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Chikungunya Fever

- Caused by Chikungunya virus (CHIKV) — Alphavirus
- Mosquito-transmitted: Aedes

- Re-emerged in late 2005 and spread to several countries

- Acute infection lasts 1-10 days: sudden onset of high fever,
rash, painful arthralgia > incapacitating joint disease

Acute (2-10 days) Chronic (months to years)
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Edematous rash Swolleh and stiff joints

Simon et al., 2011 Curr Infect Dis Rep X-ray picture MRI picture

from an adult from a child

Arthralgia =

periosteum inflammation

Jaffar-Bandjee et al., 2009 Microbes Infect
No anti-virals and no licensed vaccines



Alphavirus belonging to the Togaviridae family

Electron Microscopy Cryo-EM density diameter ~ 700A°

O

0.1 um
Her et al., 2009 Microbes Infect Li et al., 2010 Nature

Positive-strand RNA virus of 11.8 kb
Nonstructural polyproteins Structural polyproteins

5°CAP'

Teng et al., 2011 Future Virol



CHIKF outbreaks

»Q‘

I Current or previous local transmission of chikungunya virus

Centers for Disease Control and Prevention, 2015



CHIKF outbreaks
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CHIKF outbreaks

- Inndia 2005
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CHIKF outbreaks

" Outbreaks in Asia
2008-present
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CHIKF outbreaks
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CHIKF outbreaks
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CHIKV vaccines — where are we?

1st: Cell culture-adapted live-attenuated 181/25 vaccine
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Gardner et al., 2011 Virology

No mortality or ruffling of the fur were observed in CHIKV-181/25-infected

WT129 or A129 mice



CHIKYV vaccines — where are we?

IRES (internal ribosomal entry site) - based CHIKV vaccine
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Plante et al., 2011 PLoS Patho

Days post-challenge
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Highly attenuated

OD Value

Protects Nonhuman Primates

Elicits high IgG
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Roy et al., 2014 J Infect Dis Vaccination Challenge



CHIKV vaccines — where are we?
Virus-like-particle (VLP) CHIKV vaccine .
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CHIKV VLP Protection in mice Protection in monkeys
Akahata et al., 2010 Nat Med (Rheusus macaques)

89 participants assessed for eligibility

64 excluded
47ineligible*
4withdrew

s |l VRC 311 — a phase 1 CHIKV vaccine

v

v

25 enrolled into sequential dose-escalation groups

{ } } Neutralizing Abs detected in all gps

5 received 10 pg intramuscular 10 received 20 pg intramuscular 10 received 40 pg intramuscular
dose dose dose
§ received three vaccinations 10 received three vaccinations 8 received three vaccinations
5 completed to week 44 10 completed toweek 44 7 completed to week 44 V L P - I I t I t d f
1completed toweek 24 vaccine was weli-toierated, saire

2 received two vaccinations
1lost to follow-up after
week 8
1missed last vaccination
because of travel but
completed toweek 44

Chang et al., 2014 Lancet



CHIKYV vaccines — where are we?

Recombinant measles vaccine expressing CHIKV VLP
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Not based on the analyses of the immune response...



Aims
To gather fundamental knowledge on the immune responses

mounted against CHIKV with a view to exploit this to develop
new immune-based preventive and treatment strategies

- Pathology to devise appropriate treatments
- Rationally-guided design in vaccine development

- Immune-based therapies



The innate and adaptive immune response

Innate immunity Adaptive immunity

(rapid response) _ 2 e (slow response)

Dranoff, 2004 Nat Rev Cancer



Immune response in CHIKYV infection

IFN response

Antibodies

T cells?

Viral load

9 PN -

A 2—4 days 3-5 days Months—years

Mosquito bite and Clinical presentation;
CHIKV transmission  acute disease

Displaying disease symptoms

Schwartz and Albert, 2010 Nat Rev Microbiol



Aedes aegypti is
the major vector
of chikungunya

virus

» Maculopapular rash

* Arthralgia or arthritis affecting multiple
joints

= Pigmentation on the face and externalities

* Nasal Erythema also known as redness of
the nose

* The other symptoms include headache,
conjunctival injection and slight
photophobia

: = Decoctions are made
using herbs like
Coriander for fever,
Venivalgata

» Heen Araththa Ala is
given as a pain killer

» The improvement of the immune system is
done through ginger, Rasakinda, and Bin
kohomba

* Swellings of the limbs are treated by
Saarana and Devadara

= Also pills like Murthunjaya Rasa and
Raambaana Rasa are also given to the
patients

India, 2006 to 2007



Timing of the Ab response

Total IgG and IgM
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CHIKV-specific response produces high IgG titres

Kam et al., 2012 J Infect Dis



Anti-CHIKV antibodies recognize E2 glycoprotein

Non-Structural Proteins ( Structural Proteins \
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All E2 Peptide Pools

Anti-CHIKV
IgG titer (OD 450 nm)

P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11

Region at the N-terminal is
recognised by CHIKV Abs at early
points

E2EP3 is located at the surface
of virion

Kam et al., 2012 EMBO Mol Med

Anti-CHIKV
IgG3 titer (OD 450 nm)

-
o
(]

o
o}
1

o
»n
1

o
N
1

o
S
1

Jason Kam

Selected Peptides Only

P11 P1-2 P2-2 P2-3 P10-4 P11-2 P11-3




Sero-epidemiological studies in population

In collaboration with WHO arbovirus reference centre

Early Late
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E2EP3 is a common detection serology marker for early CHIKV infections
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What is the level of cross-reactivity with others?

Non-CHIKV alphaviruses

42%

98%

DENV

' 6%

94%

Flaviviruses

' 7%

- E2EP3 +ve
- E2EP3 -ve

93%

Non-DENV flaviviruses

' 7%

93%

Kam et al., 2015 PLoS NTD

Low level of cross-reactivity with DENV




Specificity of anti-CHIKV antibodies at late phase
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Anti-CHIKV antibodies are still protective at 2 years post-infection



Mapping of other less dominant epitopes
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nsP3 El:. Capsid [

1433-1450 1801-1863

E3| ]

2785-2799

2721-2735
it 7
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s EIREINEN, o

)

Back view

Kam_Lee et al., 2012 J Virol

Important for neutralisation and can be used in vaccine designs, and
sero-epidemiological studies



In vivo models and pathology

Development of

immune-based Therapeutics

Human disease and Vaccines

and pathology control strategies

- .

Q .

Animal models

Immune-pathogenesis of

CHIKV
~“ II < > Ap‘tb&l,&?

-------
~~~~~~

Disease pathology Disease
in animals mechanisms

Teo et al., 2012 Immunol Res



A CHIKV Mouse Model

Adult WT C57BL/6 mice — 15t reported by Gardner et al., 2010 J Virol

PBS control CHIKV

Mimics human infection in viremia and joint inflammation



B cells are essential for control of CHIKV
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B cells mediate virus clearance and disease pathology in CHIKV infection



CHIKYV B cell epitopes between mouse and human
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Lum et al., 2013 J Immunol

Additional B cell epitopes recognized by mice




E2EP3 as a preclinical vaccine candidate?

27 Days post-vaccination

-~ PBS Control
-2 E2EP3 vaccine
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Primary antibody dilution

E2EP3-induced antibody response in vaccinated mice



E2EP3 protects

In-vitro neutralization Viremia
Il PBS Control Hl PBS Control
Il E2EP3 vaccine Bl E2EP3 vaccine
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Kam_Lum_Teo et al., 2012 EMBO Mol Med



Mapping of epitopes using post-immunized mice sera

How would the epitope mapping look like with post-

immunized mice sera?

g Yo -
se-¢ 0= Karolinska
s 222 7 Institutet

8 "
David Hallengard Peter Liljestrom



Vaccine candidates

Attenuated CHIKV (A5nsP3)

nsP1 nsP2 nsP3 nsP4 - C

Hallengard et al., 2014 J Virol

MVA coding for CHIKV structural
proteins (MVA-CHIKV)
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CHIKV structural genes: 3700 bp

Garcia Arriaza et al., 2014 J Virol

Recombinant protein (P62-E1)

Furin loop
A\

a E2 domain A
E2 B-ribbon

E2 domain B E2 domain C E1 domain lll
y

S OB 0
2 / 2
S E1 domain\

Membrane

Voss et al., 2010 Nature

DNA replicon encoding CHIKV
envelope proteins (DREP-ENV)

DREP

CMV promoter 26S promoter
— -

nsP1-4 Foreign gene |

Knudsen et al., 2015 PLoS One




Linear epitope mapping within CHIKV E2 glycoprotein

1.4
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E2 peptides

Hallengard et al., 2014 J Virol

Epitopes targeted were mapped on to E2 glycoprotein targeting mainly 4
regions: (1) Blue; acid sensitive region, (2) Green; solvent exposed of CHIKV E2,
(3) Purple; Immuno-dominant in other studies, (4) Red; E2EP3 peptide



Linear epitope mapping within CHIKV E2 glycoprotein

. Polypeptide . . -
Peptides sequence® Amino acid sequence covered Description References
(Akahata and
380-382 3033-3066 KWQYNSPLVPRNAELGDRKGKI Sits in the acid sensitive region, thought to play Nabel, 2012;
(region 1) HIPFPLANVTCR a role in virulence and immuno-regulation Gardner et al.,
2014)
390-391 7113.3138 KKEVVLTVPTEGLEVIWGNNEP  Immuno-dominant region mapped to the (Kam et al.,
(region 2) YKYW exposed region of the E2 glycoprotein 2012c)
399-400 11853210 AGMCMCARRRCITPYELTPGAT Immuno-dominant region / no crystal structures (Kam et al.,
(region 3) VPFL available currently 2012c)
ESEP3 Highly recognized single linear epitope located (Kam et al
: 2800-2818 STKDNFNVYKATRPYLAHC proximally to a conserved furin E2/E3 cleavage -
(region 4) site 2012b)

# These numbers correspond to the position of the stated amino acid along the CHIKV proteome. The first amino acid is from nsP1
and is annotated as 1.

Hallengard et al., 2014 J Virol

Do all vaccines generate protective immune responses
against the CHIKV?



Increasing spread of CHIKV around the world
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Both viruses belong to different genotypes

MYQ02IMR 06 BP 2006 Malaysia A
9 MY021IMR 06 BP 2006 Malaysia A
MYOO3IMR 06 BP 2006 Malaysia A
98 L MY019IMR 06 BP 2006 Malaysia A
100 MY 06 37348 Mar 2006 Malaysia Perak A
MY 06 37350 Mar 2006 Malaysia Perak A
100 '—— NC 2011 568 2011 New Caledonia A
— 0706aTw 2007 Indonesia A
100‘[ Chik-sy 2012 China A
92 JC2012 2012 China A
100 100 13 112A 2013 Philippines A
62 CNR20236 2013 St. Martin A
100' CNR20235 2013 St. Martin A
100 K0146 95 Thailand A )
SV0444 95 1995 Thailand A ~ Asia
C0392 95 1995 Thailand A
100 — RSU1 1985 Indonesia A

7 L{ JKT23574 1983 Indonesia A
100

(2]

Hu 85 NR 001 1985 Philippines A

PhH15483 Jul 1985 Philippines A

99, TSI GSD 218 attenuated vaccine A

0L TSI GSD 218 VR1 viremic vaccinee A
AF15561 1962 Thailand A

/) 26| [ TH35 1958 Thailand A
77 — IND 63 WB1 1973 India A
9 Gibbs 63 263 1963 India A

3
100 | 634029 Nov 1963 India A
[ IND 73 MH5 1973 India A
100" PO731460 1973 India A -

=

JLIND 00 MH4 2000 India A
LR006 OPY1 2006 Reunion V
100 LSFS 1960 Democratic Republic of Congo A ECSA
99| E Ross low psg Feb 1953 Tanzania A
100 SAH2123 1976 South Africa A
—— HD 180760 Nov 2005 Senegal A
H ArD 30237 Beb 1979 Senegal A } West Africa
100L—  |pAn4824 Apr 1965 Nigeria A
—
0.005

Leparc-Goffart et al., 2014, Lancet



Specific 4 amino acid deletion in the NSP3

nsP2 nsP3

1-470 471 - 798 ~160 | ~150 | 310-530

RNA helicase Protease Macro ZBD .. HVR i Fok-Moon Lum

-
-
-
-
-
-
-
-
-
-
-

1
C"t(erminal i

Zisheng Her

Jeslin Tan

B LR2006 OPY1 g CNR20235 @ Mutation positions Deletion positions

Any differences in replication efficiencies?



In vitro infection kinetics of LR2006 OPY1 and CNR20235

Mouse tail fibroblasts

% CHIKV Ag+

Infectivity Plaque assay
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O 108 . *
k%% t 4!
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1 § 100 1 1 1 1
24 0 6 12 18 24
Hours Post Infection Hours Post Infection

== | R2006 OPY1 == CNR20235

CNR20235 has a lower early replicative capacity than LR2006 OPY



Differential pathological disease outcome in mice
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CNR20235 induces a less pronounced pathology than LR2006 OPY1



Contrasting host inflammatory response in infected mice
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Teo et al., 2015, J Virol

CNR20235 induces a milder systemic inflammatory response than LR2006 OPY1



Markers of Infection, Pathogenesis and Protection

1. High levels of IgM and 1gG
2. Neutralising capacity of CHIKV-specific antibodies

3. E2EP3 and other epitopes as markers of CHIKV infection

Form the basis for future translational studies



What has been happening?

Flavivirus - Zika virus
An obscure mosquito-borne disease goes global

After racing through Oceania last year, the Zika virus is now spreading in the Americas

Aedes aegypti




Virus on the move

Zika, which occurred sporadically in Africa and Southeast Asia before 2007/ (inset), has caused
major outbreaks in Oceania and now has reached the Americas.
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