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Influenza vs respiratory syncytial virus

Influenza RSV

* No re-infection by same strain * Recurrent re-infection with similar strains

* Imperfect vaccines: .

No vaccine

* Poor immunogenicity

« Vaccine-enhanced disease
» Very active research field

Vaccine-induced immunity rapidly wanes
* Mainly homotypic immunity
* Annual vaccination required

Lambert, et al. Front Immunol (2014)




RSV interference with host iImmune response

Non-structural proteins

* NS1 disrupts IRF3 binding to the IFN[3 promoter

* NS2 protein binds RIG-I, blocking innate signalling

« NS1/2 enhance degradation of STATZ2, terminating innate response
* NS1/2 inhibits cDC maturation, inhibiting APC functions

Surface glycoproteins

* G protein binds to CX3CR1 on pDC/cilliated cells

« Secreted G acts as a decoy for antibody

 F binds to TLR4, possibly causing innate desensitisation

Internal proteins
* N disrupts the synapse between CD4 and CD8 cells

Openshaw, P.J., Chiu, C., Culley, F.J., and Johansson, C. (2017)
Protective and harmful immunity to RSV infection Annu Rev Immunol 35, 501-32



Clyde Dapat and Hitoshi Oshitani
Expert Review of Anti-infective

Therapy 2016, 14, 285-297.
DOI: 10.1586/14787210.2016.1141676

RSV-host
interaction
network

The network contains 1,254
proteins (nodes) and 1,989
interactions (edges), which
was constructed using
HIPPIE and VirHostNet
databases and visualized
using Cytoscape.

Yellow nodes represent
RSV proteins

Red nodes indicate
upregulated host factors
and blue nodes represent
downregulated host factors
during RSV infection.

Gray nodes represent
disconcordant expression
level of host factors
between and among
transcriptome and proteome
datasets.

White nodes represent
protein interactors identified
from the databases.
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Global burden of RSV in children under 5 years of age



Double-blind, 429 healthy preterm infants born (33 to 35 weeks)
Monthly palivizumab (214 infants) or placebo (215 infants) in RSV season

Treatment reduced RSV-related hospitalization from 5.1% to 0.9% (P = 0.01).
Palivizumab caused 61% (95% CI 56 to 65) reduction parent-reported

wheezing days in the first year of life [1.8% vs. 4.5%]
Funded by Abbott Laboratories



88 COPD patients (from East London)
Prospective study, 14-month duration
Daily diary cards

Sputum samples every 3 months

— 272 samples collected
* quantitative microbiology
* RSV by qualitative PCR

34 patients were RSV negative throughout
(RSV free)

42 patients had RSV detected in one
or more samples, but not all sputa
(intermittent RSV)

12 patients were RSV positive in all their
samples (‘persistent’ RSV)

FEV, decline vs baseline (mL/year)
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RSV-related deaths according to age

Age (years) All influenza

<1

39 335

91 32
1061 641
3084 1816
39977 11199
44252 140238

Thompson WW et al. JAMA 2003;289(2):179-86
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OPEN & ACCESS Fresly available online = PLoS one

All-cause mortality (1999-2010) 16.5 million Dutch
Note decrease of 39% in neonatal deaths over 10 years
2009: est. 612 influenza deaths, 77 in children 0-4yrs.

Age 0-4 years
2 deaths per 100.000 Flu

\

Age 75 yrs or more RSV
150 deaths per 100,000 /

Citation: van den Wijngaard CC, van Asten L, Koopmans MPG, van Pelt W, Nagelkerke NID, et al. (2012) Comparing Pandemic to Seasonal Influenza Mortality:
Moderate Impact Overall but High Mertality in Young Children. PLoS ONE 7(2): 31197, doi:10.1371/journal.pone 0031197



Age and RSV disease

Openshaw, P.J., Chiu, C., Culley, F.J., and Johansson, C. (2017)
Protective and harmful immunity to RSV infection Annu Rev Immunol 35, 501-32



RSV: the ‘hidden paw’

He's outwardly respectable. (They say he cheats at cards.)
And his footprints are not found in any file of Scotland Yard's.
And when the larder's looted, or the jewel-case is rifled,

Or when the milk is missing, or another Peke's been stifled,
Or the greenhouse glass is broken, and the trellis past repair —
Ay, there's the wonder of the thing! Macavity's not there!
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The network
WWW.hic-vac.org

£3m, 4 yr MRC-funded network to:

Support, develop and advocate the use of Human Infection
Challenge, to...

* Improve understanding of infections and the diseases they cause

* Enhance the development of new/better vaccines/treatments
for LMIC infections


http://www.hic-vac.org/

Inoculation of volunteers with RSV

Healthy, aged 18 — 55 years
Intranasal 10* pfu RSV A Memphis 37
Keep in seclusion from D-1to D10
Intensive daily sampling
Follow-up:
. day 14 (airway)
day 28 (airway and blood)

Dr Max Habibi
and Chris Chiu

welicome!'ust



http://www.wellcome.ac.uk/index.htm
http://www.wellcome.ac.uk/index.htm

Infection rates and colds

RSV
inoculation
N=61
V w
No infection Viral infection
N= 27 N= 34

100% j 32% / \68%
No

No Common cold
symptoms symptoms symptoms
N= 27 N=11 N= 23

Uninfected Infected

No difference between males and females

. . ! . 16
No relationship between age and infection rate or colds



Symptoms & viral load: comparing RSV and flu

Influenza

Symptom score

Day post-inoculation

RSV

Symptom score
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Lower airway inflammation after RSV challenge

Day 0 Day 10 Day 28

RSV antigen by immunohistochemistry



RSV-specific nasal IgA as a correlate of protection




Anti-RSV antibodies are poorly maintained

Serum Nose
Anti-RSV Anti-RSV
Serum PRNTS0 Nasal IgA

Habibi Ms et al (2015) Impaired Antibody-mediated Protection and Defective IgA B Cell Memory in
Experimental Infection of Adults with RSV. Am J Respir Crit Care Med. PMID: 25730467
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Mechanisms of iImmediate/early protection in the nose




The infection challenge team
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John Sidney

Rafi Ahmed
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The perfect vaccine

WY/ cheices
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What do we want in an RSV vaccine?

Better than natural immunity
e Durable B cell responses
* Deletion vectors (abolish immune modulation?)
» Adjuvants
Mucosal immunity
 Antiviral IgA
* Local CD8+ T cells
Not just for infants
« Sibs may be transmitters
« Maternal (carer’s...) vaccines may have a role
» Target the elderly
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Vaccine pipeline for RSV
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12 3 2 1 1 44

2016
2017 42 10 5 1 1 59
2018 24 14 8 1 1 48

Data from: http://vaccineresources.org/details.php?i=1582 and https://goo.gl/VdrKFK



http://vaccineresources.org/details.php?i=1582
https://goo.gl/VdrKFK

Jason McLellan and Barney Graham

Neutralising Ab vs pre-F

McLellan JS Science 2013 etc.



Openshaw/Chiu:
MUCOSIS intranasal RSV vaccine

Wellcome Trust Translation Fund
2016-2018

Bacteria-like particles (Lactobacillus), coated
with pre-fusion RSV F protein

Delivered by nasal spray

First in man immunogenicity and protection
against challenge in adult volunteers



Study protocol

Day 1 Day 8 Day 29 Day 36 Day 57 Day 120 Day 180
Prime Boost
vaccination vaccination

Route of administration: intranasal using Vaxlnator device

Two doses levels of SynGEM selected for clinical testing on the
basis of pre-clinical studies;

Dose 1: 140 pg F/ 2mg BLP (18 participants)
Dose 2: 350 uyg F/ 5mg BLP (18 participants)
Placebo: PBS + 2.5% glycerol (12 participants)



Acute antibody secreting cells in the peripheral blood



Serum F-specific IgG increases following vaccination

Increase in F-specific IgG
against both pre- and post-

fusion proteins

~N

-
=

-
~

m anti-post fusion
a
=]
-

F protein 1gG
(ECyy titre)

S

o
s
Y-

a @& o

Serum IgG titre low dose group ‘

( Seru
7
2
E
)"?
2,

N

Serum anti-post fusion

(

F protein 1gG
(ECsg titre)

Serum IgG titre high dose group ‘

a

Serum anti-post fusion
F proteln 1gG
(ECsy titre)

12
10 . o,::.o

.g® 8

#— LI L) Ol’.o
8 pos ... .
B
4

e 4

-

No increase in RSV A
neutralising Ab titres
following SynGEM
vaccination

\_

J

-

\_

No increase in pre- or
post-fusion F specific IgA
responses

~N

J

Masal anti-post fusion

Serum PRNT low dose group

F-1
‘;‘ 14
S
n - L]
5 B2 .
B L . %o
i W WMl eele
2

< 010 —t ey — s
E 3 . . b . Taae
%S ee® L]
@38 . .
a2 . o®
<
7 6
o T

N

Nasal IgA titre low dose group

20
3
as 15 .
T L] L] [} -
<% e ok o B2 e
= L]
—8 10 7 .Ov
- NPT
L ]
mgw 5 .
- o

Nasal anti-post fusion
F protein lgA
{log2 endpoint titre)

S - S

Days post-prime vaccination

RSV-A Serum neutralising Ab
{log2 ECyy titre)
=

Serum PRNT high dose group

RSV-A Serum neutralising Ab
(lop2 ECyy titre)

14
12 ..9 .o e
[ ®oy o0  8e2’0e
" oas® 'ag® Sogt
O *oe®
‘:.' LT ....
8 .. Ser .
6
» P @

Nasal IgA titre high dose group

o weoFd

Masal anti-post fusion
F protein igA
{log2 endpoint titre)

N P S

Days post-prime vaccination

Serum IgG titre placebo group
14

12

10 . . :
e, & LT
o I A OO
& . . .
4
e a4

Serum PRNT placebo group

14
.
12 . *
.
ot e -
10 L L] L
. .
. . o,
8 .
T et
6
N S

Nasal IgA titre placebo group

20
15

* e o, %
10 k%m_*i’..—
5
L]

A
L

Days post-prime vaccination



«Zoe Gardener
-Steff Ascough
°Iris Vlachantoni

CO n C | u S | O n S *Suzie Paterson

Intranasal SynGEM induces:
» serum IgG (pre- and post-fusion F)
* no serum neutralising or mucosal IgA

* boosts responses to epitopes shared between pre- and post-fusion F
(not to antigenic site @)

» early antibody secreting cell response in blood (IgG+ and IgA+ plasmablasts)

« weak memory B cell response

Stephanie Ascough'2t, Iris Vlachantoni?t, Mohini Kalyan'2, Bert-Jan Haijema3, Sanna Wallin-Weber3,
Margriet Dijkstra-Tiekstra3, Muhammad S Ahmed*, Roberto Grimaldi3, Qibo Zhang*, Kees Leenhouts?,
Peter J Openshaw?* and Christopher Chiu' 1 Section of Infectious Diseases and Immunity,
Department of Medicine, Imperial College London, UK. 2 Section of Respiratory Infections, National
Heart and Lung Institute, Imperial College London, UK. 3 Mucosis B.V., represented by trustee Mr.
Holtz LLM, Bout Advocaten, Groningen and Virtuvax B.V., The Netherlands. AJRCCM in press









RSV vaccines

Pre-fusion F vaccines may be best

Local IgA production may be important

Live attenuated vaccines progressing (slowly)
Maternal immunisation has advantages

Problems remain:
e Incrementing natural Ab in seropositive adults
e No clear candidates for younger infants
e Understanding of protective immunity incomplete



Interventions to interrupt RSV disease

Children

Community
Reservoir

School age children
Live attenuated vaccine

Neonates (<6 months)
Maternal vaccination
Palivizumab

Transmission
&

Amplification

Adults

Care-givers/teachers/parents
Inactive/vectored vaccine

Vulnerable
Populations

Elderly
Inactive/vectored vaccine
Immunosuppressed
Inactive vaccine
Polyclonal IVIg
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