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Abstract 

Hantavirus is a zoonotic virus which is responsible for causing hemorrhagic fever with renal 

syndrome & hantavirus pulmonary syndrome. But still, there is no stable vaccine developed 

for this virus. Developing a multiepitope vaccine candidate against this virus was the main 

concern of this study by using immune-informative approach. Different computational tools 

were used to identify the CTL, HTL & B cell epitopes for envelope surface glycoprotein. 

Various linkers were used to connect the epitopes with the adjuvant and construct the candidate 

vaccine. Physicochemical properties like - molecular weight, instability index, aliphatic index, 

GRAVY was also checked for the prepared vaccine. Molecular docking was done with toll-

like receptor 4 (TLR-4) for checking the residual interaction. And lastly, C-ImmSim was used 

to evaluate the immune stimulation. Further investigation is needed to check the safety and 

efficacy of this vaccine candidate because checking safety & efficacy is not a part of in-silico 

study.  
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Chapter 1 

Introduction  

Hantavirus belongs to the Bunyaviridae family of viruses, but it has more than 50 other species. 

All strains of hantavirus do not cause diseases. But the diseases caused by hantavirus is very 

serious and now it is a worldwide concern like the coronavirus. The outbreak of hantavirus 

which was called “Field Nephritis” starts from World War 1 in both German & Allied troops 

and the outbreak of field nephritis again visualized in World War 2. In 1951, more than 3000 

Korean soldiers were affected with hantavirus during the Korean War, and they suffered from 

hemorrhagic fever. However, they named the virus as hantavirus because this virus was found 

in the Hantaan River of Korea. The hantavirus has two types – one is Old World Hantavirus, 

and another is New World Hantavirus. Old World Hantavirus is responsible for causing the 

disease Hemorrhagic Fever with Renal Syndrome (HFRS) whereas the New World Hantavirus 

is responsible for causing Hantavirus Pulmonary Syndrome (HPS) (Ghafoor et al., 2021). In 

Europe and Asia, the disease caused by hantavirus is Old World Hantavirus which includes 

Seoul, Puumala, and Dobrava. The targeted organ is the kidney and the mortality rate is 1-15% 

(Ghafoor et al., 2021). However, New World Hantavirus includes – Andes virus & Sin Nombre 

virus were found in four corners of America in 1993 (Ghafoor et al., 2021). The targeted organ 

is the lung and the mortality rate is 40%. The pathology is almost similar for both HPS & HFRS 

like – vascular leakage and thrombocytopenia (Ghafoor et al., 2021). The rate is increasing day 

by day of affecting hantavirus in China and Europe. It occurs more in males compared to 

females (Abdulla et al., 2021). Hantavirus is generally associated with rodents and humans are 

affected by inhaling the aerosols of rodent waste like urine, feces, and saliva. (Joshi et al., 

2022). However, person to person contact is very rare. There is no proper vaccine available for 

hantavirus. Hantavax is the vaccine that is used in Korea, and it is not authorized by FDA. Not 
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all the country use this vaccine other than Korea because the formulation is derived from rodent 

brains. (Joshi et al., 2022). 

The immune response is stimulated by the vaccine when it produces antibodies and memory 

cells. Immuno-informative approaches are used   in in-silico method to determine to select and 

screen the suitable multiepitope vaccine construction (Ghafoor et al., 2021) 

1.1 Genomic Structure 

Hantavirus is a negative sense RNA virus & it is single-stranded. The virions of hantavirus 

have spherical shapes and the size of the virions is 80-120nm. The genome of hantavirus is 

divided into three different segments which are S segment, M segment, L segment. Based on 

their size they are considered as S, L & M segments. The S portion encodes nucleoprotein, the 

M portion encodes glycoprotein (Gn & Gc), and the L portion encodes RNA-dependent RNA 

polymerase (Muyangwa et al., 2015, Ghafoor et al., 2021). 

1.2 Life Cycle of Hantavirus 

Replication of hantavirus occurs in the cytoplasm of the host cell showed in figure 01. Through 

endocytosis, the virions of the hantavirus attach to the cellular receptors and enter the host cell 

(Muyangwa et al., 2015). During that time an interaction occurs between the glycoproteins and 

cellular receptors. Then pH-mediated fusion occurs, and the virions become uncoated & release 

of viral genome which are ribonucleoproteins (RNPs) to the cytoplasm. Transcription occurs 

in the endoplasmic reticulum which is the compartment of Golgi apparatus, and a capped 

primer is required which is formed by the cleavage of mRNAs to initiate the transcription and 

the RdRp participates in this cleavage (Muyangwa et al., 2015). Replication occurs in the 

cytoplasm and produces cRNA during final elongation which works as a template to produce 

huge amount of full-length negative sense vRNA(viral RNA) and assembly with glycoprotein 

that transported to the Golgi apparatus (Muyangwa et al., 2015). Translation occurs by 
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producing nucleoprotein, glycoprotein and RNA dependent RNA polymerase where viral 

mRNAs are translated (Muyangwa et al., 2015). In the plasma membrane egress occurs through 

the fusion of Golgi vessel.  

 

 

 

 

 

 

 

 

 

 

Figure 01: Life cycle of hantavirus (Muyangwa et al., 2015)   
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Chapter 2 

Methodology 

The mentioned steps were maintained to generate the final vaccine  

2.1 Selection of protein Sequence  

For the selection of protein sequence, UniProt protein database was used at 

https://www.uniprot.org/ (Bateman et al., 2023). From this server, different protein sequences 

were collected. This protein database contains 9016 protein sequences for hantavirus where 63 

sets are reviewed (Swiss-Prot) and 8953 sets are unreviewed (TrEMBL). The antigenicity was 

checked to select the protein sequence and that’s why the protein sequences were downloaded 

in fasta format. For checking the antigenicity, Vaxijen v.2.0 server was used (Doytchinova & 

Flower, 2007) where targeted organism virus was selected & 0.5 threshold was maintained 

https://www.uniprot.org/
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otherwise there is a chance to get the false positive result. Protein sequence was selected based 

on highest score of antigenicity for continued the further steps and the protein was a M 

polyprotein (Glycoprotein).   

2.2 Determination of CTL Epitopes:  

For inducing immune response in host cells CTL epitopes are important. To determine these 

CTL epitopes NetCTL1.2 was used (Larsen et al., 2007). Three parameters of this tool are TAP 

transport efficiency, MHC-I binding peptides and C-terminal cleavage. The proteasomal C-

terminal cleavage was predicted by artificial neural networks whereas the weight matrix was 

used to predict the TAP transport efficiency (Larsen et al., 2007). The server NetCTL1.2 is 

able to detect CTL epitopes up to 12 major histocompatibility complex class I subtype (MHC-

I) where in FASTA format the sequence of protein was given & 0.75 threshold was maintained 

for the selection of epitope. 

2.3 Evaluation of CTL Epitopes:  

NetMHCpan4.1 was used to evaluate the MHC-I binding alleles that are specific to CTL 

epitopes (Reynisson et al., 2020). This server uses an artificial neural network to predict the 

MHC molecules (Reynisson et al., 2020). For peptide length 9 mer peptide was selected and 

all the HLA were selected. For strong protein binding the threshold 0.5 was maintained & for 

weak protein binding the threshold 2 was selected. The server selected BA (Binding Affinity) 

predict & sort by prediction score. The output page showed the results that fell within the 

threshold. But the peptides which had strong protein binding were selected. Then these peptides 

were checked for antigenicity, allergenicity and toxicity. To check antigenicity server Vaxijen 

v.2.0 was (Doytchinova & Flower, 2007). To determine the allergenicity, an AllerTop v.2.0 

server was used (Dimitrov et al., 2014) and for toxicity the server ToxinPred was used  (Gupta 

et al., 2013). 
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2.4 Identification of HTL Epitopes:  

HTL Epitopes are important for the adaptive immune system. To identify the HTL epitopes 

NetMHC-IIpan server was used (Reynisson et al., 2020). This server predicts the HTL epitopes 

by using artificial neural networks. The protein sequence was given in Fasta format. 15 mer 

peptide was chosen for peptide length and selected maximum 20 alleles per submission. This 

process continued until the alleles were selected. For strong binder the threshold was 1% & for 

weak binder the threshold was 5%. The result page showed the alleles which water falls within 

this threshold and chose those alleles which had high binding affinity. 

2.5 Evaluation of HTL Epitopes 

IFN- γ, IL-4 and IL-10 these three cytokines are released from HTL. There are other cytokines 

which are released from helper T lymphocytes but these three are very important for the body's 

immune system. They can determine whether the body produces the immune response after 

giving the vaccine or not. The interferon gamma activates MHC molecules. To determine 

whether the HTL epitopes were IFN-gamma inducer or not, server IFNepitope was used 

(Kupani et al., 2023). The interleukin 4 helps the B cell maturation and proliferation.  To check 

HTL epitopes were IL-4 inducer or not, the server IL-4 pred was used (Dhanda et al., 2013). 

Interleukin 10 is important for maintaining the homeostasis and to check HTL epitopes were 

IL-10 inducer or not, the server IL-10 pred was used (Singh et al., 2022). Those HTL epitopes 

that maintain all the criteria were further checked for antigenicity, allergenicity and toxicity. 

After checking all these parameters, HTL epitopes were IFN- γ inducer, IL4 positive and IL10 

positive & antigen, non-allergen, non-toxin selected.  

2.6 Prediction and Evaluation of B cell epitopes                                                    

To predict the B cell epitopes IEDB Resource Analysis server was used (Sun et al., 2013) 

“Bepipred Linear prediction 2.0” this method was selected for the prediction of B cell epitopes 

(Sun et al., 2013). The protein sequence was given, and the output page showed a graph along 
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with a table based on antigenicity. For B cell prediction 0.5 threshold was maintained. Those 

epitopes that fall within this range were selected. After that these epitopes were checked for 

antigenicity, allergenicity and toxicity like the previous one.  

2.7 Constitution of Vaccine and Evaluate Antigenicity  

 

 

In-silico multi epitope vaccine was prepared by using different linkers with the primary protein 

sequence. Usually, to prepare a vaccine four different linkers are used. But here three linkers 

were used instead of four. To connect the primary protein sequence (adjuvant) to CTL epitopes 

EAAAK linker was used. Similarly, to connect CTL to HTL GPGPG linker was used. And to 

connect HTL to B cell epitopes KK linker was used. After constructing the vaccine, 

antigenicity of the prepared vaccine was checked by using VaxiJen v.2.0 server (Doytchinova 

& Flower, 2007).  

2.8 Biochemical Analysis of the Constructed Vaccine  

To check the physicochemical properties of the constructed vaccine Protparam server was used 

(Garg et al., 2016). This server is able to provide information about the number of amino acids, 

molecular weight, instability index, GRAVY and so on. 

2.9 Evaluation of Allergenicity & Toxicity of the Constructed vaccine  

To check the allergenicity of the constructed vaccine, an allergen online server was used 

(Goodman et al., 2016) where the constructed vaccine sequence was given in plain format. 

However, for checking whether the constructed vaccine was toxic or nontoxic T3DB server 

was used (Wishart et al., 2015). 

Figure 03: Vaccine construction sequence using different linkers 
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2.10 Creation of 3D modeling of the Constructed vaccine  

To generate a homology or 3D modeling of the constructed vaccine Phyre2 server was used 

(Kelley et al., 2015) where the sequence was given in a plain format. Primary and tertiary 

structure was determined by this server. The main concern is to determine the confidence and 

coverage of the constructed vaccine. The result was sent via an email where a PDB file was 

present. Pymol software was used to access the PDB file to see the 3D structure. 

2.11 Generation and Evaluation of Ramachandran Plots  

To check the 3D model validity Ramachandran plot was generated by using Swiss Model 

Expasy (Schwede et al., 2003) in structure assessment method. The PDB file was uploaded 

which was sent via an email. Phi and psi were the angels of the Ramachandran plot which were 

plotted against each other. For a particular protein it determines the polypeptide chain 

(Schwede et al., 2003). 

2.12 Generation and Evaluation of Z-Score 

To determine the z-score of the constructed vaccine, ProSA-web was used (Wiederstein & 

Sippl, 2007). This server was able to access the 3D model of quality of the vaccine and energy 

distribution throughout the model. The PDB file was uploaded to the server. Z score, z-score 

vs number of residues graph, a knowledge-based energy vs sequence position graphs were 

shown in the output page.  

2.13 Molecular Docking of the Constructed Vaccine  

Molecular docking was performed to check the binding affinity of the constructed vaccine and 

the suitable human toll-like receptor. ClusPro was used at https://cluspro.bu.edu/ (Comeau et 

al., 2004) to check the binding affinity. The PDB file for toll-like receptor was downloaded 

from RCSB database and uploaded in the receptor molecule & PDB which was obtained via 

https://cluspro.bu.edu/
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mail was uploaded in the ligand molecule. The result page showed 10 docked complexes where 

the highest energy scoring docked complex was downloaded. 

2.14 Immune Response Stimulation  

C-ImmSim server was used to generate several graphs that provide graphical information about 

the levels of antigen, lymphocytes, immunoglobulins and so on. This server basically provides 

the graphical details about the humoral & cellular response of the immune system after giving 

the vaccine doses. In this server, the vaccine sequence was given in fasta format, and 3 

injections were added where the stimulation step was 300 selected and time step of injections 

were 1, 84 & 168 respectively. One day time step equals eight hours.  

2.15 Interpose on Methodology  

Development of vaccine using in-silico approach was the main of this research where 

screening, prediction and different analysis were performed by using online tools. This 

technique is quite effective but unable to measure the parameters of efficacy and safety of the 

developed vaccine. So that further investigation is necessary to know whether this vaccine is a 

suitable candidate against hantavirus or not.  
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Chapter 3 

Result 

3.1 Protein Sequence selection based on Antigenicity  

M polyprotein (Envelope Surface Glycoprotein) of hantavirus was selected based on 

antigenicity because it showed highest antigenicity during primary screening. The sequence of 

the selected protein was given below: 

GIGHHVLETDLELDFSLLSSSHYTYRRRLINPQNKDQSIPVHVDIHPQMISMEVQNLGHWFDAELNVKT

SFHCYGACSKYTYPWHSAFCHFEKDFQYENNWACNPIDCPGVGSGCTACGIYLDKLKAVGVAFKVVT

IKYTRKVCVQFSEETHCRVLDSNDCYVTRNFKICIIGTTSKFQQGDTLLFLGPMEGGGLIVRQWCTTTC

QFGDPGDVMLVPPGPHDCPEYPGSFRKKCMFAHTPVCEYQGNTISGYKKLMATIDSFQSFNTTDIHFT

MNKLEWADPDGLIRDHINVLLNKDVEFSDLAENPCKITVQTNQIEGAWGSGVGFTLKCTVSLTECSTFI

TAIKACDSAICYGAISVTLNRGQNTIHVTGKGGHSGSKFRCCHETQCSTNGLLANAPHLDRVMGVDTA

SDNHVYDDGAPPCRLSCWFQKTGEWLTGLFHGNWMVVIVLIVLFIISLIFLSFFCPVRKLKRG 

  

Figure 04: Antigenicity of the protein sequence (Doytchinova & Flower, 2007)  

The antigenicity of the selected protein sequence was 0.6172 (Probable Antigen). 
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3.2 Identification of CTL epitopes 

NetCTL1.2 server was used to identify the CTL epitopes where this server using MHC-I 

supertype A1 and here the threshold maintained was 0.75. A total of 13 CTL epitopes were 

found that are shown in table 01.  

Table 01: CTL epitopes with combined score 

 

 

 

Figure 05: CTL epitopes that were found from NetCTL1.2 server (Larsen et al., 2007) 
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NetMHCpan-4.1 server was used to identify strong binding MHC-I alleles specific to CTL 

epitopes. Out of 13 CTL epitopes, 7 CTL epitopes were found that were specific to CTL 

epitopes that are shown in table 02. 

Table 02: Strong Binding CTL Epitopes 

 

For checking whether the CTL epitopes were antigen or not, VaxiJen v.2.0 server was used. 

After checking the antigenicity individually for each of the CTL epitopes, it was found that 

only one CTL epitope was antigen out of seven CTL epitopes & other six CTL epitopes were 

non-antigen. After checking the antigenicity, AllerTop v.2.0 server was used to check the 

allergenicity of the CTL epitopes where six CTL epitopes were probable non-allergen and one 

CTL epitope showed allergenicity. Then toxicity was checked by using ToxinPred server where 

one CTL epitope was toxin and other six were non-toxin. Only one CTL epitope maintained 

all the criteria and it was selected for vaccine construction. The antigenicity, allergenicity and 

toxicity of the CTL epitopes are shown in the following table 03. 
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3.3 Identification of HTL Epitopes  

NetMHCpanII 4.0 server was used to identify HTL epitopes which were strong binder. 39 

strong binder HTL epitopes were found after using this server. These HTL epitopes were 

further checked based on their IFN- γ, IL-4 & IL-10 stimulating profile that are shown in table 

04. IFNepitope server was used to check IFN- γ, IL4pred server was used to check IL-4 inducer 

& IL10pred server was to checked IL-10 inducer. Eight HTL epitopes were maintained with 

all these criteria.  
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Table 04: HTL Epitopes with IFN- γ, IL-4 & IL-10 stimulating ability 

 

The eight HTL epitopes were further checked based on three parameters which were - 

antigenicity, allergenicity and toxicity (shown in table 05). Two HTL epitopes were found 

which satisfy these criteria. These two HTL epitopes were selected for vaccine construction.  
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Table 05: HTL epitopes with antigenicity, allergenicity and toxicity stimulating profile 

 

3.4 Identification of B cell Epitopes 

B cell prediction tool - IEDB Analysis Resource was used to determine the B cell epitopes 

where different methods are available but Bepipred Linear Epitope Prediction 2.0 method was 

chosen as it is the most advanced method compared to the others. A score vs position graph 

was visualized where threshold 0.5 was maintained. Here, the green color indicates they were 

not the desired B cell epitopes as their threshold was less than 0.5 whereas the yellow color 

represents the desired B epitopes as their threshold above 0.5.  
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By using this server, total 15 epitopes were found where 7 B cell epitopes fall within the desired 

threshold range (Figure 07). These B cell epitopes were further checked based on three 

parameters – antigenicity, allergenicity and toxicity (showed in table 06). 

 

 

 

 

 

 

 

Figure 07: B cell Epitopes found from IEDB Resource by using Bepipred Linear Epitope Prediction 2.0 Method 

(Sun et al., 2013) 
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After tested the B cell epitopes based on antigenicity, allergenicity and toxicity stimulating 

profile it was found that four –B cell epitopes satisfy all the criteria, and these four B cell 

epitopes were suitable for constructing the vaccine.  

Table 06: B cell Epitopes based on antigenicity, allergenicity and toxicity parameters 

 

3.5 Construction of Vaccine  

Six vaccines were constructed by using different epitope combinations where different linkers 

were used to prepare the vaccine. To connect adjuvant to CTL epitope, EAAK linker was used, 

to connect CTL to HTL, GPGPG was used and to connect HTL to B cell epitope, KK linker 

was used. Vaccine (I) was prepared by using 1 CTL, 2 HTL and 4 B cell epitopes. Vaccine (II) 

was prepared by 1CTL, 1 HTL, 3 B cell epitopes, Vaccine (III), (IV), (V) & (VI) were 

construed by 1 CTL, 1 HTL and 1 B cell epitopes but the combination were different for each 

of these vaccines. Vaccine (VI) was the final vaccine, and the sequence was generated by one 

CTL, one HTL and one B cell epitope.  
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Table 07: Construction of Vaccines using different combination of epitopes 
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3.6 Biochemical Analysis of Prepared Vaccines 

The biochemical analysis of six constructed vaccine were shown table 08: 

Table 08: Biochemical analysis of six candidate vaccines 

 

The six-candidate vaccine satisfy the acceptable criteria – antigenicity (>0.5), instability index 

(<40), GRAVY (negative value), allergenicity (0 allergen), toxicity (non-toxin), Z-score 

(plotted in the region that is acceptable), Ramachandran favored region (>90%), Ramachandran 

outlier (<2%). Vaccine (I) was not chosen because for vaccine (I), the confidence and coverage 

of the 3D modeling were 100% and 68%. But the desired range is with 100% confidence the 

coverage should be greater than 70%. Vaccine (III)-(IV) were also not chosen because their 

therapeutic pI was <7. For therapeutic pI, the acceptable range is (7-9). However, Vaccine (VI) 

properly satisfy all the criteria. That's why, vaccine (VI) proposed as final vaccine.  
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Here in figure 08, it is showed that, for vaccine (VI) which is the final vaccine, the number of 

amino acid was 516 and molecular weight was 57211.52Da. The therapeutic pI was 7.54. 

However, this Protparam server also showed the composition of the amino acids where it is 

visualized that the highest % of amino acid contain glycine and the % was 9.1%. The figure 

also represents the negatively charged & positively charged residues which were 47 & 48. This 

server also represents the instability index, aliphatic index, GRAVY (grand average of 

hydropathicity). When instability index is less than 40 it indicates the vaccine is stable. And 

the value for aliphatic index always greater than 60 is acceptable. GRAVY indicates 

hydropathicity which means whether it is hydrophobic or hydrophilic. And hydrophilic is 

desirable otherwise there is a chance to increase the toxicity and the absorption is not done 

properly. Here in figure 09, it is seen that the instability index was 24.58, aliphatic index was 

77.23 and GRAVY was –0.127. 
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Figure 08: Amino acid number, molecular weight, composition and charged residues of prepared vaccine (Garg 

et al., 2016) 



22 
  

 

Figure 09: Atomic composition, formula, half-life, atom number, extinction coefficient, instability index, 

aliphatic index & GRAVY of the prepared vaccine (Garg et al., 2016) 

3.7 Toxicity & Allergenicity of the constructed vaccine 

The prepared vaccine was checked for whether it was toxic or non-toxic. And that’s why the 

constructed vaccine was inserted into the T3DB server which is a database for toxins, and it 

match toxicity with its database. After completing the matching, the result page showed that 

the prepared vaccine has no toxicity (Figure 10). 
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Figure 10: Non-toxin result of construed vaccine predict from T3DB server (Wishart et al., 2015) 

The allergenicity of the prepared vaccine was checked by inputted the vaccine sequence into 

the allergen online server which is a database for allergens, and it matches the allergenicity that 

is store in its database and show the result. If there is any allergen present then it will how many 

allergen it contains. For the prepared vaccine, it was found that zero allergen (Figure 11) 

present in the constructed vaccine which indicated the constructed vaccine was non-allergen. 
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Figure 11: 0 allergenicity predict from allergen-online server (Goodman et al., 2016) 

3.8 Homology modeling of the constructed vaccine 

3D model of the constructed vaccine was found from Phyre2 server that was shown in figure 

12. With 100% confidence this homology model predicted that the coverage of the vaccine 

model was 78% (Figure 13). 

 

 

 

Figure 12: 3D model of the constructed vaccine from Phyre2 (Kelley et al., 2015) 
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3.9 Z-score Determination  

The z-score of the model was -6.62 and from the graph (Figure 14) it was seen that the structure 

belongs to X-Ray region. Another graph that was basically the local quality graph represents 

the knowledge-based energy vs sequence position of the model. Here in this graph, some 

residues rise peaks below the baseline which exhibits negative, and some residues rises peaks 

above the baseline which exhibits positive energy (Figure 15). 

Figure 13: Score of the homology modeling found from Phyre2 (Kelley et al., 2015) 
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Figure 14: Overall model quality of the constructed vaccine (Wiederstein & Sippl, 2007) 

 

 

 

 

 

 

 

 

Figure 15: Local model quality represents knowledge based energy vs sequence graph (Wiederstein & Sippl, 

2007) 
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3.10 Ramachandran Plotting  

The Ramachandran plotting (Figure 16a) was checked by Swiss Model Expasy where it was 

found that the Ramachandran region was 95.99% and the Ramachandran outlier was 1.00% 

(Figure 16b). The acceptable range for Ramachandran favored region is greater than 90% and 

the outlier range is less than 2%. That means, the Ramachandran plotting falls within the 

desired range. 

 

 

 

 

 

 

 

 

 

Figure 16(a): Ramchandran plots found from SWISS-MODEL tool (Schwede et al., 2003) 
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Figure 16(b): MolProbity results found from SWISS-MODEL tool (Schwede et al., 2003) 

3.11 Molecular Docking with Relevant Human Receptor 

Molecular docking was performed by using a server named ClusPro where human Toll Like 

Receptor 4 (TLR4) was chosen to bind with the ligand. The PDB file of TLR4 was inserted 

into the receptor folder and the PDB found from phyre2 uploaded in the ligand folder. The 

result gave 10 docked complexes where the first docked complex was the most stable docked 

complex (Figure 17). It scored the highest score which was -841.0 (Figure 18). 
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Figure 17: Molecular docking with suitable TLR-4 (Comeau et al., 2004) 

 

Figure 18: Highest scoring docked complex found from ClusPro (Comeau et al., 2004)  
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3.12 Immune Stimulation  

For immune stimulation the server C-IMMSIM was used where it showed normal termination 

and various graphical image were found (Figure 19 a-j). 
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Figure 19 (a-j): Immune stimulation via C-ImmSim (Rapin et al., 2010) 

 

In the graph (a) it was seen that the antigen level increases after the immunization. However, 

it also showed that after 28 days the peak raised for IgG and IgM and after 60 days the antibody 

level significantly increased which indicates the vaccine was able to produce the immune 

response. Memory cells are produced from B lymphocytes along with antibodies. These 
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memory cells store the memory and when the pathogen of hantavirus again attacks the immune 

system in the body that time it produces faster response. Here in the graph (b) total count of B 

lymphocytes and memory cells and their different isotypes was shown. In graph (c) it was seen 

that it represented the population of B lymphocytes per entity state. At the same time also 

represented the count of active B lymphocytes, how many B cell present on class II, which B 

cells were internalized the Ag and also showed how many B cells pass through duplication and 

anergy. The graph (d) represented the total count of plasma B lymphocytes that were 

subdivided per isotype. The isotypes were IgM, IgG+IgM, IgG1, IgG2.After the vaccination 

dose the number of CD4 T lymphocytes were represented in graph (e) where it was shown that 

the helper T cells were elevated on days 10, 30 and 60. And the memory cells were higher in 

number compared to the not-memory cells. Here in graph f) it was observed that the peaks for 

resting cells were higher than duplicating cells. And peaks for active cells were higher than 

resting cells. This graph basically represented the number of active, resting, anergic and 

duplicating cells of CD4 T-helper lymphocytes that were subdivided per entity state. In the 

graph g) the number of memory cells were at a low level whereas the number of not memory 

cells were observed in a good number. Active, duplicating, resting and anergic state of TC cells 

were observed in graph (h). Active, resting, internalized states of dendritic cells were present 

in the graph (i) with various numbers. Where presenting 1 target the DC that was present in 

MHC class-I and for presenting 2 DC were present in MHC class II. In the graph (j) it was 

observed that the concentration level for interleukins increased where in the insert box level 

for interleukin-2 was increased on day 10, between 30-50 and between 60-80 and D indicated 

the danger signal.  
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Chapter 4  

Discussion 

The diseases caused by hantavirus are increasing gradually in China and Europe. The targeted 

organ for hantavirus is lung and kidney. It is assumed that the rate may double very soon. This 

virus is a threat for future pandemics and now it is a global concern. That's why this is the high 

time to prepare a vaccine that is preventative for hantavirus. The aim of this research was to 

generate an in-silico multiple vaccine based on a bioinformatic approach.  

For this research, M polyprotein (Glycoprotein) of hantavirus was chosen as the primary 

protein for constructing the vaccine. Based on antigenicity this protein was selected by using 

Vaxijen server. Targeted the primary sequence one CTL epitope, one HTL epitope and four B 

cell epitopes were found by using different servers and these epitopes were screened out based 

on various parameters.  By using different combinations of epitopes, six candidate vaccines 

were constructed. The final vaccine that maintained all the criteria was prepared using one 

CTL, one HTL & one B cell epitope. The antigenicity of the constructed vaccine was also 

checked and it showed the antigenicity was better compared to the antigenicity of primary 

protein sequence. Protparam tool was used to detect the prepared vaccine was stable or not, 

where it showed it was stable. The number of amino acids was desired and the GRAVY value 

was negative which means the absorption will be better. For the 3D model of the structure, 

phyre2 was used where it gave with 100% confidence the coverage of the model was 78% 

which was quite satisfactory. Then the allergenicity and toxicity of the prepared vaccine was 

tested using Allergen Online and T3DB tools respectively. Non-allergen and non-toxic are the 

two major criteria of a vaccine that is called an ideal vaccine because the vaccine ideal doesn't 

cause any reaction or toxicity when it is injected. Then the 3D model quality of the prepared 

vaccine was tested using the ProsaWeb tool where it was found that the value was acceptable. 

The Z-score of any model indicates the model quality and energy distribution throughout the 
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model. Then Swiss Model Expasy was used to check the Ramachandran plotting of the model 

and found that they were of desirable range. After that for molecular docking human toll-like 

receptor 4 was chosen which is the suitable TLR for this protein of hantavirus and got 10 

docked complex but choose one the docked complex based on energy because to create a 

chemical bond, the more the energy released, the more stable the structure and here the energy 

was -841.0 for stable docked complex. Finally, the stimulation result of the immune response 

was stimulated by C-IMMSIM and it showed positive results. And considering all the results 

it was analyzed that this will be a novel vaccine for hantavirus.    
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Chapter 5  

Conclusion  

To sum up, there are many cases of hantavirus all over the world but fortunately there is no 

case of hantavirus in the perspective of Bangladesh still now but no guarantee that this virus 

will never attack in Bangladesh. Still now no proper vaccine is available for this virus and many 

studies & researches were conducted to propose a suitable vaccine candidate. In this research 

different computational tools were used for the purpose of screening and checking different 

parameters to construct a novel vaccine against hantavirus. Immune stimulation was also 

checked. All the outcomes were quite promising. The purpose of this research was to design a 

multi epitope vaccine based on in-silico approach. One limitation of this research is that this 

research does not assess the safety and efficacy of the vaccine, it just constructs a vaccine model 

based on different parameters and criteria. To market the vaccine it is very essential to check 

its safety and efficacy parameters which means in-vivo and in-vitro tests are very important in 

that case.  
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