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Chikungunya virus

Positive-sense single-stranded RNA virus

Alphavirus in the family Togaviridae

Non-structural proteins

Structural proteins
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Sylvatic cycle

Non-human
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Transmission and Global Distribution
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IOL - Indian Ocean lineage
ECSA — East, Central and South African lineage
WA — West African lineage

(Bartholomeeusen et al., 2023)




Outbreaks and vaccine

1952 1963 2005 2011 - 2015 2023
Chikungunya Epidemics in India La Réunion Epidemics in Ixchiq approval
virus discovered Island outbreak the Pacific by FDA
1954 - 1956 1971 2006 - 2010 2013 - 2015
Epidemics in Phase 1 trial of a formalin Epidemics in Epidemics in the Americas
Southeast Asia inactivated vaccine Asia 2015

Phase 2 measles
vector vaccine and
VLP vaccine trials

1950 1960 1970 2000 2010 2020

(Ng and Rénia, 2024)



Pathology

Viremia IgM 18G
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Infection DO D14 M3 Years
ﬂ Symptom
o onset 30-60% of infected individuals
Fever
Headache
Myalgia

Retro-orbital pain

Rash
Arthralgia (joint pain and swelling)

Referred to as chronic inflammatory rheumatism



Chikungunya virus

Non-structural proteins Structural proteins

— nsP1 [ nsP2 | nsP3 [ nsP4 —{ ¢ JE3] E2 J6K IT—
RNA capping Helicase, RNA synthesis RNA-dependent Capsid L Envelope proteins
and synthesis Proteinase RNA polymerase

(Bartholomeeusen et al., 2023)

What parts of the virus do T cells recognize?



Study cohort

In 2014-2015, there
was a huge outbreak
of CHIKV in Colombia.

Samples were
collected from

Baranquilla, Colombia.

These samples are
positive for CHIKV IgG

Characteristic Symptomatic Recovered

Donors , n 113 76
Gender, n (%)

Male 33 (29%) 22 (29%)

Female 80 (71%) 54 (71%)
Age *, years (mean = SD) 46.2 +12.1 37.5+12
Years post-infection (mean = SD) 6.7 £ 0.8 75106
Current symptoms

Athralgia** (%) 100 0
Symptoms at the time of infection

Fever (%) 100 100

Headache (%) 96 99

Non-purulent conjunctivitis (%) 1 0

Retrorbital pain (%) 4 4

Diarrhea (%) 11

Asthenia (%) 24 3

Myalgia (%) 93 89

Arthralgia (%) 98 95

Exanthema (%) 78 71

Edema lower limb and/or other

45 4

parts of the body (%)

* At the time of sample collection

** Includes pain in joints and upper and lower limbs, swelling in limbs, and muscle pain



Approach

Activation Induced Marker (AIM) and
Intracellular Cytokine Staining (ICS)

assays
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PBMCs were CO"?Ct(?d_ from PBMCs were stimulated T cell activation and cytokine
CHIKV-confirmed individuals for 24h with peptides production was measured via
in Colombia spanning the entire spectral flow cytometry

6 years post-infection CHIKV genome

CHIKV-specific CD4+ T cells — OX40+ CD137+
CHIKV-specific CD8+ T cells — CD69+CD137+
T helper subsets — CXCR3, CCR6
Memory phenotype — CCR7, CD45RA
Cytokines - IFNy, TNFa, IL-2, IL-4, IL-17A, GzB




Only CD4+ T cell responses could be detected

CD4+ T cell responses
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Higher frequency of CHIKV-specific CD4+ T cells in
individuals with chronic symptoms

*
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Multifunctional profile of CD4+ T cells

AIM+ symptomatic donor responses to CHIKV nsP1, nsP2_1 and E2 MPs
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TNFa is the most produced cytokine
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Conclusions ()

Individuals with chronic symptoms have a higher proportion of CHIKV-specific
CD4+ T cells that are specific to nsP1, nsP2 and E2.

CHIKV-specific CD4+ T cells are enriched in the Th17 phenotype in
symptomatic individuals and in Th1 phenotype in recovered individuals.
CHIKV-specific CD4+ T cells are primarily monofunctional and predominantly
produce TNFa.

Overall, our work suggests that CD4+ T cell potentially play a pathogenic
role in chronic chikungunya disease in humans.
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Unanswered questions

1. What are the CD4+ T cell epitopes of CHIKV that are recognized in
chronic CHIKVD?



|dentified Human Epitopes

Y

CHIKV
Total:

=C #«prM +E +NS1 «NS2A «NS2B «NS3 «NS4A «NS4B =«NS5

Mapalagamage et al., Viruses, 2022 r



Cohort

Characteristic Chronic
Donors, n 17
Gender, n (%)
Male 6 (35%)
Female 11 (65%)
Age *, years (mean * SD) 46.8 £ 14.1
Years post-infection (mean = SD) 6.3+ 0.5

Current symptoms

Arthralgia™* (%) 100

* At the time of sample collection

** Includes pain in joints and upper and lower limbs, swelling in limbs, and muscle pain

In 2014-2015, there was a huge outbreak of CHIKV in Colombia.
PBMCs were collected from Baranquilla, Colombia.
These samples are positive for CHIKV IgG.



Approach

Megapool screening

Activation induced
marker assay
CD4+ OX40+ CD40L+

Total 992 peptides
MPs vary in number of peptides
due to the size of the pool

AIM CD4+ Response

0.1

Freq. of 0X40+CD40L+ CD4+ T Cells




Approach

Megapool screening

Activation induced
marker assay
CD4+ OX40+ CD40L+
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Approach

Megapool screening Mesopool screening Deconvolution
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CHIKV epitopes recognized by CD4+ T cells
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/5% of average
positive IFNy
response in

chronic patients

s elicited by 38

epitopes
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Response frequency reveals immunodominant regions
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Core motif in the immunodominant nsP1 region

Peptide - HLA binding
predictions for 27 most
CORE: KLSIMRGKKL HLA common alleles
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Conclusions (l)

1. What are the CD4+ T cell epitopes of CHIKV that are recognized in chronic
CHIKVD?

- Using fluorospot assay, we detected 123 epitopes in individuals suffering

from chronic CHIKVD
- About 4% epitopes were identified in at least 5 individuals
« Specific regions in nsP1 and E1 protein were highly recognized.
- 75% of IFNy response detected was elicited by 38 epitopes
- Same epitopes are recognized in chronic vs recovered

2. Is there still virus present in these chronic patients?
o No virus could be detected in plasma or joint tissue

3. If there is no virus present, what do CD4+ T cells recognize to mediate potential pathogenicity?
o Are CD4* T cells cross-reactive with self?
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