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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 

joint pain in recurrent outbreaks in tropical regions

•Transmitted by Aedes mosquitoes

Global distribution of alphaviruses

Old World

CHIKV, chikungunya virus

SINV, Sindbis virus

RRV, Ross River virus

New World

VEEV, Venezuelan equine encephalitis virus

EEEV, Eastern equine encephalitis virus

WEEV, Western equine encephalitis virus



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

New world viruses

Old world viruses

Forrester et al., J Virol 2012



Infection and pathogenesis of arthritic alphaviruses (eg chikungunya)

Following a bite from an infected mosquito, 

arthritogenic alphaviruses replicate locally 
inskin cells - fibroblasts, keratinocytes, 
epithelial and endothelial cells, also 

macrophages.

Cellular infection results in induction of type 
I 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

Proinflammatory cytokines and chemokines 

are released and recruit cells that are 
essential to control infection but also 

mediate damage including synovitis, bone 
reabsorption, and muscle fiber destruction.

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

Chronic phase: arthralgia, fibromyalgia, fatigue

Can persist for months to years

Can severely impact quality of life

Have deaths due to 

chikungunya infection 
been underestimated?

Data from Beesoon et al., 
2008. “Chikungunya Fever, 

Mauritius, 2006”



Global spread of chikungunya virus

Annual disease burden of 106,000 DALYS (Disability-Adjusted Life Year)
Puntasecca CJ, et al PLoS Negl Trop Dis. 2021

Weaver and Lecuit, NEJM 2015



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



Ahola, McInerney and Merits, Advances in Virus Research 2021

Alphavirus intracellular life cycle



Alphavirus replication

Replication complexes/spherules

are formed at the plasma membrane

Diameter: ~ 60 nm

vRNA

Laurent et al., Elife 2022

Tan et al., Science Adv, 2022

nsP1 nsP2, nsP4 nsP3



Alphavirus replication

Replication complexes/spherules

are formed at the plasma membrane

and are then internalised:

modified endosomes/“cytopathic vacuoles”

Internalisation dependent on host Akt pathway

200 nm

spherule

CPV

Thaa et al.,

J Virol 2015



Non-structural protein 3

nsP3

Reviewed in:

Götte, Liu and McInerney, Viruses, 2019

Ahola, McInerney and Merits AVR 2021

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

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

Macrodomain

Functions in ADP-ribose signalling

Binds and removes mono-ADPr

Essential for replication

Zinc-binding domain

Alphavirus Unique Domain

Essential but
unknown function

Hypervariable domain

Unconserved across alphaviruses

Short linear motifs for binding cellular 
proteins

P P
P P P

1 482

N CPRRYxxM FGDF



SFV infection activates cellular Akt pathway for efficient replication 

Eng et al J Virol 2012; Thaa et al J Virol 2015

Mazzon, Thaa et al., PLoS Pathogens, 2018

SFV-YF

dsRNA

P P
P P P

N CPRRYxxM FGDF

P P
P P P

N CPRRFxxM FGDF

N CPRR FGDF

SFV WT

SFV ∆50

SFV YF



The YXXM motif in SFV nsP3 mediates Akt activation

YXXM

nsP3Growth factor receptor

P YXXM

PI3K, active

Akt P
P

Akt, active

p85

p110 mTOR

(protein

biosynthesis)

Replication 

complex

internalisation

Glycolysis

Apoptosis

pro-survival
Mazzon, Thaa et al., PLoS Pathogens, 2018



Based on SFV-∆50, a similar mutation was generated in CHIKV

P P
P P P

N CPRR FGDF

N CPRR FGDF

CHIKV WT

CHIKV ∆5

Hallengärd et al., J Virol 2014a

Hallengärd et al., J Virol 2014b

Roques, JCI Insight, 2017

PBS
∆5nsP3 

WT

∆5
Challenge with WT CHIKV

Challenge with WT CHIKV



CHIKV- ∆5 (now VLA1553) was developed by Valneva into a live attenuated viral particle vaccine

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

CHIK∆5 developed into a live-attenuated vaccine by
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CHIK∆5 can also be delivered as mRNA or DNA vaccine constructs 

iRNA∆5

iDNA∆5

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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