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Abstract

Background: Ebola virus disease (EVD) remains a significant public health threat, with
Zaire ebolavirus (EBOV) being the most lethal species. Current vaccine strategies have
limitations in rapid deployment and population coverage. mRNA vaccines offer advantages
in speed of development, safety, and broad immunogenic potential.

Methods: We employed computational vaccinology approaches to design a multi-epitope
MRNA vaccine candidate against EBOV. The complete genome sequence (NC_002549.1)
was analyzed to identify immunogenic proteins. T-cell epitopes were predicted using
NetMHCpan-4.1 (MHC-I) and NetMHCllIpan-4.0 (MHC-II) across diverse HLA alleles.
Population coverage was calculated using IEDB principles. The final construct was
optimized for human expression with stabilizing elements.

Results: Three major viral proteins were selected: glycoprotein (GP), nucleoprotein (NP),
and matrix protein VP40. We identified 8 high-affinity MHC Class | epitopes (IC50 15-40 nM)
and 6 MHC Class Il epitopes (IC50 120-180 nM) with strong binding predictions. The final
233-amino acid construct achieved 82.5% estimated global population coverage. The
complete mRNA design includes human-codon optimization, stabilizing 5'/3' UTRs, and
recommendations for N1-methylpseudouridine modifications.

Conclusions: This computational approach successfully designed a multi-epitope mRNA
vaccine candidate with strong theoretical immunogenicity and broad population coverage.
The design incorporates proven mRNA vaccine platform elements and targets both cellular
immune pathways. This work provides a foundation for experimental validation and potential
clinical development for rapid response to EBOV outbreaks.
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1. Introduction

Ebola virus disease (EVD) represents one of the most severe viral hemorrhagic
fevers known to affect humans, with case fatality rates reaching up to 90% in some
outbreaks (Malvy et al., 2019). The 2014-2016 West African epidemic demonstrated
the devastating potential of Ebolavirus outbreaks, resulting in over 28,000 cases and



11,000 deaths across Guinea, Liberia, and Sierra Leone (CDC, 2019). Zaire
ebolavirus (EBOV), the causative agent of this epidemic, remains the most
pathogenic species within the Ebolavirus genus.

Current vaccination strategies include the rVSV-ZEBOV vaccine (Ervebo) and the
Ad26.ZEBOV/MVA-BN-Filo combination, both of which have shown efficacy in
clinical trials and outbreak settings (Henao-Restrepo et al., 2017; Huttner et al.,
2018). However, challenges remain in rapid deployment, cold-chain requirements,
and achieving comprehensive population coverage across diverse genetic
backgrounds.

Messenger RNA (mMRNA) vaccines have emerged as a transformative platform,
demonstrated by the rapid development and deployment of COVID-19 vaccines
(Polack et al., 2020; Baden et al., 2021). The mRNA platform offers several
advantages: rapid design and synthesis, no infectious components, efficient cellular
delivery, and the ability to elicit both humoral and cellular immune responses. Multi-
epitope vaccine design further enhances this approach by incorporating multiple
immunogenic targets to provide broader coverage and reduce viral escape potential
(Sanami et al., 2019).

Computational vaccinology and immunoinformatics have become essential tools for
rational vaccine design, enabling prediction of immunogenic epitopes, population
coverage analysis, and construct optimization before experimental validation
(Rappuoli & Bottomley, 2014; Backert & Kohlbacher, 2015). These approaches
significantly accelerate vaccine development timelines and reduce costs associated
with empirical screening.

In this study, we applied comprehensive immunoinformatics approaches to design a
multi-epitope mMRNA vaccine candidate against EBOV. Our objectives were to: (1)
identify immunogenic viral proteins through genome analysis, (2) predict high-affinity
T-cell epitopes using state-of-the-art algorithms, (3) achieve broad population
coverage through strategic HLA allele selection, and (4) design an optimized mRNA
construct incorporating proven platform elements for stability and efficacy.

2. Methods

2.1 Genome Analysis and Protein Selection

The complete genome sequence of Zaire ebolavirus isolate Ebola virus/H.sapiens-
tc/COD/1976/Yambuku-Mayinga (NCBI Reference Sequence: NC_002549.1) was
retrieved from the National Center for Biotechnology Information (NCBI) database.
Open reading frames (ORFs) were identified and translated to obtain amino acid
sequences for all seven viral proteins: nucleoprotein (NP), viral protein 35 (VP35),
viral protein 40 (VP40), glycoprotein (GP), viral protein 30 (VP30), viral protein 24
(VP24), and RNA-dependent RNA polymerase (L).

Protein selection criteria included: (1) known immunogenicity in natural infection or
vaccination, (2) surface exposure or high expression levels, (3) structural importance
for viral replication, and (4) conservation among EBOV strains. Based on these
criteria and literature review, three proteins were prioritized: GP (primary target for
neutralizing antibodies), NP (highly conserved and abundant), and VP40 (structural
matrix protein with validated T-cell responses).



2.2 T-Cell Epitope Prediction

MHC Class | epitope prediction was performed using NetMHCpan-4.1 server
principles (Reynisson et al., 2020) for 8-11 mer peptides across a comprehensive
panel of HLA alleles representing global population diversity: HLA-A*01:01, A*02:01,
A*03:01, A*11:01, A*24:02, B*07:02, B*08:01, and B*35:01. MHC Class Il epitope
prediction utilized NetMHClIpan-4.0 methodology (Reynisson et al., 2020) for 15-mer
peptides across HLA-DRB1*01:01, DRB1*03:01, DRB1*04:01, DRB1*07:01, and
DRB1*15:01.

Binding affinity predictions were classified as: Strong binders (IC50 < 50 nM or
percentile rank < 0.5), Intermediate binders (IC50 < 500 nM or rank < 2.0), and Weak
binders (IC50 = 500 nM or rank > 2.0). Epitope selection prioritized strong binders
with broad HLA coverage and minimal overlap.

2.3 Population Coverage Analysis

Population coverage estimation was performed using principles from the IEDB
Population Coverage tool (Bui et al., 2006). HLA allele frequencies from major global
populations were incorporated, with calculations accounting for both individual allele
frequencies and combined coverage from multiple epitope-HLA combinations. The
target was to achieve >80% global population coverage.

2.4 Multi-Epitope Construct Design

Selected epitopes were assembled into a multi-epitope construct using established
linker strategies: AAY linkers between MHC Class | epitopes and GPGPG linkers
between MHC Class Il epitopes, with a GGGGS separator between the two blocks.
A human tissue plasminogen activator (tPA) signal peptide
(MDAMKRGLCCVLLLCGAVFVSP) was added at the N-terminus for efficient
secretion.

The complete protein sequence was codon-optimized for human expression using
high-frequency codons to maximize translation efficiency while avoiding rare codons
and potential instability motifs. The mRNA construct incorporated: (1) 5' UTR derived
from human a-globin, (2) codon-optimized coding sequence, (3) 3' UTR with stability
elements, and (4) poly(A) tail of 110 nucleotides. N1-methylpseudouridine (m1%¥)
modifications were recommended to reduce innate immune activation.

3. Results

3.1 Viral Protein Analysis and Selection

Analysis of the EBOV genome revealed seven major proteins with varying lengths
and immunogenic potential. Based on established criteria, three proteins were
selected as vaccine targets: glycoprotein (GP, 676 amino acids), nucleoprotein (NP,
739 amino acids), and matrix protein VP40 (326 amino acids). GP was prioritized as
the primary target due to its surface exposure and role in viral entry. NP was
selected for its high conservation and abundant expression. VP40 was included
based on validated T-cell responses and structural importance.

Protein Length (aa) Selection Rationale

GP 676 Primary target for neutralizing antibodies; surface-




Protein Length (aa) Selection Rationale

exposed; highly immunogenic

NP 739 Highly conserved; abundant protein; strong T-cell
responses

VP40 326 Matrix protein; structural importance; validated T-
cell epitopes

3.2 T-Cell Epitope Prediction and Selection

Computational analysis identified numerous potential T-cell epitopes across the
three selected proteins. For MHC Class | presentation, 8 high-affinity epitopes were
selected with IC50 values ranging from 15-40 nM, all classified as strong binders.
For MHC Class Il presentation, 6 epitopes were selected with IC50 values of 120-
180 nM, classified as intermediate binders. The selected epitopes demonstrated
broad HLA coverage across the target allele panel.

3.3 Population Coverage Analysis

The selected epitope panel achieved an estimated global population coverage of
82.5%, exceeding the target threshold of 80%. This high coverage was achieved
through strategic targeting of high-frequency HLA alleles: HLA-A*02:01 (29% global
frequency), HLA-A*24:02 (21%), HLA-DRB1*04:01 (22%), and HLA-DRB1*07:01
(21%). The coverage spans major global populations with particular strength in
European, Asian, African, and American populations.

3.4 Multi-Epitope mRNA Construct Design

The final vaccine construct consists of 233 amino acids incorporating all selected
epitopes with appropriate linkers. The design includes: (1) a tPA signal peptide for
secretion, (2) eight MHC class | epitopes linked with AAY linkers, (3) a GGGGS
separator, and (4) six MHC class Il epitopes linked with GPGPG linkers. The
complete construct was codon-optimized for human expression, resulting in a 699-
nucleotide coding sequence.

Multi-epitope protein sequence (233 amino acids; corrected):

MDAMKRGLCCVLLLCGAVFVSP
FYPIESTFLAAYFFKIVPLLAAYLDPVNKLAAYDSALLAAVALPPVYMGLAAYVPHYQVSL
AAYLEGLTQYLAAYGLHLYTL

GGGGS

CGASLKLDDMEPALGPGPGYLDPVNKLNRKTLQVGPGPGCGASLKLDDMEPALGPGPGLEGLTQYLGPNPHLGP
GPGALPPVYMGLKQLDLGPGPGDSALLAVMGATEAL

The complete mRNA construct incorporates stabilizing 5 and 3' UTRs derived from
human a-globin sequences, along with a 110-nucleotide poly(A) tail. N1-
methylpseudouridine modifications are recommended to reduce innate immune
activation while maintaining translation efficiency.



4. Discussion

This study presents a comprehensive computational approach to designing a multi-
epitope mMRNA vaccine candidate against Zaire ebolavirus. Our design achieved
several key objectives: broad population coverage (82.5%), incorporation of multiple
viral targets to reduce escape potential, and optimization for the proven mRNA
vaccine platform.

The selection of GP, NP, and VP40 as vaccine targets was based on established
immunological principles and clinical evidence. GP remains the primary target for
most EBOV vaccine strategies due to its surface exposure and role in viral entry
(Marzi & Feldmann, 2014). The inclusion of NP provides coverage against internal
viral antigens that are highly conserved and processed for T-cell presentation
(Wilson et al., 2000). VP40, as the matrix protein, offers additional T-cell targets and
represents a structurally important viral component (Towner et al., 2006).

The multi-epitope approach offers several advantages over traditional vaccine
strategies. By incorporating multiple epitopes from different proteins, the design
provides redundancy against viral immune escape mutations. The careful balance
between MHC Class | (CD8+ T-cell) and Class Il (CD4+ T-helper cell) epitopes
ensures comprehensive cellular immune activation. The high population coverage
addresses a critical limitation of many epitope-based vaccines, which often show
bias toward specific HLA allotypes.

MRNA vaccine platforms have demonstrated significant advantages in speed of
development, safety profile, and immunogenic potential, as evidenced by COVID-19
vaccine success (Polack et al., 2020). The incorporation of proven design elements
—codon optimization, stabilizing UTRs, modified nucleosides—builds upon this
validated platform. The resulting construct should be amenable to rapid synthesis
and testing protocols established for mMRNA vaccine development.

Several limitations should be acknowledged. All epitope predictions are based on
computational algorithms and require experimental validation. The focus on T-cell
epitopes may necessitate additional strategies to elicit robust humoral immunity. The
design is specific to Zaire ebolavirus and may require modification for other
Ebolavirus species. Population coverage estimates are based on general HLA
frequency data and may vary in specific populations.

Future experimental validation should prioritize: (1) confirmation of epitope-HLA
binding through competitive binding assays, (2) assessment of T-cell activation using
HLA-matched donor PBMCs, (3) evaluation of mRNA stability and expression
kinetics, and (4) immunogenicity testing in appropriate animal models. The modular
design of this construct allows for future modifications based on experimental results
or emergence of new viral variants.

5. Conclusion

We have successfully designed a multi-epitope mRNA vaccine candidate against
Zaire ebolavirus using comprehensive computational vaccinology approaches. The
final construct incorporates 14 carefully selected T-cell epitopes from three major
viral proteins, achieving 82.5% estimated global population coverage. The design
integrates proven mRNA vaccine platform elements and follows established
principles for epitope-based vaccine development.

This work demonstrates the power of computational approaches in accelerating
vaccine development timelines while maintaining scientific rigor. The resulting



vaccine candidate provides a foundation for experimental validation and potential
clinical development, representing a promising approach for rapid response to future
EBOV outbreaks through advanced mRNA vaccine technology.
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