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ARTICLE INFO ABSTRACT
Keywords: The Monkeypox virus, an Orthopoxvirus with zoonotic origins, has been responsible for a growing
Monkeypox number of human infections reminiscent of smallpox since May 2022, as reported by the World

Conserved epitopes
Machine learning
Immunoinformatic

Health Organization. As of now, there are no established medical treatments for managing
Monkeypox infections. In this study, we used machine learning to select conserved epitopes.
Proteins were determined using Reverse Vaccinology and Gene Ontology subcellular localization,
and their epitopes were predicted. NextClade was used to calculate the number of mutations in
each amino acid position using 2433 Monkeypox sequences. The Unsupervised Nearest Neighbor
machine learning algorithm and ideal matrix [0 0] were used to calculate the conservancy score
of epitopes. Six proteins were determined for epitope prediction. Finally, 47 MHC-I epitopes, 5
MHC-II epitopes, and 10 Linear B cell epitopes were discovered. Our method can select epitopes
for vaccine design to prevent viruses with accelerated evolution and high mutation rate.

1. Introduction

Monkeypox is a DNA virus belonging to the family Poxviridae, subfamily Chordopoxvirinae, and genus Orthopoxvirus. It leads to a
disease known as Mpox, which exhibits similar features to Smallpox [1]. Monkeypox virus is more prevalent in the central and western
regions of Africa compared to other areas. It has two clades, namely the Central African (Clade I) and West African (Clade II) variants,
with the Clade I variant being more severe and having a higher mortality rate [2]. In recent years, there have been reports of confirmed
and suspected Mpox cases in several European and American countries and non-endemic regions. Notably, many of these patients had
no history of traveling to endemic areas, highlighting the importance of studying this zoonotic disease [3].

Vaccination plays a crucial role in preventing future Mpox outbreaks. Vaccination against smallpox, which can induce relative
immunity against the Monkeypox virus through cross-reaction, has been a key preventive measure [4]. However, due to the eradi-
cation of smallpox and the discontinuation of general vaccination, immunity against the Monkeypox virus has declined, possibly
contributing to the recent increase in infections [5]. Additionally, no specific Mpox vaccine has been developed to date. The currently
approved vaccines for smallpox and Mpox are based on attenuated viruses or vaccinia replicators. However, these types of vaccines can
sometimes lead to severe complications such as myocarditis, underscoring the need for the development of new-generation vaccines
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Fig. 1. illustrates the step-by-step workflow employed in our study. We began by collecting a dataset consisting of 2442 Monkeypox virus sequences
and reference sequences of Monkeypox virus, along with 9 other Orthopoxviruses from the National Center for Biotechnology Information database
(Step 1). Next, we aligned these 10 Orthopoxvirus sequences using MAFFT and constructed a phylogenetic tree using IQ-Tree2. This allowed us to
determine the pairwise similarity between the target proteins of these viruses and identify the closest Orthopoxviruses to Monkeypox virus (Step 2).
In Step 3, we conducted reverse vaccinology analysis on the reference sequence proteins of Monkeypox virus using Vaxign2 and Cello2go. This
analysis helped us identify specific target proteins for epitope prediction. Moving on to Step 4, we predicted the MHC-I, MHC-II, and Linear B cell
epitopes of the selected target proteins using various tools (details provided in Supplementary Table 1). Step5, the amino acid mutations of selected
proteins calculated by NextClade (provided by NextStrain). Number of mutation and site of mutation calculated for each predicted epitope. In Step
6, we constructed a matrix to represent the predicted epitopes. This matrix indicated the number of mutations and number of site of mutations that
were affected for each epitope. To assess the conservancy of the predicted epitopes, we employed the Unsupervised Nearest Neighbor algorithm to
measure the distance of each epitope to the ideal matrix [0 0]. This distance value served as a conservancy score. Finally, we used a Scatter plot with
antigenicity on the x-axis and normalized Unsupervised Nearest Neighbor distance on the y-axis to aid in the selection of antigenic and
Eonserved epitopes.

with fewer side effects against Mpox [6].

Conserved epitope prediction for new-platform vaccine design can be facilitated by employing machine learning, bioinformatics
and immunoinformatics approaches. To address the critical need of predicting conserved epitopes for the development of effective
vaccines, one study employed bioinformatics techniques to systematically analyze the Mpox 2022 outbreak. This analysis resulted in
the identification of novel mutations and highlighted ten proteins that are prone to mutation [3]. Utilizing immunoinformatics, some
studies devised a multi-epitope vaccine against Mpox by accurately predicting stable interactions with human receptors TLR5 and
TLR4. They ensured antigenicity by selecting immunodominant B-cell and T-cell epitopes [7-9]. Furthermore, these studies assessed
the conservation of the predicted epitopes by aligning them and determining the percentage of pairwise similarity [8,9]. However, this
approach usually employed conservation of predicted epitopes, and machine learning can potentially assist in this task. Machine
learning enables the understanding of the virus’s structure, selection of target proteins for epitope prediction, monitoring of virus
mutations over time, and identification of conserved epitopes. These methods are essential in the design of immunogenic vaccines
against Monkeypox [10-12].

In this study, we employed immunoinformatics and machine learning approaches to predict and select conserved epitopes,
considering the accelerated evolution of Monkeypox virus [13]. Our aim was to identify reliable epitopes that are likely to remain
protected against future strains, probably serving as ideal targets for designing immunogenic vaccines.

2. Materials and methods
2.1. Data source

We obtained the reference sequence of Monkeypox virus (NC_063383.1) and 2442 human-hosted Monkeypox virus sequences from
1996 to October 2022 from the National Center for Biotechnology Information (NCBI) Virus database. The complete list of these
sequences is available in Supplementary Information: sup file 1. We also selected one reference sequences for each known Ortho-
poxviruses, including Camelpox (NC_003391.1), Cowpox (NC_003663.2), Ectromelia (NC_004105.1), Raccoonpox (NC_027213.1),
Skunkpox (NC_031038.1), Taterapox (NC_008291.1), Vaccinia (NC_006998.1), Variola (NC_001611.1), and Volepox (NC_031033.1),
from NCBI (Supplementary Table 1). The workflow of our study is presented in Fig. 1 and Supplementary Fig. 1.

2.2. Phylogenetic analysis of orthopoxviruses and pairwise similarity

We aligned the 10 nucleotide sequences of the selected Orthopoxviruses using MAFFT (https://mafft.cbrc.jp/alignment/software/
). Subsequently, we constructed a phylogenetic tree using IQ-TREE2 (http://www.iqtree.org/) with maximum likelihood to the GTR
model. The resulting phylogenetic tree was visualized using Evolview v3 (Evolview:Tree View (evolgenius.info)). Additionally, we
calculated the pairwise similarity of Monkeypox target proteins with other Orthopoxviruses using MMseqs2 easy-search (https://
github.com/soedinglab/MMseqs2). We determined the closest virus to Monkeypox virus based on protein similarities and employ-
ing the Unsupervised Nearest Neighbor (UNN) algorithm. By percent of pairwise similarity that calculated by MMseqs2, we calculate
distance of each virus to Monkeypox virus by UNN algorithm. This algorithm was implemented in Python using the NearestNeighbors
package from scikit-learn. Subsequently, distances were normalized by dividing all values by the maximum distance. The mean
percentage of identity for each protein across all known Orthopoxviruses was calculated and employed to identify proteins with the
highest similarity among all known Orthopoxviruses. These proteins are considered potential targets for a cross-protective vaccine.

2.3. Reverse vaccinology analysis

We utilized the Vaxign2 web-based tool for Reverse Vaccinology (RV) analysis [12]. This tool helps in selecting protein targets for
vaccine design. Furthermore, we employed the Cello2go web-based tool, which predicts various target protein features based on Gene
Ontology Annotation, including subcellular localization, molecular function, biological process, and cellular component [14]. We
selected candidate proteins for epitope prediction based on Vaxign2 with probability >0.51 and Vaxign-ML score >90.0. Additionally,
we used Cello2go with Eukaryote virus databases and an E-value of 0.001 for subcellular localization. Membrane and extracellular
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proteins were chosen due to their availability to immune system cells. Furthermore, we considered relevant literature to select other
target proteins.

2.4. Epitope prediction

For MHC-I epitope prediction, we utilized the NetCTL v1.2 server (https://services.healthtech.dtu.dk/services/NetCTL-1.2/1-
Submission.php). We predicted 9-mer MHC-I epitopes for supertypes Al, A2, A3, A24, A26, B7, B8, B27, B39, B44, B58, and B62
with a score >0.75. We checked the immunogenicity of the epitopes using the IEDB Class I Immunogenicity tool (http://tools.iedb.org/
immunogenicity/), and selected epitopes with scores >0.

For MHC-II epitope prediction, we used the Peptide binding to MHC class Il molecules tool (http://tools.iedb.org/mhcii/) with the
model labaled as “IEDB recommended 2.22” for the full HLA reference set. We predicted MHC-II epitopes with a length of 15 amino
acids, selecting peptides with a percentile rank <1.

We employed the Bepipred2.0 tool (http://tools.iedb.org/bcell/) available in IEDB for predicting linear B cell epitopes, considering
a default threshold and selecting only epitopes with a length >6.

Pairwise Similarity (% identity) to Monkeypox
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Fig. 2. Presents a comprehensive phylogenetic analysis of Orthopoxviruses. (A), the phylogeny tree is depicted, showcasing the relationship be-
tween 10 National Center for Biotechnology Information reference sequences of known Orthopoxvirus members. The tree was constructed using IQ-
Tree2 and visualized using Evolview v3, with the root set to Monkeypox virus. Interestingly, the analysis reveals Vaccinia to be the closest relative to
Monkeypox virus. (B), a heatmap illustrates the percentage of pairwise similarity of 6 target proteins among the 9 other known Orthopoxvirus
members in comparison to Monkeypox virus.(C), the plot displays the Normalized Unsupervised Nearest Neighbor distance of each Orthopoxvirus to
Monkeypox virus based on the 6 target proteins. To ensure accuracy, this normalization involves dividing each distance by the maximum distance.
As confirmed by the phylogeny tree, the analysis highlights Vaccinia as the Orthopoxvirus with the lowest normalized distance to Monkeypox virus,
indicating a closer relationship between the two. (D) presents a plot showcasing the mean percentage of identity for 9 others known Orthopoxviruses
compared to Monkeypox virus proteins. Interestingly, it shows that the IMV membrane Protein L1R exhibits the highest mean identity among
Orthopoxviruses. This finding suggests its potential utility as a candidate for developing cross-reactive vaccines.
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To assess the allergenicity of the epitopes, we used AllerTOP v.2.0 (https://www.ddg-pharmfac.net/AllerTOP/), selecting non-
allergenic epitopes. We evaluated the toxicity of the epitopes using ToxinPred (https://webs.iiitd.edu.in/raghava/toxinpred/algo.
php) with a threshold set at 0. Furthermore, we investigated the antigenicity of the epitopes using Vaxijen2 (http://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html) with a threshold of 0.25. For MHC-II epitopes, we used the IFNepitope server
(https://webs.iiitd.edu.in/raghava/ifnepitope/predict.php) to select epitopes that induce Interferon-gamma. The features of the
epitope prediction tool, along with their corresponding thresholds, are listed in Supplementary Table 2.

2.5. Amino acid mutations

We utilized NextClade CLI, a powerful tool for analyzing viral genetic sequences, to identify nucleotide and amino acid mutations,
perform mutation calling, clade assignment, sequence quality check, and genome alignment. All sequences extracted from NCBI were
analyzed using the Human Monkeypox (hMPXV) dataset of NextClade CLI. We performed a quality check, including assessing missing
nucleotides, mixed sites, private mutations, mutation clusters, stop codons, and frameshifts [15]. Sequences that did not pass the
quality check were excluded from the analysis. We visualized the results obtained from NextClade CLI, including the phylogeny tree,
nucleotide mutations, and amino acid mutations using Auspice (auspice.us). Based on the amino acid mutations obtained, we
calculated the number of mutations and the number of mutation sites for each epitope.

2.6. Machine learning approach to epitope conservation

We developed a machine learning model using the UNN algorithm to calculate epitope conservancy. The UNN algorithm operates
on unlabeled datasets and relies on proximity measures to identify clusters, patterns and distance. To implement the UNN algorithm,
we utilized the scikit-learn NearestNeighbors package in Python, which provided efficient and scalable nearest neighbor search ca-
pabilities. This allowed us to effectively calculate distance of each epitope to ideal matrix and identify epitope conservancy. We created
a matrix where the rows represented epitopes, and the columns indicated the number of mutations and the number of mutation sites.
UNN can calculate distance of each epitope based on the number of mutations and the number of mutation sites features to ideal
matrix. Each column was weighted by Shannon entropy. The model calculated the distance of each epitope to the ideal matrix [0 O].
Subsequently, we normalized the obtained distances using Min-Max normalization (by deviding each distance to max distance). The
normalized distance represents the conservancy score of each epitope. We plotted a scatter plot with the x-axis representing antige-
nicity and the y-axis representing the conservancy score. Based on this plot, we selected conserved and antigenic epitopes (Antigenicity
threshold = 0.4).

3. Results
3.1. Phylogenetic analysis identifies monkeypox and vaccinia relationship and potential vaccine target

The phylogenetic analysis of Orthopoxviruses revealed that Monkeypox is most closely related to Vaccinia (Fig. 2A). A pairwise
similarity analysis demonstrated that Vaccinia exhibits the highest similarity to Monkeypox virus, particularly in the confirmation of
the phylogenetic tree (Fig. 2B and C). Among the proteins analyzed, the IMV membrane protein L1R showed the greatest similarity and

Table 1

The table provided herein presents a compilation of proteins meticulously chosen for epitope prediction. The initial five proteins were selected based
on their Vaxign Machine Learning score and Adhesion probability, determined through Vaxign2’s reverse vaccinology approach. For these proteins,
their subcellular localization was determined using the Cello2go server, as Vaxign2 couldn’t predict their localization, leading to an “Unknown" value
in the Vaxign2 Localization column of the table. In contrast, the B22R family protein (B21R) was chosen after an exhaustive literature review due to
its remarkable immunogenicity. The subcellular localization of the B22R family protein (B21R) was not determined by the Cello2go server because
Vaxign2 was capable of predicting its localization.

Protein Protein Name Vaxign- Vaxign2 Localization Adhesion Trans- Similar Cello2go
Accession ML Score (Probability) Probability membrane Human Localization
Helices Protein
YP_010377077.1 IMV membrane protein 90.9 Unknown (Prob. = 0.679 1 No Plasma
L1IR 0.20) membrane
YP_010377148.1 Chemokine binding 90.9 Unknown (Prob. = 0.583 0 No Extracellular
protein 0.20)
YP_010377158.1 Hemagglutinin 90.9 Unknown (Prob. = 0.789 1 No Plasma
0.20) membrane
YP_010377165.1 Soluble interferon- 90.9 Unknown (Prob. = 0.676 0 No Extracellular
gamma receptor-like 0.25)
protein
YP_010377175.1 Virulence protein 90.9 Unknown (Prob. = 0.797 1 No Plasma
0.20) membrane
YP_010377176.1 B22R family protein 96.9 Cytoplasmic 0.097 1 No -
(B21R) Membrane (Prob. =
0.95)
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could serve as a target for the development of cross-protective vaccines (Fig. 2D).

3.2. Identification of key candidate protein for epitope prediction

To select target proteins for further analysis, Vaxign2 RV analysis was employed, excluding 37 out of 179 Monkeypox proteins due
to their similarity with human proteins. Only five proteins with a Vaxign-ML score >90.0 and probability >0.51 were identified.
However, the subcellular localization of these proteins was unknown. To address this, Cello2go was utilized, revealing that three of the
selected proteins (60 %) are located in the membrane, while the remaining two (40 %) are secreted proteins. The five selected proteins
are as follows: IMV membrane protein L1R (YP_010377077.1), Hemagglutinin (YP_010377158.1), Virulence protein
(YP_010377175.1), Chemokine binding protein (YP_010377148.1), and Soluble interferon-gamma receptor-like protein
(YP_010377165.1). The literature review indicated that the B22R family protein (B21R) is a promising choice for epitope prediction
due to its possession of multiple immunodominant regions and highly immunogenic epitopes [16]. The Vaxign-ML score of this protein
was 96.9, higher than that of other proteins, thus making it a key candidate for further analysis (Table 1).

3.3. Prediction and selection of MHC-I, MHC-II and linear B cell epitopes

For MHC-I epitope prediction, a total of 720 epitopes were predicted using NetCTL v1.2, out of which 351 were found to be
immunogenic. Following assessment of allergenicity, toxicity, and antigenicity, 136 epitopes remained. Among these, 72 epitopes
were associated with the B22R family protein (B21R). Additionally, the IEDB MHC-II tool predicted 116 epitopes, of which 40 were
allergens. No toxicity was observed in the remaining epitopes. Among them, 49 epitopes were identified as interferon gamma inducers,
resulting in the final selection of 35 antigenic epitopes for MHC-II. Furthermore, Bepipred2.0 predicted 107 linear B cell epitopes, of
which 83 had a length of at least 6 amino acids and 43 were non-allergenic. Out of the non-allergenic epitopes, only two were found to
be toxic. After evaluating antigenicity, a total of 28 epitopes were chosen for further analysis (Fig. 3A and. B, Supplementary infor-
mation: sup file 3, sup file 4, sup file 5).

3.4. Mutation analysis reveals low conservation in B22R family protein (B21R)

NextClade CLI was employed to analyze 2433 sequences, eliminating 123 sequences with poor quality control. This analysis
identified 2337 nucleotide positions and 3989 amino acid positions that exhibited mutations. Notably, the B22R family protein (B21R)
showed 2377 mutations, indicating low conservation. The total number of amino acid mutations and the number of mutation sites for
each epitope were calculated (Supplementary information: sup file 6).

3.5. Machine learning model assists in epitope selection based on antigenicity and conservancy scores

A machine learning model was trained using the UNN algorithm to calculate the distance of each epitope from the ideal matrix [0
0]. Consequently, a scatter plot was generated, with the antigenicity of the epitopes on the x-axis and the conservancy score
(normalized UNN distance) on the y-axis. Based on this plot, epitopes were selected based on Normalized UNN distance and anti-
genicity (threshold = 0.4), resulting in the identification of 47 MHC-I epitopes, 5 MHC-II epitopes, and 10 linear B cell epitopes (Fig. 4A
and. B, Supplementary information: sup file 7, sup file 8).

A B Counts of epitopes for each proteins group by (MHCI & MHC-II & Linear B Cell)

= MHC-I T Cell
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Allergen(MHC-! , Linear) & Toxin(MHC-I1) lemagglutinin

4:IMV membrane protein L1R
Toxin(MHC-1 , Linear) & IFN(MHC-1I) I 5:Soluble interferon-gamma receptor-like protein

Vaxijen2.0(Antigenicity) 80 6:Virulence protein

Count

720
700
600
500
£ 400
2 351
o
300 40
200 199196 1 4
136 20 || A ]
i 107 1 1
biic. i m i sl
IIA9 43 41
35 28
0
0 - —— 2 3 4 5 6

MHC-I T Cell MHC-II T Cell Linear B Cell Proteins

Fig. 3. Epitope prediction analysis. (A) the plot illustrates the predicted epitope counts at each stage of prediction for MHC-I, MHC-II, and Linear B
cell epitopes. The legend indicates the corresponding tools used for each step in the prediction process, with the epitope counts displayed atop each
column. (B) the plot showcases the final predicted epitope counts separately for each target protein. The numbers within each protein column
represent the respective counts of MHC-I, MHC-II, and Linear B cell epitopes, from bottom to top.
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4. Discussion

Due to the emergence of Monkeypox virus in regions where it is not commonly found, concerns have been raised about the potential
for human-to-human transmission in these areas [3]. Recent studies indicate that the evolution of Monkeypox virus has been
happening at an accelerated pace [13]. Our analysis of the genetic relationships reveals that the closest strain to Monkeypox virus is
Vaccinia, and it is suggested that Vaccinia-based vaccines used for smallpox could be effective in preventing Mpox outbreaks, as long as
the evolution of Monkeypox virus does not significantly reduce the vaccine’s effectiveness [17]. Before examining the impact of
evolution on the vaccine, it is important to develop new vaccine platforms specifically tailored to Monkeypox virus mutations in order
to enhance prevention measures against its evolution.

In this study, we employed Reverse vaccinology and conducted a literature review to select proteins for epitope prediction. The
chosen proteins include IMV membrane protein L1R (YP_010377077.1), which is an envelope protein with myristoylation [18];
Hemagglutinin (YP_010377158.1), a protein found in infected cells’ membranes and viral particles’ envelope [19]; Virulence protein
(YP_010377175.1), a hypothetical protein similar to Vaccinia B20R proteins [20]; Chemokine binding protein (YP_010377148.1), a
secreted protein from infected cells that plays a role in modulating the immune system by binding to chemokines [21]; and soluble
interferon-gamma receptor-like protein (YP_010377165.1), an extracellular and secreted protein that hinders the binding of
interferon-gamma to cellular receptors, thereby preventing cellular immunity [22]. According to literature findings, the B22R family
protein (B21R) is a surface glycoprotein with highly immunogenic epitopes, and all individuals infected with Monkeypox virus respond
to at least three epitopes of this protein [16]. employed the B22R family protein (B21R) and soluble interferon-gamma receptor-like
protein [8]. Similarly, the studies conducted by Akhtar et al. utilized the IMV membrane protein L1R and Hemagglutinin for their
epitope prediction [9]. Aziz et al. focused on a virulence protein [23], while Hayat et al. employed a chemokine binding protein in their
vaccine design [24].

Similar to our previous study [25], we performed epitope prediction, calculated the number of mutations using 2433 sequences,
and determined the total number of mutations as well as the mutation sites for each epitope. Until June 2022, a total of 1121 Single
Nucleotide Polymorphisms (SNPs) had been reported. However, as of October 2022, we identified 2337 SNPs, further confirming the
accelerated evolution of Monkeypox virus [3]. In comparison to other studies, our epitope prediction for the B22R family protein
(B21R) identified only the IAYRNDTSF CTL epitope as common [8]. However, this particular epitope is not considered conserved in
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Fig. 4. Select Epitopes based on antigenicity and normalized Unsupervised Nearest Neighbor distance (A) presents a scatter plot that illustrates the
antigenicity (x-axis) and normalized Unsupervised Nearest Neighbor distance of each predicted epitope (y-axis). The antigenicity of each epitope
was determined using the Vaxijen2 server. The matrix contains rows of predicted epitopes, with two columns representing the number of mutations
and the number of mutation sites, which were used to calculate the distance of each epitope from the ideal [0 0] matrix. The Unsupervised Nearest
Neighbor distance of each epitope was normalized by dividing it by the maximum distance, resulting in a conservancy score for each epitope. This
scatter plot was utilized to select conserved and antigenic epitopes. (B) an enlarged version of Fig. 4A’s scatter plot is presented. Using this scaled-up
scatter plot, specific epitopes were chosen based on the criteria of having an antigenicity value greater than or equal to 0.4 and a Normalized
Unsupervised Nearest Neighbor distance of 0. Subsequently, a total of 47 MHC-I epitopes, 5 MHC-II epitopes, and 10 Linear B cell epitopes were
identified and discovered (red rectangle shows selected epitopes and antigenicity threshold = 0.4).
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our analysis due to the presence of 10 mutations across 9 amino acid positions (UNN distance = 13.4536 and Normalized UNN dis-
tance = 0.0727), indicating a low level of conservation. In contrast, the previous articles report a conservancy of 66 % for this epitope
using alignment and pairwise similarity methods, and they utilize it as a conserved epitope for vaccine design [8]. This discrepancy
might be attributed to their use of alternative methods and their analysis limited to only six MPXV isolates, whereas our study en-
compasses 2433 Monkeypox virus sequences. Furthermore, when considering other articles that investigate similar target proteins, we
do not identify any common epitopes. This disparity could be attributed to differences in the approaches and tools employed, or the
omission of certain epitopes in the main body of those articles.

Most other studies commonly employ IEDB Conservancy tools or BLASTp to calculate the conservancy of predicted epitopes.
However, when compared to our method, these studies often face limitations in calculating epitope conservancy due to the restricted
number of protein sequences considered. Our approach, on the other hand, utilizes NextClade CLI and machine learning, enabling us to
encompass a larger number of proteins and achieve more accurate conservancy calculations. Nonetheless, there is a drawback to our
method in that it determines the antigenicity of conserved epitopes based on the reference sequence among all strains, neglecting the
importance of epitope frequency across sequences. If an epitope has a low frequency among all strains, its efficacy may be diminished.
For instance, our method may indicate high conservancy for an epitope due to a single mutation, but if it has a low frequency across
strains, the antigenicity may be lower. To address this concern, we propose incorporating the determination of strain development in
specific areas where vaccine design is intended, in combination with the frequency of epitopes using the Shannon entropy method.
Furthermore, considering the antigenicity of more frequently occurring epitopes could potentially resolve this issue within our
method.But in general the selection of conserved epitopes based on the UNN algorithm represents a novel approach that can be
employed for organisms exhibiting a high number of mutations and rapid evolution. We anticipate that the identified epitopes will
contribute to the design of an effective vaccine that can help prevent the spread of Mpox. Our methodology holds promise for epitope
selection and vaccine design for viruses characterized by high mutation rates.

5. Conclusion

In this study, immunoinformatics and machine learning approaches were employed to predict and select conserved epitopes for the
design of immunogenic vaccines against Mpox. The phylogenetic analysis revealed that Monkeypox virus is closely related to Vaccinia,
suggesting the potential cross-protective effect of Vaccinia-based vaccines against Mpox. Reverse vaccinology analysis and literature
review identified several target proteins, including the B22R family protein (B21R), which is known to have highly immunogenic
epitopes. Epitope prediction was performed using various tools, and a total of 47 MHC-I epitopes, 5 MHC-II epitopes, and 10 linear B
cell epitopes were selected. Machine learning was utilized to calculate epitope conservancy scores, allowing the identification of
epitopes with high antigenicity and conservation. These findings provide valuable insights for the development of new-generation
vaccines against Mpox.

5.1. Limitations

The study’s limitations encompass several key aspects. Firstly, the reliance on publicly available Monkeypox virus sequences might
not fully encompass the diverse strains, impacting epitope prediction accuracy. The utilization of existing epitope prediction tools and
databases, subject to ongoing evolution, could affect the reliability of predictions. Experimental validation of predicted epitopes is
essential, as the study primarily focuses on in silico analysis. Furthermore, the potential emergence of novel strains and antigenic
variations necessitates continuous epitope prediction updates. While the study provides a foundation for vaccine design, challenges
such as formulation, safety, and regulatory considerations remain. Overall, the study offers valuable insights into Mpox vaccine
development, but further research, validation, and adaptation to evolving strains are crucial for advancement.
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