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Abstract

Efficient vaccine development has been critical in combating the COVID-19 pandemic. The
study presented here examined the role and function of artificial Intelligence (Al) and
bioinformatics in vaccine development by the pharmaceutical sector with a main focus on the
development of vaccines for the SARS-CoV-2 virus. The study looked at the main drawbacks
and benefits of utilizing Al compared to more traditional approaches and the development of

Al to produce vaccines in the future.

A total number of 11 subject matter experts from the biopharmaceutical industry took part
in the qualitative interviews via Zoom. The study's selection of samples was made using non-
probability sampling techniques. Social media platforms like LinkedIn groups and Facebook
were used to reach out to participants. In terms of study philosophy, the study adhered to

pragmatism and interpretivism.

The results found that the development of vaccines has benefited greatly from the use of
artificial intelligence over conventional methods. The study explored a variety of
bioinformatics methods such as clustering, principal component analysis, and high
throughput analysis. These methods are used to detect thousands of genes at a time. The
main phases in the development of vaccines are DNA and protein sequencing. A more
affordable and effective solution to the problem was provided by bioinformatics. The
pharmaceutical industry used Al in various ways, including boosting vaccine manufacturing
and shortening and minimizing efforts to provide more accurate and safe vaccinations. Future
applications of Al in vaccine research are anticipated to result in more precise and safer
vaccinations, as well as greater market availability and vaccine production. Obstacles that
occur include data bias, privacy, and confidentiality concerns, algorithmic flaws, and ethical
dilemmas. Overall, Al and bioinformatics have been very beneficial to the rapid development
of new vaccines. To understand how the novel variants will affect vaccine effectivity, more
research will need to be carried out using nanotechnology and other new technologies that

Al is introducing.




Chapter 1

Overview

1.1 Introduction

The COVID-19 pandemic has had a tremendous global impact, affected millions of individuals,
and claimed countless lives. It was critical to develop and deploy effective vaccinations to halt
the pandemic and return to a more regular way of life (Hiscott et al., 2020). Advancing the
development of COVID-19 vaccines was thus critical for several reasons. These vaccines had
the potential to save many lives by stopping the virus's spread and minimizing the severity of

sickness in those who have been infected (Watson et al., 2022).

Vaccines were critical in bringing the pandemic to an end and helping societies to return to a
more normal way of life. The pandemic also caused extensive economic upheaval, and faster
vaccine development contributed to the restoration of economic stability by allowing people

to return to work and companies to reopen (Nicola et al., 2020).

The development of vaccines has a history that dates back over 300 years to Jenner's work,
but the last 50 years have witnessed an incredible acceleration in the rate of vaccine

development and, therefore, the impact on infectious illnesses (Saleh et al., 2021).

Developing a vaccine is an expensive process. From the research phase through vaccination
registration, the cost might reach $500 million, and the failure rate is significant. Viruses
evolve, making vaccinations less effective (Plotkin et al., 2017). Even when vaccines are in
production, managing administration and protecting the most vulnerable population groups
remains a difficulty. It has been found that by using Al and bioinformatics, it is feasible to

speed up and optimize the procedures in vaccine development (Wouters et al., 2021).

Historically, vaccines were made up of either (1) deactivating viruses or bacteria or (2) using
harmless inter-cellular components, e.g., toxoids, pathogenic strains, or related
microorganisms capable of inducing immunity but not full disease symptoms. Until recently,

vaccine design possibilities were constrained by a variety of variables, including insufficient
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knowledge of microorganism antigenic structure and a lack of understanding of pathogenic

mechanisms and the nature of the host's immune response (Ghattas et al., 2021a).

Traditional vaccine development approaches entail employing microorganisms that are
weakened or dead to generate an immune response. These techniques have been utilized for
decades and have proved effective in managing a wide spectrum of infectious illnesses (Karch
and Burkhard, 2016a). Some conventional methods of vaccine development include the

following;

A) live attenuated vaccines: These vaccines trigger an immune response by using
weakened copies of the pathogen. Living attenuated vaccines can give long-term protection,

but they can also be hazardous for patients with compromised immune systems.

B) Inactivated vaccinations: These vaccines trigger an immune response by using dead
copies of the pathogen. Although inactivated vaccines are less dangerous than live attenuated

vaccines, they may require booster doses to maintain protection.

C) Subunit vaccinations: These vaccines trigger an immune response by using a
particular portion of the pathogen. While subunit vaccinations are less dangerous than live
attenuated or inactivated vaccines, they may not produce long-term protection (Karch and

Burkhard, 2016b).

The advancement of Al and bioinformatics, molecular biology, the use of recombinant DNA
methods, and the use of monoclonal antibodies and immunological analyses are causing a
rethinking of vaccination and vaccine design methodologies. Improved understanding of
bacterial and viral pathogen antigenic structures has resulted in the identification and
characterization of protective antigens that may be altered using biochemical or genetic

approaches in many situations (Schoenmaker et al., 2021).

Emerging technologies such as Al, bioinformatics, and machine learning have aided in the
study of various diseases, the development of advanced diagnostic tools, and vaccine
development. The innovative application of emerging technology continues to have a
significant influence on our ability to respond to this global problem and should be used to

assist improve results (Arora et al., 2021).
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Al is a potent approach that has almost infiltrated all significant aspects of our life today. It
instructs a machine to investigate, learn from existing datasets and patterns, "think," and use
the learned information to create specific predictions. Nowadays, Al has radically enhanced
the area of healthcare by introducing a larger degree of automation, ease, and higher

accuracy and precision in vaccination development and treatment(Chang et al., 2021).

Similarly, Bioinformatics is crucial to the new vaccine design paradigm. Bioinformatics is an
interdisciplinary discipline that combines biology, mathematics, statistics, and computer
science ideas to offer a quantitative foundation for comprehending, categorizing, modelling,
qguerying, and analysing biological data (Wani et al., 2018). With the advancement of
bioinformatics, it is now possible to build vast databases of various biological quantities such
as DNA, RNA, and protein sequences, analyses massive amounts of accumulated data for
similarities and dissimilarities to understand newly sequenced sequences and their

interrelationships and gain new insights (Abdurakhmonov, 2016).

In the battle against infectious illnesses, the use of Al and bioinformatics in vaccine research
and medical discovery has never been more crucial. Throughout the vaccine research and trial

phase, the pharmaceutical sector used Al.

One of the purposes of Al in vaccine development is to study virus proteins, such as the spike
protein (S). An Al system can filter through hundreds of components in a complex structure
to select the ones that are most likely to evoke a significant immune response. Al systems
must detect components that are unlikely to alter or mutate to ensure that a vaccination stays
effective throughout time. These strategies can help researchers pick components for
prospective vaccines and make sense of experimental results. Al helps scientists to get
insights by combining data from many experimental and real-world sources. It also aids in
tracking the virus's genetic modification (mutation) through time, which determines the

usefulness of any future vaccination (Keshavarzi Arshadi et al., 2020).

Many Al techniques aid in the quick categorization of new viruses by recognizing their intrinsic
genomic structures and may be used to find similarities with other infections. Just one out of
every ten compounds gets authorized for clinical trials, which is a tremendous loss for the
industry. These failures might be attributed to a lack of technological requirements or

infrastructure, as well as poor patient selection. Yet, with a plethora of digital medical data at
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its disposal, Bioinformatics and Al can assist in eliminating these failures (Chukwudozie et al.,

2021a).

Overall, the emergence of the SARS-CoV-2 virus prompted an unprecedented application of
bioinformatics and Al approaches in deciphering infectious illness molecular
characterizations. Bioinformatics platforms have become an important tool in the battle
against the pandemic, with SARS-COV-2 genome data being accessible mere weeks after the
epidemic was identified. The goal of this study is to evaluate the application of bioinformatics

and Al in vaccine development.

1.2 Study Purpose

Various methods have been used to shorten the time and expense of vaccine production, with
the major focus being on the selection of suitable antigens or antigenic structures, carriers,
and adjuvants. One of these approaches is to include Al-bioinformatics technologies and
analysis into vaccine development. Al and bioinformatics are transforming the
pharmaceutical sector in a variety of ways, assisting companies to improve drug
development, optimize clinical trials, and increase manufacturing efficiency. Similarly, Al is

expected to continue to do so in the future.

1.3 Significance of the Study

This study on the impact of the utilization of both Al and bioinformatics in COVID-19

vaccination development was found to have numerous significances.

To begin with, by evaluating massive volumes of data and predicting which candidates are
most likely to be effective, Al and bioinformatics can help uncover viable vaccine candidates
faster, thereby leading to faster vaccine development. Secondly, it helps in increasing vaccine
efficacy by anticipating the optimum vaccine formulations, doses, and adjuvants to utilize, Al
and bioinformatics may be used to enhance vaccine design and boost efficacy. Thirdly, Al and
bioinformatics can also assist discover possible vaccine side effects before they are evaluated
in humans, lowering the chance of adverse events and enhancing vaccination safety. It can

also assist in identifying populations at high risk for COVID-19 and prioritizing vaccination
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delivery to those in most need. Besides, Al and bioinformatics may be used to monitor vaccine
distribution and guarantee that vaccinations are distributed equitably and efficiently.
Furthermore, Al and bioinformatics can be used to track the appearance of new COVID-19

variants and create effective vaccinations against them.

1.4 Research Objectives

The study “An Assessment of the Impact of Bioinformatics and Al in vaccine development, A
Perspective of Subject matter experts working in biopharma companies” was executed by
conducting an extensive literature review and conducting a survey, structured around the

following objectives:

1. To understand how the pharma industry utilizes bioinformatics Al over conventional

methods and to identify bioinformatics techniques used in vaccine development.
2. To evaluate the effects of Al in vaccine development during the time of COVID-19.

3. To determine the challenges and benefits in the future of Al and vaccine development.

1.5 Structure of the Study
Chapter 1: Introduction

The chapter provided an overview of bioinformatics and discussed the role of Al in the
creation of vaccines, especially during a pandemic. The chapter discussed the significance and
purpose of this research. In this chapter, the study's research objectives were also discussed,

which serves to provide further research project direction.

Chapter 2: Literature Review

The findings from previous research on the study's stated objectives were included in the
chapter on the review of the literature. Data gathered from various research was organized
and then analyzed by the themes covered in each study. A foundational understanding of the
function of Al in vaccine development was gained from the study of the data already

established by other authors, which aided in the selection of the approaches to move forward.
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Chapter 3: Methodology

An outline for the study work's navigation was produced in the chapter on methodology and
research design. It included details on the different study kinds, the research philosophies,
and the methodology used in the study. The optimal tool for data collection, sampling
techniques, and a study approach were all chosen to gather the primary data. The chapter

covered the analysis of these data and how the findings were interpreted.
Chapter 4: Findings and Analysis

This chapter mostly focuses on the research findings following the data gathering. Data were
gathered and properly analysed utilizing programs like Otter and QDA Miner. i.e., Pie

diagrams were used to display the analyzed data. It was compared with secondary research.
Chapter 5: Conclusions and Recommendations

This chapter covers the conclusion of the primary research. The conclusion was made by the
consideration and comparison of the result of primary research. From the data analysis, the
research questions were answered. Limitations and contributions of the study were included.

Future research recommendations were included in this chapter.
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Chapter 2

Literature review

2.1 Introduction

Throughout the decades and centuries to come, it will remain crucial to protect people against
chronic illnesses, but the task is not yet finished. A system needs to keep an eye on new
viruses and quickly create vaccinations to stop the most serious emerging infections to make
sure that the planet is free from infectious diseases(World Economic Forum, 2020).
Computer-assisted vaccine research has been motivated by Al. Vaccine development
progress is being fuelled in part by the increased use of machine learning, particularly deep
learning, across many scientific fields as well as improvements in computing hardware and
software as per Jimenez-Luna and colleagues (Jung et al., 2022). The current study focuses
on a comparison of conventional and modern vaccine development, the impact of Al on

COVID-19 vaccine development, and the potential role of Al in future vaccine development.

2.2 Traditional vaccine techniques V/S Modern Vaccine techniques

2.2.1 Vaccine Development: A History

Over 200 years have passed since the first vaccination for an infectious disease—smallpox—
was created, according to the World Health Organization in 2023. Vaccinations work by
mimicking the disease-causing pathogenic bacteria or viruses. Vaccinations urge the immune
system to bolster its defences against harmful microbes or viruses without actually causing
the disease. Past experiences have shown that a thorough and efficient global response to
diseases that can be avoided by vaccines requires time, finance, coordination, as well as
continuing vigilance(WHO, 2023). Live and inactive forms of vaccine development
methodologies looked at various approaches to traditional vaccine development, according
to a review study by Bouazzaoui A and colleagues (2021). For instance, the initial method of
developing a vaccine used a virus with lower pathogenicity. Plett and Jenner created smallpox
vaccines using a less dangerous virus strain. Compared to other vaccination methods, this one
only results in minor infections (Bouazzaoui et al., 2021). A powerful immunity against viruses

begins to develop in the body, and it will continue for years. Inactivated vaccinations, which
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are safer than active vaccines, are the second method, as reviewed by Soleyami and co-
workers (Soleyami et al., 2022). Moreover, improvements and innovations in mammalian cell
culture technology throughout the second half of the 20th century made it possible to
manufacture live attenuated "second generation" vaccines for diseases like polio, measles,
rubella, mumps, and varicella. In more recent years, the widespread use of oral and
inactivated polio vaccines has almost completely eradicated the disease worldwide (Finco and

Rappuoli, 2014).

2.2.2 Types of conventional vaccine technologies

2.2.2.1 Vaccines that are live-attenuated or replication-competent attenuated

A live, full virus or bacteria that has been treated to diminish its pathogenicity in the host
while preserving its ability to elicit an immune response is referred to as an attenuated
vaccine, as reported by Mak and M.E. Techniques like long-term cultivation in an unusual host
or environment or genetic editing (to remove key virulence components) can weaken
pathogens (to promote mutations and decrease virulence) (Tak W. Mak and Mary E.

Saunders, 2006).

2.2.2.2 Inactivated vaccines
A vaccination that is inactive has been created by inactivating the virus, as per Brian K.
Nunnally, the virus is grown in the culture medium to create the vaccine, then either heat or

formalin is used to inactivate it (Angsantikul et al., 2018).

2.2.2.3 Toxoid vaccines

Bacterial production of the toxic protein toxin, which results in sickness, is bad. A toxoid is a
toxin that has been chemically rendered inactive, giving rise to toxoid vaccinations. These
immunizations cause an immune response to the disease-causing agent rather than the

infection itself (Angsantikul et al., 2018).

2.2.2.4 Peptide vaccines
The process of reducing a pathogen to its essential immunogenic components ultimately
results in the production of isolated peptides, some of which can act as protective T and B

epitopes in the opinion of Malonis RJ and colleagues(2020) (Malonis et al., 2020).

17




2.2.2.5 Vaccines that contain virus-like particles (VLP vaccines)

In a study from the Oxford vaccination group, VLP is designed to match the morphology of a
natural virus (e.g., size, shape, and surface epitopes). Generally, VLP-derived vaccines are
made in bioreactors by introducing one or more genetic constructs into insect, yeast,
bacterial, plant, or mammalian cells. VLP vaccinations contain viral structural proteins. The
VLPs can be created to surface-present antigens from many infections or even multiple

viruses simultaneously (Sharifzadeh et al., 2022).

2.2.2.6 Polysaccharide, and Polysaccharide Conjugate Vaccines

Vaccines are created from the carbohydrate-based polymers that make up some bacterial
pathogens' capsular structures, such as teichoic acids, peptidoglycans, and glycoproteins as
per the report of Ghattas and co-workers (2021), However, Ghattas and colleagues, in 2021
also noted that advances in molecular biology, bioinformatics, and technologies like NexGen
sequencing, as well as the use of nucleic acids to encode antigens (such as in mRNA vaccines)
and viral vectors for gene therapy, have enabled the development of novel vaccination

platforms (Ghattas et al., 2021b).

Vaccines Pros Cons
1. Vaccines that are An adjuvant is not required. | The probability that an

live-attenuated or A single dose frequently attenuating mutation will

replication- results in long-lasting reverse.

competent immunity. Viral contamination that

attenuated Less expensive and fewer might be animal-related.
boosters are required. Can temporarily suppress

the immune system.

2. Killed vaccines Entire organisms are used to | There is not enough
produce both Tand B immunogen to support
epitopes. replication.

There is no chance of It is necessary to use
reversion. boosters, adjuvants, and
Reduced the possibility of multiple doses.
infection with animal

viruses.
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Perhaps ineffective in the
case of intracellular
organisms

3. Toxoid vaccines

Does not employ the entire
organism

Only works if the illness is
primarily brought on by a
bacterial exotoxin

4. Peptide vaccines

Avoiding using the entire
organism.

Avoids tissue and blood
purification.

If the peptide is
administered to
endogenous, it may trigger
the Tc response.

Merely small, straight, non-
conformational epitopes.
May have epitopes that a
small number of HLA
molecules can detect.

virus-like particles
(VLP vaccines)

5. Vaccines that contain

The multivalent
engagement (higher avidity)
with cells of the innate
immune system improved
the potency of this
vaccination technology in
comparison to other
conventional vaccines.

The practical utility of this
technology is hindered and
the cost is raised by
manufacturing issues with
design, purification, and
storage.

6. Polysaccharide, and
Polysaccharide
Conjugate Vaccines

This vaccination technology
fails to elicit protective
responses among people
who are most susceptible to
bacterial infections.

It is more effective in adults
than children.

Table 1:Pros and cons of various conventional vaccine technology

2.2.3 A new generation of Vaccine Development: Digital Vaccines

Instead of employing the purified surrogate antigen, it was found that simply infusing the

genetic code of antigens as DNA or RNA was sufficient to create a vaccine because host cells

would synthesize the antigen and transmit it to the immune system. This leads to the

development of DNA and RNA technology for vaccine production (Nascimento and Leite,

2012).
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Figure 1: Digital vaccines' effects on vaccination science (Pizza et al., 2021) For analog
vaccinations(right), Digital vaccines (left).

2.2.3.1 Viral Vector Vaccines

In contrast to conventional approaches, viral vector vaccinations help the body's cells
generate the antigen rather than contain it, according to Gavi the Vaccine Alliance (2020). A
modified viral vector transmits a genetic code for an antigen, which prompts the infected cell
to create the antigen and, as a result, activates the body's immune system. Viral vectors come
in two varieties: nonreplicating vectors and replicating vectors. Nonreplicating vector: they
can manufacture vaccination antigens but not new viral organisms. Replicating vector: It can
cause the host cell to become infected with a viral entity, which it can then pass on to the
newly infected cell. Antigens for the vaccine are also produced with its assistance (Acosta-
Coley et al., 2022). Several distinct viral vectors are easily accessible for vaccinations.
Depending on the chosen antigen, the viral genome can be altered and mutated. This method
of protein folding is exact. No extra adjuvants are required. This technique has a very high

safety profile (Rauch et al., 2018).
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2.2.3.2 Bacterial Vector Vaccines

Bacteria cells are an efficient vector for producing new vaccine candidates. A crucial quality
of these live vectors is their capacity to promote mucosal immunity as well as humoral and/or
cellular systemic immunity. This makes it possible to prevent pathogen colonization of
mucosal tissues, the gateway for many pathogenic agents, using various vaccination types.
Also, these specific carriers can be utilized to transport DNA vaccines and molecules that
stimulate the immune system, such as cytokines, which have adjuvant properties and, on
occasion, invasive capabilities that enhance the immunological response (Silva et al., 2014)
(Kochi et al., 2003). Similarly, one of the advantages was that it had a higher safety profile
than other approaches and can be administered using a variety of methods. The bacterial
vector stays away from unfavourable settings and stops chemical changes in the gut. can
manage highly acidic gastrointestinal problems. It is typically given by the nasal route, which

is safer than the oral one (Yurina, 2018).

2.2.3.3 Synthetic DNA Vaccines

Muscle-injected SynDNA will transfect myocytes, keratinocytes, and tissue-resident antigen-
presenting cells. Internalized DNA is translocated into the nucleus, transcribed into
messenger RNA (mRNA), and then exported for protein production. Antigens found on both
MHC-I and Il will result in a strong T-cell response. Tissue-resident APCs (Antigen-presenting
cells) that express the targeted antigen can go directly to the draining lymph node to initiate
an immune response (Ger T et al., 2021). The advantages of these vaccines include the fact
that it is much safer and less expensive than conventional vaccination methods. Typically, the
antibodies made by traditional vaccines are only effective against the identical antigens
present in the inoculum and are useless against illnesses bearing antigens that are similar but
have been modified slightly or significantly. The development of broadly neutralizing
antibodies against viruses like HIV and influenza virus is made possible by the capacity to
genetically change the antigen encoded by DNA vaccines to incorporate the most highly
conserved portions of the surface, antibody-generating structures on a pathogen (Flingai et

al., 2013).

2.2.3.4 mRNA vaccines
A great revolution happened in the field of vaccine development due to the introduction of

m RNA technology. Due to its ease of use, plasticity in antigen design, capacity to elicit both
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humoral and cell-mediated immune responses, high efficacy that has been established, and
quick and inexpensive manufacture due to the use of the same production base for several
MRNA vaccines (Chen et al., 2022). The advent of m RNA technology, based on the same
research, caused a significant shift in the field of vaccine creation. Because it is simple to use,
flexible in antigen design, able to elicit both humoral and cell-mediated immune responses,
has a high efficacy that has been shown, and can be produced quickly and cheaply because

the same production base is used to make a variety of mRNA vaccines (Schlake et al., 2012).

2.3 Artificial Intelligence- A ray hope to Pandemic

Al is successfully used, as reported by Arora and co-workers (2020), in the diagnosis of COVID-
19, the identification of disease clusters, the tracking of patients, the forecasting of impending
epidemics, and the assessment of mortality risk. Aside from that, Al helps with sickness
management by distributing resources, facilitating training, maintaining records, and
recognizing patterns to analyze disease trends. According to Ong and colleagues (2020), a
recently developed vaxign reverse vaccinology tool with machine learning integration offered

COVID-19 vaccine candidates (Arora et al., 2020) (Ong et al., 2020).
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Al plays several roles in the process of creating vaccines, including the prediction of epitopes,
the identification of peptides that bind human leukocyte antigens (HLA), the identification of
class Il major histocompatibility complex (MHC-II) epitopes, the design of vaccines that target
the MHC-Il immunopeptidome, and the assessment of immune response. the creation of new
strategies that effectively combine immunoinformatic with Al/machine learning to work past
the mentioned limitation in the construction of multiple epitope vaccination combinations.
This serves as the cornerstone for the development of new vaccines(Russo et al., 2020). A
review of the use of Al in developing vaccines, drugs, and genomic sequences was performed
by Bagabir and colleagues (2022). Al detected the SARS-CoV-2 genomic sequence. Also, it was
crucial in the discovery of more contemporary viral strains like the delta and omicron
varieties. The authors of the paper address bioinformatics, deep learning, machine learning,
and artificial neural networks as some of the regularly utilized Al approaches. Developing
vaccines to cure COVID-19 is made easier and more affordable by the use of Al. clinical trials’
lengthy process of drug approval, which includes factors including external and internal
validation, therapeutic effects, data collection challenges, and ethical considerations

(Abubaker Bagabir et al., 2022).

A summary of a potential cure for COVID-19 from a variety of domains, including
epidemiological, pharmaceutical, immunological, and Al sectors. Al-based strategies were
employed by the healthcare systems to monitor and manage COVID-19. Moreover,
vaccination has a significant impact on the management of COVID-19. Al expedites the

creation of vaccines and increases productivity (Adiban Afkham saina et al., 2022).

Al and cloud computing approaches were recognized in the manufacturing of vaccines and
pharmaceuticals with computer-aided medication design. To assure the optimal use of Al in
this pandemic crisis, we should be well-versed in bioinformatics, computation biology, and
computer technology (Poojary, 2020). Creation of a potential preventative vaccine candidate
by immunoinformatically assessing the immunogenicity and conservation of SARS-CoV-2
proteins. Using spike, membrane, and nucleocapsid amino acid sequences, the structural
properties, immunogenicity, and population coverage of four candidate fusion proteins were
assessed and compared. This study made predictions about the structural proteins of the
SARS-CoV-2 virus in various fusion forms, offering potential targets for antibodies that can

neutralize the virus (Sadat et al., 2021).
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2.4 Role of Bioinformatics in Covid Vaccine Development

Bioinformatics incorporates several disciplines, including software engineering, computer
science, statistics, informatics, and engineering, to analyze and synthesize biological and
genomic data. Bioinformatics is used to identify possible genes, which aids in understanding
the genetic basis of disease, atypical adaptations, and demographic differences. It facilitates
the depiction and visualization of biomolecular interactions as well as the three-dimensional
protein, DNA, and RNA structures. Applications include comparative genomics, drug
development, genome annotation, protein structure prediction, and bioinformatics gene
sequence analysis (Welch et al., 2014). The different bioinformatics approaches that aid in
the discovery of vaccines and anti-covid medicines were emphasized by the author
Chukwudozie OS. Reverse vaccinology, immunological informatics, and structural vaccinology
were among the procedures. Reverse vaccinology is one of the economically advantageous
bioinformatic techniques that identify diseases by examining the genomes of particular
species. Moreover, immune informatics uses a computerized program that analyses the
pathogen's immunological properties. This information makes it possible to predict how a
particular creature’s immune system will react. The study also discussed immunological
informatics drawbacks and procedures. Bioinformatics tools are economical and time-saving

when compared to traditional methods (Chukwudozie et al., 2021b).

It is possible to employ in silico approaches of bioinformatics, vaccinogenic,
immunoinformatic, structural biology, and molecular biology for the quick detection of covid
vaccination. The author talked about a comparison study of immunoinformatic tools like

reverse and structural vaccinology (Ishack and S R, 2021).

2.4.1 Reverse vaccinology

Reverse vaccinology, based on the most recent research by Sette and colleagues (2010) is a
method that uses bioinformatics tools to identify elements of bacteria, viruses, parasites,
cancer cells, or allergens that can cause an immune that could operate as a defences against
a certain disease (Sette and Rappuoli, 2010). Strategies have many benefits over conventional
methods, including making the candidate selection process simpler and more time and

money-efficient. The antigen can be recognized at even the smallest trace. can identify the
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antigen of harmful microbes (Seib et al., 2012). Six reverse vaccinology tools were discussed
in a review conducted by Dalsass and colleagues (2019) on open-reverse vaccinology
programs such as (NERVE, Vaxign, Vaxilen, Jenner-predict, Bowman-Heinson, and VacSol).
Publishers also high lights the criteria, comparison between tools, programs used, and run-
time performance for selecting potential vaccine candidates. VaxiJen helps to classify
bacterial protein extraction and informs its amino acids. Runtime study shows that Vaxign and
VaxiJen are extremely quick programs that can predict 100 proteins in a matter of seconds or
minutes. However, NERVE, Bowman-Heinson, and VacSol are slower tools that take between
15 and 60 minutes to examine the very same protein dataset. Although more effective than
the alternatives, it still has the drawbacks of being inaccessible to non-expert users and having
a strong correlation between performance and the design of the preliminary training dataset

(Dalsass et al., 2019).

The first web-based reverse vaccinology using a machine-learning vaccine creation program
is called Vaxign2. Vaxign2 is a complete web server for rational vaccine design that includes
workflows for calculation and prediction. As compared to other RV tools, Vaxign-ML
demonstrated better prediction performance, according to the benchmarking results utilizing
a validation dataset. Vaxign2 additionally has precalculated data from 398 proteomes, which
contain 398 million proteins, and 36 pathogens. SARS-CoV-2, the coronavirus that causes
COVID-19, was successfully analysed using Vaxign2 as proof. The complete Vaxign2

architecture can aid in better, more logical vaccine design (Ong et al., 2021).

2.4.2 Immunoinformatics

When immunomics and bioinformatics collided, a brand-new field of study known as
immunoinformatics was born, to assess all immunomics data from an organism and forecast
immune reactions to certain substances, according to Brusic and colleagues (2017). TEpredict,
CTLPred, nHLAPred, ProPred-I, MAPPP, SVMHC, GPS-MBA, PREDIVAC, NetMHC, NetCT L,
MHC2 Pred, IEDB, BIMAS, SVMHC, POPI, Epitopemap, iVAX, FRED2, Rankpep, BIMAS,
PickPocket, KISS, and MHC2MIL were among the informatics software used (Brusic and
Petrovsky, 2005). A variety of immunoinformatics approaches are being applied. Vaxign and
Vaxi- Jen are a couple of examples. Vaccine target prediction and analysis are both assisted

by Vaxign, while antigen prediction is assisted by Vaxilen. Some immunoinformatics
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techniques may search protein sequences and locate the MHC binding motifs for the
epitopes. BCPRed, FBCPred (36), and COBEpro are the two B cell epitope prediction tools or
services that are accessible for the immunoinformatics study. Computer system tools for T
cell epitope prediction, such as MULTIPRED, TEPITOPEpan, and Pickpocket (Chakraborty et
al., 2021). The use of immunoinformatics techniques could streamline the time-consuming
and costly process of vaccine manufacture. Immunoinformatics tools like Vaxijen, IEDB,
NetCTL 1.2, PEP-FOLD, etc. have previously been used in reverse vaccinology for the
development of the SARS-CoV-2 vaccine in areas like antigen selection, toxicity, predicting
vaccine targets, allergy prediction, and selection of MHC (Major Histocompatibility Complex)-
I and Il binding epitopes, among others. Immunoinformatics played a vital role in vaccine
production by using various tools for protein scaffolding and epitope prediction. The flexible

analysis is a benefit compared to the conventional approaches used (Kumar and Hasija, 2022).

2.4.3 Structural vaccinology

The major focus of structural vaccinology is on the conformational characteristics of
macromolecules, mostly proteins, which make them suitable candidates for antigens. This
method of choosing or designing peptide-based vaccines or cross-reactive antigens has
mostly been utilized to develop protection against several diseases with antigenically diverse
pathologies (Liljeroos et al., 2015).To create an effective vaccine, structural vaccinology
involves several steps, including figuring out the atomic structure of the antigen or antigen-
antibody complex, reverse-engineering the antigen or epitope, putting the modified antigen
or epitope into a vaccine platform, a study involving testing the candidate vaccine's safety
and effectiveness in vivo was conducted. The effectiveness of viral vaccinations has been
increased by the application of structural vaccinology. A structural vaccinology technique can
be utilized to increase vaccine thermostability, potentially resolving the issue of the cold-
chain problem faced by the underdeveloped regions of vast continents. The Inadequate
structural and immunological understanding of the virus-induced host immune responses

makes this technology vulnerable (Mohd Ishtiag Anasir and Poh, 2019).
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2.5 Effect of Al on the Future of vaccine development

2.5.1 Advantages

It is possible to anticipate orders of magnitude improvements in what is possible with Al and
machine learning (ML). Al makes it possible to study massive data volumes and find intricate
links and patterns computationally. Al is ready to revolutionize scientific research, ushering in
a new era of modern science in the years to come by enhancing human intelligence. The
creation of customized treatments for patients is an intriguing new use of Al. Al may also be
able to forecast individualized treatment methods in almost real-time one day without the
need for clinical trials(Tewari, 2022). The scientific community is working to understand how
the lessons learned from the COVID-19 epidemic can be applied to other infectious diseases.
Several companies, including Novavax, are currently developing COVID-19 and influenza
vaccine combinations that may reduce the number of visits to the doctor's office or local
drugstore for shots(Novavax, 2021). Using computational tools helps speed up the process of
finding new drugs and vaccines. Which increases the success rates of screening prospective
protein-targeting molecules. For predicting protein-ligand binding and developing new
medications, 54 DL-based models work impressively. Opportunities for enhancing treatment
guality and accelerating the development of precision medicine are provided by Al. Al makes
it easier to design and repurpose medications and vaccines that might be useful in battling

the symptoms of SRS-CoV-2 infection (Sunita et al., 2020).

2.5.2 Disadvantages

A lack of prospective validation studies, as well as difficulties in improving an algorithm's
performance, are two barriers to future Al applications in the healthcare business. A popular
strategy for in silico validation of research is to divide a single pre-existing dataset into a
training and testing dataset. Clinicians may lack trust in evaluating clinical scenarios using
ML(Machine learning)based prediction models or in utilizing DL(Deep learning) to automate
certain routine processes (such as CXR and chest CT scan interpretation), and it may be
difficult to correct faulty ML-based judgments (Khemasuwan and Colt, 2021). Al research in
healthcare is growing swiftly, with potential applications being demonstrated in a range of
medical sectors. The structural constraints of machine learning science, implementation

logistics, and consideration of acceptability restrictions, as well as essential social or route
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alterations, are important impediments to Al system translation in healthcare. Al algorithm
developers must be cautious of potential hazards such as dataset shift, accidental
discriminating bias, inadvertent confounder fitting, difficulty generalizing to new populations,
and unexpected negative consequences of new algorithms on health outcomes(Davenport

and Kalakota, 2019).

2.6 Research Gap

It is clear from a thorough analysis of numerous genres of literature by eminent authors that
there are no publications that address the topic of the role and techniques of bioinformatics
utilized in vaccine production. The Challenges and advantages of employing Al in vaccine
development are not specifically covered in any studies. The author concluded that this study

will constitute a turning point in vaccination research.
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Chapter 3

Methodology

This chapter mainly focuses on the procedures and philosophy and ways of carried out the
study to find the result. Research reliability and validity are influenced by the methodology
plan(Morse et al., 2002).

3.1 Overview

Research is a methodical procedure for learning new information that includes careful
planning and interventions to analyze the information gathered about the subject (Saunders
et al., 2019) (Creswell and Creswell, 2017). Planning or creating a fundamental framework for
the research's conduct and responding to its questions is the process of research design and
methodology(Akhtar, 2016). It entails putting in place all the necessary frameworks for data
collection, analysis, and/or interpretation relevant to the study goal (Akhtar, 2016). It may be
considered a thread that runs across all the different strands of the research. A study's
methodological approach and research strategy are always key determinants of its validity

and reliability (Garg, 2016).
The primary steps in the research design process include

e Defining the issue

e Creating a study design

e Deciding on a sample size
e Collecting data

e Analysing the data

e Preparing a report

In general, there are three different sorts of study designs: exploratory, descriptive, and
explanatory(M. Saunders et al., 2019). Descriptive studies assist in gathering an accurate
profile of the event, person, or situation, while explanatory studies attempt to establish a
causal relationship between the variables(Pamplona, 2022). The exploratory study focuses on

exploring what is happening in the issue(George, 2022).
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Figure 3: Research Onion (Saunders et al.,2019)

Based on the nature of research it is categorized into two types that are Inductive research
approach and deductive research approach. The development of a hypothesis (or
hypotheses) based on an existing theory is the focus of a deductive method. While using
deductive reasoning, the researcher begins by examining an existing theory and ends up
coming up with a new hypothesis. After developing a new theory, it's critical to test it to
determine if there are any gaps or weaknesses that should be fixed before approving or
disapproving it as genuine (Streefkerk, 2019). An investigation known as inductive research
starts with the observation of a scenario or problem to create and test beliefs about it(Kothari,
2004). In the study described here, the researcher had a solid theoretical understanding of
the topic from the literature review, and further information was derived from primary

research therefore, the current study follows a deductive investigation.

This chapter mainly focuses on the design of data collection of the different opinions of
experts about the role of Al and bioinformatics during vaccine development. Selecting a
research philosophy and a strategy for the study's conduct are crucial steps in methodology
because they offer significance and validity to the study. This chapter outlines the appropriate

research philosophy, sampling method, and tool, methods for data analysis.

30




3.2 Research Philosophy

Ontology and epistemology support the methodology of research. Ontology is the essence of
study, and epistemology is the process through which knowledge is produced and justified
(Mauthner, 2020). Philosophy assists researchers in gathering and coordinating diverse
assumptions about the knowledge and reality of the investigation, as well as providing a clear
image of what researchers believe in assumptions (Bajpai N, 2011). Different types of

philosophy are listed below.

Research Philosophy Definitions

Pragmatism* A claimis true if and only if it is useful (concurrently: if a philosophical
theory does not directly contribute to social progress, it is not worth
much), which is based on the idea that philosophy should be tested
through experiments. Pragmatism will result in rich and contradictory
interpretations. Different realities should check to obtain the status

of each issue.

Interpretivism* Understanding people's views, motivations, and lines of thinking in a
social setting is crucial, according to interpretivism, in which it

interprets facts that can be gathered about a phenomenon.

Positivism Positivism is based on factual knowledge obtained through
observations, and measurement is reliable. The researcher should

gather and analyze the data as per the objective without any bias.

Realism Realism is founded on the principle that the human mind is
autonomous. Science-based assumptions are used to develop

knowledge.

Table 2: Research philosophy and definition(Saunders et al., 2019)

In this research, the researcher adopted both interpretivism and pragmatism philosophy.

This study mainly focused on interpretivism, due to its emphasis on individual experiences
and perspectives, interpretivism can yield data with a high level of validity. By its very nature,

interpretivism emphasizes the importance of qualitative data for knowledge-seeking. With
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the help of interpretivism, it is possible to study a social circumstance in depth(Chowdhury,

2014).

Pragmatic philosophy gives the freedom to use any of the methods or techniques associated
with qualitative or quantitative, to mitigate the limitations that every method can
introduce(Saunders et al., 2009). On the other side, this freedom grade introduces increased
difficulty in the integration of data. The pragmatic philosophy assumption is the result of two
different aspects of the research. In this research pragmatic philosophy was implemented
using qualitative information to gather information from professionals working in the field of
biopharmaceutics to know the depth and opinion regarding the topic. This philosophy helps
the researcher to reach an appropriate conclusion. Also, it was used to collect basic
information from respondents to find out the impact of Al and bioinformatics on vaccine

development.

Using a qualitative approach, the pragmatic philosophy was adopted towards data gathered
from the initial interview. The data gained from these interviews were from the participant’s
experience thus far in the industry, the participant’s perspectives on the subject, and

suggestions.

3.3 Research Strategy

Seven main research strategies support the acquisition of reliable data and result in real
findings. Experiment research, action research, interview, case study research, grounded

theory, survey, and ethnography are the main seven strategies.

A strategy is a plan, which would be designed for achieving a target or goal (Saunders et al.,
2019) (Malthus, 2017). It. The approach to the research was the qualitative approach. The
qualitative approach focuses on attitudes or opinions as its subjective assessment(Kothari,
2004) (Saunders et al., 2019) (Denscombe, 2014a). In this approach, there is no specific order
to data collection (Saunders et al., 2009). In practice, qualitative data will help to obtain more

valid and reliable data.
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Figure 4: Methodological approach (M. Saunders et al., 2019)

The qualitative questionnaire was used to measure the extent of knowledge about the role
of Al in vaccine development, belief regarding the better options of vaccine development in
comparison with Al and conventional methods, and to know about the expected challenges

and benefits in the adoption of Al in vaccine development.

3.4 Research Choices

The fourth layer of the research onion focuses on the research choices. These are divided into

(3) segments known as:

* Mono Method: In the mono method researcher will select either qualitative or quantitative
data based on the nature of the study. Which is visible and forms the basis for the
development of this research (Jansen, 2021). This study focuses on the qualitative method
because it contains information about the experiences and participants’ perspectives of the

subject thoroughly and appropriately.

e Mixed-Method: In the mixed method, the researcher will use both quantitative and
qualitative methods for data collection. It is also a popular framework, in which quantitative
data is complemented by qualitative data to overcome the constraints of a mono-method

(Bergman, 2010).

e Multi-Method: It ensures that the methods for the analysis of qualitative and quantitative

data are used. But only one viewpoint is used to evaluate the collected data (Jansen, 2021).
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3.5 Time Horizon
The time horizon is divided into two Which are given as follows

¢ Cross-Sectional -In cross-sectional studies, the time available will be constrained, which will

limit the data gathering and analysis.

e Longitudinal — A longitudinal study will last for a considerable amount of time. It is an

approach that aids in the long-term observation of an event or a set of habits.

This research adopted the cross-sectional study because there was a time limit of 4 months
for the research. Due to time limitation longitudinal time horizon did not apply to the study

(Saunders et al., 2019).

3.6 Data Collection Tool- Interviews

Various appropriate data collection tools are using researchers to find the proper result of the
study. Various factors such as the strategy of the study, and proper analysis of the advantages
and disadvantages of the selected tool and its functionality (Denscombe, 2014a). The most

common types of data collection tools used are

e Questionnaires
e |Interviews
e Observations

e Documents (Saunders et al., 2019) (Kothari, 2004).

The Internet-based self-completed questionnaire was used in the study due to the nature of
the data and the restricted period. The qualitative primary research was conducted within an
in-depth interview addressing the impact of bioinformatics and Al in vaccine development for
data collection. It was made up of 5 questions in line with the objectives and questions of the

research.

The informed consent form and participant information leaflet were sent before the interview
via email. It was required to sign and understand the documents to initiate the interview.

They were all informed that there was no risk in participating in the interview because the
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responses would be confidential. Also, there was no collection of identifying information such

as name or email address to help protect participant confidentiality.

As stated earlier, the qualitative research techniques led to the researcher choosing a video
interview (Zoom) which was used to aid data collection(Couper and Burt, 1994). These
methods can use for numerous interviews. Additionally, it is renowned for having greater
regional reach and being a very quick channel to communicate with the target people. The
ultimate aim of this method is to understand and know the perspective of the study and the

guestions provided (Abdulai and Owusu-Ansah, 2014).

3.7 Collection of Primary Data

3.7.1 Source and Sampling

Every study needs a sample to provide a meaningful result and to be representative of the
study group as a whole (McCombes, 2019). There are two types of sampling techniques
probability sampling and non-probability sampling (Kothari, 2004) (Saunders et al., 2019)
(Denscombe, 2014b). Each member of the general population has an equal chance of getting
included in the sample via probability sampling. Creating a framework for sampling initially,
then using a software application that produces various numbers at random to choose
samples from it, would be one method of conducting random sampling (Taherdoost, 2016).
Non-randomized methods are used in the non-probability sampling procedure to choose the
population to be sampled. A great deal of non-probability sampling techniques
incorporates interpretation. Contributors have been chosen since it's convenient instead of
random. Researchers can look into certain occurrences that have the possibility of producing
valuable information using the non-probability method. The non-probability sample is used
for analysing previously established theories or developing novel ideas. Contrary to its
counterpart, this method of sampling is believed to be less expensive, easier to use, and
significantly less time-consuming (Showkat and Parveen, 2017). Commonly available
probability sampling techniques are simple, systematic, stratified, and clustered, whereas
commonly used nonprobability sampling techniques are quota, purposive, volunteer, and

haphazard (Kothari, 2004) (Denscombe, 2014b) (Saunders et al., 2019).

It is impossible to determine the precise number of subject matter experts from this research

because it involves the world population. Probability sampling cannot be the method of
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choice due to the unknown exact number of study participants. Non-probability is the

greatest strategy for this study's research because it can accurately represent a group.

Non-probability sampling continues until the information threshold is reached. (Saunders et
al., 2009). There are different types of non-probability sampling techniques like a quota,

purposive, volunteer, and convenience (Denscombe, 2014b) (Saunders et al., 2009).

Convenience and volunteer sampling, among the several non-probability sampling strategies,
was the best strategy for this investigation. Quote and purposive procedures cannot take into
consideration due to the lack of specific population knowledge. Methods of data collection
including volunteer sampling were used. The participants were given the informed consent
form and the participant information leaflet, and the participant could take part in the study
if chose to. Participants in the qualitative research using interviews will be chosen by

purposive sampling.

3.7.2 Participant Profile
Targeted: Qualified professionals i.e., subject matter experts, who have experience of a
minimum of 1.5 years in vaccine development and a minimum of 6 months of experience in

COVID-19 vaccine projects.

Actual: A total of 11 participants were involved in the study and they were professionals

working in various biopharmaceutical companies.

In convenience sampling, Samples are selected based on the ease of access. Snowball
sampling and self-selection sampling are the different types of convenience sampling
methods(Saunders et al., 2009). Snowball sampling is used to find out more new participants
through the already chosen participants. When using self-selection sampling, the
requirement for participation is made known through promotion, and data is gathered from

the individuals who react. (Saunders et al., 2009).

The convenience sampling model along with snowball sampling was the best approach for

this research.

3.7.3 Access
LinkedIn and Facebook groups were used as an access platform for this study. All the

contacted participants were requested to pass on the details of the study and to encourage
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the participant’s colleagues to participate in the interview. This research process considers

and follows all the ethical processes.

3.8 Ethics

To ensure that due consideration is given to ethics, informed consent will be required from
participants to make sure that participation is voluntary. Participants will be allowed to cancel
their participation in the study at any time without prior notice to the researcher. The
respondents will not be required to indicate personal information that could expose them to

risk on the questionnaire so that anonymity can easily be achieved.

The study was conducted with ethical approval from Griffith College. Through interviews, the
data was gathered. Before the interview, a participant information sheet and informed
consent form were provided, which included all privacy and confidentiality policies. The entire
study encouraged voluntary involvement. The gathered information will be saved in Google

Drive and used in an ethical manner of analysis to produce findings.

After the collection of the data from the subjects, the final step is to analyze this collected
information to gain a comprehensive knowledge of the impact of bioinformatics and Al in

vaccine development.

3.9 Data analysis

According to the definition of qualitative data analysis, this process includes regularly
reviewing and compiling interview transcripts, observation notes, or other non-textual
materials that the investigator gathers to better comprehend a particular occurrence. Writing

down or categorizing the information is a major part of the qualitative data analysis process.
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Qualitative data was collected for the study. The best approaches for analysing these data
were by thematic approach and using verbatim. (Saunders et al., 2009). This research aims to
communicate meaning and comprehension through in-depth description. Because of this, it
can be an effective tool for analysing complicated social environments like pandemics and the

meaning that individuals within those settings add to their everyday experiences.

3.9.1 Categorizing formatting data

For qualitative data analysis, the first researcher needs to be familiar with gained data via
repeat thorough reading. Categorize the data based on the different themes available. The
purpose of this is to identify the themes that come under single groups and analyze the data

together.

Thematic categories were used to group the received qualitative data. Using the otter.ai
transcribe feature, the interview replies were converted to text and coded to describe a

theme relevant to the study topic.

3.9.2 Coding data

The collected data were coded based on the assigned codes. The keyword will be selected
and given specific codes. Different themes are categorized under each code according to
appropriateness. Similar codes were merged as a single one for a better conclusion.

(Denscombe, 2014b) (Saunders et al., 2009). Data coding was done using the QDA miner app.
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3.9.3 Presenting data

Following the coding data similar codes are shown in a single colour. Different pie diagrams
were used to illustrate the finding. These techniques made it easier to understand the data
and allowed for the organization and efficient communication of the findings. (Saunders et

al., 2009) (Denscombe, 2014b).

Data analysis and findings were given in the following chapter.
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Chapter 4

Findings and analysis

This chapter focuses on the data finding from the participants and the analysis of finding

appropriately to reach the study's conclusion.

4.1 Qualitative data analysis

Interview-based quality analysis was used in this study to examine the effect of Al and
bioinformatics on vaccine development. Participants were SMEs working in the
bioinformatics field. More than 1.5 years of expertise in vaccine development and at least 6
months of experience in covid vaccine production were taken into consideration for the study.
11 people took part in the study and received insights. Participants in the study were
bioinformaticians, bioinformatic data scientists, and bioinformatic data analysts with more

than two years of experience. Twenty minutes on average time were spent on each interview.

Participants Designation Experience
Participant 1 Bioinformatician 22 Years
Participant 2 Bioinformatic data analyst >2 Years
Participant 3 Bioinformatician 22 Years
Participant 4 Bioinformatic data scientist | 22 Years
Participant 5 Bioinformatic data analyst >2 Years
Participant 6 Bioinformatician 22 Years
Participant 7 Bioinformatic data analyst >3 Years
Participant 8 Bioinformatician 23 Years
Participant 9 Bioinformatic data scientist | 24 Years
Participant 10 Bioinformatic data analyst >3 Years
Participant 11 Bioinformatic data analyst 22 Years

Table 1: Participant profile

The interview was conducted through Zoom and only audio was used throughout the meeting
instead of video. With the participants' permission, the session was taped. Before beginning

the interview, participants were urged to read and comprehend the informed consent form
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and participant information leaflet. On the informed consent form, the participant's signature
was obtained. Following the signature, the documents were obtained through email.
participants were asked to validate their respective job roles and levels of experience.
Additionally, made sure that all the information provided in the study was understandable

and clear.

Zoom transcripts were recorded using Otter.ie following the interview, and participant
numbers were included in the transcript file name to help identify each interview. Using QDA
Minder lite, the transcript data were thematically coded. Themes were classified under each
code based on the questions that were asked. Diagrams were used to illustrate the data when

coding was complete. Following are the data points gathered from each question.

4.1.1 Question 1

Which strategy do you think is the most effective for developing vaccines, conventional or
in-silico Al methods?

The goal of the question was to determine the most efficient process for developing vaccines.
The purpose of the inquiry was to elicit the participant’s opinions and views regarding the

most efficient process for developing vaccines.
The figure below shows how the themes represented in the answers were.

Figure 6: Response to Question 1

In silico artificial intefligence method 63.6%
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In silico artificial Intelligence methods

When compared to traditional vaccine development approaches, in silico Al methods were
found to be more effective in this study, according to 63.6% of the 11 participants. SMEs

supported the answers with the following responses.

The in-silico Al approaches are the most successful means of vaccine creation, according to
the data gathered, this study also agrees when comparing it to secondary research. Contrary
to secondary research, which made comparisons based on various vaccine kinds, this study

came to its conclusion based on the practical benefits of Al.

Figure 7: Advantages of Al

Acceleration of production 23.5%

Mutant identification 5.9%

Safety 11.8%

Time reduction 23.5% Accuracy 5.9%

Accelerate vaccine production

Out of 7 participants who support in silico Al methods, 23.5 % agreed that Al helps to improve
vaccine production. The process of creating a vaccination was difficult and the failure rate was
significant. The problem became worsened by the fact that the virus’s mutation, made
vaccines less efficient.Al helped increased the production of vaccine development by reducing

the failure rate.

According to bioinformatic data scientists with 4 years of experience, “I think Al contributes
to a half reduction in the amount of time needed for vaccine development and increase overall

production”.

42




Time reduction

The choice of Al as the preferred approach for producing vaccines was supported by 23.5% of
respondents who cited time savings as the rationale. The respondent bioinformatic data
scientist with four years says that “Previously, years or even decades were needed to bring a
vaccine to market. Now it is quite easy. It also reduces the clinical trial period. Before it took

years to prove the safety and efficacy of a vaccine now it’s very quick using Al techniques”.
Safety

Out of eleven participants, 11.8% of respondents believe that Al techniques are much safer
than traditional ones. Since Al employs cutting-edge technology to guarantee the security of
vaccine candidates. Al also ensures that the proper proteins, epitopes, and target cell
identification are chosen. This results in the selection of the best vaccine candidates. Before
the delivery of vaccines, Al aids in the detection of interactions this also ensures the safety of

vaccines without the side effects.

According to the bioinformatic scientist having 4 years of experience stated that “during the

research, | did find potential new compounds in materials and made the safest process ahead”.
Automation

Al techniques are now easier to use thanks to the automation process. The creation of a
vaccine is accelerated by well-known algorithms. 11.8% of participants think automation

aided in the discovery of vaccines that worked.

According to the view of bioinformaticians who have experience of more than 2 years, “we
have nearly computed all the strengths, and could benefit greatly from computational

technology”.

“The repetitive and time-consuming operations are automated by the Al algorithms” as per

the data scientist with four years of experience in the field.
Workload reduction

According to the study's interview data, 5.9% of the 11 participants agreed that employing Al

techniques would lower the workload of people involved in the research process.
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The opinion of bioinformatic data scientists experienced four years says that “Al free up

scientists to concentrate on more difficult and innovative work”.
Massive data analysis

Al techniques enable massive data analysis. In previous decades, it took a lot of time to
evaluate each data analysis and come to a conclusion. Al made it feasible to quickly analyze
large amounts of data, including DNA, RNA, proteins, and epitopes. Out of 11 participants
5.9% responded based on the support of massive data analysis was possible when using in
silico Al method. 11.9% of the participants responded, with support from the massive data

analysis made possible by in silico Al methods.

A bioinformatic data analyst with experience of 2.5 years states “that we can sort through

enormous data step spot patterns and glean insightful information”.
Cost-effective

Al-based vaccine development methods are more cost-effective than conventional methods
according to researcher primary data. In silico Al vaccine development approaches are more

cost-effective than the traditional method, according to 5.9% of the 11 participants.

“it's cost-effective, it reduces the manpower and reduces the period of a clinical trial as well.
And of course, has more safety than the conventional methods” as per the opinion of a

bioinformatic analyst with 2.5 years of experience.
Accuracy

According to the primary study, Al techniques improve vaccine accuracy.5.9% of the 11
participants felt that high accuracy in silico Al approaches is useful for developing vaccines.
“With the help of the new Al technologies, now, it is possible for us to sort through enormous
data step spot patterns and glean insightful information at a very high speed and accuracy
within reach was never possible before” according to the bioinformatic data analyst having

experience of 2.5 years.
Mutant identification

Researchers were able to quickly discover the mutant version of existing pathogens with the

help of the Al vaccine development technology. Finding the target mutation used to take a
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lot of time. It is now actually possible to find mutations and prevent diseases from spreading

in the future.

According to bioinformaticians with experience of 2.5 years “traditionally just one antigen
species is mostly used to create antibodies. And for instance, when we are developing the
COVID vaccine, we initially used an animal model to produce antibodies against a strain that
was already present. And we must repeatedly inject models into a timeline when the virus is
mutated. So, to create universal vaccinations, we are unable to match the mutant’s pace the
speed. So, in the case of Al, | would say that Al would speed up the process, like compared to

the other one”
Conventional methods

36.4% believed that conventional vaccine development was the effective vaccine
development method by its long-lasting immunity. In addition to that conventional methods
did not require booster doses. Animal studies were possible with conventional methods. So,
it was possible to ensure the safety of the vaccine in each phase even though it takes a long

time.
According to the perspective of a bioinformatic analyst with 3 years of experience

“Well, I think even though Al gives us the fastest result, the conventional methods are a more
approved method for the approach of vaccine development because it will always make sure
the vaccines are safer in every phase of the clinical trial from the animal studies until the

release of the vaccine.”

According to the view of a bioinformatician with 3 years of experience, “I would say it's
conventional vaccine development method due to long-lasting immunity and most of the

conventional methods do not require booster doses.”

4.1.2 Question 2
Could you provide a few details on the different bioinformatics methods used in vaccine

development that you are aware of?

The goal of the question is to identify the different bioinformatic methods used in vaccine
development. Also, participants can contribute their thoughts to add to the integrity of the

question.
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The answers were represented in the following diagram.

Figure 8: Response to Question No.2

Clustaring 76.9%

Plot dot method 7.7%

componant analysis 7.7%

analyss 7.7%

Clustering methods

The clustering bioinformatic approaches received support from 76.9 % of the 11 participants.
Block clustering, top to bottom, and bottom-to-top, microarrays were introduced as themes

under the heading "clustering."

The results of this study conflict with secondary research. Because several bioinformatics-
associated approaches were discovered in secondary research, including reverse vaccinology,
immunological informatics, and structural vaccinology. Various bioinformatics methods such
as clustering, microarray method, principal component analysis, high-through analysis, and
plot dot method were discovered through the primary study that was undertaken with the

participation of working experts.

According to a data scientist with 2.5 years of experience state that “we use the clustering
method to arrange genes and cell lines, as you know, genes and cells. we use this clustering

method to sort them naturally, like knots that are ordered.”

According to the bioinformatic analyst with 2.5 years of experience added that “Actually, the
most common method that we use is a microarray method, which can generate an enormous
volume of data, and which necessitates a string of subsequent analysis to make the data

understandable.”
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High throughput analysis

It offers greater accuracy and a wider dynamic range (>105 for DNA sequencing) because it is
more precise and cost-effective. It can produce millions of DNA sequencing at a time so it is
considered as so efficient. Out of 11 participants, 7.7% were aware of the method of high

throughput analysis.

As per the opinion of a data analyst with experience of 2.5 years “I'm aware of is high
throughput sequencing method, the development of high throughput sequencing, also known
as the next-generation sequencing, technology, carries out sequencing in parallel and
produces hundreds of millions of DNA sequences at once. This has been sparked by the need

for low-cost sequencing”.
Principal components analysis

7.9% of the 11 participants were aware of the principal component analysis. This technique
gives an in-depth description of how genes and cell lines are categorized. It is a well-liked
technique for analyzing huge datasets with a high number of dimensions/features per
observation. Which improves the interpretability of data while keeping the most information,

and making multidimensional data visualizable.

As per the opinion of a bioinformatician with experience of 3 years states, “the principal
components analysis is which helps us to know the linear combination of gene expression

having its highest variance”.
Plot dot method

This technique is for comparing two biological sequences and locating similar areas after
sequence alignment. 7.9% of the 11 respondents utilized this technique. After sequence
alignment, this technique is used to compare two biological sequences and identify common

regions.

As per bioinformatic data analyst with 2.5 years of experience “I have a few insights are the
plot dot methods and the microarray methods. So, its main purpose, it said it's to
simultaneously detect the expression of 1000s of genes from a sample which is very important

in the vaccine development”.
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4.1.3 Question 3

Please give your thoughts on how Al was used in the creation of a vaccine during the recent
pandemic.

Figure 9: Response to Question No.3

Com TR 255

Tme reduction 19.4%

Targat vanants identificiation 22.2%

Precisz 5.6%

Safety 8.3%

load reduction 2.8%
e datz anzlysis 2.8%

The question seeks to clarify the role of Al plays in the creation of vaccines. The responders

are allowed to more contribution to the study with insights.

The conclusion of the secondary study is supported by the results of the main investigation.

The study is supported by the various roles Al has played in vaccine development.
Epitopes prediction

Protein epitopes, antibody detection, antigenicity, and allergenicity are merged and coded
under the theme of epitope prediction. The B and T cell epitopes of Covid were detected with
the use of Al. According to SMEs, this assists in identifying suitable vaccine candidates. Out of

11 participants, 33.3% indicated that epitope prediction aided in quick vaccine manufacture.
According to the view of a bioinformatic data scientist with experience of 4 years states that

“I think the development of vaccine research towards the rational design of vaccines was
made possible by bioinformatics and high throughput omics technology, and databases were
all created to manage the abundance of data on DNA, RNA, proteins, and metabolites. Which
predict the T and B cell epitopes as vaccine targets or to assess the antigenicity or the
allergenicity or to investigate the antibody structures and peptide MHC binding that is a data-

driven and structure-based method or to stimulate the antigen or antibody interactions.”
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Target variant identification

The mutant identification, variant detection, and disease detection are merged and themed
under target variant identification. Al aids in the quick detection of infections. Various Covid
versions exist, according to the available research. Al assists in identifying COVID-19 variants
instantly.Al also helps to recognize the mutant of COVID-19. where medical attention may
prevent the virus from spreading for a while. Similarly, the medical field could get started

developing suitable treatments.

Out of 11 participants, 22.2% said Al was significant in identifying COVID-19 variations and

mutations.
According to the perspective of a bioinformatic analyst with 2.5 years

“Al is being used to analyze covid situation in real-time, | have assisted researchers in their
efforts to identify genetic variants and mutations of COVID-19, It played a major role. Right.
So since there's a lot of data and the necessity for automatically abstract featuring learning
Al has, a big, impact on the development of vaccines, and also utilizes several methods,
including artificial neural networks, gradient boosting decision trees, and deep neural works,

Al models for COVID-19 vaccine.”
Reduction in time

The overall time for vaccine development is shortened by Al tools. The R&D division could
speed up clinical trials with the aid of Al, and trial collaboration is encouraged. Production

improvement could be possible through the time reduction of various processes.

Therefore, time reduction in clinical trials, trial collaboration, and high production are

combined under this theme.

Out of 11 participants, 19.4% indicated that Al technologies could able lower the time vaccine

manufacture, and clinical trials which speed overall vaccine production.

According to the opinion of a data analyst with 3 years of experience “What I think is that Al
helps us to deal with the majority of aspects and problems to manage the COVID-19 pandemic.
Due to the potential for greatly accelerated vaccine and medicine development, as well as

reduced testing and trial expenses.”
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Safety

According to the available data, Covid-19 vaccines delivered via appropriate Al technologies
have a satisfactory safety record. Under the safety code, efficacy and safety are themed and
combined. Vaccine effectiveness can be increased using Al techniques. Al could able to

recognize adverse effect and reduce which finally increase the safety of vaccinations.

The safety and efficacy profile of vaccinations has been enhanced by Al approaches, according

to 8.3% of the 11 participants.

As per the perspective bioinformatics analyst with 2.5 years “well-prepared infrastructure
capable of generating vaccines three to four months into the outbreak may have prevented
many deaths and probably brought many geography carriers back to normal by now. Artificial
intelligence has helped to help the very extent to speed up the process. And, also it offers the

vaccine with a very high safety profile”.
Precise

Al approaches can able to detect precise vaccine targets and candidates. The next generation
of infectious disease vaccines must be developed with a focus on the development of
effective vaccinations, with knowledge of the variations between immunization and non-
immunization immune responses to infectious diseases, as well as related changes in
immunological ontogeny precision. Additionally, it contributes to more exact treatment plans

and better patient results.

Out of 11 participants, 5.6% stated that Al has high precision of vaccine targets and

candidates.

As per the opinion of a bioinformatic analyst with 2.5 years, “I strongly believe that Al can
completely transform the healthcare industry by facilitating quicker and more precise,
accurate diagnosis, and individualized treatment regimens and also improved patient

outcomes.”

Cost-effectiveness
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R&D can generate cost-effective vaccinations with the use of Al. It aids the patient in affording
the immunization. Al makes vaccines more affordable for developing nations. Also, Al reduces

the cost of vaccine development and research process.

Out of 11 participants, 2.8% said Al helped develop a vaccine that was affordable and required

the least amount of research funding.

According to the perspective of a data scientist with 2.5 years of experience, “Al is really
important. Again, it's more efficient, and also the cost is like it reduces the cost of research

and development, translation optimization.”
Workload reduction

Al lessons the workload of scientists by automating tasks and using computational methods.

Until recently, creating vaccinations was a stressful procedure for the scientific community.
2.8% of the 11 participants said Al lessens researchers' workloads.

According to the perspective of a data scientist with 4 years of experience “Al free up scientists
to concentrate more difficult and innovative work. And | think this contributes to a half

reduction in the amount of time needed for vaccine development.”
Massive data analysis

With the use of Al techniques, scientists were able to quickly analyze a significant amount of

data during the pandemic. which resulted in the selection of suitable vaccination candidates.

2.8% of the 11 participants said that the massive data analysis helped identify and prevent

pandemics to some extent.

As per the view of a bioinformatic scientist with 4 years of experience, “I think overall Al
accelerated the vaccine development process. Al helped in the quick analysis of large volumes

of data.”
Awareness

Al has made the public aware of the pandemic. Additionally, it can identify early signs of

disease and forecast it.
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2.8% of the 11 participants said that Al might be able to provide accurate pandemic

awareness.

As per the view of a bioinformatic data analyst “So I think is that Al helps us to deal with the
majority of aspects and problems to manage the COVID-19 pandemic, such as that disease
prediction, disease severity, and survival assessment, outbreak forecasting, protein sequence
formation, and vaccine discovery, we will be able to simulate the effectiveness of new vaccines
and anticipate which treatments and vaccines will be most effective across populations using

Al-powered models.”

4.1.4 Question 4

Do you think we can rely on Al for future vaccine development?

If researchers can trust Al to design future vaccines is the question under investigation. Every

perspective encourages participants.

The responses are represented in the following diagram.

Figure 10: Response to Question No. 4

Out of the 11 participants, 63.6% think that Al will be a reliable method for developing

vaccines in the future. According to 36.4% of respondents, Al cannot be trusted.
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This study confirms secondary research's prediction that Al will become a reliable tool in the

future.

According to the perspective of a bioinformatic analyst with 2.5 years of experience, “/ feel
that future vaccine development methods may undergo a revolution as a result of the

application of Al”
The reasons which support the majority of the answers showed in the following diagrams.

Figure 11: Future expected benefits of Al in vaccine development.

__ Realtime data 5.3%

High Production 36.8%

Effective 15.8%

Safety 5.3%

Personalized treatment 15.8%
Accuracy 15.8%

Market availability 5.3%

As evidenced by the comments, Al will be trusted in the future development of vaccines.
36.8% of respondents (out of 7) think that in the future, Al will increase vaccine
manufacturing.15.8% of respondents believe that Al will help in the creation of a precise,
efficient, and personalized vaccination. 5.3% of respondents support that Al will produce real-
time data instantly. Additionally, the same percentage of people think Al will hasten the

availability of vaccination on the market while also reducing vaccine safety risks.

According to the opinion of a bioinformatic analyst with experience of 2.5 years, “/ strongly
believe that Al can completely transform the healthcare industry by facilitating quicker and
more accurate diagnosis, and individualized treatment regimens and also improved patient

outcomes. And like, they will also definitely they will increase the vaccine safety profiles”.

4.1.5 Question 5

What do you believe will be an obstacle in the future of vaccine development using Al?

53




The question seeks to determine whether there are any difficulties that vaccine development
may face in the future. Participants who anticipate difficulties might use this question to learn

more about those difficulties.
The responses are represented as follows.

Figure 12: Response to Question No.5

Of the 11 participants, 90.9% think that developing vaccines utilizing Al in the future will be

challenging.

This study confirms secondary research's conclusion that there will be difficulties in the future

of Al-based vaccine development.

According to the view of bioinformatic analysts with 2.5 years of experience, “Al systems are
only as good the as the data they are trained on. And if the data is biased, then the assaulting
algorithms will be biased as well. So, the bias and discrimination, | would say regarding the

algorithms will be the biggest problem, they'll be facing future.”

Challenges of Al in the future as per the perspectives of SMEs represents below.

Figure 13: Future expected challenges using Al in vaccine development.
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Data Privacy and confidentiality issues

Out of 10 participants, 33.3% believe that data privacy and confidentiality difficulties may

arise in the future of vaccine production when considering the challenges of Al.

Although acquiring and analysing vast amounts of data from various sources to improve
information gathering for its users is a major selling point for Al, there are downsides. But
there will be a high chance of compromising data privacy or leaving the information open to

third parties without consent.

According to a bioinformatic scientist with four years of experience, “A coin has two sides, to
the wide possibilities that Al has, in the field of medical research. | think the safety and maybe
safety of the data is a problem. There could be a huge data bias, and even cyber-attacks on

the population.”
Data bias

Identification, profiling, and automated decision-making powered by Al may produce
discriminatory or biased results. That will be one of the biggest challenges that occur in the
future. Of the 10 participants, 28.6% think data bias may occur in the future of Al-based
vaccine development. This will be the second significant concern to arise in the future, in the

opinion of SMEs.

Based on the perspective of a bioinformatician with experience of 3 years “the possibility of
biased algorithms that prejudice particular populations, transparency and interpretability

issues that may occur sometime in the future.”
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Algorithm issues

The issues with the algorithm cause challenges in future vaccine development. Sequencing
themed under algorithms. The error in the algorithms leads to the overall misinterpretation
of data. Out of 10 participants, 14.3 % believed that there will be chances of challenges

associated with algorithms, and thereby sequencing error may arise.

According to the perspective of a bioinformatician with the experience of 2.5 years “I would
say the challenges with the algorithm performance improvement, | would say that would be

the most important major obstacle, we will be facing in the future for vaccine development.”
Lack of validations

According to 4.8% of participants out of 10 believe that there will be a problem with the
validity of Al-based solutions in the future. Without proper validation, it will be difficult to

identify the errors in each phase.

According to the perspective of a bioinformatician with experience of 2.5 years, “/ would say

the challenges with the lack of prospective validation studies will be an obstacle in the future”.
Ethical Issues

Al used in healthcare must adapt to a dynamic environment with frequent interruptions while
maintaining ethical norms to protect patients' welfare. According to SMEs, ethical difficulties
could arise in the development of vaccines in the future. 4.8% of participants out of 10 think

there will be potential ethical problems in the future.

According to the perspective, a bioinformatic data scientist with 4 years of experience states
that “I think people's privacy, secrecy and openness are just a few of the ethical concerns that
the Al revolution may arise. | think by using Al extracted data in an unethical way, ethical

problems may emerge.”
Lack of training

For the Al approach to work, a lot of data must be accessed. It will result in difficulties with
overall performance without sufficient training. 4.8% of participants out of 10 think there will
be difficulties with the training. The training will need a lot of data. The database will

malfunction as a result of improper data utilization.
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As per the view of a data analyst with 3 years of experience, “l would say very difficult to train.

And these tools require a large amount of training data. Also having functional complexity.”
Cyber attacks

The potential for malicious misuse of Al is as serious as its potential for societal benefits.
Understanding the capabilities, scenarios, and attack vectors that show how these
technologies are being abused. We can better safeguard systems, gadgets, and the general
public against cutting-edge threats and exploitation by striving toward such an understanding.
Out of 10 participants, 4.8% believe that there will be chances of cyber-crimes in the future

of vaccine development.

According to the bioinformatic analyst with 3 years, “since it has a lot of benefits, but cannot

avoid the disadvantages like data shift, as well as cyber-attacks.”
Reduction in job intervention

Due to the automation and in silico method process there will be chances of huge job
reduction in the vaccine research field. Out of 10 participants 4.8% state that job reduction

will be a challenge in the research and development field.

As per the perspective of bioinformatic data analysts with experience of 2.5 years “people
may run out of jobs and becoming and the techniques might become outdated, that might be
a big issue, because increased automated motivation might boost productivity and efficiency,

but at the same time, it can also result in job losses”.
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Chapter 5

Conclusion

5.1 Question 1

How did the pharma industry utilize bioinformatics Al during the COVID-19 pandemic?

According to the responses from the study, there was no debate about the application of Al
and its critical role in the creation of vaccines during a pandemic. The discovery of Covid
protein epitopes had a significant effect. The T and B cell epitopes of the SARS virus could be
identified early by researchers with the aid of Al. This enhances vaccine manufacturing.
Scientists have faced significant difficulties as a result of virus mutation. Al also developed a
solution to the mutation problems. Artificial neural networks, gradient-boosting decision
trees, and deep neural networks are among the automated techniques that Al could use to

find the mutation.

Automation and computerized processes have lowered clinical testing and the pandemic trial
period. As a result, vaccine production has improved. Additionally, Al might be able to create
safer and more accurate vaccines. The use of Al techniques in vaccine research has lowered
funding. It could be possible to manufacture a more affordable vaccination. Immunization

costs are reduced for developing countries thanks to Al.

The search for a suitable vaccination candidate was a time-consuming and demanding task
for scientists. The advent of Al tools facilitates R&D by lightening the burden on human

resources.

Another significant achievement of Al during the pandemic is that scientists could examine
vast amounts of DNA, RNA, proteins, and antigen data. Despite this, Al can detect outbreaks
and determine the severity of diseases as well as their symptoms. It hastens the development

of suitable, efficient vaccinations.

This study supports secondary research's conclusion that Al supported pharmaceutical

companies in several ways during the COVID-19 pandemic.
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5.2 Question 2
What is the role of bioinformatics in vaccine development?

From the response from the participants, it was evident that the introduction of
bioinformatics has improved vaccine development. Bioinformatics has introduced various
methods to justify vaccine development. Clustering methods are used to detect and arrange
the genes and cell lines. The method of clustering has different types which are microarray
methods, block clustering, top to bottom, bottom to top. Using microarray methods scientists
could able to generate an enormous volume of data which facilitates easy analysis and make

data understandable.

The main phases in the development of vaccines are DNA and protein sequencing. Next-
generation sequencing is the term for the high throughput approach. Millions of DNA
sequences can be produced and analysed simultaneously using this technology. It is more
affordable, offers a larger dynamic range (>105 for DNA sequencing), and delivers more

accuracy. In the quest for low-cost sequencing, this approach proved a huge relief.

The classification of genes and cell lines is thoroughly explained by this method. It is a popular
technique for studying large datasets with many dimensions or attributes per observation. It
enhances data interpretation while retaining the bulk of the data and facilitates the
visualization of multidimensional data. Plot dot methods are used to detect and compare the

thousand gene expressions.

Reverse vaccinology, immunoinformatic, and structural vaccinology are a few of the
methodologies that were discovered in secondary research. which has contradicted the
conclusions of this study. The plot dot method, and principal component analysis, were

introduced in this study along with other bioinformatic techniques.

5.3 Question 3

What are the breakthroughs or advantages in vaccine development after introducing Al
over conventional methods?

From the response of the study, it was evident Al methods are weighed over conventional

methods. The introduction of Al tools had made a huge impact on vaccine development. It
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has numerous advantages when compared the traditional vaccine development methods. By
shortening the length of the clinical testing process, the use of Al has enhanced vaccine
production overall. Until recently, it took years or decades to develop a vaccine and get it on
the market. Through the reduction of clinical trials and speedy analysis using computer

technologies, Al has now decreased the time required.

Al has a higher safety and effectiveness profile than traditional treatments. Researchers could
be able to improve vaccine safety by recognizing and preventing adverse effects. The
identification of suitable vaccination candidates is facilitated by the selection of suitable
proteins, epitopes, and other components. Al lowered workload by introducing automation
processes. Massive data analysis was enabled thanks to high-speed automated algorithms. A

ensures accuracy. When compared to traditional approaches, Al can easily identify mutants.

Even though Al has several advantages, few responses suggest that the traditional way is
superior to Al. Conventional approaches ensure vaccine safety by conducting clinical and
preclinical investigations, such as animal studies. Traditional vaccines provide long-lasting

immunity and, unlike newer approaches, require fewer booster doses.

This study agrees with the results of secondary research. But in Contrary to secondary
research, which made comparisons based on various vaccine kinds, this study came to its

conclusion based on the practical benefits of Al.

5.4 Question 4

What are the expected challenges and benefits in future vaccine development using Al?

According to the study's findings, the majority of respondents anticipate Al as a reliable tool
in vaccine development in the future. The research community anticipates substantial
production in the future of Al. Al will improve vaccination safety, effectiveness, and accuracy
profiles. It also anticipates real-time data availability. Al will enable significant advances in
personalized vaccinations and therapeutics in the future. Vaccines are expected to be
available on the market and accessible in any area of the world, regardless of the nation's

economy.

During numerous pandemics, like Covid-19, Al was the most advantageous solution. However,

the study demonstrates that Al cannot now be fully trusted due to several factors. With Al,
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there is a significant risk of breaching data privacy or disclosing information to third parties
without authorization. Al-powered identification, profiling, and automated decision-making
could result in discriminatory or biased outcomes. The creation of vaccines may encounter
algorithmic problems in the future. The misreading of data as a whole is caused by algorithmic

errors. Researchers were also concerned about potential validation mistakes in the future.

Future events are predicted to involve a significant crisis related to the ethical question.
Without sufficient training, there is a danger that the total system could be misused since Al
tools should only be used by people with extensive experience. Another key threat is
cyberattacking. a result of job intervention being reduced as a result of automation and

computerized labour.

This study supports the finding of secondary research that there is a significant likelihood that
various difficulties may arise. Al will also likely be anticipated to develop innovative

interventions for vaccine development in the future.

5.5 Limitations of the Study

The research was done correctly. However, these findings need to be interpreted cautiously,
and several restrictions need to be taken into account. However, the investigation is still
impacted by the time constraint. Since the study is global in scope, the author thinks that the
entire perspective wasn't captured because of the limited sample size. The COVID-19
pandemic is still going on; thus, the study was unable to include all of the possible covid
problems and treatments. Because of the different time zones, participants dropped out and
found it difficult to access. It was challenging to gather data for secondary studies because of
the limitations of the studies that have been done so far on bioinformatic approaches and the

potential use of Al in vaccine development.

Bias on the side of the interviewer and forgetfulness, among other factors, may have had an
impact on interview results. Cannot judge body language without a video call. Therefore, it is

challenging to predict the precise views of the participants toward the questions.

limitations of convenient data collection methods and snowball sampling. Although it was the

only choice available given the time constrlLints, it led to the majority of responses coming
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from Asia and Europe and less attention being paid to other nations like the United States,

Africa, etc.

5.6 Contribution of research

Even though it was based on secondary research, this study added current knowledge about
the various bioinformatics methodologies. Researchers discovered and described the
function of bioinformatics. The study made it easier to comprehend how Al can develop
vaccines more effective than traditional techniques. The numerous benefits of Al during a

pandemic were also discovered.

5.7 Recommendations for further research

Despite covering all aspects of the role of Al in vaccine development, the study's limitations

due to time and other considerations led them to restrict the study to small-scale research.

Future researchers should undertake a large-scale investigation by gathering more data, is

the advice. More established interviews and surveys should conduct to get good responses.

Data should be collected from more countries including the US, Africa, and other nations to

understand the development of vaccine research using Al.

Nanotechnology and other new technologies that Al is introducing should be studied further

to determine how they will affect the scientific community.

Since the pandemic is still not over, research on new variants and the creation of new vaccines

are necessary.
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APPENDIX

Questionnaire
To indicate your level of knowledge and experience using Artificial Intelligence (Al)

techniques in vaccine development, please confirm your current employment role (without

mentioning your employer) and the number of years of experience you have in vaccine

development.

Current Role

Number of years in vaccine development

Interview Questions

1. Which strategy do you think is the most effective for developing vaccines, conventional or

in-silico Al methods? Please give more details.

2. Could you provide a few details on the different bioinformatics methods used in vaccine

development that you are aware of?

3. Please give your thoughts on how Al was used in the creation of a vaccine during the recent

pandemic.

4. Do you think we can rely on Al for future vaccine development? If so, please explain.

5. What do you believe will be obstacles in the future of vaccine development using Al?

Please elaborate.
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