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The mRNA vaccine technology platform may enable rapid response to some emerging
infectious diseases (EIDs), as demonstrated through the COVID-19 pandemic. Beyond
the role it could play in future EID response, mRNA technology also could have an
important role in accelerating the development of, and access to, vaccines for some
neglected tropical diseases (NTDs), which occur mainly in impoverished regions of the
world. Despite their significant disease burden, few vaccines against NTDs have been
developed, in part because of the uncertain market and return on investment. In addition,
the probability of technical and regulatory success is considered to be low for developing
vaccines against multicellular parasites, or organisms that have sophisticated
mechanisms for evading immunological surveillance, such as many of the NTD
pathogens. The global 2021-2030 road map for neglected tropical diseases sets
ambitious targets for the eradication, elimination, and control of NTDs. For some,
effective interventions exist but are underutilized. For others, vaccines need to be
developed or their use expanded to meet global targets on control and elimination. This
article discusses the application of the mRNA technology platform to the development of
vaccines for NTDs as well as EIDs, highlights the challenges in bringing these products to
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the market, and indicates potential areas which could be explored, including leveraging
investment for vaccines with a more profitable market potential and enabling local
manufacturing in regions where NTDs are endemic. Such regional production could
include collaborations with the mRNA vaccine technology transfer hubs that are being
established with the support of WHO and COVAX partners.

Keywords: vaccine, platform, LMICs, neglected tropical disease (NTD), emerging infectious disease (EID)

THE IMMUNIZATION AGENDA
2030 - RESEARCH AND INNOVATION

In 2020, the World Health Assembly of WHO endorsed the
Immunization Agenda 2030 (IA2030): A Global Strategy to Leave
No One Behind which includes a strategic priority on Research
and Innovation (1). The overarching goal of this strategic
priority is that prioritized innovations, as identified by
national, regional, and global immunization stakeholders, are
rapidly made available to all countries and communities, to
decentralize their access and facilitate development and use at
the national and regional levels.

INTRODUCTION TO NTDs AND
VACCINE DEVELOPMENT

Neglected tropical diseases (NTDs) include 20 diseases and
disease groups, with a combined health, social, and economic
burden on more than 1 billion people living predominantly in
resource-poor communities in tropical and sub-tropical areas
(2). The global road map for NTDs, 2021-2030, sets new targets
related to the eradication, elimination and control for NTDs (2).
For many of these diseases, effective interventions exist such as
pharmaceuticals as well as surgical interventions, water,
sanitation and hygiene, and vector and other environmental
control; however, these interventions are not always widely
available or easily accessible. In the case of therapeutic
interventions, robust surveillance and case detection are
needed, which is often lacking in low-income contexts.

For some N'TDs, the development of vaccines or expansion in
vaccine use is needed to meet global targets. As part of these
targets, the road map identifies actions for the development or
increased use of the following human vaccines: chikungunya;
dengue; cutaneous leishmaniasis; visceral leishmaniasis; leprosy;
rabies; and schistosomiasis (2). In addition to these diseases,
vaccine development is also underway for hookworm disease and
trachoma (Supplementary Table 1).

The development of vaccines against NTDs is challenging for
several reasons. First, due to a limited or uncertain market, which
is predominantly in low- and middle-income countries (LMICs),
there is limited or unquantified economic incentive for
developers to invest in the costly and lengthy development of
these products. A limited market also means that, at small
production scales, the cost of goods will be high when using
traditional vaccine manufacturing. Second, the biological and

scientific feasibility of developing a vaccine might be low, given
that many NTD pathogens are bacterial or parasitic with
complicated structures, or lifecycles, rendering it difficult to
identify the protective antigen(s) to be included in the vaccine.
Third, the regulatory pathway to market authorization may be
challenging and/or uncertain, preclinical animal models may be
lacking, and the ability to demonstrate statistically significant
efficacy through appropriately sized pivotal clinical trials may be
difficult, especially when the incidence of the primary clinical
endpoint is low or unpredictable, and when correlates of
protection have not been established. Fourth, other
interventions may be available to prevent or treat these
diseases that may have greater impact if they were optimally
used or more broadly and equitably implemented. Fifth, some
NTDs are not global in endemicity and the settings in which
vaccines would be used are uncertain or limited, with use likely in
specific epidemiologic settings and at-risk groups. These target
groups and the strategy to deliver vaccines should they exist, are
poorly defined, and as such the pathway to policy uncertain.
Finally, for many NTDs, mortality is low which means that
international policy makers and funders cannot rely on this
traditional metric to prioritize vaccine development. However,
some of these pathogens do kill and others cause significant
morbidity, disability, mental health problems, reduce quality of
life, and decrease socio-economic status of the populations they
affect. These are critical parameters to quantify in order to
articulate the potential public health value that vaccines can

offer (3).

INTRODUCTION TO PRIORITY EIDs AND
VACCINE DEVELOPMENT

Emerging infectious diseases (EIDs) are serious public health,
social, and economic threats. They may be either newly identified
diseases or previously known diseases that are rapidly expanding
in incidence or geographic scope (4). EIDs are a growing threat
due to increased travel, increasing population density,
deforestation, and climate change (5). Many EIDs are zoonotic,
such as Zika, avian influenza, coronaviruses, Ebola and Marburg,
and some have the potential to cause epidemics and pandemics.
This potential increases significantly when a new pathogen
emerges to which humans have no prior immunity and
human-to-human transmission occurs readily. Pharmaceutical
interventions must be developed rapidly to mitigate the spread
and impact of the pandemic, an effort that becomes especially
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difficult when the pathogen was previously unknown, and no
prior research has been conducted. Vaccines are a critical tool in
the battle against emerging infectious diseases but typically take
years to develop (6). Generally, it is not until an epidemic or
pandemic arises that political pressure and incentive to develop
vaccines are realised.

The unprecedented speed of COVID-19 vaccine development
resulted, in part, from decades of research on coronaviruses,
genomics, antigen selection and design, and vaccine platform
technologies (7). Global collaboration between the public and
private sectors as well as the ability to conduct large efficacy trials
in the midst of a pandemic with widespread, high incidence
SARS-CoV-2 infection also contributed to the speed of
development (8).

An example of the typical pace of vaccine development for
EIDs is Ebola. Despite its discovery as the etiologic virus in 1976,
and numerous outbreaks thereafter (9), there was limited
political pressure or financial incentive to develop Ebola
vaccines as outbreaks could be contained quickly without
significant geographic spread. While some candidate Ebola
vaccines advanced in preclinical studies, it was not until the
West African Ebola epidemic of 2014-2016, the worst recorded
Ebola outbreak in history (10), that vaccine development
accelerated, and candidates were evaluated in clinical trials
(11). The declaration of a public health emergency of
international concern in August 2014, and the threat that the
virus posed on a global scale, brought the scientific community,
governments, regulators and funders together to accelerate
vaccine development (12). In 2019, the first Ebola vaccine was
licensed followed by a second in 2020 (13). Vaccination has now
become an important tool in controlling subsequent outbreaks of
Ebola (14). The 2014-2016 Ebola outbreak led to the formation
of two key initiatives, the WHO R&D Blueprint for action to
prevent epidemics and the Coalition for Epidemic Preparedness
Innovations (CEPI) (15, 16). Both initiatives have since published
pathogen lists for which development of interventions should be
prioritized (Table 1). While both aim to advance the
development of vaccines for these priority pathogens, the
WHO R&D Blueprint also aims to advance other interventions
including medicines and diagnostics.

Similar to NTDs, vaccine development for EIDs is challenging
due to an uncertain market, lack of predictable and ongoing
financial incentives, and a challenging regulatory pathway.
However, one major difference is that priority EIDs (Table 1)
are all viruses, while, apart from chikungunya, dengue, and
rabies, NTDs are mostly parasitic or bacterial pathogens with
more complex structures and/or lifecycles.

mRNA TECHNOLOGY ADVANTAGES AND
POTENTIAL APPLICATIONS

To respond rapidly to the threats posed by a new EID with
pandemic potential, vaccine production must not only be rapid,
but also scalable, to quickly meet the needs of a region, or the
global population. The recent advances in mRNA-based

vaccines, exemplified by use against COVID-19, validated their
viability as a platform technology for rapid, large-scale
production of relatively well-tolerated, highly efficacious
vaccines, in adults and children (8).

Because mRNA vaccines contain the genetic code, or
sequence, for an antigen, they bypass the manufacturing
production requirements of in-vitro expression and multi-step
downstream processing, which can be costly and time
consuming. Instead, antigen expression occurs in-vivo in the
vaccinated individual. As such, mRNA-based vaccine production
has several advantages over traditional cell-based, egg-based, or
recombinant vaccine manufacturing. The production process is
simpler with fewer steps so production yields are less variable,
production is much faster, and facilities can be smaller (30).
Furthermore, the costs to establish a facility, (i.e. capital costs),
are potentially much lower than traditional vaccine
manufacturing. A major advantage is that, being a platform
technology, rapid changeover to produce mRNA encoding
antigens from other pathogens in the event of an outbreak,
epidemic, or pandemic is possible. Product-independent
manufacturing also makes multi-production facilities feasible
to operate because a single facility can be leveraged for rapid
sequential small-scale production of vaccines against several
pathogens. In addition, the rapid production of vaccine
candidates using mRNA technology can accelerate candidate
identification and optimization (especially if preclinical models
are available) as well as initiation of early phase clinical studies.

mRNA vaccines induce both cellular and humoral immune
responses and are capable of, in theory, encoding a large variety of
proteins and even multiple proteins (31). Furthermore, unlike
DNA vaccines, where optimal immunogenicity requires delivery
using specific devices such as electroporation, microneedles or
gene guns (32), mRNA vaccines can be delivered intramuscularly,
subcutaneously, or intradermally via conventional needle and
syringe (33). Presently mRNA vaccines are not given
intranasally or intratracheally as, in their current form, they are
susceptible to mucosal clearance and thus do not induce mucosal
immunity (31).

The ability to rapidly manufacture, scale-up and respond to
disease outbreaks with mRNA vaccines is critical for pandemic
or any major epidemic response. However, to be commercially
sustainable, an mRNA vaccine manufacturer will need to
produce vaccines on an ongoing basis in its facility. For a
country that is considering the application of the mRNA
platform for EID or NTD vaccines, the expansion to also
include manufacture of vaccines for non-pandemic, globally
endemic diseases could off-set investment in the less lucrative
vaccines that are important from a national and/or regional
perspective. The development of mRNA vaccines is currently
advancing with candidate mRNA vaccines in clinical
development for respiratory syncytial virus, influenza,
cytomegalovirus, human metapneumovirus and parainfluenza,
rabies, chikungunya and Zika (34). Investment in an mRNA
platform and facility for a portfolio of vaccines, particularly those
intended for use in high-income countries, could off-set and
support the development and production costs of the NTD or
EID vaccines with limited commercial incentive.
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TABLE 1 | List of Priority EIDs and vaccines under development, identified by WHO R&D Blueprint and/or CEPI.

Pathogen Disease burden WHO R&D Blueprint CEPI priority Status of vaccine development (licensed vaccines and Short term scientific feasibility
priority pathogen pathogen trials initiated in the last 5 years*) of mRNA vaccine
development
Chikungunya (virus) See Supplementary Table 1 No Yes Several candidates in clinical development (see See Supplementary Table 1
Supplementary Table 1)
Crimean-Congo Causes severe viral haemorrhagic fever outbreaks,  Yes No No candidates in recent clinical development Complex. Biocontainment
hemorrhagic fever with a case fatality rate of up to 40%. Endemic in requirements. Lack of an animal
(virus) Africa, the Balkans, the Middle East and some Asian model. Correlates of protection
countries (17). unclear (18).
Ebola (virus) Rare outbreaks. Average case fatality rate is around  Yes Yes Two licensed vaccines: Feasible. Licensed vaccines and
50% (19). - Ervebo, Vesicular stomatitis virus, VSV-ZEBOV, Merck multiple vaccines in clinical
development.
- Zabdeno/Mvabea, Ad26.ZEBOV + MVA-BN-Filo,
adenovirus and modified vaccinia virus ankara vectored
vaccines, Johnson & Johnson
Several in clinical trials:
- CAd3-EBO-S, adenovirus vectored vaccine, Albert B.
Sabin Vaccine Institute, NIAID, phase 1, NCT04723602,
NCT04041570
- GamEvac-Lyo, live attenuated VSV and adenovirus
vectored, Gamaleya Research Institute of Epidemiology
and Microbiology, phase 1/2, NCT03333538
- HPIV3/_HNF/EbovZ GP vaccine, live attenuated human
parainfluenza virus type 3 vectored vaccine, NIAID,
phase 1, NCT03462004
- ChAdOx1 biEBOV, University of Oxford, phase 1,
NCT05079750
Disease X N/A Yes Yes N/A N/A
Lassa (virus) Endemic in several West Africa countries. 80% of Yes Yes Two candidates in clinical trials: Some candidates advancing but
people infected with Lassa virus have no - MV-LASV. recombinant. live-attenuated, measles viral difficult clinical development due
symptoms. 1 in 5 infections result in severe disease, ! ) T ’ to sporadic outbreaks (21).
affecting several organs such as the liver, spleen vectored vaccine, Themis Bioscience Gmb, phase 1,
and kidneys (20). NCT04055454
- VSVAG-LASV-GPC, recombinant vesicular stomatitis
virus vectored, International AIDS Vaccine Initiative,
phase 1, NCT04794218
Marburg virus disease  Case fatality ratio of up to 88%. Sporadic outbreaks Yes No Two in clinical development: Some candidates advancing but
(virus) in Africa. - Ad26.ZEBOVIMVA-BN-Filo, adenovirus and modified  difficult clinical development due
o ' ! to sporadic outbreaks (22).
vaccinia virus ankara vectored vaccines NIAID, phase 1,
NCT02891980
- ChAd3-Marburg, adenovirus vectored, Albert B. Sabin
Vaccine Institute, phase, NCT04723602
Middle East respiratory MERS-CoV causes sporadic outbreaks, 34.4% Yes Yes Several candidates in clinical development: Feasible. Some candidates

syndrome coronavirus  case fatality (43).
(MERS-CoV) (virus)

- BVRS-GamVac, viral vectored, Gamaleya Research
Institute of Epidemiology and Microbiology, phase 1/2,
NCT04130594

- BVRS-GamVac-Combi, viral vectored, Gamaleya

Research Institute of Epidemiology and Microbiology,
phase 1/2, NCT04128059

advancing but difficult clinical
development due to sporadic
outbreaks (23).

(Continued)
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TABLE 1 | Continued

Pathogen

Nipah and henipaviral
diseases (virus)

Rift Valley fever (virus)

Severe Acute
Respiratory Syndrome
(SARS)* (virus)

Zika (virus)

Disease burden

Has caused only a few known outbreaks in Asia.
case fatality rate is estimated at 40-75% (24)

Outbreaks mainly in sub-Saharan Africa and North
Africa. Most cases are mild, a small percentage
develop severe disease as one or more of three
distinct syndromes: ocular disease (0.5-2%),
meningoencephalitis (less than 1%) or haemorrhagic
fever (less than 1%) (26).

Outbreak in 2003. Case fatality is around 3% (28).

The majority of people infected do not develop
symptoms. Complications during pregnancy,
microcephaly and other congenital abnormalities in
the developing fetus and newborn (29).

WHO R&D Blueprint
priority pathogen

Yes

Yes

Yes

Yes

CEPI priority
pathogen

Yes

Yes

No

No

Status of vaccine development (licensed vaccines and
trials initiated in the last 5 years*)

- ChAdOx1 MERS, adenovirus vectored, University of
Oxford. phase 1, NCT03399578, NCT04170829

- GLS-5300, DNA vaccine, GeneOne Life Science, Inc and
Inovio Pharmaceuticals and International Vaccine
Institute, phase 1/2, NCT03721718

- MVA-MERS-S, modified vaccinia virus ankara vectored,
Universitatsklinikum Hamburg-Eppendorf, phase 1,
NCT03615911, NCT04119440

One candidate in clinical trials

- HeV-sG-V, recombinant subunit, Auro Vaccines LLC,

phase 1, NCT04199169

Two candidates in clinical development:

- ChAdOx1 RVF, adenovirus vectored, University of Oxford,
phase 1, NCT04754776, NCT04672824

- RVF Vaccine, TSI-GSD 200, inactivated, U.S. Army
Medical Research and Development Command, phase
2, NCT03609398

No candidates in clinical development

Several candidates in clinical development:

- ChAdOx1 Zika, adenovirus vectored, University of Oxford,
phase 1, NCT04015648

- GLS-5700, DNA vaccine, GeneOne Life Science, Inc.,
phase 1, NCT02809443, NCT02887482

- MV-ZIKA-RSP, live attenuated recombinant viral vectored,
Themis Bioscience GmbH, phase 1, NCT04033068

- PIzv, inactivated,
NCT03343626

- Zika Virus Purified Inactivated Vaccine (ZPIV), NIAID,
phase 1, NCT02937233, NCT02952833,
NCT03008122, NCT02963909

- rZIKV/D4_30-713, live attenuated, NIAID, Phase 1,
NCT03611946

- VRC 705, DNA vaccine, NIAID, phase 2, NCT03110770

- VRC-ZKADNA085-00-VP,DNA vaccine, NIAID, phase 1,
NCT02840487, NCT02996461
- VLA1601, inactivated, Valneva Austria GmbH, phase 1,
NCT03425149
mRNA based:
- mRNA-1893, Moderna/BARDA, Phase 2, NCT04917861

- mRNA-1325, Moderna/BARDA, Phase 1, NCT03014089

adjuvanted, Takeda, phase 1,

Short term scientific feasibility
of mRNA vaccine
development

Some candidates advancing but
difficult clinical development due
to sporadic outbreaks (25).

Feasible, low antigenic diversity
with the presence of a single
serotype but difficult clinical
development due to sporadic
outbreaks and lack of a correlate
of protection (27).

Feasible, but difficult clinical
development due to limited
outbreaks

Feasible. Some candidates
advancing including mRNA but
difficult clinical development due
to sporadic outbreaks

*Search of clinicaltrials.gov using “pathogen AND vaccine” on 12 November 2021 01/01/2016.
**SARS 2002-2004, not including SARS-CoV-2. Note that since SARS 2002-2004 was successfully brought under control and there have been no known cases since 2004.

N/A, Not Applicable.
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GENERAL CHALLENGES OF THE mRNA
VACCINE PLATFORM TECHNOLOGY

Despite the compelling advantages, the mRNA platform has
limitations. One major limitation is the stability of mRNA,
meaning that licensed mRNA COVID-19 vaccines currently
require ultra-cold temperatures for long term storage (30, 35,
36). For vaccines intended for broad use in LMICs, mRNA
vaccines will need to be able to be stored for long periods of time
within the standard vaccine cold chain (2-8°C) or even outside of
the cold chain for several days at temperatures of up to 40°C.
Several promising next-generation technologies which may have
improved thermostability are currently in development and have
been reviewed elsewhere (35, 37).

Another potential limitation is that, unlike a whole killed or
inactivated vaccine approach, protective target antigen/s must
first be identified to produce the corresponding mRNA sequence.

Furthermore, significant evidence gaps exist as to the safety of
these vaccines in infants and young children and duration of
protection afforded by mRNA vaccines, which may differ by
pathogen and formulation. For the moment, the safety database
is small (albeit continuing to accumulate) for mRNA use in
young children, which is the priority target group for many
endemic, routine use vaccines. Continued demonstration of
safety especially with regards to repeat doses of both the same
antigen or diverse antigens, and in very young and infant
populations is needed.

In the case of mRNA-based COVID-19 vaccines, waning
immunity has been observed which may be an issue with the
immune response to the spike protein of SARS-CoV-2 itself or
the mRNA vaccine platform and needs further evaluation,
including with alternative antigens (38-40). The effectiveness
of mRNA in a heterologous prime boost strategy also needs
further investigation, particularly when regimens require
multiple doses, or boosters.

While the cost to establish facilities may be lower than
traditional manufacturing, some of the raw materials and
reagents used in mRNA vaccines production have been reported
to be expensive and in short supply (30). Furthermore,
downstream processing improvements are needed in order to
improve the scalability and cost of production (30). Improvements
in manufacturing processes, or other technologies, such as self-
amplifying mRNA, may bring down production costs (34).

Finally, intellectual property and access to know-how are
currently barriers for the development of mRNA vaccines for
new producers.

mRNA VACCINES FOR NTDs

mRNA COVID-19 vaccines target a single viral protein while for
some NTDs, it is likely that more than one antigen will be
needed, which may increase the complexity of development,
manufacture, and stability as well as production costs.
Currently the only NTD with candidate mRNA vaccines in
development is rabies (Supplementary Table 1). Rabies is a viral

pathogen, with first vaccines developed over a century ago (41).
There are now 27 rabies vaccines on the global market (16). The
development pathway for rabies vaccines is well-defined with
established animal models and a correlate of protection (42). The
development of vaccines against other NTDs, especially bacterial,
fungal and parasitic pathogens is more uncertain and
complicated, especially with regards to antigen design. For
those NTDs with low or sporadic incidence, large-scale efficacy
trials may not be feasible and vaccine development would need to
be facilitated by innovative tools or clinical trial designs, when
available, in lieu of full-scale clinical endpoint efficacy trials.
These include the use of correlates of protection, animal
challenge studies where the model recapitulates disease in
humans, and Controlled Human Infection Models (CHIM).
Alternative regulatory approval pathways such as the US FDA
animal rule, accelerated approval, or emergency use listing may
provide mechanisms to accelerate the availability of these
vaccines. However, vaccine development is not needed for all
NTDs and as stated above, many NTDs have other effective
interventions available but their use needs to be scaled-up in
order to increase their public health impact.

mRNA VACCINES FOR PRIORITY EIDs

The potential of mRNA vaccine is most evident for EIDs where
rapid response is often required. However, many of the
challenges of NTD vaccine development mentioned above also
apply to EIDs. The main difference is that all priority EID’s are
viruses, with fewer antigen targets, which can make vaccine
design simpler, however an antigen target capable of inducing
protective immunity must first be known in order to produce an
mRNA vaccine. mRNA vaccine development is ongoing for two
priority EIDs, chikungunya and Zika.

ROLE OF LOCAL PRODUCTION FOR
mRNA-BASED PRIORITY EIDs AND NTDs

Several initiatives to expand manufacturing capacity of mRNA-
based vaccines to LMICs have launched, including the initiative
of WHO, the Medicines Patent Pool (MPP), and COVAX
partners (43, 44). The goal is to improve long-term health
security in LMICs for vaccine production via two key
objectives. The first objective is to expand the capabilities of
existing LMICs manufacturers and the second to establish
sustainable capacity in regions that previously had no
significant capacity. As part of the WHO and MPP initiative, a
global hub has been identified in South Africa and ‘spokes’
(technology transfer recipient manufacturers) are being
identified in other regions through open calls for expression of
interest. The hub is mandated to establish mRNA technology
and to transfer that technology to LMIC manufacturers. Positive
spin offs include strengthening the R&D and regulatory
ecosystems in these regions. In addition, a call has also been
announced for institutes interested to supply pharmaceutical
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grade reagents, raw materials and other inputs for mRNA
vaccine production, and for manufacturers interested in
receiving technology transfer (44, 45). To support this
technology transfer as well as technology transfer for other
vaccines and biologicals, WHO is also establishing a
biomanufacturing workforce training center.

Regulatory agencies in producing countries will also receive
support through these initiatives to strengthen their capacities.
As part of this, WHO has published Regulatory considerations on
the evaluation of the quality, safety and efficacy of messenger RNA
vaccines for the prevention of infectious diseases (46).

Further capacity building in producing countries will be
needed to strengthen preclinical and clinical development
capacity, to enable both early- and late-stage studies and trials
to be designed and implemented. The regional centers will also
explore the development of new technologies to improve the
thermostability of mRNA vaccines, increase efficacy for single-
dose administration, and reduce production costs. Beyond
COVID-19 vaccines, other vaccines will need to be developed
to support the long-term sustainability of the local or regional
mRNA vaccine production capacity. This model will enable the
countries and regions to align on their R&D priorities, and
determine which vaccines are to be developed/manufactured in
these facilities, which may present an opportunity to develop
vaccines for some NTDs and EIDs.

CONCLUSION

While mRNA vaccines can be produced faster than conventional
vaccines, improvements in thermostability and cost and
availability of reagents/raw materials are needed to ensure
accessibility and affordability of these vaccines to LMICs. In
addition, mRNA vaccines don’t necessarily solve issues related to
antigen design and preclinical and clinical development
challenges. Beyond COVID-19, further data are needed to
confirm the duration of immunity for mRNA vaccines against
other pathogens, and to confirm the safety and immunogenicity
in very young children and infants. A significant advantage of the
mRNA platform is the feasibility to rapidly produce multiple
vaccines at small scale. However, while the mRNA platform
offers a unique opportunity to ‘leapfrog’ the development of
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