Vaccination

FDA Severity Grade Mild (Grade 1) M Moderate (Grade 2) Severe (Grade 3)*
. . BPZE1 n=183 . . * BPZE1 n=133
Vaccinationl [~ & o6 Vaccination 2 Placebo =146
BPZE1 | BPZE1 ]
Headache ,
Boostrix - Plc -
. BPZE1 [ | BPZE1 [ ]
Fatigue
Boostrix ] Plc B
) BPZE1 [ | BPZE1 |
Malaise _
Boostrix B Plc |
: BPZE1 | BPzEL | |
Myalgia _
Boostrix | Plc
P BPzE1 | BPZE1
rtnralgia
g Boostrix | I Plc |
BPZE1 | BPZE1
Rash :
Boostrix Plc
BPZE1 BPZE1
Feve r ) + One subject experienced an unrelated SAE (cellulitis/sepsis
Boostrix 20to foot ulcer) associated with all noted grade 3 events) Plc I
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
Percentage of Participants * Events expressed relative to most recent vaccine exposure
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Nasal/Respiratory Reactogenicity - Maximum Symptoms Through 7 Days
Following Vaccination

FDA Severity Grade

Stuffy Nose

Runny Nose
Sneezing

Sore Throat
Cough

Sinus Pressure
Nasal Irritation
Dyspnea

Epistaxis

BPZE1
Boostrix
BPZE1
Boostrix
BPZE1
Boostrix
BPZE1
Boostrix
BPZE1
Boostrix
BPZE1
Boostrix
PZE1
strix
BPZE1
Boostrix
BPZE1
Boostrix

0%

20%

Vaccination 1

40%

Mild (Grade 1) M Moderate (Grade 2)

60%

BPZE1 n=183
Boostrix n=96
BPZE1

Plc
BPZE1
Plc
BPZE1
Plc
BPZE1
Plc
BPZE1
Plc
BPZE1
Plc
BPZE1
Plc
BPZE1
Plc
BPZE1
Plc

80% 100%
Percentage of Participants

0%

Severe (Grade 3) *

BPZE1 n=133

ok
Vaccination 2 Placebo o146

+ One subject experienced an unrelated upper respiratory
event associated with the grade 3 events noted

20% 40% 60% 80% 100%

* Events expressed relative to most recent vaccine exposure
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Treatment Emergent Adverse

Events — —

o . Vaccination 1 Vaccination 2

(% Inudence) (Day 1 - 84) (Day 85 - 113)

- . . BPZE1 | Boostrix BPZE1 Plc

@ Majority of vaccw.\atlon-related (n=183) | (n=96) (n=133) (n=146)
events were respiratory Any TEAE* (%) 29.5 31. 16.5 25.3
classification; with similar ‘
incidence between treatment Mild (Grade 1) 20.8 20.8 13.5 20.5
groups (77% VS 63%’ BPZE1 Moderate (Grade 2) 6.6 5.2 3 4.1
and Boostrix, respectively Days Severe (Grade 3) 0.5 1.0 0 0.7
1-84) Vaccination-Related (%) 11.5 11.5 3.8 8.2

gainle . . 9 . . .

‘@ Second vaccination was Severe (%) 11 L0 0 0-7

" withheld in 2 subjects due Serious (%) 1.6 0 0 0.7
to concurrent workup/ 2nd Vaccination Withheld (%) 1.1 0 n/a n/a
ongoing adverse event Leading to Study Discontinuation (%) 0 0 0 0

@ No SAEs were related Death (%) 0 . 0 0

to vaccination _ , o
*Severity graded through 28 days following vaccination
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Effect of BPZE1 Revaccination/Challenge on Nasopharyngeal Colonization

Vaccination 1 BPZE1 Vaccination 1 Boostrix

100% (n = 85) (n=43)

70%
Mean Colony Count (CFU/mL)

80% 14,325 9,313 1,016
60%
40%
v Mean Colony Count (CFU/mL)
10%
B 200 260 0

0%

% of Subjects with + B. pertussis Culture

Any Day + 7 Days + 11 Days + 28 Days Any Day + 7 Days + 11 Days + 28 Days
n= 80 76 78 76 40 39 37 39

# of Days Following BPZE1 Revaccination/Challenge
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Mucosal (S-1gA) Acellular Pertussis Antibody Responses 28 Days Following
Any Vaccination (GMT)

M BPZE1
0.020 /2 ccination 1 Vaccination 1 BPZE1 Revaccination / Challenge
BPZE1 Boostrix Il Boostrix

% 0.015 7?

g % 0.010 /

et % I
% - 0.005 /

2 s %

| i aall

0'OOOBaseline D29 D113 Baseline D29 D113 Baseline D29 D113 Baseline D29 D113 Baseline D29 D113 Baseline D29
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Whole Cell Assay

BPZE1 Induction of Serum IgG Whole Cell and Acellular Pertussis Antibody
Responses Over Time (GMT)

Il BPZE1

Day 85 BPZE1 ¥#% BPZE1 Revaccination/Challenge

200 Revaccination / Challenge 100

Total IgG (EU) GMT

l 80 " ?"
150 0 5 o
2>
-|- a9 60
wn -
<< D
o J
g
% & 40 I
100 Placebo Challenge <‘,:) ‘_3
)
|—
20
L
50 0 i
Day 1 59 85 113 169 254 IBa line D29 D113”Ba line D29 D11 IIB |
| | |
— 77
n= 179 178 172 /89 76/86 73/85 PT FHA PRN
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Boostrix Induction of Serum IgG Whole Cell and Acellular Pertussis Antibody
Responses Over Time (GMT)

B Boostrix

300 Day 85 BPZE1 —— BPZE1 Revaccination / Challenge

Revaccination / Challenge

250 375
n
.g E
20 200 300
=)
= = 225 w
Q0 (p 150 %
O %
o — Placebo Challenge %/
S _,TS 150
= 100
=
) = -
Day 1 29 85 113 169 254 %
0
n= 88 88 82 3, /39 /5 Baseline D29 D113 Baseline D29 D113 Baseline D29 D113

[ Il |
| |
PT FHA PRN
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Serum IgA Acellular Pertussis Antibody Responses 28 Days Following Any
Vaccination (GMT)

B BPZE1 BPZE1 Revaccination/Challenge [l Boostrix

70

Vaccinationl Vaccination 1
60  BPZE1 Boostrix
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Conclusions — BPZE1, A Live Attenuated Pertussis Vaccine

e Nasal vaccination was well tolerated with mostly no/mild reactogenicity of short duration (similar to
Boostrix and inert buffer)

® Re-vaccination/challenge at 3 month reduced colonization 90%
* BPZE1 has the potential to disrupt pertussis transmission
* In contrast, Boostrix vaccination reduced colonization by only 30%

{:_@ Broad mucosal immunity was induced - whole cell and acellular pertussis S-IgA antibodies
* Responses remained above baseline through the end of the study (9 months)
* Re-vaccination/challenge increased levels transiently. But by end of study (EOS), antibody levels were similar

® Broad serum immunity was induced - whole cell and acellular pertussis 1gG and acellular pertussis IgA antibodies
* Responses remained above baseline through the end of the study (9 months)

g In contrast, Boostrix was unable to induce a similar degree of broad mucosal immunity
* As expected, Boostrix induce serum acellular pertussis antibodies which were observed to decay over time,
resulting in antibody levels of similar magnitude at EOS.
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BPZE1 May Successfully Disrupt Human to Human B. Pertussis Transmission

Epidemic cycle propagates Pertussis enters a community

Epidemic cycles reduced/eliminated Humans are only known B.
Pertussis reservoir.

Vulnerable population

develops severe disease Transmission occurs by close contact

Cocooning strategies and herd

orotection can be improved Disruption of transmission will
i i v

reduce/eliminate epidemics
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