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ARTICLE INFO ABSTRACT
Keywords: Chikungunya is a neglected tropical disease of growing public health concern with outbreaks in more than 114
Chikungunya virus countries in Asia, Africa, Americas, Europe, and Oceania since 2004. There are no specific antiviral treatment
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options for chikungunya virus infection. This article describes the chikungunya vaccine pipeline and assesses the
challenges in the path to licensure, access, and uptake of chikungunya vaccines in populations at risk. Ixchiq
(VLA1533/Ixchiq — Valneva) was the first licensed chikungunya vaccine by the US Food and Drug Administration
in November 2023, European Medicines Agency in May 2024, and Health Canada in June 2024. Five chi-
kungunya vaccine candidates (BBV87 — BBIL/IVI, MV-CHIK — Themis Bioscience, ChAdOx1 Chik — University of
Oxford, PXVX0317 / VRC-CHKVLP059-00-VP - Bavarian Nordic, and mRNA-1388 — Moderna) are in develop-
ment. Evidence on chikungunya disease burden alongside the public health and economic impact of vaccination
are critical for decision-making on chikungunya vaccine introduction in endemic and epidemic settings. Further,
global and regional stakeholders need to agree on a sustainable financing mechanism for manufacturing at scale
to facilitate fair access and equitable vaccine distribution to at-risk populations in different geographic settings.
This could partly be facilitated through obtaining consensus on scientific and regulatory principles for initial
vaccine introduction and generating evidence on chikungunya burden and disease awareness among populations
at risk. Specifically, this article advocates for the formation of a global chikungunya vaccine consortium that
includes regulators, policymakers, sponsors, and manufacturers to assist in overcoming the global and local
challenges for chikungunya vaccine licensure, policy, financing, demand generation, and access to at-risk

populations.
1. Chikungunya Africa, Americas, Europe, and Oceania [1]. There are limited data on
chikungunya infections in human populations before 1952, when a
Chikungunya is a mosquito-borne disease caused by the chikungunya “well forgotten” disease characterized by fever syndrome and intensive
virus which is a single-stranded, plus-strand RNA virus that belongs to joint pain appeared in Southern Tanzania [2-4]. As a result of debili-
the alphavirus genus of the Togaviridae family. It is transmitted primarily tating joint pain and a forced bent position produced by the disease, the
by mosquitos, specifically Aedes aegypti and Aedes albopictus, in Asia, name ‘“chikungunya” was adopted, derived from a word in the

* Corresponding authors: London School of Hygiene & Tropical Medicine, United Kingdom.
** Corresponding authors at: International Vaccine Institute, South Korea.
E-mail addresses: hyolim.kang@lshtm.ac.uk (H. Kang), sushants@ivi.int (S. Sahastrabuddhe).

https://doi.org/10.1016/j.vaccine.2024.126483
Received 5 July 2024; Received in revised form 22 October 2024; Accepted 23 October 2024

Available online 29 October 2024
0264-410X/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:hyolim.kang@lshtm.ac.uk
mailto:sushants@ivi.int
www.sciencedirect.com/science/journal/0264410X
https://www.elsevier.com/locate/vaccine
https://doi.org/10.1016/j.vaccine.2024.126483
https://doi.org/10.1016/j.vaccine.2024.126483
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2024.126483&domain=pdf
http://creativecommons.org/licenses/by/4.0/

C. Maure et al.

Kimakonde language meaning “to be contorted” [1].

Ae. aegypti and Ae. albopictus both play a key role in the spread of
arboviruses, including dengue, Zika, yellow fever, and chikungunya. Ae.
aegypti originated in Africa, and its expansion to the tropical and sub-
tropical parts of the world started with the global sea trade. In
contrast, Ae. albopictus originated in Asia before expanding globally
since the 1960s and was a zoophilic forest species (similar to Ae.
Aegypti). There are two major factors driving the global spread of viral
vectors such as Ae. Aegypti and Ae. albopictus: increasing global tem-
peratures due to climate change and increasing human mobility between
endemic and non-endemic countries [5]. Due to a mutation in the E1
gene, chikungunya virus infectivity toward Ae. albopictus has increased
substantially, resulting in the highly efficient transmission of infection
where the species is endemic [6]. Currently, both species are present in
most regions of the world and exhibit anthropophagic behaviour. In
Thailand, with frequent peri-domestic feeding contacts with humans,
both vectors preferred feeding on humans in the presence of several
hosts [7].

Until its re-emergence in Kenya in 2004 (almost half a million cases),
Reunion Island in 2005 (more than 266,000 cases) and India in 2006
(1.4 million cases), chikungunya was neglected from the epidemiolog-
ical and clinical perspectives compared to other arbovirus diseases [8].
Since 2004, chikungunya outbreaks have become widespread with
chikungunya virus being identified in 114 countries in Asia, Africa,
Americas, Europe and Oceania [1,9]. A systematic review estimated
52,774-328,943 cases of chikungunya annually and 106,000 DALYs
(disability-adjusted life years) per year for 2010-2019 [10]. The wide
range of estimates are attributable to the sporadic fashion of outbreaks,
which may affect one-third to two-third of populations at-risk of chi-
kungunya outbreaks. While the case fatality rate of chikungunya is 0.07
% (0.012 % to 1.8 %), it results in chronic or permanent disability in
42.5 % (7.0 % to 89.7 %) of cases [10]. Among the population at risk of
developing severe symptoms of the disease, the newborns and elderly
population represent a higher proportion, with age being a significant
risk factor, as well as people with comorbidities [11]. The 100 million
Brazilian cohort study estimated 150,000 chikungunya infections
recorded during 2015-2018 and inferred that infected individuals were
eight times more likely to die than unexposed individuals and twice as
likely to die from complications at three months post-infection [12].

The most frequent symptoms associated with chikungunya infection
are fever and arthralgia. Other symptoms include headache, myalgia,
nausea, and rash [1,2,6]. Around half of the patients with laboratory-
confirmed symptomatic chikungunya experience chronic disability
after infection while 4 % of them are hospitalised [13]. With increasing
attention to arboviruses in recent decades, case and surveillance reports
have also included descriptions of less common, atypical forms of chi-
kungunya infection manifestations, such as neurological effects with
Guillain-Barré syndrome, encephalitis, seizure, confusion, and stroke,
which might be associated with cardiorespiratory failure, digestive and
hepatic disorder, renal disorders, and muscular impairment [11,14].

As the clinical profile of chikungunya is like other mosquito-borne
diseases, diagnosis based on clinical presentation is difficult [1]. Cur-
rent diagnostic tools include virus isolation, polymerase chain reaction
(PCR), and antibody detection tests. The differential diagnosis includes
other infectious diseases accompanied by arthralgia, myalgia, and fever
such as leptospirosis, Zika, dengue fever, malaria, meningitis, and
rheumatic fever [9,15].

The clinical manifestations of chikungunya vary in different settings.
During an outbreak on the island of Grande Comoro in 2005, almost 80
% of seropositive individuals developed clinical symptoms resulting in
admission to healthcare units or an average bed rest duration of six days
[16]. A cohort study assessing the incidence of chikungunya infections
among Kenyan children with neurological disease, from 2014 to 2018,
found that 9 % of 3980 patients had confirmed chikungunya infection
with 84 % of them being under 5 years old [17].

The high morbidity of chikungunya, combined with its high
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epidemic potential, makes it a public health priority. Unlike other
mosquito-borne viruses such as dengue, Zika or yellow fever, chi-
kungunya typically induces symptomatic infection, leading to outbreaks
with high attack rates. Chikungunya symptoms such as joint pain, along
with asthenia and mood changes usually appear soon after infection.
However, they can be long-lasting once patients enter the chronic phase
of the disease, which can cause significant loss in health-related quality-
of-life and economic productivity [18] Initial work on estimating the
economic burden of the 2013-2015 chikungunya epidemic in the
Americas quoted a societal cost of $185 billion, far surpassing that of
other circulating arboviruses during the same period [19]. A study
examining the 2014-2015 chikungunya outbreak in the U.S. Virgin
Islands estimated a cost ranging from $14.8 to $33.4 million, which is
similar to the cost estimate of the 2005-2006 outbreak in La Réunion
[20]. Additional work is needed to generate reliable estimates of the cost
of illness and the economic burden of chikungunya at the national,
regional, and global levels. Furthermore, the average burden rates of
chikungunya do not illustrate the high spikes of reported cases during
epidemics, which overwhelm local health systems and disproportion-
ately affect low-income populations [21].

In 2015, the World Health Organization (WHO) published a list of
emerging diseases likely to cause major epidemics. The initial list of
priority diseases needing urgent research and development did not
include chikungunya. However, chikungunya was designated as
‘serious’ and requiring action to promote research and development at
the earliest [22]. WHO acknowledges the risk of chikungunya outbreaks
and provides support to countries reporting outbreaks. This support
includes technical guidance for effective outbreak management, review
of the development of new tools including insecticide products and
application technologies, and the development of evidence-based stra-
tegies, policies, and outbreak management plans. It also involves the
formulation of improved surveillance, reporting, and clinical manage-
ment systems, and the production of vector control guidelines, hand-
books, and publishing guidelines [1].

Chikungunya virus has one serotype and four main lineages - West
African, Asian, East/Central/South African (ECSA), and Indian Ocean
Lineage (IOL), and a chikungunya vaccine would protect against infec-
tion from all the four lineages [21,23-25]. Despite the global spread of
chikungunya presenting a significant public health threat, there are
currently no specific antiviral treatment options. The first chikungunya
vaccine (Ixchiq — VLA1553) obtained licensure from US FDA in
November 2023 and EMA (European Medicines Agency) in May 2024
[26,27]. Since this approval is only recent, the focus of preventive
measures has been primarily on vector control. The WHO guidelines
include four major preventive strategies to minimize disease spread —
risk communication to the household members, minimization of vector
population, minimization of vector-patient contact, and prompt report
to the nearest healthcare unit [15]. Treatment options include symp-
tomatic therapy such as analgesics, antipyretics, and non-steroidal anti-
inflammatory medicines along with bed rest [1].

In vitro studies evaluating the efficacy of broad-spectrum antivirals
(ribavirin, interferon-alfa, and favipiravir) against chikungunya infec-
tion showed promising results, but no clinical trials have been con-
ducted [28]. A drug screening program assessing the effectiveness of
several well-known compounds, including interferon alpha-2 (INFa2A),
sofosbuvir, daclatasvir, ledipasvir, bafilomycin A1, chloroquine, 5-fluo-
rouracil, and mycophenolic acid, against chikungunya was conducted in
Brazil in 2018 to potentially repurpose the drugs [29]. This study
showed that the HCV drug sofosbuvir exhibited high anti-chikungunya
virus activity. This reflects the current gap in chikungunya antiviral
development and highlight the need for safe and efficacious drugs for
the treatment of symptomatic chikungunya infections.

2. Chikungunya vaccines

Vaccination is a preventive strategy against chikungunya infection,
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that might be able to confer long-lasting immunity [30,31]. The first
chikungunya vaccine (Ixchiq) received licensure in November 2023
from the US Food and Drug Administration (FDA) [26]. Before this, the
chikungunya vaccine pipeline included more than 35 candidates at
various stages of development. Since the historical pipeline of chi-
kungunya vaccines has already been reviewed [32-36], this article il-
lustrates five vaccine candidates that have progressed to clinical trials
and are actively in development (as of September 2024), in addition to
the recently licensed vaccine, Ixchiq (Fig. 1).

2.1. Live attenuated vaccines

2.1.1. VLA1553 - Valneva

VLA1553 developed by Valneva SE with support from Coalition for
Epidemic Preparedness Innovations (CEPI) received US FDA approval in
November 2023, EMA approval in May 2024, and Health Canada
approval in June 2024 through the accelerated approval pathway under
the brand name Ixchiq [26,27,37]. It received fast track and break-
through therapy designations by the US FDA in 2018 and 2021 respec-
tively and was designated as a priority medicine by the European
Medicines Agency (EMA) in 2020 [38]. It is a monovalent, live-
attenuated vaccine administered in a single intramuscular dose target-
ing individuals 18 year of age and older. This attenuated vaccine was
developed from the La Reunion strain of the ECSA after deletion of
multiple amino acids in the nsP3 gene.

The phase-I clinical trial in 2019 demonstrated a high seroconversion
rate among 120 adult participants aged between 18 and 45 years. A 100
% rate of seroconversion was achieved by day 14 after a single dose of
vaccination. The participants were followed up until 13 months after the
initial vaccination, showing 100 % sustained immunogenicity after 12
months [39]. These findings were confirmed by the results of the phase-
III study conducted in the United States among 4115 participants aged
18 years and older, with high seroprotection rates in 98.9 % and 96.3 %
of participants at 1 and 6 months respectively (immunogenicity
endpoint of pPRNT50 > 150) [40,41]. The seroprotection levels excee-
ded the 70 % threshold based on a surrogate of protection agreed with
the US FDA under the accelerated approval pathway. Additionally, 99%
of the 363 participants retained for long-term follow up over 5 years
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showed stable antibody levels at month 12 following vaccination [42].
Further, positive pivotal phase-III data in adolescents were reported in
May 2024 with potential for label extension for use among 12-17-year-
old adolescents, and a phase-II paediatric trial has been initiated among
1-11-year-old children [43,44].

To facilitate access to low- and middle-income countries (LMICs),
Valneva has signed an agreement with Butantan Institute to transfer its
chikungunya vaccine technology and commercialize the vaccine in
LMICs following licensure. In 2024, CEPI expanded partnership with
Valneva with a $ 41.3 million grant to support broader access to Ixchiq
in low- and middle-income countries [45]. The Brazilian institute will
also carry out additional clinical trials and phase-IV observational
studies [35,46]. Additional marketing application is under review by the
Agéncia Nacional de Vigilancia Sanitaria (ANVISA - Brazilian Health
Regulatory Agency), with potential approval expected in 2024.

2.2. Inactivated vaccines

2.2.1. BBV87 — BBIL

The chikungunya vaccine candidate BBV87 is a beta propiolactone-
inactivated whole virion vaccine developed using the strain CHIK/03/
06 derived from an Indian isolate (2006 epidemic) of the ECSA genotype
and grown on Vero cells. A phase-I clinical trial to evaluate safety,
tolerability and immunogenicity of this chikungunya vaccine candidate
in healthy adults was conducted by Bharat Biotech International Limited
(BBIL) in India. The vaccine is formulated with 0.25 mg of aluminum
hydroxide and administered intramuscularly in a volume of 0.5 mL per
dose. It was tested in escalating dose strengths from 10 to 40 pg/single
human dose (SHD) and demonstrated that BBV87 was safe, well toler-
ated, and immunogenic in humans [47,48].

Further vaccine development was continued through joint efforts
between BBIL, International Vaccine Institute (IVI) and CEPI to launch
the Global Chikungunya Vaccine Clinical Development Program
(GCCDP). Phase-II/III clinical trials are ongoing in Colombia, Panama,
Thailand, Guatemala, and Costa Rica. Additional non-human primate
proof of concept trials will show whether BBV87 and plasma from
vaccinated human volunteers protects against infection. GCCDP also
aims to develop and manufacture an affordable chikungunya vaccine
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Fig. 1. Chikungunya vaccines. Licensed chikungunya vaccine (Ixchiq — VLA 1553) and new vaccines in the clinical development pipeline are illustrated by antigen
platform, clinical trial phases, and licensure. BBIL - Bharat Biotech International Limited.
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and achieve WHO prequalification to enable fair and equitable distri-
bution in LMICs [49].

The ongoing phase-II/IIl clinical trial aims to select a safe and
immunogenic dose between 20 pg and 40 pg, given as 2 doses 28 days
apart. Phase-II results are available, and the selected dose is 40 pg. The
study combines the major primary goals of both phase-II and phase-III
clinical trials by prioritizing dose selection and safety in parts A and B
(phase-II) and defining the surrogate of protection by assessing immu-
nogenicity and confirming its safety profile (phase-III) in a cohort of
around 3000 participants aged 12-65 years in part C of the phase-II/III
study [50].

2.3. Viral vectored vaccines

2.3.1. MV-CHIK - Themis Bioscience

The live-attenuated vaccine candidate by Themis Bioscience (now
part of Merck & Co., Inc) uses a Schwarz-strain measles vector platform.
The chikungunya recombinant measles vaccine (MV-CHIK) behaves
similarly to the measles strain in terms of immune response induction,
cytoplasmic replication and antigen expression, and production effi-
ciency is cost-effective. The structural genes of chikungunya virus,
derived from the ECSA genotype of a clinical isolate obtained in La
Réunion, are inserted into an antigenic region of the measles virus
genome. This platform has the advantage of having been characterized
and demonstrated a good safety profile in previous applications on other
pathogens (e.g., for SARS-CoV-2 and West Nile virus), though the MV-
CHIK vaccine has not yet obtained approved [51]. MV-CHIK has the
potential to induce cross-neutralising antibodies against heterologous
strains of chikungunya, even with a single-genetic-lineage vaccine an-
tigen. This vaccine also elicits an immune response to measles,
demonstrated by a significant increase in measles-specific IgG titres,
thereby also enhancing immunity against measles.

This vaccine candidate was tested in a phase-I clinical trial in Austria
in 42 healthy adults through a dose-escalating approach with a booster
injection either at day 28 or day 90. It elicited neutralising antibodies in
all cohorts, with the medium dose generating the highest seroconversion
rate. Following a booster shot, all groups showed a seroconversion rate
of 100 %. [52]. A series of phase-II studies were carried out including
one to confirm optimal dosage regarding immunogenicity, safety, and
tolerability, involving 263 participants aged 18-55 years old across four
sites in Austria and Germany [53]. The primary endpoint was met with
neutralising antibodies being generated in all vaccine intervention
groups [54].

2.4. ChAdOx1 Chik — University of Oxford

Recombinant chimpanzee adenovirus-vectored vaccine ChAdOx1
Chik was developed by adding the full-length structural polyprotein
sequence including capsid, E3, E2, 6k and E1 of chikungunya virus to the
Oxford University ChAdOx1 viral vector (chimpanzee adenovirus isolate
Y25 subgroup E). This novel platform was used in the design of vaccines
against chikungunya, Zika, MERS (Middle East Respiratory Syndrome),
Ebola, and COVID-19 [33,55,56].

Preclinical studies in A129 mice have shown that the ChAdOx1 Chik
vaccine offers complete protection from lethal challenge. Since the
adenovirus expresses most of the antigenic polyproteins of the chi-
kungunya virus, the vaccine elicited neutralising antibodies against the
four lineages of CHIKV, and 100 % PRNT5 seroconversion after a single
dose injection [57,58]. Phase-I clinical trials recruited 120 participants
aged 18 to 50 years to test tolerability, safety and immunogenicity of
ChAdOx1 Chik vaccine in three different doses (5 x 109, 2.5x10%0r5
x 100 viral particles) with a single intramuscular shot.

The different doses were safe, well tolerated and induced IgG and T-
cell response against the five structural antigens of chikungunya virus
(E1, E2, E3, Capsid, 6K) with higher reactogenicity observed for the
highest dose [58].
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Several safety concerns arose in 2021 regarding the use of the
ChAdOx1 platform for vaccine development, following cases of throm-
bosis and thrombocytopenia reported after ChAdOx1 nCoV-19 vacci-
nation [59]. The risk of these rare but life-threatening adverse reactions
of ChAdOx1 nCoV-19 outweighed the vaccines’ benefit in reducing
COVID-19 mortality and morbidity. However, reports of such severe
adverse reactions may negatively influence the willingness to use the
ChAdOx1 platform in the future development of the ChAdOx1 Chik
vaccine given the relatively lower case-fatality ratio for chikungunya
[33,60].

2.5. Virus-like particle vaccines

2.5.1. PXVX0317 / VRC-CHKVLP059-00-VP — Bavarian Nordic

The PXVX0317 vaccine candidate is an aluminum hydroxide-
adjuvanted single virus-like particle (VLP) containing E1, E2 and
capsid proteins from the Senegal strain 37997 [61,62]. This vaccine was
originally developed by the National Institute of Allergy and Infectious
Diseases (NIAID) and called VRC-CHKVLP059-00-VP. Further devel-
opment was continued by Emergent BioSolutions Inc., NIAID and Walter
Reed Army Institute of Research, under an US FDA Fast Track designa-
tion received in May 2018 and an EMA PRIME (priority medicines)
designation in September 2019. In early 2023, Bavarian Nordic acquired
the chikungunya vaccine portfolio from Emergent BioSolutions to pur-
sue development.

The expression of multi-protein structure from Senegal strain 37997
gives rise to VLPs, which lack viral genetic material and are replication-
incompetent, while demonstrating high immunogenicity potential, as
shown in a rhesus macaque model [62-64]. This vaccine candidate has
shown 19-fold increase of anti-chikungunya serum neutralising anti-
body titres compared to baseline two years after a single 40 pug dose in 50
healthy adult participants of the phase-II clinical trial. Additional phase-
II studies were carried out, including endemic regions, and confirmed
these positive results [65,66].

The phase-III clinical trial aiming to evaluate safety, immunoge-
nicity, and lot-to-lot consistency among 3254 healthy participants be-
tween 12 and 65 years was completed in August 2023 [67]. The results
up to day 22 after vaccination showed high immunogenicity in healthy
adolescents and adults by the strong induction of chikungunya neu-
tralising antibodies in 98 % of vaccinated individuals. This study met all
primary study endpoints with neutralising antibody titres found to be
equal or exceeding the threshold agreed with authorities as a marker of
sero-protection. Additionally, PXVX0317 induced significant neutralis-
ing antibodies in 97 % of the subjects at 2-weeks post vaccination, which
were further retained 6-months post vaccination by 86 % of the subjects
[68]. Comparable results were found in another phase-III placebo-
controlled study investigating safety and immunogenicity among 413
adults over 65 years of age [68,69]. Bavarian Nordic will seek approval
from both the US FDA and EMA in 2024 ahead of forecasted vaccine
launch in 2025.

2.6. Nucleic acid vaccines

2.6.1. mRNA-1388 / VAL-181388 — Moderna

The mRNA-based vaccine candidate mRNA-1388 (also known as
VAL-181388), developed by Moderna, encodes the full chikungunya
virus structural polyprotein, including capsid and envelope proteins E3,
E2, 6k/TF, and E1, from the West African genotype. The mRNA is
encapsulated in a lipid nanoparticle delivery system [70]. The potential
of mRNA technology for chikungunya vaccines was explored even
before the success of COVID-19 vaccines, and offers advantages of ease
of production, manufacturing speed, and flexibility in antigen design
[71].

A phase-], first-in-human, dose-ranging study was conducted to
evaluate the safety and immunogenicity of mRNA-1388 in healthy
adults [70]. The trial assessed three different dose levels: 25 pg, 50 pg,
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and 100 pg. The 60 enrolled participants were randomly assigned to one
of the three dose cohorts or placebo and received two doses of the
vaccine, administered 28 days apart. The results show a dose-dependent
increase of neutralising and binding antibody titres across all dose
groups, with a substantial boost after receiving the second dose. A
seroconversion of 100 % was obtained after the second dose in partici-
pants receiving 100 pg of mRNA-1388 [72]. Further studies are needed
to evaluate the vaccine in a larger population and determine if the
vaccine provides cross-protection against the different chikungunya
lineages.

The mRNA-1388 induced long-lasting neutralising antibody re-
sponses in healthy adults, as demonstrated by a 1-year longitudinal
natural infection study conducted in the Philippines [70]. This shows
that the vaccine can produce a durable immune response. However,
given the rapid decline in peak antibody responses observed with mRNA
vaccine for SARS-CoV-2, further longitudinal studies are needed to
assess the longevity of antibody responses beyond one year [73].

3. Regulatory considerations
3.1. US Food and Drug Administration

In 2019, during a meeting of the FDA’s Vaccine and Related Bio-
logical Products Advisory Committee (VRBPAC), the challenges of
planning efficacy trials for chikungunya vaccines were highlighted
including irregular and unpredictable outbreaks and the lack of
adequate infrastructure to monitor chikungunya. A general agreement
was reached to combine data from sero-epidemiologic and non-human
primate (NHP) studies as markers of vaccine efficacy in lieu of tradi-
tional phase-III efficacy trials [74]. By granting fast track designation to
chikungunya vaccine candidates PaxVax (PXVX0317) and VLA1553, US
FDA provides extra regulatory assistance on a path toward possible
approval. Clinical trial primary endpoints of both vaccines are based on
immunogenicity outcomes. The approval of Ixchiq in November 2023
based on those endpoints confirms the regulator’s willingness to
approve chikungunya vaccines based on immunogenicity outcomes
[26].

3.2. European Medicines Agency (EMA) and other regulatory agencies

Based on EMA’s agreement on a paediatric investigation plan of
chikungunya VLP (Virus-Like Particle) vaccine, which includes four
studies based on surrogate immunogenicity markers to predict effec-
tiveness, the European regulator aligns with the US FDA’s position to
accept immunogenicity markers as a surrogate of protection against
chikungunya [75]. EMA approved the Ixchiq chikungunya vaccine in
May 2024 and recommended marketing authorisation [27]. Additional
regulatory agencies, such as the Brazilian Health Regulatory Agency
(ANVISA) who has recently approved a phase-III study for Valneva’s
vaccine candidate on adolescents with immunogenicity and safety
endpoints [76], and the Central Drugs Standard Control Organization
(CDSCO) who granted approval to BBIL for its Phase II/III trial in India
[771, show growing acceptance of this approach globally.

Overall, difficulties and challenges related to chikungunya vaccine
development are understood by regulators and first steps are being made
by stringent regulatory authorities to accelerate availability of chi-
kungunya vaccines. The first WHO International Standard for antibodies
to chikungunya virus was released in 2022, providing a crucial tool for
comparing data between vaccine developers [78]. A reason of concern is
the implementation of post-licensure studies which remain a critical part
of monitoring vaccine effectiveness and designing vaccine introduction
strategies. Due to the outbreak nature of chikungunya, the imple-
mentation of such studies will require strong surveillance systems and
clinical sites which are not always available in LMICs [78].
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4. Pathway toward public health impact

The development of a vaccine initiative for chikungunya should
adopt a multidisciplinary approach, incorporating regulatory guidelines
and assembling a research team of scientists, immunologists, virologists,
and vaccine development experts. Unlike the malaria vaccine, which
benefitted from global partnerships like Roll Back Malaria (RBM) that
involved collaboration among community health workers, researchers,
international organisations, and pharmaceutical companies, chikungu-
nya vaccine development has lagged due to perceived low urgency and
limited awareness [79]. The Global Vaccine and Immunization Research
Forum (GVIRF) brought together international stakeholders such as
WHO, NIAID, Bill & Melinda Gates Foundation, alongside public health,
academia, government, civil society, and private sector, to address
challenges in development and deployment of malaria vaccine [80].
While CEPI has initiated investments to accelerate access to chikungu-
nya vaccine in endemic regions [45,46], it lacks prioritised attention
given to other diseases such as malaria, dengue, and typhoid with newly
licensed vaccines.

Collaboration is essential for a comprehensive comparative analysis
of data, leading to a holistic understanding of the efficacy of the vaccine
candidates. Since financial, political, and economic factors carry a
similar or even higher weight on decision-making for new vaccine
introduction in comparison to the scientific barriers for vaccine devel-
opment [81] the generation of robust evidence related not only on
vaccine efficacy but also on disease burden, public health, and economic
impact are important [36,81-84].

4.1. Policy

WHO plays a vital role in generating guidance for policy makers at
the global, regional, and national levels and (future) prequalification of
chikungunya vaccine candidates. The WHO recommendations are key to
inform policy discussions at the country level through National Immu-
nization Technical Advisory Groups (NITAGs) in LMICs. Gavi, the Vac-
cine Alliance plays a key role in financing and procurement of vaccines
for distribution in LMICs. This requires robust evidence on disease
burden, public health impact, and economic impact of chikungunya
vaccines, which would facilitate decision-making to include chikungu-
nya vaccine in Gavi’s Vaccine Investment Strategy.

4.2. Full value of vaccine assessment

While the chikungunya vaccine value profile provided a high-level,
holistic assessment of the potential public health, economic and socie-
tal value of vaccines in the development pipeline, there is a strong need
for both qualitative and quantitative assessments of the full health,
economic, and social benefits of chikungunya vaccines [83,85]. A
stakeholder survey conducted in 2023 identified key gaps in the
evidence-to-recommendation criteria, highlighting issues such as un-
known disease burden, diagnostic challenges, non-specific disease sur-
veillance, undefined target populations for vaccination, and low disease
prioritisation [82]. Addressing these gaps requires the involvement of
stakeholders in all phases of vaccine development and rollout, alongside
risk assessment. This can be addressed through a full value of vaccine
assessment (FVVA) and Country-led Assessment for Prioritisation on
Immunization (CAPACITI) decision-support framework which considers
not only the health and economic impact of vaccination but also broader
societal benefits and how a given vaccine fits within the immunization
landscape [83,86]. Further, the FVVA will be useful in aligning the key
stakeholders for chikungunya vaccine introduction and sustainable
implementation.

4.3. Advocacy

To ensure successful introduction and sustainable implementation of
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chikungunya vaccination, public health awareness and demand for
chikungunya vaccines must be generated. Generation of additional
research evidence on current population awareness as well as develop-
ment of adapted advocacy tools will be necessary. Studies in the context
of dengue vaccine introduction have recorded that increasing awareness
and acceptance of vaccination on top of specific knowledge about the
disease is necessary to ensure a successful introduction [87]. This will
require that resources for communication activities including advocacy
material and training activities be mobilised prior to new vaccine
introductions.

During the global chikungunya meeting held in Panama in December
2023, which hosted multidisciplinary organisations from different re-
gions, the importance of an inter-institutional health surveillance system
and organising community forums to improve public health awareness
of chikungunya was highlighted [88]. Further, in a stakeholder survey,
multiple stakeholders advocated for improving chikungunya awareness
within the community, citing limited community engagement as a cur-
rent obstacle and another gap in the evidence-to-recommendation
criteria [82].

4.4. Financing, vaccine procurement, and equitable access

In 2019, CEPI, with Horizon Europe funding program, launched a
$US 48 million fund to advance the development of chikungunya vac-
cine candidates [89]. However, limited disease burden data and epide-
miological understanding for chikungunya have hindered broader
funding and resource mobilisation. Several countries (especially in Latin
America) with a high chikungunya burden are currently ineligible for
Gavi support, necessitating global stakeholders to agree on a sustainable
financing mechanism for fair access and equitable vaccine distribution
to at-risk populations in different geographic settings [90].

At the country level, particularly in key endemic regions for
mosquito-borne diseases including chikungunya, introducing new vac-
cines poses additional financial challenges. In the Americas, factors such
as vaccine affordability and fiscal space, which includes the willingness
to pay and buy-in from policy makers, are crucial in new vaccine in-
troductions. Effective procurement mechanisms, such as pooled pro-
curement and multilateral loans, require global support and confidence
in vaccine efficacy [91]. Without such mechanisms, there is a risk of
being limited to private procurement, which would hinder fair distri-
bution and equitable access to chikungunya vaccines as well as
manufacturing at scale. Furthermore, it is vital to clarify the mode of
vaccine delivery, the approach to stockpiling, and to quantify the impact
of outbreak response vaccination in various scenarios.

To improve fair and equitable access to chikungunya vaccines,
greater coordination through joint planning, enhanced regional soli-
darity, and the formation of global partnerships are essential. The Pan
American Health Organization’s Regional Revolving Fund (RRF) serves
as a model, ensuring timely access to vaccines and essential supplies,
including cold boxes, and syringes [92].

Although the chikungunya vaccine development pipeline is healthy,
multiple vaccines should be available on the global market to overcome
shortages in vaccine stockpiles. Technology transfer to vaccine manu-
facturers in LMICs would enable affordable, sustainable, and reliable
access to chikungunya vaccines. In this regard, CEPI has facilitated the
technology transfer of the first chikungunya vaccine (VLA1553) by
Valneva to Instituto Butantan in Brazil who would manufacture locally
while also marketing the vaccine to LMICs [46].

4.5. Regulatory harmonisation

The accelerated vaccine approval pathway, as exemplified by Ixchiq,
could be applicable to other pathogens with unpredictable epidemi-
ology, where a well-designed clinical efficacy trial in an immunologi-
cally naive population may not be feasible. Harmonisation of
neutralising antibody measurements and licensure guidelines among the
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different national regulatory agencies are critically needed to expedite
the approval process across different countries for chikungunya vaccines
as well as for epidemic and pandemic vaccines in general [93,94].

4.6. Global chikungunya vaccine consortium

There is a timely need for a global chikungunya vaccine consortium
to streamline the agenda forward for successful introduction and sus-
tainable implementation of chikungunya vaccination in endemic and
epidemic settings. This consortium would coordinate policy, financing,
vaccine procurement and equitable access in both endemic and
epidemic settings; conduct a full value of vaccine assessment to address
the critical evidence gaps; and develop advocacy materials for social
mobilisation campaigns to improve chikungunya awareness and
improve the acceptance of new chikungunya vaccines.

There are successful examples of global vaccine consortiums created
to address unmet public health needs and combat neglected infectious
diseases globally. The Global Task Force on Cholera Control (GTFCC) is
one such initiative, led by WHO, GAVI, the Bill and Melinda Gates
Foundation, and other organisations involved in cholera prevention and
control. From 2013 to 2018, this initiative made significant progress in
vaccine uptake, resulting in 104 vaccination campaigns across 22
countries and distributing more than 33 million doses of cholera vaccine
[95]. In 2016, the Typhoid Vaccine Acceleration Consortium was
established as a partnership between the Center for Vaccine Develop-
ment at the University of Maryland School of Medicine, the Oxford
Vaccine Group at the University of Oxford, and PATH [96]. Supported
by the Bill and Melinda Gates Foundation, it has facilitated successful
typhoid conjugate vaccine introductions in emergency and program-
matic settings in Zimbabwe, Pakistan, Liberia, and other countries [97].
The COVID-19 further underscores the power of partnerships in facili-
tating vaccine development including production, and equitable access
through the ACT-Accelerator and the COVAX Facility [98-100]. How-
ever, these initiatives target diseases with higher mortality rates in
comparison to chikungunya.

In conclusion, with licensure of Ixchiq by US FDA, EMA and Health
Canada and additional chikungunya vaccine candidates getting closure
to licensure, the global chikungunya stakeholder community should
engage in innovative partnership models and engagement strategies to
secure the resources to facilitate chikungunya vaccine introduction and
sustainable implementation. Specifically, this article advocates for the
formation of a global chikungunya vaccine consortium that includes
regulators, policymakers, sponsors, and manufacturers to assist in
overcoming the global and local challenges for chikungunya vaccine
licensure, policy, financing, demand generation, and access to at-risk
populations.

Funding Statement

This study is funded by the International Vaccine Institute. KA and
HK are supported by the Vaccine Impact Modelling Consortium (INV-
034281) and the Japan Agency for Medical Research and Development
(JP223fa627004).

CRediT authorship contribution statement

Clara Maure: Writing — original draft. Kanat Khazhidinov: Writing
- review & editing. Hyolim Kang: Writing — review & editing. Megan
Auzenbergs: Writing - review & editing. Pascaline Moyersoen:
Writing — review & editing. Kaja Abbas: Writing — review & editing.
Gustavo Mendes Lima Santos: Writing — review & editing. Libia
Milena Hernandez Medina: Writing — review & editing. T. Anh War-
tel: Writing — review & editing. Jerome H. Kim: Writing — review &
editing. John Clemens: Writing — review & editing. Sushant Sahas-
trabuddhe: Writing — review & editing.



C. Maure et al.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

No data was used for the research described in the article.

References

[1

—

[2]

[3

=

[4

=

[5

o)

[6

—

[7

—

[8

—

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

World Health Organization. Chikungunya: Key facts. https://www.who.int/news
-room/fact-sheets/detail /Chikungunya; 2022 (accessed May 24, 2024).
Lumsden WHR. An epidemic of virus disease in Southern Province, Tanganyika
territory, in 1952-1953 II. General description and epidemiology. Trans R Soc
Trop Med Hyg 1955;49:33-57. https://doi.org/10.1016/0035-9203(55)90081-X.
Robinson MC. An epidemic of virus disease in Southern Province, Tanganyika
territory, in 1952-53. 1. Clinical features. Trans R Soc Trop Med Hyg 1955;49:
28-32.

Longbottom J, Walekhwa AW, Mwingira V, Kijanga O, Mramba F, Lord JS. Aedes
albopictus invasion across Africa: the time is now for cross-country collaboration
and control. Lancet Glob Health 2023;11:e623-8. https://doi.org/10.1016/
$2214-109X(23)00046-3.

Kraemer MUG, Sinka ME, Duda KA, Mylne AQN, Shearer FM, Barker CM, et al.
The global distribution of the arbovirus vectors Aedes aegypti and ae. Albopictus.
ELife 2015;4:e08347. https://doi.org/10.7554/eLife.08347.

Schuffenecker 1, Iteman I, Michault A, Murri S, Frangeul L, Vaney M-C, et al.
Genome microevolution of chikungunya viruses causing the Indian Ocean
outbreak. PLoS Med 2006;3:€263. https://doi.org/10.1371/journal.
pmed.0030263.

Ponlawat A, Harrington LC. Blood feeding patterns of Aedes aegypti and Aedes
albopictus in Thailand. J Med Entomol 2005;42:844-9. https://doi.org/10.1093/
jmedent/42.5.844.

Simon F, Javelle E, Oliver M, Leparc-Goffart I, Marimoutou C. Chikungunya virus
infection. Curr Infect Dis Rep 2011;13:218-28. https://doi.org/10.1007/s11908-
011-0180-1.

Amaral JK, Taylor PC, Teixeira MM, Morrison TET, Schoen RT. The clinical
features, pathogenesis and methotrexate therapy of chronic chikungunya
arthritis. Viruses 2019:11. https://doi.org/10.3390/v11030289.

Puntasecca CJ, King CH, LaBeaud AD. Measuring the global burden of
chikungunya and Zika viruses: a systematic review. PLoS Negl Trop Dis 2021;15:
€0009055. https://doi.org/10.1371/journal.pntd.0009055.

Vairo F, Haider N, Kock R, Ntoumi F, Ippolito G, Zumla A. Chikungunya:
epidemiology, pathogenesis, clinical features, management, and prevention.
Infect Dis Clin N Am 2019;33:1003-25. https://doi.org/10.1016/j.
idc.2019.08.006.

Cerqueira-Silva T, Pescarini JM, Cardim LL, Leyrat C, Whitaker H, Antunes de
Brito CA, et al. Risk of death following chikungunya virus disease in the 100
million Brazilian cohort, 2015-18: a matched cohort study and self-controlled
case series. Lancet Infect Dis 2024;24:504-13. https://doi.org/10.1016/51473-
3099(23)00739-9.

Kang H, Auzenbergs M, Clapham H, Maure C, Kim J-H, Salje H, et al.
Chikungunya seroprevalence, force of infection, and prevalence of chronic
disability after infection in endemic and epidemic settings: a systematic review,
meta-analysis, and modelling study. Lancet Infect Dis 2024;24:488-503. https://
doi.org/10.1016/51473-3099(23)00810-1.

Bonifay T, Prince C, Neyra C, Demar M, Rousset D, Kallel H, et al. Atypical and
severe manifestations of chikungunya virus infection in French Guiana: a
hospital-based study. PLoS One 2018;13:€0207406. https://doi.org/10.1371/

journal.pone.0207406.

World Health Organization. Guidelines on Clinical Management of Chikungunya
Fever. https://www.who.int/publications/i/item/guidelines-on-clinical-manage
ment-of-chikungunya-fever; 2019 (accessed May 24, 2024).

Sergon K, Yahaya AA, Brown J, Bedja SA, Mlindasse M, Agata N, et al.
Seroprevalence of chikungunya virus infection on Grande Comore Island, union
of the Comoros, 2005. Am J Trop Med Hyg 2007;76:1189-93. https://doi.org/
10.4269/ajtmh.2007.76.1189.

Nyamwaya DK, Otiende M, Mwango L, Kariuki SM, Otieno B, Omuoyo DO, et al.
Incidence of chikungunya virus infections among Kenyan children with
neurological disease, 2014-2018: a cohort study. PLoS Med 2022;19:e1003994.
https://doi.org/10.1371/journal.pmed.1003994.

Rezza G, Weaver SC. Chikungunya as a paradigm for emerging viral diseases:
evaluating disease impact and hurdles to vaccine development. PLoS Negl Trop
Dis 2019;13:e0006919. https://doi.org/10.1371/journal.pntd.0006919.

Bloch D. The cost and burden of chikungunya in the Americas (public health
theses - Yale University). Yale School of Public Health; 2016.

Feldstein LR, Ellis EM, Rowhani-Rahbar A, Hennessey MJ, Staples JE,

Halloran ME, et al. Estimating the cost of illness and burden of disease associated
with the 2014-2015 chikungunya outbreak in the U.S. Virgin Islands. PLoS Negl
Trop Dis 2019;13:e0007563. https://doi.org/10.1371/journal.pntd.0007563.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Vaccine 42 (2024) 126483

Sahadeo N, Mohammed H, Allicock OM, Auguste AJ, Widen SG, Badal K, et al.
Molecular characterisation of chikungunya virus infections in Trinidad and
comparison of clinical and laboratory features with dengue and other acute
febrile cases. PLoS Negl Trop Dis 2015;9:e0004199. https://doi.org/10.1371/

journal.pntd.0004199.

World Health Organization. WHO publishes list of top emerging diseases likely to
cause major epidemics. https://www.who.int/news/item/10-12-2015-who-publi
shes-list-of-top-emerging-diseases-likely-to-cause-major-epidemics; 2015
(accessed May 25, 2024).

Volk SM, Chen R, Tsetsarkin KA, Adams AP, Garcia TI, Sall AA, et al. Genome-
scale phylogenetic analyses of chikungunya virus reveal independent emergences
of recent epidemics and various evolutionary rates. J Virol 2010;84:6497-504.
https://doi.org/10.1128/JVI.01603-09.

Powers AM, Brault AC, Tesh RB, Weaver SC. Re-emergence of chikungunya and
O’nyong-nyong viruses: evidence for distinct geographical lineages and distant
evolutionary relationships. J Gen Virol 2000;81:471-9. https://doi.org/10.1099/
0022-1317-81-2-471.

Weaver SC, Osorio JE, Livengood JA, Chen R, Stinchcomb DT. Chikungunya virus
and prospects for a vaccine. Expert Rev Vaccines 2012;11:1087-101. https://doi.
org/10.1586/erv.12.84.

US FDA. November 9, 2023 Approval Letter - IXCHIQ. https://www.fda.gov/me
dia/173759/download. [Accessed 23 May 2024].

European Medicines Agency. Summary of opinion (initial authorisation) Ixchiq
chikungunya vaccine (live) 2024. https://www.ema.europa.eu/en/medicines/h
uman/EPAR/ixchiq (accessed June 4, 2024).

Franco EJ, Rodriquez JL, Pomeroy JJ, Hanrahan KC, Brown AN. The effectiveness
of antiviral agents with broad-spectrum activity against chikungunya virus varies
between host cell lines. Antivir Chem Chemother 2018;26. https://doi.org/
10.1177/2040206618807580. 2040206618807580.

Bonotto RM, Souza-Almeida G, Badra SJ, Figueiredo LT, Moraes CB, Freitas-
Junior LH. Evaluation of broad-spectrum antiviral compounds against
chikungunya infection using a phenotypic screening strategy [version 1; peer
review: 2 approved with reservations, 1 not approved]. F1000Res7; 2018.

p. 1730. https://doi.org/10.12688/f1000research.16498.1.

Montalvo Zurbia-Flores G, Reyes-Sandoval A, Kim YC. Chikungunya virus:
priority pathogen or passing trend? Vaccines (Basel) 2023:11. https://doi.org/
10.3390/vaccines11030568.

McMahon R, Toepfer S, Sattler N, Schneider M, Narciso-Abraham M, Hadl S, et al.
Antibody persistence and safety of a live-attenuated chikungunya virus vaccine
up to 2 years after single-dose administration in adults in the USA: a single-arm,
multicentre, phase 3b study. Lancet Infect Dis 2024. https://doi.org/10.1016/
5$1473-3099(24)00357-8.

Reyes-Sandoval A. 51 years in of chikungunya clinical vaccine development: a
historical perspective. Hum Vaccin Immunother 2019;15:2351-8. https://doi.
org/10.1080/21645515.2019.1574149.

de Lima Cavalcanti TYV, Pereira MR, de Paula SO, Franca RF de O. A review on
chikungunya virus epidemiology, pathogenesis and current vaccine development.
Viruses 2022:14. https://doi.org/10.3390/v14050969.

News | Bavarian Nordic. https://www.bavarian-nordic.com/investor/news/ne
ws.aspx. [Accessed 7 October 2024].

Press Releases - Valneva. https://valneva.com/media/press-releases/. [Accessed
7 October 2024].

Cherian N, Bettis A, Deol A, Kumar A, Di Fabio JL, Chaudhari A, et al. Strategic
considerations on developing a CHIKV vaccine and ensuring equitable access for
countries in need. Npj Vaccines 2023;8:123. https://doi.org/10.1038/s41541-
023-00722-x.

Regulatory Decision Summary for Ixchiq - Drug and Health Products Portal.
https://dhpp.hpfb-dgpsa.ca/review-documents/resource/RDS1719926004455.
[Accessed 22 October 2024].

Valneva. Valneva Completes BLA Submission to U.S. FDA for its Single-Shot
Chikungunya Vaccine Candidate - Valneva. https://valneva.com/press-release
/valneva-completes-bla-submission-to-u-s-fda-for-its-single-shot-Chikungunya
-vaccine-candidate/; 2022 (accessed May 27, 2024).

Wressnigg N, Hochreiter R, Zoihsl O, Fritzer A, Bézay N, Klingler A, et al. Single-
shot live-attenuated chikungunya vaccine in healthy adults: a phase 1,
randomised controlled trial. Lancet Infect Dis 2020;20:1193-203. https://doi.
org/10.1016/51473-3099(20)30238-3.

Schneider M, Narciso-Abraham M, Hadl S, McMahon R, Toepfer S, Fuchs U, et al.
Safety and immunogenicity of a single-shot live-attenuated chikungunya vaccine:
a double-blind, multicentre, randomised, placebo-controlled, phase 3 trial. Lancet
2023;401:2138-47. https://doi.org/10.1016/50140-6736(23)00641-4.

Valneva. Valneva Successfully Completes Pivotal Phase 3 Trial of Single-Shot
Chikungunya Vaccine Candidate - Valneva 2022. https://valneva.
com/press-release/valneva-successfully-completes-pivotal-phase-3-trial-of-sin
gle-shot-chikungunya-vaccine-candidate/ (accessed September 19, 2023).
Valneva. Valneva Reports Positive 12-Month Antibody Persistence Data for
Single-Shot Chikungunya Vaccine Candidate - Valneva. https://valneva.com/p
ress-release/valneva-reports-positive-12-month-antibody-persistence-data-for-sin
gle-shot-Chikungunya-vaccine-candidate/; 2022 (accessed May 27, 2024).
Valneva. Chikungunya - VLA1553 - Valneva. https://valneva.com/research-devel
opment/chikungunya/; 2024 (accessed May 27, 2024).

Valneva. Valneva Reports Further Positive Pivotal Phase 3 Data in Adolescents for
its Single-Shot Chikungunya Vaccine - Valneva. https://valneva.com/press
-release/valneva-reports-further-positive-pivotal-phase-3-data-in-adolescents-fo
r-its-single-shot-chikungunya-vaccine/; 2024 (accessed May 27, 2024).


https://www.who.int/news-room/fact-sheets/detail/Chikungunya
https://www.who.int/news-room/fact-sheets/detail/Chikungunya
https://doi.org/10.1016/0035-9203(55)90081-X
http://refhub.elsevier.com/S0264-410X(24)01165-4/rf0015
http://refhub.elsevier.com/S0264-410X(24)01165-4/rf0015
http://refhub.elsevier.com/S0264-410X(24)01165-4/rf0015
https://doi.org/10.1016/S2214-109X(23)00046-3
https://doi.org/10.1016/S2214-109X(23)00046-3
https://doi.org/10.7554/eLife.08347
https://doi.org/10.1371/journal.pmed.0030263
https://doi.org/10.1371/journal.pmed.0030263
https://doi.org/10.1093/jmedent/42.5.844
https://doi.org/10.1093/jmedent/42.5.844
https://doi.org/10.1007/s11908-011-0180-1
https://doi.org/10.1007/s11908-011-0180-1
https://doi.org/10.3390/v11030289
https://doi.org/10.1371/journal.pntd.0009055
https://doi.org/10.1016/j.idc.2019.08.006
https://doi.org/10.1016/j.idc.2019.08.006
https://doi.org/10.1016/S1473-3099(23)00739-9
https://doi.org/10.1016/S1473-3099(23)00739-9
https://doi.org/10.1016/S1473-3099(23)00810-1
https://doi.org/10.1016/S1473-3099(23)00810-1
https://doi.org/10.1371/journal.pone.0207406
https://doi.org/10.1371/journal.pone.0207406
https://www.who.int/publications/i/item/guidelines-on-clinical-management-of-chikungunya-fever
https://www.who.int/publications/i/item/guidelines-on-clinical-management-of-chikungunya-fever
https://doi.org/10.4269/ajtmh.2007.76.1189
https://doi.org/10.4269/ajtmh.2007.76.1189
https://doi.org/10.1371/journal.pmed.1003994
https://doi.org/10.1371/journal.pntd.0006919
http://refhub.elsevier.com/S0264-410X(24)01165-4/rf0095
http://refhub.elsevier.com/S0264-410X(24)01165-4/rf0095
https://doi.org/10.1371/journal.pntd.0007563
https://doi.org/10.1371/journal.pntd.0004199
https://doi.org/10.1371/journal.pntd.0004199
https://www.who.int/news/item/10-12-2015-who-publishes-list-of-top-emerging-diseases-likely-to-cause-major-epidemics
https://www.who.int/news/item/10-12-2015-who-publishes-list-of-top-emerging-diseases-likely-to-cause-major-epidemics
https://doi.org/10.1128/JVI.01603-09
https://doi.org/10.1099/0022-1317-81-2-471
https://doi.org/10.1099/0022-1317-81-2-471
https://doi.org/10.1586/erv.12.84
https://doi.org/10.1586/erv.12.84
https://www.fda.gov/media/173759/download
https://www.fda.gov/media/173759/download
https://www.ema.europa.eu/en/medicines/human/EPAR/ixchiq
https://www.ema.europa.eu/en/medicines/human/EPAR/ixchiq
https://doi.org/10.1177/2040206618807580
https://doi.org/10.1177/2040206618807580
https://doi.org/10.12688/f1000research.16498.1
https://doi.org/10.3390/vaccines11030568
https://doi.org/10.3390/vaccines11030568
https://doi.org/10.1016/S1473-3099(24)00357-8
https://doi.org/10.1016/S1473-3099(24)00357-8
https://doi.org/10.1080/21645515.2019.1574149
https://doi.org/10.1080/21645515.2019.1574149
https://doi.org/10.3390/v14050969
https://www.bavarian-nordic.com/investor/news/news.aspx
https://www.bavarian-nordic.com/investor/news/news.aspx
https://valneva.com/media/press-releases/
https://doi.org/10.1038/s41541-023-00722-x
https://doi.org/10.1038/s41541-023-00722-x
https://dhpp.hpfb-dgpsa.ca/review-documents/resource/RDS1719926004455
https://valneva.com/press-release/valneva-completes-bla-submission-to-u-s-fda-for-its-single-shot-Chikungunya-vaccine-candidate/
https://valneva.com/press-release/valneva-completes-bla-submission-to-u-s-fda-for-its-single-shot-Chikungunya-vaccine-candidate/
https://valneva.com/press-release/valneva-completes-bla-submission-to-u-s-fda-for-its-single-shot-Chikungunya-vaccine-candidate/
https://doi.org/10.1016/S1473-3099(20)30238-3
https://doi.org/10.1016/S1473-3099(20)30238-3
https://doi.org/10.1016/S0140-6736(23)00641-4
https://valneva.com/press-release/valneva-successfully-completes-pivotal-phase-3-trial-of-single-shot-chikungunya-vaccine-candidate/
https://valneva.com/press-release/valneva-successfully-completes-pivotal-phase-3-trial-of-single-shot-chikungunya-vaccine-candidate/
https://valneva.com/press-release/valneva-successfully-completes-pivotal-phase-3-trial-of-single-shot-chikungunya-vaccine-candidate/
https://valneva.com/press-release/valneva-reports-positive-12-month-antibody-persistence-data-for-single-shot-Chikungunya-vaccine-candidate/
https://valneva.com/press-release/valneva-reports-positive-12-month-antibody-persistence-data-for-single-shot-Chikungunya-vaccine-candidate/
https://valneva.com/press-release/valneva-reports-positive-12-month-antibody-persistence-data-for-single-shot-Chikungunya-vaccine-candidate/
https://valneva.com/research-development/chikungunya/
https://valneva.com/research-development/chikungunya/
https://valneva.com/press-release/valneva-reports-further-positive-pivotal-phase-3-data-in-adolescents-for-its-single-shot-chikungunya-vaccine/
https://valneva.com/press-release/valneva-reports-further-positive-pivotal-phase-3-data-in-adolescents-for-its-single-shot-chikungunya-vaccine/
https://valneva.com/press-release/valneva-reports-further-positive-pivotal-phase-3-data-in-adolescents-for-its-single-shot-chikungunya-vaccine/

C. Maure et al.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

CEPI expands partnership with Valneva with $41.3 million to support broader
access to world’s first Chikungunya vaccine | CEPI https://cepi.net/cepi-expand
s-partnership-valneva-413-million-support-broader-access-worlds-first-chi
kungunya. [Accessed 9 October 2024].

Hatchett R. Accelerating access to the world’s first chikungunya vaccine | CEPL
https://cepi.net/accelerating-access-worlds-first-chikungunya-vaccine. [Accessed
27 May 2024].

Bharat Biotech International Limited. Clinical trial to evaluate the
immunogenicity of chikungunya vaccine - NCT04603131. https://clinicaltrials.go
v/study/NCT04603131. [Accessed 27 May 2024].

CEPI partners, IVI and BBIL, launch global Chikungunya vaccine Phase II/1III trial
in Costa Rica | CEPL. https://cepi.net/cepi-partners-ivi-and-bbil-launch-global-chi
kungunya-vaccine-phase-iiiii-trial-costa-rica. [Accessed 7 October 2024].
International Vaccine Institute. Chikungunya - IVIL. https://www.ivi.int/what-we-
do/disease-areas/chikungunya/; 2021 (accessed May 27, 2024).

International vaccine institute. Seamless controlled trial to evaluate safety and
immunogenicity of chikungunya vaccine in LatinAmerica and Asia (IVICHIK001).
https://clinicaltrials.gov/study/NCT04566484; 2023.

Ramsauer K, Tangy F. Chikungunya virus vaccines: viral vector-based
approaches. J Infect Dis 2016;214:S500-5. https://doi.org/10.1093/infdis/
jiw369.

Ramsauer K, Schwameis M, Firbas C, Miillner M, Putnak RJ, Thomas SJ, et al.
Immunogenicity, safety, and tolerability of a recombinant measles-virus-based
chikungunya vaccine: a randomised, double-blind, placebo-controlled, active-
comparator, first-in-man trial. Lancet Infect Dis 2015;15:519-27. https://doi.org/
10.1016/S1473-3099(15)70043-5.

Reisinger EC, Tschismarov R, Beubler E, Wiedermann U, Firbas C, Loebermann M,
et al. Inmunogenicity, safety, and tolerability of the measles-vectored
chikungunya virus vaccine MV-CHIK: a double-blind, randomised, placebo-
controlled and active-controlled phase 2 trial. Lancet 2019;392:2718-27. https://
doi.org/10.1016,/50140-6736(18)32488-7.

Themis Bioscience GmbH. Phase II Study to Evaluate Safety and Immunogenicity
of a Chikungunya Vaccine (MV-CHIK-202) 2021. https://clinicaltrials.gov/s
tudy/NCT02861586 (accessed May 27, 2024).

Campos RK, Preciado-Llanes L, Azar SR, Lopez-Camacho C, Reyes-Sandoval A,
Rossi SL. A single and un-Adjuvanted dose of a chimpanzee adenovirus-vectored
vaccine against chikungunya virus fully protects mice from lethal disease.
Pathogens 2019:8. https://doi.org/10.3390/pathogens8040231.

Zabdeno Ebola Vaccine | European Medicines Agency (EMA). https://www.ema.
europa.eu/en/medicines/human/EPAR/zabdeno. [Accessed 8 October 2024].
Lépez-Camacho C, Kim YC, Blight J, Lazaro Moreli M, Montoya-Diaz E,
Huiskonen JT, et al. Assessment of immunogenicity and neutralisation efficacy of
viral-vectored vaccines against chikungunya virus. Viruses 2019:11. https://doi.
org/10.3390/v11040322.

Folegatti PM, Harrison K, Preciado-Llanes L, Lopez FR, Bittaye M, Kim YC, et al.
A single dose of ChAdOx1 Chik vaccine induces neutralizing antibodies against
four chikungunya virus lineages in a phase 1 clinical trial. Nat Commun 2021;12:
4636. https://doi.org/10.1038/s41467-021-24906-y.

Laffan MA, Rees S, Yadavalli M, Ferstenberg LB, Kumar Shankar N, Medin J, et al.
Thrombosis with thrombocytopenia after AZD1222 (ChAdOx1 nCov-19)
vaccination: case characteristics and associations. Vaccine 2022;40:5585-93.
https://doi.org/10.1016/j.vaccine.2022.08.007.

Folegatti PM, Jenkin D, Morris S, Gilbert S, Kim D, Robertson JS, et al. Vaccines
based on the replication-deficient simian adenoviral vector ChAdOx1:
standardized template with key considerations for a risk/benefit assessment.
Vaccine 2022;40:5248-62. https://doi.org/10.1016/j.vaccine.2022.06.008.
Raju S, Adams LJ, Earnest JT, Warfield K, Vang L, Crowe JE, et al. A chikungunya
virus-like particle vaccine induces broadly neutralizing and protective antibodies
against alphaviruses in humans. Sci Transl Med 2023;15:eade8273. https://doi.
org/10.1126/scitranslmed.ade8273.

Bennett SR, McCarty JM, Ramanathan R, Mendy J, Richardson JS, Smith J, et al.
Safety and immunogenicity of PXVX0317, an aluminium hydroxide-adjuvanted
chikungunya virus-like particle vaccine: a randomised, double-blind, parallel-
group, phase 2 trial. Lancet Infect Dis 2022;22:1343-55. https://doi.org/
10.1016/51473-3099(22)00226-2.

Akahata W, Yang Z-Y, Andersen H, Sun S, Holdaway HA, Kong W-P, et al. A virus-
like particle vaccine for epidemic chikungunya virus protects nonhuman primates
against infection. Nat Med 2010;16:334-8. https://doi.org/10.1038/nm.2105.
Nooraei S, Bahrulolum H, Hoseini ZS, Katalani C, Hajizade A, Easton AJ, et al.
Virus-like particles: preparation, immunogenicity and their roles as nanovaccines
and drug nanocarriers. J Nanobiotechnol 2021;19:59. https://doi.org/10.1186/
512951-021-00806-7.

National Institute of Allergy and Infectious Diseases (NIAID). Trial for Safety and
Immunogenicity of a Chikungunya Vaccine, VRC-CHKVLP059-00-VP, in Healthy
Adults. https://clinicaltrials.gov/study/NCT02562482; 2020.

Nordic Bavarian. A study to assess the safety and immunogenicity of PXVX0317
chikungunya virus virus-like particle vaccine (CHIKV VLP). https://clinicaltrials.
gov/study/NCT05065983. [Accessed 27 May 2024].

Nordic Bavarian. A phase 3 trial of the VLP-based chikungunya vaccine
PXVX0317. https://clinicaltrials.gov/ct2/show/NCT05072080. [Accessed 27
May 2024].

Nordic Bavarian. Bavarian Nordic reports positive phase 3 topline results for
chikungunya virus vaccine in adults and adolescents. https://www.bavarian-no
rdic.com/investor/news/news.aspx?news=6816. [Accessed 27 May 2024].

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Vaccine 42 (2024) 126483

Nordic Bavarian. Safety and immunogenicity of CHIKV VLP vaccine PXVX0317 in
adults >65 years. https://www.clinicaltrials.gov/study/NCT05349617.
[Accessed 27 May 2024].

Shaw CA, August A, Bart S, Booth P-GJ, Knightly C, Brasel T, et al. A phase 1,
randomized, placebo-controlled, dose-ranging study to evaluate the safety and
immunogenicity of an mRNA-based chikungunya virus vaccine in healthy adults.
Vaccine 2023;41:3898-906. https://doi.org/10.1016/j.vaccine.2023.04.064.
Bartholomeeusen K, Daniel M, LaBeaud DA, Gasque P, Peeling RW,

Stephenson KE, et al. Chikungunya fever Nat Rev Dis Primers 2023;9:17. https://
doi.org/10.1038/541572-023-00429-2.

Shaw C, Panther L, August A, Zaks T, Smolenov I, Bart S, et al. Safety and
immunogenicity of a mRNA-based chikungunya vaccine in a phase 1 dose-
ranging trial. Int J Infect Dis 2019;79:17. https://doi.org/10.1016/j.
ijid.2018.11.058.

Haq MA, Roy AK, Ahmed R, Kuddusi RU, Sinha M, Hossain MS, et al. Antibody
longevity and waning following COVID-19 vaccination in a 1-year longitudinal
cohort in Bangladesh. Sci Rep 2024;14:11467. https://doi.org/10.1038/s41598-
024-61922-6.

Roques P, Fritzer A, Dereuddre-Bosquet N, Wressnigg N, Hochreiter R, Bossevot L,
et al. Effectiveness of CHIKV vaccine VLA1553 demonstrated by passive transfer
of human sera. JCI Insight 2022:7. https://doi.org/10.1172/jci.insight.160173.
European Medicines Agency. European Medicines Agency decision P/0159/2021
2021. https://www.ema.europa.eu/en/documents/pip-decision/p/0159/
2021-ema-decision-16-april-2021-agreement-paediatric-investigation-plan-
granting-deferral/aluminum-hydroxide-emea-002656-pip01-19_en.pdf (accessed
May 27, 2024).

Butantan Institute. A multicenter study to evaluate safety and immunogenicity of
a live-attenuated chikungunya vaccine in adolescents. https://clinicaltrials.gov/s
tudy/NCT04650399. [Accessed 27 May 2024].

Central Drugs Standard Control Organization. BIO/CT/20/000137. https://cdsco.
gov.in/opencms/resources/UploadCDSCOWeb,/2018/UploadCTApprovals/17_
BBIL%20Chikungunya.pdf; 2021. accessed May 24, 2024.

WHO/BS/2022.2434. Collaborative Study to Evaluate a Candidate World Health
Organization International Standard for Antibodies to Chikungunya Virus. htt
ps://www.who.int/publications/m/item/who-bs-2022.2434; 2024 (accessed
October 9, 2024).

RBM Partnership to End Malaria welcomes WHO’s recommendation of world’s
second malaria vaccine. https://www.gavi.org/news/media-room/rbm-part
nership-end-malaria-welcomes-who-recommendation-worlds-second-malaria-
vaccine. [Accessed 9 October 2024].

Product & Delivery Research. https://www.who.
int/teams/immunization-vaccines-and-biologicals/product-and-delivery-research
/the-global-vaccine-and-immunization-research-forum-(gvirf). [Accessed 9
October 2024].

André FE. How the research-based industry approaches vaccine development and
establishes priorities. Dev Biol (Basel) 2002;110:25-9.

Auzenbergs M, Maure C, Kang H, Clark A, Brady O, Sahastrabuddhe S, et al.
Programmatic considerations and evidence gaps for chikungunya vaccine
introduction in countries at risk of chikungunya outbreaks: stakeholder analysis.
PLoS Negl Trop Dis 2024;18:e0012075. https://doi.org/10.1371/journal.
pntd.0012075.

Hutubessy R, Lauer JA, Giersing B, Sim SY, Jit M, Kaslow D, et al. The full value of
vaccine assessments (FVVA): a framework for assessing and communicating the
value of vaccines for investment and introduction decision-making. BMC Med
2023;21:229. https://doi.org/10.1186/5s12916-023-02929-0.

Donadel M, Panero MS, Ametewee L, Shefer AM. National decision-making for
the introduction of new vaccines: a systematic review, 2010-2020. Vaccine 2021;
39:1897-909. https://doi.org/10.1016/j.vaccine.2021.02.059.

Flandes X, Hansen CA, Palani S, Abbas K, Bennett C, Caro WP, et al. Vaccine value
profile for chikungunya. Vaccine 2023. https://doi.org/10.1016/j.
vaccine.2023.07.069.

Botwright S, Giersing BK, Meltzer MI, Kahn A-L, Jit M, Baltussen R, et al. The
CAPACITI decision-support tool for National Immunization Programs. Value
Health 2021;24:1150-7. https://doi.org/10.1016/j.jval.2021.04.1273.

Harapan H, Fajar JK, Sasmono RT, Kuch U. Dengue vaccine acceptance and
willingness to pay. Hum Vaccin Immunother 2017;13:786-90. https://doi.org/
10.1080/21645515.2016.1259045.

International Vaccine Institute. IVI and Gorgas Institute advocate for
chikungunya vaccines at global meeting in Panama 2023. https://www.ivi.in
t/ivi-and-gorgas-institute-advocate-for-chikungunya-vaccines-at-global-meetin
g-in-panama/ (accessed June 4, 2024).

CEPI. CEPI launches call for proposals to develop vaccines against Rift Valley
fever and Chikungunya viruses. CEPI 2019. https://cepi.net/cepi-launches-call-p
roposals-develop-vaccines-against-rift-valley-fever-and-chikungunya-viruses
(accessed May 25, 2024).

Gavi. The vaccine alliance. Eligibility 2024. https://www.gavi.org/types-support
/sustainability/eligibility [accessed May 25, 2024].

Constenla D, Clark S. Financing dengue vaccine introduction in the Americas:
challenges and opportunities. Expert Rev Vaccines 2016;15:547-59. https://doi.
0rg/10.1586/14760584.2016.1134329.

Cornejo S, Chevez A, Ozturk M, Vargas O, Behrensen F, Solano L, et al. The Pan
American health Organization’s revolving fund for access to vaccines: 43 years
responding to the regional immunization programO Fundo Rotativo Para Acesso a
Vacinas da Organizacao Pan-Americana da Satide: 43 anos respondendo ao
Programa regional de Imunizacoes. Rev Panam Salud Publica 2023;47:e50.
https://doi.org/10.26633/RPSP.2023.50.


https://cepi.net/cepi-expands-partnership-valneva-413-million-support-broader-access-worlds-first-chikungunya
https://cepi.net/cepi-expands-partnership-valneva-413-million-support-broader-access-worlds-first-chikungunya
https://cepi.net/cepi-expands-partnership-valneva-413-million-support-broader-access-worlds-first-chikungunya
https://cepi.net/accelerating-access-worlds-first-chikungunya-vaccine
https://clinicaltrials.gov/study/NCT04603131
https://clinicaltrials.gov/study/NCT04603131
https://cepi.net/cepi-partners-ivi-and-bbil-launch-global-chikungunya-vaccine-phase-iiiii-trial-costa-rica
https://cepi.net/cepi-partners-ivi-and-bbil-launch-global-chikungunya-vaccine-phase-iiiii-trial-costa-rica
https://www.ivi.int/what-we-do/disease-areas/chikungunya/
https://www.ivi.int/what-we-do/disease-areas/chikungunya/
https://clinicaltrials.gov/study/NCT04566484
https://doi.org/10.1093/infdis/jiw369
https://doi.org/10.1093/infdis/jiw369
https://doi.org/10.1016/S1473-3099(15)70043-5
https://doi.org/10.1016/S1473-3099(15)70043-5
https://doi.org/10.1016/S0140-6736(18)32488-7
https://doi.org/10.1016/S0140-6736(18)32488-7
https://clinicaltrials.gov/study/NCT02861586
https://clinicaltrials.gov/study/NCT02861586
https://doi.org/10.3390/pathogens8040231
https://www.ema.europa.eu/en/medicines/human/EPAR/zabdeno
https://www.ema.europa.eu/en/medicines/human/EPAR/zabdeno
https://doi.org/10.3390/v11040322
https://doi.org/10.3390/v11040322
https://doi.org/10.1038/s41467-021-24906-y
https://doi.org/10.1016/j.vaccine.2022.08.007
https://doi.org/10.1016/j.vaccine.2022.06.008
https://doi.org/10.1126/scitranslmed.ade8273
https://doi.org/10.1126/scitranslmed.ade8273
https://doi.org/10.1016/S1473-3099(22)00226-2
https://doi.org/10.1016/S1473-3099(22)00226-2
https://doi.org/10.1038/nm.2105
https://doi.org/10.1186/s12951-021-00806-7
https://doi.org/10.1186/s12951-021-00806-7
https://clinicaltrials.gov/study/NCT02562482
https://clinicaltrials.gov/study/NCT05065983
https://clinicaltrials.gov/study/NCT05065983
https://clinicaltrials.gov/ct2/show/NCT05072080
https://www.bavarian-nordic.com/investor/news/news.aspx?news=6816
https://www.bavarian-nordic.com/investor/news/news.aspx?news=6816
https://www.clinicaltrials.gov/study/NCT05349617
https://doi.org/10.1016/j.vaccine.2023.04.064
https://doi.org/10.1038/s41572-023-00429-2
https://doi.org/10.1038/s41572-023-00429-2
https://doi.org/10.1016/j.ijid.2018.11.058
https://doi.org/10.1016/j.ijid.2018.11.058
https://doi.org/10.1038/s41598-024-61922-6
https://doi.org/10.1038/s41598-024-61922-6
https://doi.org/10.1172/jci.insight.160173
https://www.ema.europa.eu/en/documents/pip-decision/p/0159/2021-ema-decision-16-april-2021-agreement-paediatric-investigation-plan-granting-deferral/aluminum-hydroxide-emea-002656-pip01-19_en.pdf
https://www.ema.europa.eu/en/documents/pip-decision/p/0159/2021-ema-decision-16-april-2021-agreement-paediatric-investigation-plan-granting-deferral/aluminum-hydroxide-emea-002656-pip01-19_en.pdf
https://www.ema.europa.eu/en/documents/pip-decision/p/0159/2021-ema-decision-16-april-2021-agreement-paediatric-investigation-plan-granting-deferral/aluminum-hydroxide-emea-002656-pip01-19_en.pdf
https://clinicaltrials.gov/study/NCT04650399
https://clinicaltrials.gov/study/NCT04650399
https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2018/UploadCTApprovals/17_BBIL%20Chikungunya.pdf
https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2018/UploadCTApprovals/17_BBIL%20Chikungunya.pdf
https://cdsco.gov.in/opencms/resources/UploadCDSCOWeb/2018/UploadCTApprovals/17_BBIL%20Chikungunya.pdf
https://www.who.int/publications/m/item/who-bs-2022.2434
https://www.who.int/publications/m/item/who-bs-2022.2434
https://www.gavi.org/news/media-room/rbm-partnership-end-malaria-welcomes-who-recommendation-worlds-second-malaria-vaccine
https://www.gavi.org/news/media-room/rbm-partnership-end-malaria-welcomes-who-recommendation-worlds-second-malaria-vaccine
https://www.gavi.org/news/media-room/rbm-partnership-end-malaria-welcomes-who-recommendation-worlds-second-malaria-vaccine
https://www.who.int/teams/immunization-vaccines-and-biologicals/product-and-delivery-research/the-global-vaccine-and-immunization-research-forum-(gvirf)
https://www.who.int/teams/immunization-vaccines-and-biologicals/product-and-delivery-research/the-global-vaccine-and-immunization-research-forum-(gvirf)
https://www.who.int/teams/immunization-vaccines-and-biologicals/product-and-delivery-research/the-global-vaccine-and-immunization-research-forum-(gvirf)
http://refhub.elsevier.com/S0264-410X(24)01165-4/rf0385
http://refhub.elsevier.com/S0264-410X(24)01165-4/rf0385
https://doi.org/10.1371/journal.pntd.0012075
https://doi.org/10.1371/journal.pntd.0012075
https://doi.org/10.1186/s12916-023-02929-0
https://doi.org/10.1016/j.vaccine.2021.02.059
https://doi.org/10.1016/j.vaccine.2023.07.069
https://doi.org/10.1016/j.vaccine.2023.07.069
https://doi.org/10.1016/j.jval.2021.04.1273
https://doi.org/10.1080/21645515.2016.1259045
https://doi.org/10.1080/21645515.2016.1259045
https://www.ivi.int/ivi-and-gorgas-institute-advocate-for-chikungunya-vaccines-at-global-meeting-in-panama/
https://www.ivi.int/ivi-and-gorgas-institute-advocate-for-chikungunya-vaccines-at-global-meeting-in-panama/
https://www.ivi.int/ivi-and-gorgas-institute-advocate-for-chikungunya-vaccines-at-global-meeting-in-panama/
https://cepi.net/cepi-launches-call-proposals-develop-vaccines-against-rift-valley-fever-and-chikungunya-viruses
https://cepi.net/cepi-launches-call-proposals-develop-vaccines-against-rift-valley-fever-and-chikungunya-viruses
https://www.gavi.org/types-support/sustainability/eligibility
https://www.gavi.org/types-support/sustainability/eligibility
https://doi.org/10.1586/14760584.2016.1134329
https://doi.org/10.1586/14760584.2016.1134329
https://doi.org/10.26633/RPSP.2023.50

C. Maure et al.

[93]

[94]

[95]

[96]

Farlow A, Torreele E, Gray G, Ruxrungtham K, Rees H, Prasad S, et al. The future
of epidemic and pandemic vaccines to serve global public health needs. Vaccines
(Basel) 2023:11. https://doi.org/10.3390/vaccines11030690.

Baylis SA, Knezevic I, Almond NM. Harmonising the measurement of neutralising
antibodies against chikungunya virus: a path forward for licensing of new
vaccines? Lancet Microbe 2024;5:100874. https://doi.org/10.1016/52666-5247
(24)00097-1.

Pezzoli L. Oral cholera vaccine working Group of the Global Task Force on
cholera control. Global oral cholera vaccine use, 2013-2018. Vaccine 2020;38
(Suppl. 1):A132-40. https://doi.org/10.1016/j.vaccine.2019.08.086.

Meiring JE, Gibani M. TyVAC Consortium Meeting Group: The Typhoid Vaccine
Acceleration Consortium (TyVAC): Vaccine effectiveness study designs:
Accelerating the introduction of typhoid conjugate vaccines and reducing the
global burden of enteric fever. Report from a meeting held on 26-27 October

[97]

[98]

[99]

[100]

Vaccine 42 (2024) 126483

2016, Oxford, UK. Vaccine 2017;35:5081-8. https://doi.org/10.1016/j.
vaccine.2017.08.001.

Birkhold M, Mwisongo A, Pollard AJ, Neuzil KM. Typhoid conjugate vaccines:
advancing the research and public health agendas. J Infect Dis 2021;224:5781-7.
https://doi.org/10.1093/infdis/jiab449.

Eccleston-Turner M, Upton H. International collaboration to ensure equitable
access to vaccines for COVID-19: the ACT-accelerator and the COVAX facility.
Milbank Q 2021;99:426-49. https://doi.org/10.1111/1468-0009.12503.
Druedahl LC, Minssen T, Price WN. Collaboration in times of crisis: a study on
COVID-19 vaccine R&D partnerships. Vaccine 2021;39:6291-5. https://doi.org/
10.1016/j.vaccine.2021.08.101.

Golob JL, Lugogo N, Lauring AS, Lok AS. SARS-CoV-2 vaccines: a triumph of
science and collaboration. JCI Insight 2021:6. https://doi.org/10.1172/jci.
insight.149187.


https://doi.org/10.3390/vaccines11030690
https://doi.org/10.1016/S2666-5247(24)00097-1
https://doi.org/10.1016/S2666-5247(24)00097-1
https://doi.org/10.1016/j.vaccine.2019.08.086
https://doi.org/10.1016/j.vaccine.2017.08.001
https://doi.org/10.1016/j.vaccine.2017.08.001
https://doi.org/10.1093/infdis/jiab449
https://doi.org/10.1111/1468-0009.12503
https://doi.org/10.1016/j.vaccine.2021.08.101
https://doi.org/10.1016/j.vaccine.2021.08.101
https://doi.org/10.1172/jci.insight.149187
https://doi.org/10.1172/jci.insight.149187

	Chikungunya vaccine development, challenges, and pathway toward public health impact
	1 Chikungunya
	2 Chikungunya vaccines
	2.1 Live attenuated vaccines
	2.1.1 VLA1553 – Valneva

	2.2 Inactivated vaccines
	2.2.1 BBV87 – BBIL

	2.3 Viral vectored vaccines
	2.3.1 MV-CHIK – Themis Bioscience

	2.4 ChAdOx1 Chik – University of Oxford
	2.5 Virus-like particle vaccines
	2.5.1 PXVX0317 / VRC-CHKVLP059–00-VP – Bavarian Nordic

	2.6 Nucleic acid vaccines
	2.6.1 mRNA-1388 / VAL-181388 – Moderna


	3 Regulatory considerations
	3.1 US Food and Drug Administration
	3.2 European Medicines Agency (EMA) and other regulatory agencies

	4 Pathway toward public health impact
	4.1 Policy
	4.2 Full value of vaccine assessment
	4.3 Advocacy
	4.4 Financing, vaccine procurement, and equitable access
	4.5 Regulatory harmonisation
	4.6 Global chikungunya vaccine consortium

	Funding Statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


