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Abstract 

Background: An outbreak of SARS-CoV-2 in 2019 has brought a great 

challenge to public health and rapid identification of immune epitopes for designing 

an effective vaccine for different variants of SARS-CoV-2 is necessary at the time 

of the pandemic. Rational, rapid, and precise vaccine design, especially vaccine 

antigen identification and optimization by in silico methods of bioinformatics, 

structural biology, and immunoinformatic is critical to efficient vaccine 

development against the SARS-CoV-2 virus. The aim of this study was to develop 

a particular novel and effective vaccines vaccine using bioinformatics approaches 

and resources that can target B- and T-cell epitopes to combat SARS-CoV-2 

infection. 

Methods: The variants of SARS-CoV2 (Alpha, Beta, Delta, and Omicron 

strains) spike protein were selected for designing the vaccine. The B-cell, T-cell, and 

interferon-gamma-inducing epitopes were predicted. The beta-defensin-3 protein 

was selected as adjuvant and predicted epitopes were connected using suitable 

linkers. The vaccine's allergenicity, antigenicity, physicochemical characteristics, 

2D and 3D structure modeling, and molecular docking were evaluated for the final 

construct. 

Results: The in-silico results showed that the multi-epitope vaccine has a 

stable structure and can induce humoral and cellular immune responses against 

SARS-CoV2.  

Conclusions: B-cell and T-cell epitopes on spike protein were identified and 

recommended for design  and confirmation of in vivo evaluation for multi-epitope 

peptides as vaccines against SARS-CoV-2. 

Keywords: COVID-19, SARS-CoV-2, Vaccine, Immunoinformatic, Epitope, 

T-cell epitopes, B-cell epitopes 
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Резюме  

История вопроса: Вспышка SARS-CoV-2 инфекции в 2019 году стала 

серьезным вызовом для общественного здравоохранения, а быстрое описание 

иммунных эпитопов для разработки эффективной вакцины против различных 

вариантов SARS-CoV-2 необходимо в ходе пандемии. Рациональная, быстрая 

и точная разработка вакцины, особенно идентификация и оптимизация 

вакцинных антигенов с помощью методов in silico биоинформатики, 

структурной биологии и иммуноинформатики, имеет решающее значение для 

эффективной разработки вакцины против вируса SARS-CoV-2. Целью 

настоящего исследования была разработка новой и эффективной вакцины с 

использованием подходов и ресурсов биоинформатики, которая может 

содержать эпитопы В- и Т-клеток для борьбы с инфекцией SARS-CoV-2. 

Методы: варианты спайкового белка SARS-CoV2 (штаммы альфа, бета, 

дельта и омикрон) были выбраны для разработки вакцины и предсказания 

эпитопов, индуцирующих В-клетки, Т-клетки и продукцию интерферона-

гамма. Белок бета-дефензин-3 был выбран в качестве адъюванта, а 

предсказанные эпитопы были связаны с использованием разных линкеров. 

Для формирования окончательной конструкции были оценены аллергенность, 

антигенность, физико-химические характеристики вакцины, моделирование 

2D и 3D структуры и молекулярная стыковка. 

Результаты: Результаты in-silico анализа показали, что мультиэпитопная 

вакцина имеет стабильную структуру и может индуцировать гуморальный и 

клеточный иммунный ответ против вируса SARS-CoV2. 

Выводы: были идентифицированы В-клеточные и Т-клеточные эпитопы 

спайкового белка вируса SARS-CoV2, рекомендованные для разработки и 

подтверждения эффективности in vivo мультиэпитопных пептидов в качестве 

вакцин против вируса SARS-CoV-2. 
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1. Introduction 1 

Coronavirus Disease‐19 (COVID‐19) is an infectious disease caused by 2 

severe acute respiratory syndrome‐coronaviruses‐2 (SARS‐CoV‐2), a highly 3 

pathogenic and transmissible coronavirus size with nearly 65–125 nm in diameter, 4 

which was first detected in Wuhan and on March 2020, the World Health 5 

Organization (WHO) declared COVID-19 a global pandemic (23, 26). The 6 

Coronaviridae family divides into four subgroups that are alpha (α), gamma (γ) 7 

CoVs, beta (β) and delta (δ). Among them, β and α CoVs subgroups are transmitted 8 

from animals to humans or zoonotic (8, 47). Sequencing and etiological 9 

investigations for a causative agent of the pandemic verified a novel coronavirus 10 

pertains to β coronavirus, which contains both MERS-CoV and SARS-CoV-2 (23). 11 

COVID‐19 disease has affected nearly all of the countries with over 687 million 12 

cases and the number of deaths had reached almost 6.87 million worldwide by May 13 

2, 2023 (36). COVID‐19 disease exhibits a wide range of non-symptomatic and mild 14 

illnesses (fatigue, sore throat, cough, fever, muscle pain, and headache) to acute 15 

respiratory distress syndrome, pneumonia manifestations, hyperinflammatory states, 16 

and multi-organ collapse in severe cases (1, 3, 9). Thus, due to the rapid and global 17 

outbreak of SARS-CoV-2 along with numerous mutations of this virus, there is an 18 

urgent need to develop effective and safe  new-generation vaccines against the 19 

SARS-CoV-2 virus (32, 37). Because of the lack of antigenic diversity, high costs, 20 

time-consuming antigen identification, and lack of antigenic diversity, traditional 21 

approaches in vaccination based on laboratory experiments for vaccine design and 22 

development are not enough (19, 21).  23 

SARS‐CoV‐2 is a single-stranded positive-sense RNA virus with a genome 24 

ranging approximately from 27 to 32 kilobases in size, which encodes many proteins 25 

including envelope (E), membrane (M), nucleocapsid (N), and spike (S) proteins as 26 

well as 16 non-structural proteins (NSP1 to NSP16), proteases (3C-like proteinase) 27 

and accessory protein chains (3, 51, 53). Among these -proteins, S and N proteins 28 

https://www.sciencedirect.com/science/article/pii/S0168170223000370
https://www.sciencedirect.com/science/article/pii/S0168170223000370
https://www.statista.com/statistics/1093256/novel-coronavirus-2019ncov-deaths-worldwide-by-country/
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have been shown to be immunogenic  (25). The N protein is a multifunctional RNA-29 

binding protein, that plays a role in viral RNA-protein (vRNP) assembly, promotion 30 

of RNA template switching, and packaging of the viral genome (25). The spike 31 

protein mediates the viral entry through its interaction with the human angiotensin-32 

converting and also membrane fusion (45). All of the available COVID-19 vaccines 33 

including, RNA-based and adenovirus-based), mRNA-based, and inactivated 34 

viruses expose the S-protein to the host immune system to induce an immune 35 

response. However, with the advent of new COVID-19 strains and variants due to 36 

S-protein mutations, the available vaccines lose their effectiveness in preventing 37 

infection and hospitalization (5, 10, 22). 38 

In the last decade, progress in bioinformatics and Artificial Intelligence has 39 

incredibly facilitated the development of efficient vaccines, especially in cases of 40 

rapid outbreaks and unknown pathogens (17, 33). Reverse Vaccinology, Antigen(s) 41 

Choice, Disclosure, and Optimization and Prediction of B Cell Epitopes and T Cell 42 

Epitope Prediction are Bioinformatic principles for efficient vaccine design (7, 24). 43 

Bioinformatics is a strong tool that processes large amounts of the available virus 44 

genome and its protein sequence information, thus, predicting presented epitopes 45 

and virus characteristics and significantly accelerating the progress of vaccine 46 

development (41, 49). 47 

In this study, we apply an integrated knowledge of computational informatics, 48 

immunoinformatic, and modeling fields (in silico) for B-cell and T-cell epitope 49 

prediction of SARS-CoV-2s Spike SARS-CoV-2 Spike receptor-binding domain 50 

(RBD) and comparison in silico immunogenicity by applying bioinformatics 51 

methods to for the development of vaccines under a guide procedure against 52 

COVID-19. 53 

 54 

2. Material and method 55 
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A workflow of the methods used for the epitope-based peptide vaccine 56 

prediction is depicted in Figure 1. 57 

2.1. Strain identification and retrieval of the protein sequence 58 

 The variants of SARS-CoV2 (Alpha, Beta, Delta, and Omicron strains) spike 59 

protein were retrieved from the National Center for Biotechnology Information or 60 

NCBI (https://www.ncbi.nlm.nih.gov/) database. The sequence of spike protein 61 

(accession number: P0DTC2.1) retrieved of NCBI and all mutations shown on a 62 

sequence. 63 

2.2. Prediction of B-cell epitopes  64 

  To predict B cell linear epitopes, the spike protein with all mutations was 65 

submitted to the ABCpred server (http://crdd.osdd.net/raghava/abcpred/). This 66 

server predicts B cell epitopes using an artificial neural network in an antigen 67 

sequence. ABCpred widely was used in disease diagnosis, allergy research, and 68 

vaccine design (42). Finally, epitopes with high scores were selected for future 69 

analyses. (Score>0.8) 70 

2.3. Prediction of T-cell epitopes  71 

 The multi-epitope vaccines would be able to stimulate the immune response, 72 

comprised of epitopes cytotoxic T-cell and helper T-cell (12). For prediction of HTL 73 

epitopes (MHC II binding) and CTL epitopes (MHC I binding) was used IEDB tool 74 

(http://tools.iedb.org/). The IEDB tool was used from an Artificial Neural Network 75 

(ANN) for selecting MHC class I and class II epitopes. For the prediction of CD4+ 76 

helper T-lymphocyte (HTL) and CD8+ cytotoxic T-lymphocyte (CTL) epitopes, 77 

was used from all HLA reference sets, and finally, epitopes with low percentile ranks 78 

were used for future analyses. 79 

2.4. Prediction of IFNλ inducing epitopes  80 

 IFN-gamma cytokine leads to the activation of the innate and adaptive 81 

immune system, therefore epitopes IFNλ inducing can enhance the immunogenic 82 

capacity of any vaccine. IFN epitope server 83 

https://www.ncbi.nlm.nih.gov/
http://crdd.osdd.net/raghava/abcpred/
http://tools.iedb.org/mhcii/
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(http://crdd.osdd.net/raghava/ifnepitope/) was used for identifying epitopes that can 84 

produce IFNλ (16). 85 

2.5. Construction of multi-epitope vaccine sequence 86 

In this step, the epitopes with low percentile ranks and high scores were 87 

conjugated together to construct a vaccine. Human beta-defensin-3 was conjugated 88 

to N-ter epitopes as an adjuvant by the EAAAK linker. Adjutants have a key role in 89 

the immunogenicity and antigenicity of vaccines (30). The EAAAK linkers are used 90 

in vaccines to generate the bifunctional domains in fusion proteins (6).  The AAY 91 

linker was used for connecting B-cell epitopes. These linkers have linkers 92 

effectiveness and efficiency which widely are used in the in-silico vaccine's design 93 

(44). Finally, HTL and CTL epitopes were also conjugated together by the GPGPG 94 

linker. The GPGPG linkers are used to generate the junctional epitopes and also 95 

enhance immune processing and presentation (40).  96 

2.6. Evaluation of antigenicity, allergenicity, and physicochemical 97 

properties 98 

The antigenicity and allergenicity of the multi-epitope vaccine was predicted 99 

using ANTIGENpro tool (http://scratch.proteomics.ics.uci.edu/) and AllergenFP 100 

v1.0 (https://ddg-pharmfac.net/AllergenFP/) servers. ANTIGENpro tool 101 

(http://scratch.proteomics.ics.uci.edu/)   was used for antigenicity prediction. This 102 

server predicts 82% of the known protective antigens. This server identified protein 103 

antigenicity from a sequence with an accuracy of 56% (31). For analysis of the 104 

physicochemical properties of the designed vaccine, the protein sequence was 105 

submitted to the ProtParam server (https://web.expasy.org/protparam/) to evaluate 106 

physicochemical properties such as number of amino acids, Molecular weight, 107 

Instability index, Aliphatic index, and Grand average of hydropathicity (GRAVY) 108 

(18).  109 

http://crdd.osdd.net/raghava/ifnepitope/
http://scratch.proteomics.ics.uci.edu/
https://ddg-pharmfac.net/AllergenFP/
http://scratch.proteomics.ics.uci.edu/
https://web.expasy.org/protparam/
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2.7. Analysis of cross-reactivity with proteome human  110 

Comparative analysis of the designed vaccine with human proteome was 111 

performed in the protein Basic Local Alignment Search Tool (BLAST) module 112 

(blastP) (https://blast.ncbi.nlm.nih.gov/Blast.cgi) tool with Homo sapiens (taxid: 113 

9606) and parameter default (29).  114 

2.8. Secondary structure prediction and solvent accessibility analysis 115 

For secondary structure prediction, the PRISPRED 4.0 tool (http://bioin 116 

f.cs.ucl.ac.uk/psipred/) was used with all the parameters default. PSIPRED predicts 117 

protein secondary structure based on position-specific iterated BLAST (psi-BLAST) 118 

for identification of significant homology with primary amino acid sequence (35, 119 

54).  120 

2.9. Tertiary structure prediction and validation of its 121 

The tertiary model of the vaccine construct was prepared using the I-TASSER 122 

server (https://zhanggroup.org/I-TASSER/). This tool was used as an integrated 123 

platform based on multiple threading alignments and iterative structural assembly 124 

simulations for protein structure and function prediction (39). Finally, full atomic 125 

models of the query sequence with C-score and TM-score were generated. The best 126 

model was selected based on the C-score and TM-score further analysis. The 127 

refinement of the best model of the tertiary structure was used from PyProtModel 128 

software (48). The PDB file of structures input in the PROCHEK server for the 129 

analysis of the Ramachandran plot 130 

(https://saves.mbi.ucla.edu/results?job=1225021&p=procheck) (28). 131 

2.10. B-cell conformational epitopes prediction  132 

In order to predict the conformational epitopes, the tertiary structure of the 133 

vaccine protein was submitted to the IEDB Ellipro tool 134 

(http://tools.iedb.org/ellipro/) with the default setting. Ellipro identifies antibody 135 

conformational epitopes based on the shape, neighboring residue, and protrusion 136 

index (PI) of the protein (38).  137 

http://bioin/
https://zhanggroup.org/I-TASSER/
https://saves.mbi.ucla.edu/results?job=1225021&p=procheck
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2.11. Molecular docking  138 

Toll-like receptors are important to generate potential immune response 139 

antiviral. In this study, the multi-epitope vaccine was docked with TLR3, 4, and 8. 140 

The structure of the TLR3 (PDB ID:1ZIW), TLR4 (PDB ID:3FXI), and TLR8 (PDB 141 

ID: 3W3M) were retrieved from the Protein Data Bank (https://www.rcsb.org/). The 142 

cluspro v2.0 server was used for docking vaccine protein (as a ligand) and TLRs (as 143 

a receptor) with the default server (https://cluspro.bu.edu/publications.php). The 144 

cluspro v2.0 is widely used for protein-protein docking. This tool has several 145 

advanced options including the removal of unstructured protein regions, 146 

construction of homo-multimers, accounting for pairwise distance restraints, 147 

consideration of small-angle X-ray scattering (SAXS) data, application of attraction 148 

or repulsion, and location of heparin-binding sites (15, 27). Finally, the interaction 149 

complexes were visualized with YASARA software. 150 

3. Results  151 

3.1. Identification, Selection, and Retrieval of Spike Protein Sequence 152 

The variants of SARS-CoV2 (Alpha, Beta, Delta, and Omicron strains) spike 153 

protein were retrieved from the NCBI database and shown on a sequence of the spike 154 

protein.  155 

3.2. Prediction of B-cell linear and IFNλ inducing epitopes 156 

The B-cell epitopes have a key role in antibody production by B lymphocytes 157 

and adaptive immunity. The linear B-cell and IFNλ inducing epitopes were predicted 158 

using the ABCpred server and IFN epitope server, respectively. This server predicts 159 

B-cell epitopes in an antigen sequence using an artificial neural network (machine-160 

based technique). For each epitope, sequence and score were determined. The 161 

epitopes with a score>0.8 are listed in Table 1. 162 

3.3. Prediction of CTL, HTL, and IFNλ inducing epitopes  163 

The IEDB database and IFN epitope server were used for the prediction of T-164 

cell and IFNλ epitopes, respectively. This tool widely was used for the prediction 165 

https://www.rcsb.org/
https://cluspro.bu.edu/publications.php
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and analysis of epitopes in humans, non-human primates, and other animal species. 166 

A total of six CTL epitopes and two HTL epitopes were predicted with strong 167 

binding affinity for multiple alleles. Table 2 shows CTL and HTL epitopes extracted 168 

using the IEDB database.  169 

3.4. Construction of multi-epitope vaccine 170 

For the construction of the multi-epitope vaccine against SARS-CoV2, the 171 

appropriate epitopes were selected and joined by using proper linkers (AAY for 172 

linear B-cell epitopes and GPGPG for CTL and HTL epitopes). To enhance the 173 

immunogenicity of the multi-epitope vaccine, the HBD-2 (41 amino acids) adjuvant 174 

was connected to the N-ter of construct by the EAAAK linker. Altogether, the final 175 

multi-epitope vaccine has 244 amino acids and an adjuvant (41 amino acids). 176 

(Figure 2) 177 

3.5. Evaluation of antigenicity, allergenicity, and physicochemical 178 

properties 179 

The antigenicity, allergenicity, and physicochemical properties of the vaccine 180 

construct were evaluated using various servers.  The multi-epitope vaccine has an 181 

immunogenic property with a value of 0.939130 predicted by ANTIGENpro. The 182 

AllergenFP v1.0 online tool suggested the vaccine construct as non-allergenic with 183 

the highest Tanimoto similarity index of 0.84. In addition, various physicochemical 184 

properties were calculated by the ProtParam server. The designed vaccine has 244 185 

aa with a molecular weight of 25.824 kDa. The theoretical isoelectric point (pI) was 186 

calculated at 9.25. The instability index was 26.21, which was identified as a stable 187 

protein. The aliphatic index (63.65) identified the vaccine construct as a highly 188 

thermostable protein. The Grand average of hydropathicity (GRAVY) represented -189 

0.452 for the vaccine construct that indicated multi-epitope vaccine as a hydrophilic 190 

protein. 191 
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3.6. Evaluation of cross-reactivity with human proteome 192 

Analysis of cross-reaction vaccine construct with human proteome 193 

represented that selected epitopes have no crass-reactivity and homology with 194 

human proteome.  195 

 196 

3.7. Secondary structure prediction and solvent accessibility analysis 197 

The secondary structure analysis of 244 amino acids multi-epitopes vaccine 198 

using PRISPRED 4.0 tool (Figure 3).  199 

3.8. Tertiary structure prediction and its validation  200 

The 3-D protein model of the designed vaccine candidate (244 aa) was 201 

predicted using I-TASSER and was refined by PyProtModel software (Figure 4a). 202 

Ramachandran plot analysis of structure predicted by PROCHEK server (Figure 4b) 203 

3.9. B-cell conformational epitopes prediction  204 

The conformational B-cell epitopes were identified using the ElliPro tool. The 205 

three potential regions were determined as highlighted epitopes of multi-epitope 206 

vaccine with a score >0.7. (Table 3 and Figure 5).  207 

3.10. Molecular docking  208 

The ability interaction of the vaccine candidate and immune receptors has a 209 

key role in immune response. The designed vaccine represented a binding affinity 210 

to TLRs when docked by the ClusPro 2.0 server. This server showed the best binding 211 

affinity of vaccine construct -TLR3 with -1230.6 cal/mol. The docking of vaccine 212 

construct-TLR4 predicted good binding affinity with  213 

-1560.8 cal/mol. The analysis of vaccine construct-TLR8 docking represented 214 

the best affinity binding with -1871.4 cal/mol. The visualization of the interactions 215 

was done using YASARA software. The interaction of the TLRs-vaccine constructs 216 

is shown in Figures 6a, 6b, and 6c. 217 

4. Discussion 218 
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The SARS-CoV-2 outbreak has been one of the most challenging infectious 219 

diseases in recent years, it was first found in Wuhan China in early December 2019 220 

and spread rapidly around the world in a short time. 221 

The wide spread of this viral infection brought many concerns and caused the 222 

death of a large number of people in the world.  Most of these deaths were due to the 223 

unpreparedness of the health system and the lack of drugs to combat it. The use of 224 

some drugs such as Camostat, Chloroquine, Imatinib, Nafamostat, 225 

Hydroxychloroquine, Remdesivir, and Ivermectin for the treatment of severe cases 226 

of the disease as an emergency was approved by the US Food and Drug 227 

Administration (FDA) (11, 20). The most important way to protect from viral 228 

infections is to use vaccines. In the COVID-19 outbreak, on the one hand, the lack 229 

of safe and reliable vaccines and on the other hand, changes in virus variants caused 230 

many mortalities. Vaccines were released on the market in a short time, and on the 231 

other hand, the virus showed a new face after some time. Different variants of 232 

COVID-19 were formed and spread quickly and neutralized the effects of vaccines. 233 

Vaccines were made on different platforms (inactivated or attenuated virus, nucleic 234 

acid vaccines, recombinant proteins or synthetic peptides-based vaccines, and viral 235 

vector-based vaccines) (2, 4, 13, 43). COVID-19 enters into cells, especially lung 236 

cells, through spike (S) protein to ACE2 as its receptor. All vaccines against 237 

COVID-19 were mainly based on one virus epitope and were designed to prevent 238 

the binding of the spike protein to the ACE2 receptor and, as a result, prevent the 239 

virus from entering the cell (55).  240 

Designing and producing multi-epitope peptides as antigens can be a way to 241 

vaccinate people to create immunity against different strains of a specific virus. In 242 

recent years, in silico methods have improved the design of epitope-based vaccines 243 

for infectious diseases and cancers, enhancing development and evaluation 244 

processes. Multi-epitope vaccines target immunodominant regions of pathogen 245 

proteins, making them effective against highly mutable RNA viruses. They offer 246 
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advantages such as safety, efficacy, cost-effectiveness, and ease of production. 247 

Effective vaccines should include both B-cell and T-cell epitopes to stimulate 248 

comprehensive immunity. B cell activation for antibody production is crucial for 249 

coronavirus immunity, along with CD8+ T cells for eliminating infected cells. These 250 

vaccines can elicit broad immune responses, highlighting their clinical potential 251 

(52). 252 

Before COVID-19, a spike protein-based DNA vaccine was tested for anti-253 

SARS immunity in 2008. The study by Julie E et al. found the vaccine to be well 254 

tolerated, with 80% of participants showing SARS-CoV-specific antibodies and all 255 

individuals having neutralizing antibodies. SARS-CoV-specific T4 CD4+ responses 256 

were observed in all cases, while T CD8+ responses were seen in 20% of participants 257 

(34). 258 

Tourani, Mehdi, et al used bioinformatics tools to select suitable epitopes from 259 

the S protein, which were linked with appropriate linkers and combined with a TLR4 260 

binding adjuvant to form a multi-epitope construct. Then 3D model of the construct 261 

was predicted, refined, and validated. The vaccine's properties, including 262 

antigenicity, allergenicity, solubility, and physicochemical characteristics, were 263 

assessed, along with the identification of B cell conformational epitopes and IFN-γ 264 

inducing regions. The effectiveness of the adjuvant and TLR4 binding was evaluated 265 

through docking studies, while the stability of the protein-protein complex was 266 

analyzed. The vaccine's coding sequence was optimized and sub-cloned into an 267 

expression vector using an in-silico approach, and the structure, energy, and stability 268 

of the coding mRNA were assessed. Their result showed ten continuous B cell 269 

epitopes, nine T helper epitopes, and eight CTL epitopes were identified, 270 

demonstrating that the multi-epitope vaccine is a stable and soluble protein capable 271 

of eliciting both humoral and cellular immunity without causing allergenicity in 272 

humans (1). 273 
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Shehata, Mahmoud M., et al carry out an in-silico predictions identified six B 274 

cell epitopes—QTGKIADYNYK, TEIYQASTPCNGVEG, LQSYGFQPT, 275 

IRGDEVRQIAPGQTGKIADYNYKLPD, FSQILPDPSKPSKRS, and 276 

PFAMQMAYRFNG—for their cross-reactivity with MHC-I and MHC-II T-cell 277 

binding epitopes. These were selected for vaccination in experimental animals due 278 

to their strong antigenic compatibility. The peptides were administered individually 279 

or in combinations to female Balb/c mice, resulting in the production of antibodies 280 

against SARS-CoV-2, specifically targeting peptides in the receptor binding domain 281 

and S2 region. Combination immunizations showed an additive effect compared to 282 

single peptide vaccinations. This study introduces new epitope-based peptide 283 

vaccine candidates against SARS-CoV-2 (46). 284 

Dariushnejad et al carry out a computational analysis to predict the conserved 285 

epitopes of Spike and Nucleocapsid proteins from SARS-CoV-2 for the design of a 286 

novel coronavirus 2019 multi-epitope vaccineand. They used immunoinformatics 287 

techniques to identify and select potential conserved epitopes based on allergenicity, 288 

toxicity, antigenicity, and molecular docking. The selected epitope segments were 289 

linked with appropriate linkers and Maltese-bound protein (MBP) was added as an 290 

adjuvant to the vaccine structure. The secondary and tertiary structures of the multi-291 

epitope vaccine were predicted using immunoinformatics algorithms, and these 292 

structures were refined and validated for optimal stability. To confirm the vaccine's 293 

efficacy, immunoinformatics evaluations, molecular docking, and molecular 294 

dynamics studies were conducted. Additionally, codon optimization and in silico 295 

cloning were performed to ensure effective expression of the vaccine in the target 296 

host. Their study indicated that designed vaccine has the potential to elicit immune 297 

responses against variants of SARS-CoV-2 (14).  298 

Another study showed that prospective cytotoxic T lymphocyte (CTL) and 299 

helper T lymphocyte (HTL) vaccines against SARS-CoV-2 infection are expected 300 

to stimulate both cellular and humoral immune responses. The epitopes of the 301 
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designed multi-epitope vaccines (MEVs) are predicted to be applicable to a 302 

significant portion of the global human population (96.10%). Therefore, both MEVs 303 

could be evaluated in vivo as promising vaccine candidates against SARS-CoV-2 304 

(50).  305 

Considering the mutated variants of COVID-19, we designed a peptide based 306 

on changed epitopes of important variants that can create immunity against different 307 

virus strains. This multi-epitope peptide was evaluated for the activation of B and T 308 

cells. It has no cross-reactivity and homology with human proteome and docking 309 

data also represented a binding affinity to TLRs.  Synthesis of this peptide and 310 

conducting in vivo studies can clarify the result of this design. 311 

5. Study Limitations 312 

The study uses computational and immunoinformatic methods to design the 313 

vaccine. While these methods are powerful, they are based on algorithms and models 314 

that may not fully capture the complexity of biological systems. Therefore, the 315 

predictions made by these methods need to be validated experimentally. The 316 

designed vaccine’s safety, antigenicity, immunogenicity, and stability were 317 

evaluated using various physicochemical, allergenic, and antigenic characteristics. 318 

However, these evaluations are based on computational predictions and have not 319 

been confirmed through in vitro or in vivo experiments. The study focuses on the 320 

design of a multi-epitope vaccine based on cytotoxic T-lymphocyte and helper T-321 

lymphocyte epitopes. Other aspects of vaccine development, such as production, 322 

delivery, and potential side effects, are not addressed. The study assumes that the 323 

designed vaccine will stimulate an effective immune response. However, the actual 324 

immune response can vary greatly among individuals due to factors such as age, 325 

genetic background, and health status. Hence, in silico vaccine designs must be 326 

rigorously evaluated through in vivo studies and clinical trials to ensure they are 327 

safe, effective, and suitable for human use. This multi-stage evaluation is essential 328 
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for advancing public health and ensuring that vaccines provide reliable protection 329 

against diseases. 330 

6. Conclusion  331 

COVID-19 outbreak was a bitter reality in human history, which still causes 332 

the death of some people in the world every day. As of 2 August 2023, there have 333 

been 768,983,095 confirmed cases of COVID-19, including 6,953,743 deaths, 334 

reported to WHO  (https://covid19.who.int/). It showed how important the existence 335 

of specialized drugs and prediction for treatment methods in similar infections is 336 

very important. The timely supply of safe and reliable vaccines without side effects 337 

gained great value.  The design  and confirmation of in vivo evaluation for multi-338 

epitope peptides as vaccines can be helpful for disease control in viral epidemics 339 

such as COVID-19.  340 
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ТАБЛИЦЫ 

 

Table 1: Prediction of linear B-cell and IFNλ inducing epitopes of SARS-CoV2 spike protein. 

Epitopes Score IFNλ 

PQIITTHNTFVSGNCD 0.96 - 

TEIYQAGNKPCNGVKG 0.91 + 

GRDIDDTTDAVRDPQT 0.88 - 

KVSGNYNYRYRLFRKS 0.87 + 

EVSQIAPGQTGNIAD 0.87 + 

SYQTQTKSHRRARSVA 0.82 + 

GREPEGLPQGFSALEP 0.81 - 
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Table 2: Prediction T-cell and IFNλ inducing epitopes of SARS-CoV2 spike protein. 

Epitopes Alleles IFNλ 

 CTL epitopes  

RSYSFRPTY 

HLA-A*30:02, HLA-A*32:01, HLA-A*30:01, HLA-

B*57:01, HLA-B*15:01, HLA-B*58:01, HLA-A*01:01, 

HLA-B*35:01,… 

+ 

VLYQGVNCT 

HLA-A*02:03, HLA-A*02:01, HLA-A*02:06, HLA-

B*15:01, HLA-A*32:01, HLA-B*08:01, HLA-A*68:02, 

… 

- 

IPINFTISV 

HLA-B*51:01, HLA-B*35:01, HLA-B*53:01, HLA-

B*07:02, HLA-A*68:02, HLA-B*08:01, HLA-

A*26:01,… 

- 

VLNDIFARL 

HLA-A*02:03, HLA-A*02:01, HLA-A*02:06, HLA-

A*32:01, HLA-A*68:02, HLA-B*08:01, HLA-

A*23:01,… 

- 

SQCVNFRTR 

HLA-A*31:01, HLA-A*31:01, HLA-A*33:01, HLA-

A*33:01, HLA-A*30:01, HLA-A*68:01, HLA-A*11:01, 

… 

+ 

KRFANPVLPF 

HLA-A*23:01, HLA-A*24:02, HLA-A*32:01, HLA-

A*30:02, HLA-B*15:01, HLA-B*58:01, HLA-B*40:01, 

HLA-B*57:01, HLA-B*35:01,… 

- 

 HTL epitope  

VENLVAYSNNSIAI 

HLA-DRB1*15:01, HLA-DRB1*15:01, HLA-

DRB1*13:02, HLA-DRB1*13:02,… 

- 
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KLQNVVNHNAQALNT 

HLA-DRB3*02:02, HLA-DRB1*13:02, HLA-

DRB1*08:02, HLA-DQA1*01:02/DQB1*06:02,… 

- 
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Table 3: The conformational B-cell epitopes of vaccine construct and their position. 

 Residues 

Number 

of 

residues 

Score 

1 

A:T168, A:Y169, A:G172, A:P173, A:G174, A:V175, A:L176, 

A:Y177, A:Q178, A:G179, A:V180, A:N181, A:C182, A:P199, 

A:Y209, A:S210, A:N211, A:N212, A:S213, A:I214, A:A215, 

A:I216, A:P217, A:I218, A:N219, A:F220, A:T221, A:I222, 

A:S223, A:V224, A:G225, A:P226, A:G227, A:P228, A:G229, 

A:K230, A:L231, A:Q232, A:N233, A:V234, A:V235, A:N236, 

A:H237, A:N238, A:A239, A:Q240, A:A241, A:L242, A:N243, 

A:T244 

50 0.741 

2 

A:F123, A:V124, A:S125, A:G126, A:N127, A:C128, A:D129, 

A:A130 

8 0.738 

3 

A:Y113, A:P114, A:I116, A:I117, A:T118, A:T119, A:H120, 

A:N121, A:T122 

9 0.708 
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РИСУНКИ 

 

Figure 1: Schematic workflow of in silico prediction and evaluation of the peptide based multi-

epitope vaccine. 
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Figure 2: Final construct of the multi-epitope vaccine. 

 

 

Figure 3: Secondary structure analysis of multi-epitope vaccine using PSIPRED server.  
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Figure 4: a) Tertiary structure of final vaccine construct refinement by PyProtModel software, b) 

Ramachandran plot analysis of structure predicted by PROCHEK server. 
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Figure 5: The three conformational B-cell epitopes predicted by the ElliPro tool in the multi-

epitope vaccine 

 

Figure 6: Molecular docking between multi-epitope vaccine and with TLR3, 4, and 8 (a-c, 

respectively) 

 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

ТИТУЛЬНЫЙ ЛИСТ_МЕТАДАННЫЕ 

 

Блок 1. Информация об авторе ответственном за переписку 

Vahid Razban, PhD, Associate Professor, Department of Molecular Medicine, 

School of Advanced Medical Sciences and Technologies, Shiraz University of 

Medical Sciences, Shiraz, Iran (corresponding author). 

 

Вахид Разбан, кандидат наук, доцент кафедры молекулярной медицины 

Школы передовых медицинских наук и технологий Ширазского университета 

медицинских наук, Шираз, Иран (автор, ответственный за переписку). 

 

Блок 2. Информация об авторах 

Vahab Alamdari-palangi, MSc, PhD Candidate, Department of Molecular 

Medicine, Shiraz University of Medical Sciences, Shiraz, Fars, Iran;  

Вахаб Аламдари-паланги, магистр наук, соискатель, кафедра молекулярной 

медицины, Ширазский университет медицинских наук, Шираз, Фарс, Иран; 

 

Zeinab Dehghan, PhD, Researcher, Department of Comparative Biomedical 

Sciences, School of Advanced Medical Sciences and Technologies, Shiraz 

University of Medical Sciences, Shiraz, Iran. 

Зейнаб Дехган, кандидат наук, научный сотрудник кафедры сравнительных 

биомедицинских наук, Школа передовых медицинских наук и технологий, 

Ширазский университет медицинских наук, Шираз, Иран. 

 

Mehdi Kian, DVM, PhD Candidate, Department of Comparative Biomedical 

Sciences, School of Advanced Medical Sciences and Technologies, Shiraz 

University of Medical Sciences, Shiraz, Iran. 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Мехди Киан, доктор ветеринарной медицины, соискатель, кафедра 

сравнительных биомедицинских наук, Школа передовых медицинских наук и 

технологий, Медицинский университет Шираз, Шираз, Иран. 

 

Saghar Zonar, MSc, Researcher, Department of Biology, Sciences and Research 

Branch, Islamic Azad University, Tehran, Iran. 

Сагар Зонар, магистр наук, научный сотрудник, кафедра биологии, отделение 

наук и исследований, Исламский университет Азад, Тегеран, Иран. 

 

Jafar Fallahi, PhD, Assistant Professor, Department of Molecular Medicine, School 

of Advanced Medical Sciences and Technologies, Shiraz University of Medical 

Sciences, Shiraz, Iran. 

Джафар Фаллахи, кандидат наук, доцент, кафедра молекулярной медицины, 

Школа передовых медицинских наук и технологий, Медицинский 

университет Шираз, Шираз, Иран. 

 

Mohsen Sisakht, PhD, Researcher, Department of Molecular Medicine, School of 

Advanced Medical Sciences and Technologies, Shiraz University of Medical 

Sciences, Shiraz, Iran. 

Мохсен Сисахт, кандидат наук, научный сотрудник, кафедра молекулярной 

медицины, Школа передовых медицинских наук и технологий, Ширазский 

университет медицинских наук, Шираз, Иран.  

 

Sahar Khajeh, PhD, Assistant Professor, Bone and Joint Diseases Research Center, 

Shiraz University of Medical Sciences, Shiraz, Iran. 

Сахар Хаджех, кандидат наук, доцент, Центр исследований заболеваний 

костей и суставов, Ширазский университет медицинских наук, Шираз, Иран. 

 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

 

Блок 3. Метаданные статьи 

DESIGNING A MULTI-EPITOPE VACCINE AGAINST SARS-COV2: AN 

IMMUNOINFORMATIC APPROACH 

РАЗРАБОТКА МУЛЬТИЭПИТОПНОЙ ВАКЦИНЫ ПРОТИВ SARS-COV2: 

ИММУНОИНФОРМАТИЧЕСКИЙ ПОДХОД 

 

Сокращенное название статьи для верхнего колонтитула:  

A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2 

 

Keywords: COVID-19, SARS-CoV-2, Vaccine, Immunoinformatic, Epitope, T-

cell epitopes, B-cell epitopes. 

Ключевые слова: COVID-19, SARS-CoV-2, вакцина, иммуноинформатика, 

эпитоп, эпитопы Т-клеток, эпитопы B-клеток. 

 

Оригинальные статьи. 

Количество страниц текста – 10, 

количество таблиц – 3, 

количество рисунков – 0. 

15.03.2024 

 

 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

СПИСОК ЛИТЕРАТУРЫ 

Refere

nce 

sequen

ce 

numbe

r 

Authors, title of a 

publication and source 

where it was published, 

publisher's imprint 

 

Full 

name, 

title of 

a 

publica

tion 

and 

source 

in 

English 

 

Reference’s URL 

 

1 

Acter T., Uddin N., Das J., 

Akhter A., Choudhury T. 

R., Kim S. Evolution of 

severe acute respiratory 

syndrome coronavirus 2 

(SARS-CoV-2) as 

coronavirus disease 2019 

(COVID-19) pandemic: A 

global health emergency. 

Sci Total Environ. 

2020;730:138996. 

doi:10.1016/j.scitotenv.202

0.138996 

 

- 
https://www.sciencedirect.com/science/article/pii/S0048969720325134?via%3

Dihub 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

2 

Ahmed S. F., Quadeer A. 

A., McKay M. R. 

Preliminary Identification 

of Potential Vaccine 

Targets for the COVID-19 

Coronavirus (SARS-CoV-

2) Based on SARS-CoV 

Immunological Studies. 

Viruses. 2020;12(3):254. 

doi:10.3390/v12030254 

 

- https://www.mdpi.com/1999-4915/12/3/254 

3 

Al-Rohaimi A. H., Al 

Otaibi F. Novel SARS-

CoV-2 outbreak and 

COVID19 disease; a 

systemic review on the 

global pandemic. Genes 

Dis. 2020;7(4):491-501. 

doi:10.1016/j.gendis.2020.

06.004 

- 
https://www.sciencedirect.com/science/article/pii/S2352304220300763?via%3

Dihub 

4 

Amanat F., Krammer F. 

SARS-CoV-2 Vaccines: 

Status Report. Immunity. 

2020;52(4):583-9. 

doi:10.1016/j.immuni.2020

.03.007 

- https://academic.oup.com/ooim/article/1/1/iqaa003/5869360 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

 

5 

Anderegg M. A., Liu M., 

Saganas C., Montani M., 

Vogt B., Huynh-Do U., 

Fuster D. G. De novo 

vasculitis after mRNA-

1273 (Moderna) 

vaccination. Kidney Int. 

2021;100(2):474-6. 

doi:10.1016/j.kint.2021.05.

016 

 

- https://www.kidney-international.org/article/S0085-2538(21)00554-8/fulltext 

6 

Arai R., Ueda H., 

Kitayama A., Kamiya N., 

Nagamune T. Design of the 

linkers which effectively 

separate domains of a 

bifunctional fusion protein. 

Protein Eng. 

2001;14(8):529-32. 

doi:10.1093/protein/14.8.5

29 

 

- 
https://academic.oup.com/peds/article-

abstract/14/8/529/1523935?redirectedFrom=fulltext 

7 

Ashfaq U. A., Saleem S., 

Masoud M. S., Ahmad M., 

Nahid N., Bhatti R., 

- https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0245072 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Almatroudi A., Khurshid 

M. Rational design of 

multi epitope-based 

subunit vaccine by 

exploring MERS-COV 

proteome: Reverse 

vaccinology and molecular 

docking approach. PLoS 

One. 

2021;16(2):e0245072. 

doi:10.1371/journal.pone.0

245072 

 

8 

Ather A., Patel B., Ruparel 

N. B., Diogenes A., 

Hargreaves K. M. 

Coronavirus Disease 19 

(COVID-19): Implications 

for Clinical Dental Care. J 

Endod. 2020;46(5):584-95. 

doi:10.1016/j.joen.2020.03

.008 

 

- https://www.jendodon.com/article/S0099-2399(20)30159-X/fulltext 

9 

Bahrami M., Kamalinejad 

M., Latifi S. A., Seif F., 

Dadmehr M. Cytokine 

- https://onlinelibrary.wiley.com/doi/10.1002/ptr.6776 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

storm in COVID-19 and 

parthenolide: Preclinical 

evidence. Phytother Res. 

2020;34(10):2429-30. 

doi:10.1002/ptr.6776 

 

10 

Bansal S., Perincheri S., 

Fleming T., Poulson C., 

Tiffany B., Bremner R. M., 

Mohanakumar T. Cutting 

Edge: Circulating 

Exosomes with COVID 

Spike Protein Are Induced 

by BNT162b2 (Pfizer-

BioNTech) Vaccination 

prior to Development of 

Antibodies: A Novel 

Mechanism for Immune 

Activation by mRNA 

Vaccines. J Immunol. 

2021;207(10):2405-10. 

doi:10.4049/jimmunol.210

0637 

 

- 
https://journals.aai.org/jimmunol/article/207/10/2405/234284/Cutting-Edge-

Circulating-Exosomes-with-COVID-Spike 

11 
Cascella M., Mauro I., De 

Blasio E., Crispo A., Del 
- https://www.mdpi.com/1648-9144/56/8/377 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Gaudio A., Bimonte S., 

Cuomo A., Ascierto P. A. 

Rapid and Impressive 

Response to a Combined 

Treatment with Single-

Dose Tocilizumab and NIV 

in a Patient with COVID-

19 Pneumonia/ARDS. 

Medicina (Kaunas). 

2020;56(8):377. 

doi:10.3390/medicina5608

0377 

 

12 

Chaudhri G., Quah B. J., 

Wang Y., Tan A. H., Zhou 

J., Karupiah G., Parish C. 

R. T cell receptor sharing 

by cytotoxic T 

lymphocytes facilitates 

efficient virus control. Proc 

Natl Acad Sci U S A. 

2009;106(35):14984-9. 

doi:10.1073/pnas.0906554

106 

 

- https://www.pnas.org/doi/full/10.1073/pnas.0906554106 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

13 

Chen W. H., Strych U., 

Hotez P. J., Bottazzi M. E. 

The SARS-CoV-2 Vaccine 

Pipeline: an Overview. 

Curr Trop Med Rep. 

2020;7(2):61-4. 

doi:10.1007/s40475-020-

00201-6 

 

- 

https://link.springer.com/article/10.1007/s40475-020-00201-

6?fbclid=IwAR1nw7eZ7fbyE1XGimFqxZMdNXI3oRAQWAO9iJ62H4A2R1

K0eEY5aCQnuis 

14 

Dariushnejad H., 

Ghorbanzadeh V., Akbari 

S., Hashemzadeh P. 

Designing a Multi-epitope 

Peptide Vaccine Against 

COVID-19 Variants 

Utilizing In-silico Tools. 

Iranian Journal of Medical 

Microbiology. 

2021;15(5):592-605. 

doi:10.30699/ijmm.15.5.59

2 

- https://ijmm.ir/article-1-1390-en.html 

15 

Desta I. T., Porter K. A., 

Xia B., Kozakov D., Vajda 

S. Performance and Its 

Limits in Rigid Body 

Protein-Protein Docking. 

- https://www.sciencedirect.com/science/article/pii/S0969212620302094 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Structure. 

2020;28(9):1071-81 e3. 

doi:10.1016/j.str.2020.06.0

06 

 

16 

Dhanda S. K., Vir P., 

Raghava G. P. Designing 

of interferon-gamma 

inducing MHC class-II 

binders. Biol Direct. 

2013;8(1):30. 

doi:10.1186/1745-6150-8-

30 

 

- https://biologydirect.biomedcentral.com/articles/10.1186/1745-6150-8-30 

17 

Farnudian-Habibi A., 

Mirjani M., Montazer V., 

Aliebrahimi S., Katouzian 

I., Abdolhosseini S., 

Rahmani A., Keyvani H., 

Ostad S. N., Rad-

Malekshahi M. Review on 

Approved and Inprogress 

COVID-19 Vaccines. Iran 

J Pharm Res. 

2022;21(1):e124228. 

doi:10.5812/ijpr.124228 

- https://brieflands.com/articles/ijpr-124228.html 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

 

18 

Gasteiger E., Hoogland C., 

Gattiker A., Wilkins M. R., 

Appel R. D., Bairoch A. 

Protein identification and 

analysis tools on the 

ExPASy server. The 

proteomics protocols 

handbook. 2005:571-607. 

doi:10.1385/1-59259-890-

0:571 

 

- https://link.springer.com/protocol/10.1385/1-59259-890-0:571 

19 

Ghaebi M., Osali A., 

Valizadeh H., Roshangar 

L., Ahmadi M. Vaccine 

development and 

therapeutic design for 

2019-nCoV/SARS-CoV-2: 

Challenges and chances. J 

Cell Physiol. 

2020;235(12):9098-109. 

doi:10.1002/jcp.29771 

 

- https://onlinelibrary.wiley.com/doi/10.1002/jcp.29771 

20 

Guo G., Ye L., Pan K., 

Chen Y., Xing D., Yan K., 

Chen Z., Ding N., Li W., 

- 
https://www.frontiersin.org/journals/cell-and-developmental-

biology/articles/10.3389/fcell.2020.00410/full 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Huang H., Zhang L., Li X., 

Xue X. New Insights of 

Emerging SARS-CoV-2: 

Epidemiology, Etiology, 

Clinical Features, Clinical 

Treatment, and Prevention. 

Front Cell Dev Biol. 

2020;8:410. 

doi:10.3389/fcell.2020.004

10 

 

21 

Ishack S., Lipner S. R. 

Bioinformatics and 

immunoinformatics to 

support COVID-19 

vaccine development. J 

Med Virol. 

2021;93(9):5209-11. 

doi:10.1002/jmv.27017 

 

- https://onlinelibrary.wiley.com/doi/10.1002/jmv.27017 

22 

Jones I., Roy P. Sputnik V 

COVID-19 vaccine 

candidate appears safe and 

effective. Lancet. 

2021;397(10275):642-3. 

- https://www.thelancet.com/article/S0140-6736(21)00191-4/fulltext 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

doi:10.1016/S0140-

6736(21)00191-4 

 

23 

Kang S., Peng W., Zhu Y., 

Lu S., Zhou M., Lin W., 

Wu W., Huang S., Jiang L., 

Luo X., Deng M. Recent 

progress in understanding 

2019 novel coronavirus 

(SARS-CoV-2) associated 

with human respiratory 

disease: detection, 

mechanisms and treatment. 

Int J Antimicrob Agents. 

2020;55(5):105950. 

doi:10.1016/j.ijantimicag.2

020.105950 

 

- 
https://www.sciencedirect.com/science/article/pii/S092485792030100X?via%3

Dihub 

24 

Kardani K., Bolhassani A., 

Namvar A. An overview of 

in silico vaccine design 

against different pathogens 

and cancer. Expert Rev 

Vaccines. 2020;19(8):699-

726. 

- https://www.tandfonline.com/doi/abs/10.1080/14760584.2020.1794832 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

doi:10.1080/14760584.202

0.1794832 

 

25 

Karwaciak I., Salkowska 

A., Karas K., Dastych J., 

Ratajewski M. 

Nucleocapsid and Spike 

Proteins of the 

Coronavirus SARS-CoV-2 

Induce IL6 in Monocytes 

and Macrophages-Potential 

Implications for Cytokine 

Storm Syndrome. Vaccines 

(Basel). 2021;9(1):54. 

doi:10.3390/vaccines9010

054 

 

- https://www.mdpi.com/2076-393X/9/1/54 

26 

Knight T. E. Severe Acute 

Respiratory Syndrome 

Coronavirus 2 and 

Coronavirus Disease 2019: 

A Clinical Overview and 

Primer. Biopreserv 

Biobank. 2020;18(6):492-

502. 

doi:10.1089/bio.2020.0066 

- 
https://www.liebertpub.com/doi/10.1089/bio.2020.0066?url_ver=Z39.88-

2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

 

27 

Kozakov D., Hall D. R., 

Xia B., Porter K. A., 

Padhorny D., Yueh C., 

Beglov D., Vajda S. The 

ClusPro web server for 

protein-protein docking. 

Nat Protoc. 

2017;12(2):255-78. 

doi:10.1038/nprot.2016.16

9 

 

- https://www.nature.com/articles/nprot.2016.169 

28 

Laskowski R. A., 

MacArthur M. W., Moss 

D. S., Thornton J. M. 

PROCHECK: a program to 

check the stereochemical 

quality of protein 

structures. Journal of 

Applied Crystallography. 

1993;26(2):283-91. 

doi:10.1107/s00218898920

09944 

 

- https://journals.iucr.org/paper?gl0276 

29 
Lavigne R., Seto D., 

Mahadevan P., Ackermann 
- https://www.sciencedirect.com/science/article/pii/S0923250808000545 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

H. W., Kropinski A. M. 

Unifying classical and 

molecular taxonomic 

classification: analysis of 

the Podoviridae using 

BLASTP-based tools. Res 

Microbiol. 

2008;159(5):406-14. 

doi:10.1016/j.resmic.2008.

03.005 

 

30 

Lee S., Nguyen M. T. 

Recent advances of 

vaccine adjuvants for 

infectious diseases. 

Immune Netw. 

2015;15(2):51-7. 

doi:10.4110/in.2015.15.2.5

1 

 

- https://immunenetwork.org/DOIx.php?id=10.4110/in.2015.15.2.51 

31 

Magnan C. N., Zeller M., 

Kayala M. A., Vigil A., 

Randall A., Felgner P. L., 

Baldi P. High-throughput 

prediction of protein 

antigenicity using protein 

- https://academic.oup.com/bioinformatics/article/26/23/2936/220646 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

microarray data. 

Bioinformatics. 

2010;26(23):2936-43. 

doi:10.1093/bioinformatics

/btq551 

 

32 

Malik J. A., Ahmed S., Mir 

A., Shinde M., Bender O., 

Alshammari F., Ansari M., 

Anwar S. The SARS-CoV-

2 mutations versus vaccine 

effectiveness: New 

opportunities to new 

challenges. J Infect Public 

Health. 2022;15(2):228-40. 

doi:10.1016/j.jiph.2021.12.

014 

 

- https://www.sciencedirect.com/science/article/pii/S1876034122000028 

33 

María R. A. R., Arturo C. 

V. J., Alicia J. A., Paulina 

M. L. G., Gerardo A. O. 

The Impact of 

Bioinformatics on Vaccine 

Design and Development.  

Vaccines. 22017. p. 3-6. 

 

- https://www.intechopen.com/chapters/55711 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

34 

Martin J. E., Louder M. K., 

Holman L. A., Gordon I. 

J., Enama M. E., Larkin B. 

D., Andrews C. A., Vogel 

L., Koup R. A., Roederer 

M., Bailer R. T., Gomez P. 

L., Nason M., Mascola J. 

R., Nabel G. J., Graham B. 

S., Team V. R. C. S. A 

SARS DNA vaccine 

induces neutralizing 

antibody and cellular 

immune responses in 

healthy adults in a Phase I 

clinical trial. Vaccine. 

2008;26(50):6338-43. 

doi:10.1016/j.vaccine.2008

.09.026 

 

- 
https://www.sciencedirect.com/science/article/pii/S0264410X08012279?via%3

Dihub 

35 

McGuffin L. J., Bryson K., 

Jones D. T. The PSIPRED 

protein structure prediction 

server. Bioinformatics. 

2000;16(4):404-5. 

doi:10.1093/bioinformatics

/16.4.404 

- https://academic.oup.com/bioinformatics/article/16/4/404/187312 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

 

36 

Organization W. H. 

COVID-19 weekly 

epidemiological update, 

edition 134, 16 March 

2023. 2023. 

 

- 
https://www.who.int/publications/m/item/weekly-epidemiological-update-on-

covid-19---16-march-2023 

37 

Pandey S. C., Pande V., 

Sati D., Upreti S., Samant 

M. Vaccination strategies 

to combat novel corona 

virus SARS-CoV-2. Life 

Sci. 2020;256:117956. 

doi:10.1016/j.lfs.2020.117

956 

- 
https://www.sciencedirect.com/science/article/pii/S0024320520307062?via%3

Dihub 

38 

Ponomarenko J., Bui H. 

H., Li W., Fusseder N., 

Bourne P. E., Sette A., 

Peters B. ElliPro: a new 

structure-based tool for the 

prediction of antibody 

epitopes. BMC 

Bioinformatics. 

2008;9(1):514. 

doi:10.1186/1471-2105-9-

514 

- 
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-9-

514 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

 

39 

Roy A., Kucukural A., 

Zhang Y. I-TASSER: a 

unified platform for 

automated protein structure 

and function prediction. 

Nat Protoc. 2010;5(4):725-

38. 

doi:10.1038/nprot.2010.5 

 

- https://www.nature.com/articles/nprot.2010.5 

40 

Saadi M., Karkhah A., 

Nouri H. R. Development 

of a multi-epitope peptide 

vaccine inducing robust T 

cell responses against 

brucellosis using 

immunoinformatics based 

approaches. Infect Genet 

Evol. 2017;51:227-34. 

doi:10.1016/j.meegid.2017

.04.009 

 

- https://www.sciencedirect.com/science/article/abs/pii/S1567134817301223 

41 

Sadat S. M., Aghadadeghi 

M. R., Yousefi M., 

Khodaei A., Sadat Larijani 

M., Bahramali G. 

- https://link.springer.com/article/10.1007/s12033-021-00303-0 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Bioinformatics Analysis of 

SARS-CoV-2 to Approach 

an Effective Vaccine 

Candidate Against 

COVID-19. Mol 

Biotechnol. 

2021;63(5):389-409. 

doi:10.1007/s12033-021-

00303-0 

 

42 

Saha S., Raghava G. P. 

Prediction of continuous 

B-cell epitopes in an 

antigen using recurrent 

neural network. Proteins. 

2006;65(1):40-8. 

doi:10.1002/prot.21078 

 

- https://onlinelibrary.wiley.com/doi/10.1002/prot.21078 

43 

Saif L. J. Vaccines for 

Covid-19: Perspectives, 

Prospects, and Challenges 

Based on Candidate Sars, 

Mers, and Animal 

Coronavirus Vaccines. 

European Medical Journal. 

- 

https://www.emjreviews.com/allergy-immunology/article/vaccines-for-covid-

19-perspectives-prospects-and-challenges-based-on-candidate-sars-mers-and-

animal-coronavirus-vaccines/ 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

2020. 

doi:10.33590/emj/200324 

 

44 

Sarkar B., Ullah M. A., 

Araf Y., Rahman M. S. 

Engineering a novel 

subunit vaccine against 

SARS-CoV-2 by exploring 

immunoinformatics 

approach. Inform Med 

Unlocked. 

2020;21:100478. 

doi:10.1016/j.imu.2020.10

0478 

 

- https://www.sciencedirect.com/science/article/pii/S2352914820306298 

45 

Satarker S., Nampoothiri 

M. Structural Proteins in 

Severe Acute Respiratory 

Syndrome Coronavirus-2. 

Arch Med Res. 

2020;51(6):482-91. 

doi:10.1016/j.arcmed.2020

.05.012 

 

- 
https://www.sciencedirect.com/science/article/pii/S018844092030727X?via%3

Dihub 

46 
Shehata M. M., Mahmoud 

S. H., Tarek M., Al-
- https://www.mdpi.com/1420-3049/26/20/6182 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Karmalawy A. A., 

Mahmoud A., Mostafa A., 

M M. E., Ali M. A. In 

Silico and In Vivo 

Evaluation of SARS-CoV-

2 Predicted Epitopes-

Based Candidate Vaccine. 

Molecules. 

2021;26(20):6182. 

doi:10.3390/molecules262

06182 

47 

Shereen M. A., Khan S., 

Kazmi A., Bashir N., 

Siddique R. COVID-19 

infection: Origin, 

transmission, and 

characteristics of human 

coronaviruses. J Adv Res. 

2020;24:91-8. 

doi:10.1016/j.jare.2020.03.

005 

 

- 
https://www.sciencedirect.com/science/article/pii/S2090123220300540?via%3

Dihub 

48 

Sisakht M., Bemani P., 

Ghadim M. B. A., Rahimi 

A., Sakhteman A. 

PyProtModel: An easy to 

- 
https://www.sciencedirect.com/science/article/abs/pii/S1093326322000134?via

%3Dihub 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

use GUI for comparative 

protein modeling. J Mol 

Graph Model. 

2022;112:108134. 

doi:10.1016/j.jmgm.2022.1

08134 

 

49 

Soria-Guerra R. E., Nieto-

Gomez R., Govea-Alonso 

D. O., Rosales-Mendoza S. 

An overview of 

bioinformatics tools for 

epitope prediction: 

implications on vaccine 

development. J Biomed 

Inform. 2015;53:405-14. 

doi:10.1016/j.jbi.2014.11.0

03 

 

- 
https://www.sciencedirect.com/science/article/pii/S1532046414002330?via%3

Dihub 

50 

Srivastava S., Verma S., 

Kamthania M., Kaur R., 

Badyal R. K., Saxena A. 

K., Shin H. J., Kolbe M., 

Pandey K. C. Structural 

Basis for Designing 

Multiepitope Vaccines 

- https://bioinform.jmir.org/2020/1/e19371/ 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Against COVID-19 

Infection: In Silico Vaccine 

Design and Validation. 

JMIR Bioinform 

Biotechnol. 

2020;1(1):e19371. 

doi:10.2196/19371 

51 

Tahir Ul Qamar M., 

Alqahtani S. M., Alamri 

M. A., Chen L. L. 

Structural basis of SARS-

CoV-2 3CL(pro) and anti-

COVID-19 drug discovery 

from medicinal plants. J 

Pharm Anal. 

2020;10(4):313-9. 

doi:10.1016/j.jpha.2020.03

.009 

 

- 
https://www.sciencedirect.com/science/article/pii/S2095177920301271?via%3

Dihub 

52 

Tourani M., Samavarchi 

Tehrani S., Movahedpour 

A., Rezaei Arablouydareh 

S., Maleksabet A., 

Savardashtaki A., 

Ghasemnejad‐Berenji H., 

Taheri-Anganeh M. Design 

- https://hsm.umsu.ac.ir/browse.php?a_id=119&sid=1&slc_lang=en 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

and evaluation of a multi-

epitope vaccine for 

COVID-19: an in silico 

approach. Health Science 

Monitor. 2023;2(3):180-

204. 

doi:10.61186/hsm.2.3.180 

 

53 

Vellingiri B., Jayaramayya 

K., Iyer M., Narayanasamy 

A., Govindasamy V., 

Giridharan B., Ganesan S., 

Venugopal A., Venkatesan 

D., Ganesan H., 

Rajagopalan K., Rahman 

P., Cho S. G., Kumar N. S., 

Subramaniam M. D. 

COVID-19: A promising 

cure for the global panic. 

Sci Total Environ. 

2020;725:138277. 

doi:10.1016/j.scitotenv.202

0.138277 

 

- https://www.sciencedirect.com/science/article/pii/S0048969720317903 

54 
Yarian F., Dehghan Z., Lari 

A., Ahangarzadeh S., 
- 

https://journals.lww.com/bbrj/fulltext/2020/04040/development_of_polyepitopi

c_immunogenic_contrast.17.aspx 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

Sharifnia Z., Shahzamani 

K., Shahidi S. 

Development of 

polyepitopic immunogenic 

contrast against hepatitis C 

virus 1a-6a genotype by in 

silico approach. 

Biomedical and 

Biotechnology Research 

Journal (BBRJ). 

2020;4(4):355-64. 

doi:10.4103/bbrj.bbrj_186

_20 

 

55 

Zhou P., Yang X. L., Wang 

X. G., Hu B., Zhang L., 

Zhang W., Si H. R., Zhu 

Y., Li B., Huang C. L., 

Chen H. D., Chen J., Luo 

Y., Guo H., Jiang R. D., 

Liu M. Q., Chen Y., Shen 

X. R., Wang X., Zheng X. 

S., Zhao K., Chen Q. J., 

Deng F., Liu L. L., Yan B., 

Zhan F. X., Wang Y. Y., 

Xiao G. F., Shi Z. L. A 

- https://www.nature.com/articles/s41586-020-2012-7 



A MULTI-EPITOPE VACCINE AGAINST SARS-COV2 

МУЛЬТИЭПИТОПНАЯ ВАКЦИНА ПРОТИВ SARS-COV2                          10.15789/2220-7619-DAM-17622 

 

Russian Journal of Infection and Immunity                                       ISSN 2220-7619 (Print)  

                                                                                                                 ISSN 2313-7398 (Online) 
 

pneumonia outbreak 

associated with a new 

coronavirus of probable 

bat origin. Nature. 

2020;579(7798):270-3. 

doi:10.1038/s41586-020-

2012-7 

 

 


