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~ Alphaviruses

*Sole genus within Togaviridae family

*Small, enveloped particle containing a single
stranded RNA genome of positive polarity.

*Chikungunya, Semliki Forest, Ross River viruses

% *CHIKV causes an arthritic disease with severe
N ;2“”"‘”“ joint pain in recurrent outbreaks in tropical regions
., pl‘; Sinttin proiae - *Transmitted by Aedes mosquitoes
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Alphaviruses phylogeny: The Old and the New

Marine origin
Introduced into the New World and Australasia and from there into the Old World

Multiple introduction events likely
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Infection and pathogenesis of arthritic alphaviruses (eg chikungunya)

Following a bite from an infected mosquito, R .

. . . ) Dissemination and Clinical
arthritogenic alphaviruses replicate locally Initial infection immune-mediated pathogenesis manifestations
inskin cells - fibroblasts, keratinocytes,
epithelial and endothelial cells, also
macrophages.

Fever

Rash

Polyarthritis and
polyarthralgia

Cellular infection results in induction of type
| interferons and expression of ISGs.

Virus travels to the lymph node or through
the bloodstream to disseminate to
peripheral organs, where it replicates to
high titers in the joint-associated and
musculoskeletal tissues.

Infection of osteoblasts promotes
osteoclastogenesis and bone erosion

B
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Proinflammatory cytokines and chemokines

Macrophages, myofibroblasts, and muscle
cells can survive infection and harbor viral
RNA many weeks after acute infection.

Kafai et al., Ann Rev Immunol 2022



Chikungunya virus and disease

Symptoms usually begin 3-7 days after bite from infected mosquito

Acute phase (rash, fever, joint pain) typically resolves in 7-10 days
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Figure 4: Chik: ya fever sy A and B: Rash characterized by
raised, spotted lesions, C: Joint pain with the presence of swelling

Chronic phase: arthralgia, fibromyalgia, fatigue
Can persist for months to years
Can severely impact quality of life
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Global spread of chikungunya virus weaver and Lecut, NEJM 2015
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Chikungunya virus transmission

Mainly Aedes aegypti and Aedes albopictus
mosquitoes, by bloodfeeding

Habitats likely to expand in future

Current distribution of Aedes mosquitoes

Aedes aegypti, June 2025 Aedes albopictus, June 2025
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Alphavirus intracellular life cycle

Mature virion

Plasma membrane
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Alphavirus replication

spherule

Replication complexes/spherules
are formed at the plasma membrane

Replication
complex
nsP1234

C12 symmetry

nsP1 nsP2, nsP4 nsP3 Diameter: ~ 60 nm

Laurent et al., Elife 2022
Tan et al., Science Adv, 2022



Alphavirus replication
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internalised
replication

Replication complexes/spherules complexes
are formed at the plasma membrane

and are then internalised:

modified endosomes/“cytopathic vacuoles” 1 spherule

Internalisation dependent on host Akt pathway

Thaa et al.,
J Virol 2015

SFV-wt SFV-wt + wortmannin



Non-structural protein 3

nsP3
GGG
N D ] YxxM PRR FGDF| C
1 482
Macrodomain Zinc-binding domain Hypervariable domain

/ \ N\

Functions in ADP-ribose signalling Alphavirus Unique Domain Unconserved across alphaviruses
Binds and removes mono-ADPr Essential but Short linear motifs for binding cellular

unknown function proteins
Essential for replication

Previously known as the ‘enigmatic’ nsP since no single function was known

Now mainly thought of as a hub for host cell protein interactions

Reviewed in:
Gotte, Liu and Mclnerney, Viruses, 2019
Ahola, Mclnerney and Merits AVR 2021



SFV infection activates cellular Akt pathway for efficient replication

s I 7

PRRLFGDF] ¢ SFVWT

PRR FGDF| ¢ SFV A50
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Eng et al J Virol 2012; Thaa et al J Virol 2015
Mazzon, Thaa et al., PLoS Pathogens, 2018
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The YXXM motif in SFV nsP3 mediates Akt activation

Akt, active

Growth factor receptor nsP3 PI3K, active

ARy 00 e e——

Replication / \/
complex Apoptosis
internalisation
mTOR
: (protein
Glycolysis biosynthesis)

pro-survival

Mazzon, Thaa et al., PLoS Pathogens, 2018



Based on SFV-A50, a similar mutation was generated in CHIKV
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CHIKAS5 developed into a live-attenuated vaccine by %\ valneva

CHIKV- A5 (now VLA1553) was developed by Valneva into a live attenuated viral particle vaccine

VLA1553 development pathway Chen et al., J Travel Med, 2024

« Efficacy and
12-month persistence
in NHPs

* Proof of concept
for product
development

2018-2019

2018-2019

2020-2021

T

Phase 1 study

Serological
endpoint
determination

Phase 3 study

2022

November 2023

Rolling BLA
submission

|

US approval

* 100% seroresponse
by Day 14,
sustained for
12 months

« Safety profile
supported Phase 3
progression

» FDA Fast Track
application

* CEPI funding

* Protection in
passive transfer
model

« Established
immunological
surrogate and
Phase 3 endpoint

* 98.9% seroresponse
by Day 28,
sustained for
12 months

* Positive lot-to-lot
consistency results

 Partnership with
Instituto Butantan

*« EMA PRIME /

FDA Breakthrough
designations

« Initiated August 2022,

completed
December 2022

» Accepted
February 2023

* Accelerated
Approval pathway
for adults aged 18+

* ACIP
recommendation
February 2024

September 30, 2025 - Valneva reports 95% seroresponse 4 years after single shot of IXCHIQ (antibody
persistence is planned to be collected up to 10 years after vaccination).

Some adverse effects in elderly patients have dampened optimism




Nyttvaccin

Hartar
forskarna

sitteget
vaccin

De dr bland de forsta i Sverige som
vaccinerar sig mot chikungunya-viruset
ett vaccin som dr resultatet aven
upptickt fran deras eget laboratorium.

Text: Catarina Thepper [ofo: Fredrik Persson

[ BESTAMDE OSS, hela  niir de ska resa till lander som har ett
forskargruppen, for att  utbrott av chikungunya, en sjukdom

g och ta vaccinet till som sprids med myggor | tropiska och m
sammans, litesomen  subtropiska lander | Central- och Syd virmethanska

happening. Detvaren  amertka, Afrika och Asien. fortsittaforska oo
speciell upplevelse, sa Chikungunya betyder “att bli bajd™ pa
ger Gerald Mclnerney,  makonde, ett sprik som talas | Tanzanka,
professor | molekylir virologl vid insti det land dar det allra forsta utbrottet
tutionen fr mikrobiologl, tumor- och kom. Sjukdomen irsillan dodlig, men forskningsprojekt som handlade om att
cellblologt, Karolinska Institutet gir inte att bota, och kan orsaka forsodka forstd chikungunya-vira

Forskarna vaccinerade sig for att de ledsmiirtor st svilra att de drab sets funktioner och strukturer.
behaver skyddet mot sjukdomen 1 sitt bade inte klarar av att rita pi - Vianviinde vira kunska
fortsatta arbete med viruset. Vanligtvis ryggen. [ Bginkomstlinder har per I virusgenetik och valde
ir det hiir ett vaccin som svenskar tar chikungunya drabbat samhal- ut delar av virusets genom

len hirt. En man eller kvinna r‘ S som vi misstinkte kunde ha

betydelse. Sedan tog vi bort

svirt gjuk | chikungunya kan

Topﬂdass! inte arbeta och forsirfa sin famil).

Vetenskapsradet har gett forsk- VACCINET MOT VIRUSET togs fram
ningen vid Karolinska Institutet higsta efter en upptiickt av Peter Liljestrom,
betygien ulviirdering av svenska professor emeritus [ smittskydd vid
lirosdtens medicinska grundforskning institutionen fr mikroblologl, tumor:
och dess paverkan pa samhillet. och cellblologt, Karolinska [nstitutet.
Lis mer pa: nyheterkise Upptiickten gjordes under ett grund

- Ett vaccin maste ha formdgan att sti- ”Det kﬁnnSjittebfa

mulera immunforsvaret utan att sgilvt -

ge en sjukdom. Det var ocksd mycket attvar upptackt
viktigt att konstatera att det muterade 2
viruset forblev stabilt och inte kunde b'ev ett VaCCIH!
omvandlas tillbaka till ett aktivt virus,
sager Peter Liljestrom. har fatt stod av den internationella orga
nisationen CEPl som har som villkor

1 comstlinder ska f2 tillging till
* |1 ett Lagre pris vid ett utbrott
= unya.

nns @ttebra att vir upptickt
:cin! Jag har ju forskat | im
ach infektionssjukdomar

i miinniskors liv battre, och
Jag att jag nadde mitt mal

med att vara Kl-professor, siger Peter
Liljestrom, som numera iir pensionerad,
men fortfarande aktiv som forskare.

SPORADISKAUTBROTT av chikungu-
nya har forekommit dven | USA och i
stdra Europa. Den globala uppvirm
ningen medfor att myggorna sprider sig
norrut. Det iir en av orsakerna till att det
ir viktigt att fortsarta studera viruset.

- Vivet nu att det muterade virus som
anviinds § vaccinet fungerar, men vi vet
inte varfor. Om vi forstir mekanismen
kanske vi ocksd kan anviinda kun
skapen for att skapa vacein mot andra
virus, siger Gerald McInemey.

Medicinsk Vetenskap
#2, 2025




CHIKAS can also be delivered as mRNA or DNA vaccine constructs

Intramuscular injection of 1.25 ug iRNA or iDNA
alone was sufficient to generate protective immune
responses in C57BL/6J mice

(b) Anti-CHIKV IgG endpoint titers and (c) 50%
neutralization titers (NT50) were determined three
weeks after a single immunization with the
candidate vaccines.

(d) Viremia was determined by plaque assay using
serum samples collected at day two post
challenge. Filled symbols indicate mice that were
protected against challenge, whereas open
symbols indicate mice that were not protected
against infection with CHIKV. The line indicates the
geometric mean of each group (n=10 animals per

group).

Szurgot et al., Sci Rep, 2020
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