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ABSTRACT 

The current COVID-19 pandemic has resulted in almost 45 lakh cases of infection in people 

with infected patients in over 200 countries, with an overall death rate of nearly 7%, 

resulting in partial or complete isolation of various countries. Generally, in predicting 

epitopes, the primary goal emphasizes the interaction of MHC molecule to the peptide 

antigen. For practical reasons, the identification of epitopes in antigens is very interesting, 

including, understanding the root cause of the disease, immune monitoring, the development 

of diagnostic assays, and the epitope-based vaccine construction. The B cell epitopes has 

various application, including analysing the antigen-antibody complex3D structure, using a 

peptide library to detect antibody binding, or using a specific diagnostic test. In this paper we 

aim to find out the NOVOVAX vaccine  efficiency against the different covid strains namely 

Beta, Delta, Mu, Iota, Kappa. Novovax is a protein based vaccine which is being developed 

by Novavax (Gaithersburg, USA) and Covovax is the brand name of the same vaccine which 

is being evaluated in India. Therefore bepipred which a newl tool for estimating linear B-cell 

epitopes was used as it utilises the sequence as input and predicts the positive epitopes. The 

bepipred  result of all the prediction obtained from the vaccine and from the different strains 

were computed. The result show’s that kappa variants has maximum i.e. 12 similar peptide 

sequence with the vaccine and therefore NOVOVAX will be more effective against the kappa 

strain of corona virus, the other 4 different strains have lesser matching petide i.e mu has 10 

matching epitopes, delta has 8, iota has 7 similar peptide chains and the beta variant has 

only 5 similar epitopic peptide sequence. As a result, just one method to prevent the outbreak 

is to broadly supply safe and effective vaccines for spreading strains over the globe. 
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CHAPTER-1 (INTRODUCTION) 

GENERAL INTRODUCTION 

In general, the immune system is divided into two types: innate and adaptive immune systems. 

Innate immunity includes non-specific defence mechanisms that either acts right away or hours after 

the arrival of microorganisms into the body. All multicellular organisms show few forms of innate 

immunity, whereas adaptive immunity is highly specific and exists only in vertebrates. The adaptive 

immune system, in reality is capable of individually identifying and destroying invading pathogens. 

Furthermore, the adaptive immune system will remember to fight the pathogens, obtain pathogen- 

specific durable protective memory, and allow further strikes every time a pathogen is encountered 

[1]. However, both of these two immune mechanisms work jointly, and the initiation of adaptive 

immunity depends on the previous stimulation of the non-specific immune response [1]. Acquired 

immunity is expressed by B and T lymphocytes that recognise the antigen (as they bind to specific 

receptors on these lymphocytes) rather than recognising the entire pathogen. The recognition patterns 

of B and T cells vary highly, i.e., antigens exposed to solvents are recognised by B lymphocytes via 

binding to the B cell receptors that contain the membrane bound Ig that on activation leads to 

differentiation followed by secretion of soluble immunoglobulins or antibodies. It also helps in 

regulating the humoral adaptive responses by performing various functions such as neutralising toxins 

and pathogens and labelling these pathogens for destruction or elimination [1]. 

 

 

The current pandemic produced by the COVID-19 has caused in almost 45 lakh identified cases in 

person with infected patients in more than 200 nations, the overall fatality rate of nearly 7%, resulting 

Figure 1- Immunity and its types. 
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in partially or completely confinement of different nations.[28],[29] This extraordinary crisis has 

wreaked havoc on the global economy, putting strain on medical management across both 

industrialized and progressing economies.[30] Although quantitative reverse transcription polymerase 

chain reaction remains the only and best method for early identification of covid-19 ailing people, 

false negative diagnoses because of poor and inadequate viral genetic material at the site of 

observation have hampered the use of such molecular-based techniques.[30] Although, in light of the 

present pandemic, fast diagnostics to diagnose acute infections are critical. 

Due to their molecular shape and phylogenetic relationship, they are 7 types classified into four 

categories: alpha, Beta, gamma, and detla. Coronaviruses have a ss-RNA genetic material of 26–32 kb 

and are members of the Coronaviridae virus family. RNA viruses have a million-fold much larger 

alteration rate than their hosts, that is associated to changes in phenotypic plasticity & severity, the 

majority of which are regarded to be favourable to viral adaptability.[31],[32] The associated 

mutations connected to the spike protein, which is required for adhesion and viral admission in host 

by the ACE2 receptor, play a significant role in spike protein docking and are the main reason for its 

global dissemination. 

Generally, in predicting epitopes, the primary goal emphasizes the interaction of MHC molecule to 

the peptide antigen. The experimental technique is found to be complex and time-consuming. 

Consequently, many computer-based methods are continually being developed and are being used to 

determine the epitope.   The series of method comprises of array-controlled methods, QSAR 

analysis, recognition of structural binding motifs, threading of proteins, homology modelling and 

ML tools. In former times, computer technology could only identify the characteristics of the 

sequence. However, new improved algorithms and techniques are being developed continuously to 

boost prediction accuracy. 

For practical reasons, the identification of epitopes in antigens is very interesting, including, 

understanding the root cause of the disease, immune monitoring, the development of diagnostic 

assays, and the epitope-based vaccine construction. The B cell epitopes has various application, 

including analysing the antigen-antibody complex3D structure, using a peptide library to detect 

antibody binding, or using a specific diagnostic test [2][3]. While, polymer MHC, lymphatic 

proliferation, or ELISPOT assays are utilised for experimental T cell epitope analysis. Traditional tools 

were entirely based on experimental technology, which is expensive and time-consuming. As a result 

epitope forecasting algorithms were devised just to enhances the identification of probable epitope and 

also reducing the load of associated tests. Here, we will first discuss the tools related to B cells that 

recognise the antigen in order to better understand the concept of epitope prediction. Following that, 

we'll go over the most essential forecasting methodologies and tools in detail, giving specific 

emphasis to their foundations  and potential. 
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CHAPTER -2 (REVIEW OF LITERATURE) 

 

B-CELL EPITOPE PREDICTION 

These are antigenic determinants which are seen on the exterior facet of the pathogen or infectious 

agent and are known to interact with the hydrophobic binding site of B cell receptors (BCR) and have 

six hyper-variable loops of different length and constitution of amino acid [4]. These prediction helps 

in recognising the B cell epitopes by exchanging the antigens required for the production of 

antibodies as well as their function-based studies. Since, any of the free or solvent-exposed areas in 

the antigen are the sites for antibody identification [5]. These  are categorised into 2 classes. 

 

• Linear or continuous epitopes consist of consecutive or successive residues and 

contribute a minority of the native antigens. 

• Conformational or discontinuous epitopes consist of scattered solvent-exposed regions 

that may or may not be sequential. 

Predominantly many B cell epitopes are discontinuous, as protein folding brings the far off 

residues into close proximity due to protein folding [6]. Antibodies that are known to recognise 

linear or continuous epitopes have the potential to identify and recognise denatured antigens, 

while a denatured antigen result in a loss of conformational B cell recognition.  

 

The study of B cell epitopes can be done in a variety of ways., but they are unsuitable for 

genomic scale study due to their high cost and cumbersome nature [7]. Therefore, advanced 

computational tools are being designed for studying or estimating theese epitopes effectively, 

being quick, economical, and extensible (scalable) [8]. 

 

Prediction of linear B cell epitopes: Though these epitopes constitute the minority, they have 

gained much attention since they can substitute antigens for administration and antibody 

generation. Antibody-antigen binding in relation to Linear B cell epitope is dependent on the 

configuration, due to which this prediction is more complicated [8],[9]. 

 

2.1. Various methods for prediction are as follows: 

 

1. Methods based on a propensity scale or amino acid analysis Propensity scale 

methods: It is one of the traditional methods of identifying the most probable antigenic 

sequences. It calculates the amino acid residue score in the specified peptide considering 

the propensity values and the capacity of the peptide to be a  part of a B cell epitope that 
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can be allocated by the propensity score[10]. For instance, see Pellet J et al., 1993. The 

ones developed by Parker, Pekkequer, and Emini use hydrophilicityturns, [11],[12] 

pliability, and solvent avalibility propensity scales, while those developed by Hopp and 

Woods [13],[14] use only the Levitt hydrophilicity scale. Propensity scale method 

assumes that hydrophilic areas on peptides surfaces are antigenic [12]. 

 

2. Machine learning methods:Due to the inefficient conduct of the above system, the 

machine based methods were developed whereby the ML (Machine learning) 

[15]algorithm initially translates the epitopes into feature vectors to look at the specified 

properties as given by propensity scales and then is trained to differentiate experimental 

B cell epitopes from the region which do not have any epitope [16] 

 

 

Table 1 linear B-cell epitopes prediction 
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Prediction of conformational B cell epitopes: although they constitute greater number, that is 

more than 90% are conformational in comparison to the linear B cell epitope, its estimation 

struggles for a few reason 

1. It requires prior knowledge of protein 3–D structure, which is available only for a few proteins 

[17]. 

2. Separating discontinuous B cell epitope from its protein for specific antibody development 

requires an appropriate scaffold for epitope grafting, which makes the process time-

consuming and complicated. Despite the above-mentioned factors, the prediction helps in 

structure- function studies that are based on the antigen-antibody interaction. 

 

2.2. Various methods for prediction are as follows: 

 

1. Sequence-based Methods: These methods do not require prior information about the structure 

of the target antigen. It assign a score to the antigen and is an essential tools in conformational 

B cell prediction. While the machine learning methods also utilise sequence-based classifiers 

for a trustable prediction. 

2. Structure-based method: The structure- based epitope prediction method considers the three 

dimensional protein structure[18], and it happens to be the most definite experimental method 

to identify epitopes. It takes into account the resolution for antigen-antibody complex 

structure inferred by X-ray crystallography [19],[20]. There are various structure-based B-cell 

epitope predictors like CEP, Disco Tope, ElliPro, PEPITO, SEPPA, EPITOPIA, or 

EPIPRED. The CEP (Conformational Epitope Predictor) [21] was the first one, followed by 

the Disco Tope which was formed by Andersen et al. [22] operating on the protein structure 

statistics and spatial properties along with the surface accessibility of the amino acid [23]. 

The structure-based method is used less because of its high cost and the growing complexity 

of 3-D protein structures. This method is preferred over the sequence-based method because 

for training it uses a small-scale dataset and can identify the peptides for alleles that have 

been trailed before or in which the sequence-based method has failed [24]. Structure-based 

epitope prediction is the only method that predicts discontinuous epitopes. 

3. Mimotope-based prediction: it is based on a combined approach for mapping epitopes,[25] 

by random peptide library preparation that are observed against the required antibody creating 

a group called Mimotopes, which copies the features and organization and not the sequence 

of the real epitopes [26], [27].
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Table 2 Non linear B- cell epitope prediction 
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COVID-19 VARIENTS AND ITS EVOLUTION 

The SARS-CoV-2 epidemic has affected nearly every country on the planet; unexpectedly, vaccine 

development has kept pace with the escalating number of patients.[33],[34] Many vaccines have 

been approved for use, and governments around the world are immunising their citizens as quickly as 

possible, knowing that this is the only way to stop the COVID-19 epidemic. Pfizer-BioNTech 

vaccines and Moderna created most of these authorised vaccination, which are generally spiking 

protein or mRNA-based. Other adenovirus vector-based vaccines are being researched by Oxford 

AstraZeneca, Cansino, Johnson & Johnson, and others[34],[35].[36]. On the global endeavour on 

SAIDP, the WGS has provided roughly 36k covid sequences for speedy vaccine making. The 

sequence supply a definite path for investigators to follow as they tracked the evolution of various 

lineages across the world.[37] Many research have discovered a relationship between corona 

virus genetic changes and the participants' immune responsiveness. In this circumstance, do we 

consider whether the alterations that happened had any effect on vaccination efficacy? Mumps, 

rubella, measles, rotavirus, sabin oral poliovirus, influenza, hepatitis A, rabies, and yellow fever 

vaccines, among many others, deliver the entire virus inactivated or live-attenuated, eliciting a 

polyclonal B-cell reaction against many autoantigens.[38],[39] Due to the variability of host defense 

and cell-mediated resistance, no vaccine escaping variations for these pathogens have been 

discovered. As a result, the vaccine may be ineffective to prevent the emergence of new mutant 

strains. 

According to reports, the antigen utilised in currently marketed covid vaccines is minimal, including 

roughly 1270 amino acids (AAs). RBD and NTD are the only antigens that elicit an antibody 

Figure 2 variants of covid-19 
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response.[40] Drift in the antigens could result in mutations for a variety of reasons, including 

naturally occurring infection, selective breeding, or the vaccine itself. Antibody neutralisation will be 

lost as a result of mutations in an antigen's sequence. As a result, mabs against a specific vaccine 

sequence resulted in a reduction in efficency.[41] 

As COVID-19 expanded throughout China, new strains of the virus emerged from throughout the 

world, notably B.1.1.7 from the U.k. and B.1.351 from South Africa. When it came to population 

immunity, the South African strain had a high rate of transmission among individuals, which may 

have facilitated development and dispersion. Modifications in the RBD of S-protein were found in 

these variations, leading to a high rate of transmission among people.[42] The new virus spread at a 

40–70% quicker rate than the first. The viruses in the South African strain has two additional 

modifications in the S-protein that enabled it to elude mitigating antibodies. The next sequence of 

mutation in the novel strain P.1lineage was detected in Brazil. In 2021, the UK's NERVTAG 

released an article reporting the outcome of various prvious  B.1.17 outcomes.[42],[43] This UK 

variety was discovered in the England in october 2020, and the transmission rate was outlined to be 

extremely high. It spread to tens of other countries due to the high transmission rate, and it is still 

expanding. The B.1.17 has 17 mutations, eight are in the spike envelope protein. The fundamental 

issue with all the changes is that the antisera dosage that have been licenced in the United 

Kingdom are built on spike protein, which only has effectiveness implications. According to 

NERVTAG, the B.1.1.7 virus could have a higher death rate than the non-mutated virus.[43] 

 

The other covid type is P.1, which has been circulating in Brazil since the middle of 2020. Because 

this strain was so contagious, Brazil became the third in the world country to be affected. The 

enormous outbreak of infections that hit Manaus has wreaked havoc on the Brazilian healthcare 

Figure 3 SARS covid variants lineage 
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system.[44] The other strain is B.1.351, which was discovered in Southern Africa in 2020. The SA 

variation has resulted in a modest decrease in neutralising antibody production. Variations of 

covid are appearing, and the pathogenicity rate is rising. Knowing how the virus morphs is crucial, to 

be sure. [45]Creating different vaccine versions in the is silico and further evaluating them for 

approved vaccines which can offer data on vaccine performance, pathogenicity rate, antibody titers, 

and a range of many different factors. On either side, the novel formed G2K-UK Virus Consortium 

has assumed lead in determining in what way numerous known strains will effect the epidemic. It's a 

joint effort with 11 other United kingdom institutions that will operate alongside its genome 

sequencing.[42]  

 

The UK has formulated 4 million covid genomic sequences to find the effect of distinct versions on 

vaccine efficiency, etiology, illness severity, as well as other aspects. The major objective is to look 

into the effect of polymorphisms on the rate of infection between individuals, vaccine efficacy, and 

various therapies using a variety of cell-based and animal-based systems in scientific investigations 

to figure out how variations affect commercially available vaccines.[44] 

It's crucial to find out where the virus is altering because it's been mutating since it first arrived in 

Wuhan, China, and folks are anxiously hoping for its vaccination.   Although vaccine evasion is a 

serious concern, Hibberd points out is that contemporary variations in transmission rates and 

vaccination receptivity have emerged.[46] The goal of the cooperative investigation on Severe acute 

respiratory variants with and without modifications will be to determine how each mutation affects 

viral activity. Our knowledge of vaccinations will be radically altered once observation - based and 

clinical data on variations and changes are collected.[44],[46] 

 

 COVID WAVES 

COVID-19 waves are easily understood by imagining sea waves. Every round represents one "wave" 

of covid-18, in which the rate of infection rises and then falls. COVID-19 was initially detected in 

China around a year and a half ago. [47]It had spread all around the world in less than a week. The 

pandemic had a substantial impact on several cultures' economics, resulting in a steep decline in the 

production of a variety of commodities. Owing to reduced infection counts throughout the summer 

months, several elements of society felt the pandemic was over, disregarding the early disclosure of 

the approaching second wave.[48] However, mutation emergence, raising the risk of covid, and the 

percentage of patients hospitalized to critical care units (ICUs) grew as a consequence. 

A. FIRST WAVE 

The first wave struck damage on nearly every area of the world, albeit due to periodic shifts; 

the south part of the globe was impacted later, but when hit was no less brutal. The 2nd wave 
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happened, and it was significantly more powerful than the 1st, as some analysts estimated. 

The COVID-19's initial wave impacted a number of countries, but the narrative does not stop 

there; the second wave could be far more lethal.[49] 

B. SECOND WAVE 

The second wave has a medical definition. "A viral disease that can appear during a 

pandemic." The  virus attacks a specific group of people first. Disease appear to be 

diminishing. Then illnesses spread to a different segment of the people, leading in a 2nd 

batch of infections." In April 2020, a Lancet article warned of the possibility of a second 

wave of the COVID-19 pandemic. Furthermore, " A second-wave pandemic is on the 

horizon, posing a significant threat to the community in relation to human mortality and a 

devastating economic crisis," as per a research reported in Nature. The new outbreak of 

COVID-19 has had a significant impact on India and other countries, and it poses a greater 

threat to COVID-19 than first wave. India has the most dangerous or severe COVID-19 cases 

in the world, with 8944 cases as of May 17, 2021.[49] The gradient of the cases then began to 

decline again. Experts fear that the story does not finish here, and that the third wave, which 

has arisen with a new mutation, may be more hazardous than the previous waves.[50] 

C. THIRD WAVE 

Since the first week of May, the weekly account of Coronavirus infections in the countries 

appears to be decreasing. The  cases have reduced to 0.26 million per day, down from the 

altitude of 0.4 million. The infectivity rate of current cases has also decreased, with by overall 

number falling from 3.7 million to approximately 3.2 million. If the declining pattern remains 

the same, cases might reach the Feb 2020 level till the starting of august, according to the 

Indian Express report.[51] Following an increase in the number of cases and deaths in the 

second batch, some experts believe the third COVID-19 wave will be even more lethal. 

D.  FOURTH WAVE  

South Africa ministry of heath and development , announced on December 3, 2021 that the 

country is having the fourth outbreak of COVID-19. Between November and December, the 

number of total cases in South Africa surged by 13 times. Germany also recorded 50k 

infection recorded per day, the peak of  daily cases total ever since this COVID-19 pandemic 

began. According to the report, the huge proportion of unvaccinated citizens is the cause of 

COVID-19's 4th wave spike in Germany.[51] In addition, Russia is dealing with the fourth 

spike of COVID-19, which is causing 40,000 cases per day. Furthermore, the 4th wave is 

predicted to impact all countries by a large no. of infection. A step is to raise vaccination 

rates, which could be one rationale for fighting this current Pandemic.[52] 
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VACCINES 

A vaccination is a substance which triggers an immune response against a specific infection-causing 

virus by revealing the body's adaptive response to specific antigens.[53] Immune responses to 

antigens, such as cell-mediated and auto  immune response, are then developed by the adaptive 

immune system. These reactions safeguard the person from infection by that virus in the future. 

Vaccines are normally regarded preventive agents, with vaccination being the greatest option for 

preventing the spread of a pandemic, especially when no specific treatment drugs are available. 

Vaccine development, however, entails a wide spectrum of analysis and studies, which can take 

months or even years for an individual vaccine.[54],[55] Given that COVID-19 is propagating like 

wildfire over the world, producing the vaccine in the midst of the pandemic was a major challenge. 

Certain vaccinations have previously been approved to protect mankind from the SARS-CoV-2 

virus, based on the concepts of building a vaccine for covid and other infections.[56] WHO recently 

approved the use of ChAdOx1-S, a viral vector vaccine prepared by AstraZeneca-SKBio (Korea) and 

Serum Institute Of India, it has shown efficieny of 63 percent.[57] COVAXIN is a vaccine produced 

by Bharat Biotech in conjunction with the ICMR and the National Institute of Virology in India.[59] 

This vaccination is administered in a number of countries, including Sri Lanka, Myanmar, Bahrain, 

and Oman. Aside from the vaccines indicated above, certain vaccines have also been licenced in 

other countries. Comirnaty (BNT162b2) is a nucleoside-modified m-RNA-based vaccine 

manufactured by Pfizer/BioNTech in the United States and Germany.[58],[61] The vaccine's 

effectiveness was assessed to be between 91.2 percent and 100 percent after testing in multiple 

subgroups. This vaccine has a 6-month shelf life at -90°C to -60°C and is stable for up to 5 days after 

being removed from the freezer and stored at 2°C to 8°C. National Regulatory Authorities in various 

countries have granted 19 vaccinations based on EUA against corona virus; though, WHO only 

approved 6 vaccines out of those 19. Pfizer/BioNTech BNT162b2 vaccine, Moderna's mRNA-1273 

vaccine, Johnson & Johnson's Ad26.COV2.S vaccine, AstraZeneca's AZD1222, Sinopharm COVID-

19 vaccine, and Sinovac COVID-19 vaccine are among the WHO-recommended 

vaccinations.[60],[61] 

 

PEPTIDE BASED VACCINES 

Peptide subunit vaccines and virus-like particles are two forms of protein-based 

vaccinations[62],[63]. As an immune-stimulating antigen, peptide vaccination use a viral peptide 

chain that is particular to the infectious virus or a component of a peptide chain (epitope). 

[64],[66],[67]Recombinant technology can be used to make these proteins. Adjuvants are required 

for better immunogenicity in these protein subunit vaccines, and repeated doses must be 

given.[65],[66] 3 peptide subunit-based vaccination types are in research and observation, while 51 
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are in clinical trail testing, according to the WHO (7th July 2020). The corona virus spike protein or 

RBD of spike protein is used in all subunit vaccines in clinical trials. 

Virus like particles are multi-peptide complexes that are identical to existing virus particles but lack 

genetic code, making them incapable of replication.[67] Because VLPs' protein structure is similar to 

that of the parent virus particle, they can elicit significant immune responses.[69],[72] As a result, 

when these substances are introduced into the body, they might trigger powerful immunological 

reactions.[68],[69] These vaccine candidates are safe since they contain no genetic material and 

hence cannot cause disease; nonetheless, they are laborious to produce. Medicago Inc. is working on 

a virus like particle vaccine  that is currently in clinical trail of phase 1 studies the vaccine uses plant-

based VLPs.[70],[71],[73],[74] 

 

NOVAVAX (NVXCoV2373) COVID-19 VACCINE 

Novovax is a peptide based vaccine which is being developed by Novavax (Gaithersburg, 

USA). This protein subunit vaccine has a regime of 2 dosage which is separated by 3 weeks apart. 

The booster dose can be given at any day after the completion of 3 week or more from the 

preliminary dosage. The vaccine is given in the United States of America. SARS-CoV-2 rS is 

another name for this vaccination.[75] Novavax and CEPI developed the Matrix M1 vaccine, which 

is a combination nanoparticle-associated adjuvant vaccination. Covovax is the brand name under 

which it is now being evaluated in India. It produces a greater neutralising Ab titer when given with 

vaccine than corona virus convalescent serum.[76] Many of the competitior ' CD4+ T-cell responses 

were of the Th1 type. On March 12, 2021, Novavax announced that their vaccine applicant was 96.4 

percent effective against the parent strain and 86 percent effective against Lineage B.1.1.7, 

respectively. It was reported to be 55 percent efficient against the 501.V2 strain in persons without 

HIV/AIDS. It was also 100 percent effective at preventing serious illness.[75] 

The above-mentioned vaccination is both safe and effective in the prevention of COVID-19. All of 

these vaccinations have received approval in one or more countries. In addition, they are undergoing 

clinical testing in a number of nations. Vaccination appears being the only way to halt the progress of 

a global disease. Concerns have been expressed about covid fluctuation after a short length of time. 

As South Africa has previously witnessed, several other escape variants could arise in the future, 

leading in a terrible pandemic scenario.[76] As viral propagation rises, the likelihood of Severe acute 

respiratory mutations keep increasing. As a consequence, there is only one method to terminate the 

epidemic: widespread distribution of safe and effective vaccines targeting circulating strains. 

Currently, all strong countries are rushing to immunise their netizens as quickly as possible. They put 

themselves at risk of developing a new variant that vaccinations might not be able to protect 

against.[76] It can be a compulsion to develop & circulate new vaccines on a regular basis to tackle 
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new SARS-CoV-2 variants. To achieve herd immunity, more vaccination coverage is required. 

BETA VARIENT 

E484K mutations are among the mutations found in the beta version from South Africa, which was 

discovered in November  2020. In this lineage, there were a sum of 12 variants and one deletion. 

This variant is more likely to infect young people with comorbidities, and it produces more serious 

disease than other mutations in same settings. The novel strains from the UK and South Africa 

seem to be more infectious; even so, genetic variations in the UK versions are unlikely to obstruct 

the performance of the developed vaccines, whereas mutations in the South African variants (501. 

V2) may obstruct it to some extent, particularly due to K417N and E484K mutations. In this sense, 

predicting which of the recently disclosed SARS-CoV-2 strains is more fatal is difficult due to a lack 

of empirical data. While the hospitalisation of patients is still being investigated, the transmissibility 

of this variation has indeed been found to raise up to 52 percent. Furthermore, the mortality rate 

associated with this variant's infection is higher.[77] Because the T cell response elicited by the 

D614G mutation remains effective against it, the likelihood of reinfection with this mutation has 

apparently decreased. More crucially, the vaccine's efficacy has been lowered for many people. 

Furthermore, the E484K mutation causes conformational changes in the flexible loop region of S 

RBD, which play a vital role in inflammatory processes, viral receptor binding strength, and 

pathogenicity.[77] 

DELTA VARIENT 

The delta variant has huge impact in Indian subcontinent and has caused the maximum number of 

hospitalization and deceased cases in India. The double mutant's official designation is B.1.617, and 

it has 13 alterations, seven of those are in the spike protein. The L452R and E484Q mutations 

appeared together for the first time in this strain.[78] The E484Q mutation is notable because it is 

similar to the E484K mutations previously discovered in SVV B.1.351 and BVV P.1.[79] 

The term "triple mutant" refers to a COVID variant created by combining three distinct 

mutations.[81] The variation was originally discovered in Maharashtra in October, and then in 

another Indian state. It arose from the COVID double mutant.[79] The spike peptide and alterations 

E484K and D618G are distinguished by the loss of H146 and Y145. According to the CDC, WHO 

designated this strain/variant as "VOC" and "VOI."[79],[80] 

MU VARIENT 

In the midst of the Delta version's summer rise in COVID-19 cases, illnesses, and deaths, several 

specialists cautioned that another possible danger, the Mu strain of the coronavirus, was beginning to 

appear. Mu gained attention because of a mutation that let it to defy vaccine immunity, causing a 

new wave of anxiety among vaccine recipients. But then something unusual happened: the 

predominance of Mu in circulation in the United States plummeted dramatically in a couple of 
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weeks. Despite the risk from Mu, the Delta variant's high transmissibility caused it to remain the 

dominant covid strain, according to some specialists. The Mu variety was initially detected in the 

United States in March - April, with only a few cases reported. Then, in July, Mu cases began to 

decline at a similar rate, dropping to 2% on July 9 and 1% on July 22, before dropping to fewer than 

0.5 percent in August. By September, the number of Mu cases had dropped to single digits. The most 

recent came on September 20. 

IOTA VARIENT 

One of the forms of the virus that causes COVID-19, is the Iota variant, also known as lineage 

B.1.526. It was initially discovered in November 2020 in New York City. The E484K spike 

alteration, which can sometimes enable the virus escape antibodies, and the S477N genetic variation, 

which may assist the virus attach more closely to human cells, have both appeared in the variation. 

By February 2021, it had quickly expanded throughout the New York area, accounting for almost 

one out of every four viral sequences. The variation had been discovered in at least fifty U.S. states 

and 18 nationalities by April 11, 2021. B.1.526 has been classified Iota variant using the World 

Health Organization's simplified nomenclature approach, and is deemed a variant of interest (VOI), 

but still not a variant of concern. Until June 2021, approximately 45 thousand cases were detected in 

the United States. Even by end of July 2021, the Iota variety had lost its dominance in the United 

States, and the Delta variation had taken its place. 

KAPPA VARIENT 

SARS-CoV-2, the causative agent of COVID-19, has a variety known as the Kappa variant. It is one 

of Pango lineage B.1.617's three sublineages. The SARS-CoV-2 Kappa form, also called as lineage 

B.1.617.1, was discovered in India for the first time in December 2020. The Kappa mutant accounted 

for more than half of the genomes submitted from India at the end of March 2021. Public Health 

England categorized it as a Variant Under Investigation on April 1, 2021. The Delta and Kappa 

variations are actually siblings, direct descendants of a variety known as the double mutant, or 

B.1.617, in the past. Previously, the primary coronavirus varieties were identified by the names of 

the nation where they were originally discovered. As a result, they were dubbed "UK variant," 

"South Africa variation," and "Brazil variant," with the double mutant B.1.617 being dubbed the 

"India variant." The WHO named these major variants after symbols of the Greek alphabet at the end 

of May to stop the association with specific countries, which had been leading to name-calling and 

guilt games. 

 

 

 

 



23 | P a g e   

CHAPTER-3 (MATERIALS & METHODOLOGY) 

TOOLS USED 

A. BLAST 

The Basic Local Alignment Search Tool (BLAST) is a programme that searches for regions 

of similarity between sequences. The software compares nucleotide or protein sequences to 

see whether there are any clinically important matches. BLAST can be used to discover 

genetic family members as well as deduce physiological and phylogenetic relationships 

between sequences. The BLAST is bascially a measure based on accurate mutation scores. It 

closely resembles the results that a dynamic programming technique for optimising this 

metric would produce. The method is more than an order of magnitude more precise than 

previous heuristic algorithms for detecting weak but biologically important sequence 

similarities. 

 

 

Figure 4 BLAST window 

 

The BLAST method allows for the creation of incredibly rapid database search systems that 

can also be mathematically analysed. Alternative implementations and variations of the core 

principle, such as the ones discussed above, can adapt the method to diverse circumstances. 

BLAST can be a useful tool for molecular biologists, especially when sequence databases 

grow in size. 

Here the reason while doing this study I opted to do the BLAST first was to check that how 

much similarity is present among the sequences of the vaccine candidate and all the other 5 
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different varients of COVID 19 surface glycoprotein. The sequence of the vaccine surface 

glycoprotien was being modified from the original surface glycoprotein to get the desired 

vaccine sequence of NOVOVAX and rest the 5 different variant namely beta, kappa, delta, 

mu, iota’s surface glycoprotein sequences were retrieved from NIH site.  

 

B. BEPIPRED 

The traditional method for linear B cell epitope prediction is the Propensity scale method, 

where looking at the physio chemical properties, a propensity value to each amino acid is 

provided. And a running average window was discovered to decrease the changes in the 

prediction values[82] 

For the B cell epitope prediction a variety of structure tools are available but they require 

prior knowledge of the structure of antigen[83],[84],[85],[86],[88] but this situation is not 

possible for all the majority of  cases  as the structural information is not available for all the 

antigens/ proteins. Therefore, the left out option always is analysing the sequence based 

information but prediction through such information is not accurate. There is a need of 

reliable prediction tools in many clinical and biotechnological implementations such as in 

antibody construction, vaccine development, efficacy testing and understanding of the 

immune system.[88],[89],[90]. 

 

Therefore, Bepipred was introduced which is a tool for linear B cell epitope prediction. It  is a 

novel method for predicting epitopes and gives out the positive epitopic peptide chains, and is 

comparatively good than the other random predictions and the variety of propensity scales 

being tested. This tool is a hybrid method based on the Hidden Markov Model prediction and 

Parker et al propensity's scale (N). The BepiPred-1.0 server and data sets can be found at 

http://www.cbs.dtu.dk/services/BepiPred/.. On providing input sequence to the software, 

linear epitopes are predicted and are represented in both graphical and tabular format. 

Residues with scores greater than the threshold (standard set of 0.35) are expected to be 

epitopes and are coloured yellow on the graph and indicated with a "E" in the output table. 

The chosen threshold has no effect on the values of the scores. 

BepiPred 2.0 employs a random algorithm that was based on epitopes discovered in antibody-

antigen protein sequences. On both epitope data collected from solved 3D structures and a 

big data compilation of linear b-cell epitopes retrieved on the IEDB database, this new 

method outperformed previously known methods for sequence-based epitope prediction.  

The method presents results in a user-friendly and instructive manner that is suitable for both 

computer savvy and non-technical people. We believe that BepiPred-2.0 will be a useful tool 

http://www.cbs.dtu.dk/services/BepiPred/
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for computational and immuno research. 

 

 

So the idea of using bepipred in our research work is that bepipred gives the result based on 

the sequence not on the structure and in our work we got only the protein sequences for all 

the covid varients from the NIH  site hence they could easily examined and the possible 

peptide were match from the vaccine result to all the different varients possible linear 

epitopic peptides. 

 

METHODOLOGY 

1. Retrieving Data from NCBI (for varients) 

NCBI virus is a community portal for viral sequence data from RefSeq. GenBank, and other 

NCBI repositories. It has a quick access to SARS CoY 2 data such as Refseq. Genbank, and 

Nucleotide and protein sequence information. 

Steps to retrieve data in NCBI virus: 

1. Opening NCBI virus in Toolbar 

2. Selecting novel SARS CoV2 protein sequences from quick access data. 

3. A new web page will appear where data is filtered by selecting surface glycoproteins from 

the protein filter and specific pangolin series from pangolin filter. 

Figure 5 BepiPred Input window 
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4. Obtained results in the table were looked for the sequence of interest and their accession 

numbers were selected. 

5. Using the specific accession number, surface glycoprotein sequences for different strains of 

SARS CoV 2 were retrieved.(beta, delta, mu, iota & kappa variants) 

 

2. Retrieving Sequence Data of Novavax Vaccine (NVX-CoV2373) 

SARS CoV2 S glycoprotein sequence was obtained from NCBI. Two mutations were 

performed in the sequence to obtain the sequence of the desired vaccine 

1) First, mutation was performed at the furin cleavage site 682-RRAR-685 to 682-QQAQ-685, 

2) Second, is 2 proline substitutions were performed at residues K986P and V987P respectively. 

 

3. BLAST 

So we will first do the BLAST of the vaccine sequence vs the different strains of covid18 

Step 1: Open the BLAST application. 

The user must select the BLAST programme type from the database, such as BLASTp, 

BLASTn, BLASTx, tBLASTn, tBLASTx. We'll use BLASTp here because we have protein 

sequences. 

Step 2: Type a query sequence into the box (here our query sequence will always be of the 

NOVOVAX vaccine sequence) 

Enter a query sequence for similarity search by entering it into the input box or attaching a 

FASTA file containing the sequence. For all BLAST programmes, this stage is the same. The 

accession number, gi number, or maybe even a pure FASTA sequence can be provided by the 

user. 

Step 3: Click on align two or more sequences 

This will help to find the similarity between the two input sequences, its match, mismatch & 

gap penalty and the over all similarity. 

Step 4: Type a subject sequence into the box (here the subject sequence will be of the 

different covid strains. 

Enter a subject sequence for similarity search by entering it into the input box or attaching a 

FASTA file containing the sequence. For all BLAST programmes, this stage is the same. The 

accession number, gi number, or maybe even a pure FASTA sequence can be provided by the 

user. 

Step 5: Run BLAST. 

By clicking the BLAST button at the bottom of the page, you can submit your BLAST 

programme. 
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Step 6: Repeat the same step with different strains. 

So we need to repeat the same step for getting the BLAST of all the five varients of covid-19 

namely Beta, delta, mu, iota, & kappa in the subject sequence the query sequence will remain 

the same.  

Step 7: Final result 

The result of the BLAST  is then put in a tabular form and will further be analysed with the 

Bepipred results.  

 

4. BEPIPRED 

To predict the possible linear B cell epitopic peptides of the vaccine and the different strains 

we will use bepipred. 

Step 1: Open the IEDB application 

Click on the link http://tools.immuneepitope.org/bcell/  

Step 2: Enter a protein sequence in plain format and click on the bepipred linear epitope 

prediction 2.0 

Step 3: Add input first from the sequence retrived from the peptide vaccine surface 

glycoprotein individually  

 

Figure 6 BepiPred result graph 

Step 4: then further do the same step with all the covid strains(beta, delta, iota, mu,& kappa) 

Step 5: the result of all the prediction obtained from the vaccine and from the different strains 

were computed against each covid strain 

 

http://tools.immuneepitope.org/bcell/
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CHAPTER-4 (RESULT) 

 

BLAST RESULT 

The result of BLAST between the vaccine and the beta variant of covid was near about 98% , 

vaccine and the delta variant was about 99% , the vaccine and the mu strain of covid was about 99%, 

the iota variant vs the vaccine was about 98% and finally the kappa variant vs the novovax vaccine 

was about 99%. 

 

BLAST 

RESULT 

 

BETA 

 

DELTA 

 

MU 

 

IOTA 

 

KAPPA 

NOVOVAX 98% 99% 99% 98% 99% 

 

Table 3 BLAST RESULT 

BEPIPRED RESULT 

BETA VARIENT RESULT 

The result of the bepipred for the vaccine vs the beta variant showed the matching of 5 similar 

peptide chain only with the longest peptide length of 15 amino acid. 

 

  

   

 

 

 

 

 

 

 

 

DELTA VARIENT RESULT 

The  delta variant against the NOVOVAX vaccine showed almost 8 similar peptides chains with the 

longest length of 40 amino acid. These peptides chain are the probable linear B-cell epitopic sites, 

where the possibility of getting the epitopes is very high. Hence, we have 8 similar peptide chains. 

 

 

S.NO. 

VACCINE 

MATCHING 

PEPTIDE 

BETA VARIENT 

MATCHING 

PEPTIDE 

 

LENGTH 

1. QTLE QTLE 4 

2. VNNSYECDIP VNNSYECDIP 10 

3. E E 1 

4. KQIYKTPPIKDFGGF KQIYKTPPIKDFGGF 15 

5. GQSKRVDFC GQSKRVDFC 9 

Table 4 BETA VARIENT RESULT 



29 | P a g e   

 

MU VARIENTS RESULT 

The MU variant has 10 similar peptide chains with 4 more than 10amino acid long chain of positive 

epitopic sites. 

 

S.N

O. 

 

VACCINE MATCHING PEPTIDE 

  

MU VARIENT MATCHING 

PEPTIDE 

 

LEN

GTH 

1. SQCVNLTTRTQLPPAYTNSFTRGV

Y 

SQCVNLTTRTQLPPAYTNSFTRGV

Y 

 

25 

2. DLP DLP 3 

3. YKL YKL 3 

4. SNKKFLP SNKKFLP  

5. TNTSN TNTSN 5 

6. E E 1 

7. DKNTQ DKNTQ 5 

8. KQIYKTPPIKDFGGF KQIYKTPPIKDFGGF 15 

9. VNNTVYDPLQPELDSFKEELDKYK

NHTSPDVDLGDISGI 

 

VNNTVYDPLQPELDSFKEELDKYK

NHTSPDVDLGDISGI 

 

40 

10. SCCKFDEDDSEPVLKG SCCKFDEDDSEPVLKG 16 

 

S.N

O. 

 

VACCINE MATCHING PEPTIDE 

DELTA  

VARIENT MATCHING PEPTIDE 

 

LEN

GTH 

1 DPL DLP 3 

2 YKL YKL 3 

3 QTLE QTLE 4 

4 TNTSN TNTSN 5 

5 E E 1 

6 KQIYKTPPIKDFGGF KQIYKTPPIKDFGGF 15 

7 RNFYEPOIITTD RNFYEPOIITTD 12 

8. VNNTVYDPLQPELDSFKEELDKYF

KNNHTSPDVDLGDISGI 

VNNTVYDPLQPELDSFKEELDKYF

KNNHTSPDVDLGDISGI 

40 

Table 5DELTA VARIENT RESULT 
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IOTA VARIENT RESULT 

The IOTA variant has 7 similar peptide chain with the vaccine and has only two peptide which are 

more than 10 amino acid longer in length. 

 

S.N

O. 

 

VACCINE MATCHING PEPTIDE 

IOTA 

VARIENT MATCHING PEPTIDE 

 

LEN

GTH 

1. TNTSN TNTSN 5 

2. E E 1 

3. DKNQT DKNQT 5 

4. RNFYEPOIITTD 

 

RNFYEPOIITTD 

 

12 

5. VNNTVYDPLQPELDSFKEELDKYF

KNHTSPDVDLGDISGI 

VNNTVYDPLQPELDSFKEELDKYF

KNHTSPDVDLGDISGI 

40 

6. LGKY LGKY 4 

7. K K 1 

Table 6 IOTA VARIENT RESULT 

KAPPA VARIENT RESULT 

The Kappa variant has the maximum matching peptide chain i.e. it has 12 similar positive epitopic 

site with the NOVOVAX vaccine, hence the vaccine will be more effective against the strain. 

 

Table 7 KAPPA VARIENT RESULT 
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CHAPTER-5 (CONCLUSION & DISCUSSION) 

We frequently overlook the fact that the Covid-19 is still a pandemic, with billions of people 

worldwide having still to receive a single dose of vaccination. So there is need to increase the 

vaccination drive worldwide with save and effective vaccination against the new variant of covid-19. 

Only 8.1 percent of people in low-income nations have received nearly one dose, whereas in 

developed countries, about 60–80 percent of the population are fully vaccinated.  

In our study we find out that BLAST of the NOVOVAX vaccine when compared to all the different 

strains of covid-19 were near about similar with Beta and Iota having 98% similarity with the 

vaccine candidate and Mu, Delta, Kappa having 99% similar sequence. Though there’s not much 

difference in BLAST among the five variants so, we decided to find out the possible linear B-cell 

epitopes of the vaccine and it was then compared to strains epitopic peptide sequence and the result 

were tabulated. The result show’s that kappa variants has maximum similar peptide sequence with 

the vaccine and therefore NOVOVAX will be more effective against the kappa strain of corona 

virus, the next strain having maximum matching peptide sequence is MU. The MU strain has 10 

similar epitopic site so NOVOVAX will have good efficacy against this strain too. The delta variant 

which is the variant of concern in India has 8 similar peptide and has the maximum number of 

hospitalization in India so NOVOVAX can also be administered to the patient but the efficiency is 

still under review. The beta variant has 5 similar peptide sequence and the iota variant has 7 similar 

epitopic site as compared to the vaccine simultaneously. Though blast has similar result but bepipred 

has different findings as of which we find our probable result. 

 

Figure 7 FINAL RESULT OF VACCINE EFFICIENCY 
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Owing to geographical location the use of NOVOVAX will more be effective in the United 

Kingdom, United States and the  Indian subcontinent as the kappa & delta variant has maximum 

cases in India, US & UK with cases more than 1 million in these regions. The NOVOVAX is given 

to the citizen in the United States. 

Based on our findings, vaccinations are extremely safe and effective against COVID 19, particularly 

in terms of reducing hospitalisation and severe disease (eg: death and hospitalization). The Kappa 

and Delta variants are effective against the NOVOVAX vaccine, although Delta variants are more 

likely to reinfect or evade the immune response elicited by COVID 19 infection or following 

immunisation.  
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APPENDIX 

1. NOVOVAX VACCINE SEQUENCE & PREDICTED EPITOPES 

 

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQD

LLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASTEKSNIIRGWIFGT

TLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRVY

SSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLR

DLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYV

GYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRV

QPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSAS

FSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLP

DDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTP

CNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKST

NLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEI

LDITPCSFGGVSVITPGTNTSNQVAVLYQDVNCTEVPVAIHADQLTPTWRVYS

TGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPQQAQSVASQ

SIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGD

STECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFG

GFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICA

QKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAY

RFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQNA

QALNTLVKQLSSNFGAISSVLNDILSRLDPPEAEVQIDRLITGRLQSLQTYVTQ

QLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVF

LHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQII

TTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLG

DISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFI

AGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT 
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2. BETA VARIENT SEQUENCE & PREDICTED EPITOPES 

 

MFVFLVLLPLVSSQCVNFTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQD

LFLPFFSNVTWFHAIHVSGTNGTKRFANPVLPFNDGVYFASTEKSNIIRGWIFG

TTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRV

YSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL

VRGLPQGFSALEPLVDLPIGINITRFQTLLALHISYLTPGDSSSGWTAGAAAYY

VGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFR

VQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSA

SFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGNIADYNYKL

PDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGST

PCNGVKGFNCYFPLQSYGFQPTYGVGYQPYRVVVLSFELLHAPATVCGPKKS

TNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTL

EILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRV

YSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPGSASSVAS

QSIIAYTMSLGVENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICG

DSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDF

GGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLIC

AQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMA

YRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQN

AQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVT

QQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVV

FLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQ

IITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLG

DISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQGSGYIPEAPRDGQ

AYVRKDGEWVLLSTFLGRSLEVLFQGPGHHHHHHHHSAWSHPQFEKGGGSG

GGGSGGSAWSHPQFEK 
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3. DELTA VARIENT SEQUENCE & PREDICTED EPITOPES 

 

MFVFLVLLPLVSSQCVNLRTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQD

LFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASIEKSNIIRGWIFG

TTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLVYYHKNNKSWMESGVYSS

ANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINLVRD

LPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVG

YLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNFRVQ

PTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFS

TFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPD

DFTGCVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGSKPC

NGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTN

LVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEIL

DITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWRVYST

GSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSRRRARSVASQSI

IAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYICGDST

ECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIKDFGGF

NFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLICAQK

FNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQMAYRF

NGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQNVVNQNAQA

LNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYVTQQL

IRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGVVFLH

VTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEPQIITT

DNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDLGDIS

GINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLGFIAG

LIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT 
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4. MU VARIENT SEQUENCE & PREDICTED EPITOPES 

 

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQD

LFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASIEKSNIIRGWIFG

TTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVTSNHKNNKSWMESEFR

VYSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPIN

LVRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAY

YVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNF

RVQPTESIVRFPNITNLCPFGEVFNATKFASVYAWNRKRISNCVADYSVLYNS

ASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYK

LPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGS

TPCNGVKGFNCYFPLQSYGFQPTYGVGYQPYRVVVLSFELLHAPATVCGPKK

STNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQT

LEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWR

VYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSHRRARSV

ASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYI

CGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIK

DFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLI

CAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQM

AYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQNVVNQ

NAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYV

TQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGV

VFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEP

QIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDL

GDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLG

FIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHY

T 
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5. IOTA VARIENT SEQUENCE & PREDICTED EPITOPES 

 

MFVFFVLLPLVSSQCVNFTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQD

LFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASIEKSNIIRGWIFG

TTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLGVYYHKNNKSWMESEFRV

YSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL

VRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGGSSSGWTAGAAAY

YVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNF

RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNS

ASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYK

LPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAG

NTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPK

KSTNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQ

TLEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTW

RVYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSPRRARS

VASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMY

ICGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPI

KDFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARD

LICAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQ

MAYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVN

QNARALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTY

VTQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHG

VVFLHVTYVPAQEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYE

PQIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVD

LGDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWL

GFIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLH

YT 
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6. KAPPA VARIENT SEQUENCE & PREDICTED EPITOPES 

 

MFVFLVLLPLVSSQCVNLTTRTQLPPAYTNSFTRGVYYPDKVFRSSVLHSTQD

LFLPFFSNVTWFHAIHVSGTNGTKRFDNPVLPFNDGVYFASIEKSNIIRGWIFG

TTLDSKTQSLLIVNNATNVVIKVCEFQFCNDPFLDVYYHKNNKSWMKSEFRV

YSSANNCTFEYVSQPFLMDLEGKQGNFKNLREFVFKNIDGYFKIYSKHTPINL

VRDLPQGFSALEPLVDLPIGINITRFQTLLALHRSYLTPGDSSSGWTAGAAAY

YVGYLQPRTFLLKYNENGTITDAVDCALDPLSETKCTLKSFTVEKGIYQTSNF

RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNS

ASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYK

LPDDFTGCVIAWNSNNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIYQAGS

TPCNGVQGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKK

STNLVKNKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQT

LEILDITPCSFGGVSVITPGTNTSNQVAVLYQGVNCTEVPVAIHADQLTPTWR

VYSTGSNVFQTRAGCLIGAEHVNNSYECDIPIGAGICASYQTQTNSRRRARSV

ASQSIIAYTMSLGAENSVAYSNNSIAIPTNFTISVTTEILPVSMTKTSVDCTMYI

CGDSTECSNLLLQYGSFCTQLNRALTGIAVEQDKNTQEVFAQVKQIYKTPPIK

DFGGFNFSQILPDPSKPSKRSFIEDLLFNKVTLADAGFIKQYGDCLGDIAARDLI

CAQKFNGLTVLPPLLTDEMIAQYTSALLAGTITSGWTFGAGAALQIPFAMQM

AYRFNGIGVTQNVLYENQKLIANQFNSAIGKIQDSLSSTASALGKLQDVVNQ

NAQALNTLVKQLSSNFGAISSVLNDILSRLDKVEAEVQIDRLITGRLQSLQTYV

TQQLIRAAEIRASANLAATKMSECVLGQSKRVDFCGKGYHLMSFPQSAPHGV

VFLHVTYVPAHEKNFTTAPAICHDGKAHFPREGVFVSNGTHWFVTQRNFYEP

QIITTDNTFVSGNCDVVIGIVNNTVYDPLQPELDSFKEELDKYFKNHTSPDVDL

GDISGINASVVNIQKEIDRLNEVAKNLNESLIDLQELGKYEQYIKWPWYIWLG

FIAGLIAIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHY

T 
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