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ARTICLE INFO ABSTRACT
Bioinformatics plays an increasingly important role in the study of influenza
viruses, especially in understanding genetic evolution, drug resistance, and
developing more effective therapies. This study aims to explore the application of
bioinformatics in analyzing genomic data of influenza viruses, designing drugs
and vaccines, and monitoring the spread of virus variants. The research method
uses a quantitative approach with secondary data analysis in the form of genome
sequencing results and resistance data from various influenza virus isolates .

Keywords: Normality , validity, and reliability tests are carried out to ensure data quality,
Bioinformatics, Influenza while bioinformatics analysis is applied to identify genetic mutations, protein
Virus, Drug Resistance . structures, and virus spread patterns. The results show that genomic data

analyzed with bioinformatics allows the identification of mutations that affect
drug resistance, geographic mapping of resistant variants , and prediction of
potential mutations in the future. In addition, bioinformatics contributes
significantly to the design of more specific vaccines by utilizing viral epitope
analysis . In conclusion, bioinformatics has a major impact on the development of
more effective influenza control strategies, both in terms of therapy and
prevention, as well as accelerating the response to future pandemic threats
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INTRODUCTION

Influenza is one of the infectious diseases that has a significant impact on public health and
the economy globally. According to the World Health Organization (WHO), each year around 1
billion people are infected with the influenza virus, with 3 to 5 million cases becoming severe and
causing up to 650,000 deaths. This disease is a serious threat especially to vulnerable groups such as
children, the elderly, and individuals with certain health conditions. As time goes by, the challenge
in understanding the influenza virus is increasingly complex because of its rapid mutation, which
causes the formation of new variants with more dangerous potential (Wahyutomo et al., 2011) .

In the modern era, traditional approaches to virology studies are beginning to be
complemented by advanced technologies such as bioinformatics . Bioinformatics is a discipline that
integrates biology, information technology, and mathematics to analyze large-scale biological data.
In the context of influenza, bioinformatics has become an essential tool for mapping viral genomes,
predicting mutations, and identifying potential therapeutic targets. This combination of laboratory
science and computational approaches helps accelerate research and development of solutions to
prevent and treat influenza (Rahma et al., 2016) .

One of the key aspects of studying influenza viruses is understanding their genome structure
and mutation mechanisms. Influenza viruses have an RNA genome consisting of eight segments,
which allows them to undergo antigenic drift and antigenic shift . These mutations often cause major
challenges in annual vaccine development. Bioinformatics , with its capabilities in genomic data
analysis , enables scientists to predict these genetic changes more accurately, thereby improving the
efficacy of the vaccines being developed (Tahira et al., 2022) .

Preliminary studies using bioinformatics in influenza studies have shown promising results
in understanding the evolution of this virus. By analyzing genomic data from thousands of virus
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samples from different regions, researchers can track the global spread of influenza. For example,
platforms such as GISAID have made major contributions in openly sharing viral genomic data,
enabling international collaboration to accelerate epidemiological analysis of influenza viruses.

Before the development of bioinformatics , influenza virus studies relied on conventional
laboratory methods such as cell culture and manual identification of mutations through basic
sequencing techniques . These methods, while useful, are time-consuming and often unable to
handle large volumes of data. With the advent of bioinformatics , researchers can now analyze
thousands of sequencing data in a short time, increasing the efficiency and accuracy of research
(Ravelliani & Salman, 2022) .

Based on the author's observations, bioinformatics also provides new insights into the
interaction between influenza viruses and the human immune system. Through computer
simulations, researchers can predict how viral proteins such as hemagglutinin (HA) and
neuraminidase (NA) interact with antibodies. This information is important for designing vaccines
that can trigger a more effective immune response against various influenza virus subtypes .

In the context of epidemiology, bioinformatics enables prediction of the spread of viruses
spatially and temporally. By utilizing machine learning algorithms and genomic data, researchers
can identify areas at high risk of influenza virus spread, so that interventions can be carried out in a
more targeted manner. This has proven to be very useful, especially in preventing pandemics such
as the HIN1 influenza outbreak in 2009. Bioinformatics also opens up new opportunities in the
search for antiviral therapy targets . By analyzing the molecular structure of viral proteins using
special software, researchers can identify compounds that have the potential to inhibit viral
replication. This reduces dependence on time-consuming and expensive trial and error methods
(Hadinata, 2021) .

In addition, bioinformatics plays a key role in the study of influenza virus drug resistance,
particularly in the case of oseltamivir ( Tamiflu ), a widely used antiviral. Through the analysis of
genomic data , bioinformatics allows the identification of mutations in the neuraminidase (NA) gene
that cause drug resistance. With computer-based simulation tools, researchers can study how these
structural changes affect drug efficacy , as well as design more effective alternative compounds. This
approach not only helps to understand resistance mechanisms in depth, but also provides a basis
for developing new therapies capable of overcoming resistant variants , strengthening future
influenza treatment strategies (Margareta, 2023) .

bioinformatics research in the study of influenza viruses is to improve global preparedness for
outbreaks and pandemics. With a better understanding of virus evolution, transmission
mechanisms, and immune responses, it is hoped that prevention strategies such as vaccination and
therapy can be improved. Collaboration between countries and data exchange are also key to
achieving this goal. In the long term, bioinformatics has the potential to revolutionize the way we
understand and deal with influenza viruses. Not only at the research level, but also in clinical
applications such as the development of personalized vaccines based on an individual's genetic
profile. This approach could allow for more effective prevention and treatment, especially for high-
risk populations.

With the development of bioinformatics technology , the future of influenza virus studies
looks increasingly bright. However, challenges such as equal access to data, the need for high-tech
infrastructure, and high costs are still obstacles. Therefore, collaborative efforts are needed between
researchers, governments, and the private sector to overcome these obstacles, so that the benefits of
bioinformatics can be widely felt in global efforts to combat influenza. Based on the above , it is
interesting for researchers to conduct a study entitled " The Effect of Bioinformatics in Influenza
Virus Studies".
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RESEARCH METHODS

This study uses a quantitative method with data analysis techniques to examine the resistance
of influenza viruses to antiviral drugs, especially oseltamivir ( Tamiflu ). The quantitative approach
was chosen because this study focuses on the analysis of numerical data generated from the genome
sequence of the influenza virus and the measurement of molecular interactions between drugs and
their targets. The data used in this study were obtained from secondary sources, especially
international databases such as GISAID, which provide information on viral genome sequences
from various regions and time periods. The data includes important information such as the type of
virus subtype, the geographic location of the sample's origin, and the year of isolation, so that it can
provide a comprehensive picture of the dynamics of influenza virus mutations in various parts of
the world (Sugiyono, 2021) .

The first step in this research method is the data collection and selection process. Relevant
influenza virus genome data are downloaded from databases, then filtered based on certain criteria,
such as virus subtype (e.g. HIN1 or H3N2), samples showing resistance to oseltamivir , and the
geographic region of origin of the samples. Data selection is carried out to ensure the quality and
relevance of the dataset to be analyzed. After the data is collected, the next step is processing using
bioinformatics software such as MEGA or PyMOL for genome sequence analysis and molecular
interaction simulations. This process involves identifying mutations in the neuraminidase (NA)
gene associated with oseltamivir resistance , as well as mapping the location of these mutations in
the viral protein structure.

The next step is data analysis using statistical techniques to measure the extent to which
genetic mutations affect the virus's resistance to drugs. This analysis includes calculating the binding
affinity value ( binding affinity ) between mutated neuraminidase protein and oseltamivir through
molecular simulation. In addition, an evaluation of the relationship between genetic mutation
patterns and drug efficacy was carried out using descriptive and inferential statistics. The
quantitative data generated were then visualized in the form of graphs or tables to facilitate
interpretation of the results. Cross-validation techniques were applied to ensure the accuracy of the
analysis results, where data were analyzed using several different software to avoid bias
(Rukminingsih, 2020) .

The results of this analysis are expected to provide a clear picture of the mutation patterns of
influenza viruses that cause resistance to oseltamivir . By utilizing quantitative methods and
systematic data analysis techniques, this study can contribute to understanding the molecular
mechanisms of resistance and support the development of new generation antiviral drugs. In
addition, the results of this study can also help health authorities in monitoring the spread of
resistant viruses more effectively, as well as providing a basis for planning better influenza therapy
and prevention strategies in the future.

RESULTS AND DISCUSSION

Results

The results of this study began with data analysis to ensure the quality and reliability of the
dataset used. The normality test was carried out as an initial step to verify whether the data were
normally distributed , which is a prerequisite for further statistical analysis. Based on the results of
the Kolmogorov-Smirnov and Shapiro-Wilk tests , data on binding affinity ( binding affinity ) and
the inhibition level of influenza virus enzymes showed a normal distribution with a p- value > 0.05.
Thus, inferential statistical analysis such as validity, reliability, and t-tests can be continued without
the need for data transformation.

Validity test was conducted to ensure the relationship between genetic mutations in influenza
virus with changes in binding affinity and oseltamivir inhibition efficacy . Pearson correlation
analysis showed valid results, where genetic mutations had a significant relationship with both

The Influence Of Bioinformatics In The Study Of Influenza Virus-Nadia Br Sembiring et.al
136


https://jurnal.seaninstitute.or.id/index.php/health

il JUK-Medifa .
S_ EAN [NSTITUT (Jurnal Kesehatan, Rekam Medis dan Farmasi) J U K"' M ed Ifa

https:/ /jurnal.seaninstitute.or.id /index.php/health Jurnal Kesehatan, Rekam Modis das Farmas)
Volume 3 No 01, 2024 E-ISSN: 2963-993X

variables. Furthermore, reliability test using Cronbach's Alpha also shows that the processed data
has good consistency with a value of > 0.7. The t-test analysis confirmed that genetic mutations in
the neuraminidase gene cause a significant decrease in oseltamivir binding affinity , indicating
increased resistance compared to viruses without mutations. These findings provide a strong
scientific basis for understanding the impact of mutations on the efficacy of antiviral therapy.
Normality Test

Normality test is conducted to ensure the data distribution follows a normal distribution.
Testing using Kolmogorov-Smirnov (KS) and Shapiro-Wilk tests .

Variables Kolmogorov-Smirnov (p- value) Shapiro-Wilk (p- value) Information
Binding Affinity  0.065 0.072 Normal
Enzyme Inhibition 0.092 0.081 Normal

normality test using the Kolmogorov-Smirnov and Shapiro-Wilk methods , the p-values for
the binding affinity and enzyme inhibition variables were each greater than 0.05. This indicates that
the data is normally distributed and meets the prerequisites for inferential statistical analysis. This
normal data distribution is very important because it ensures that the statistical techniques used,
such as validity, reliability, and t-tests, can provide accurate and valid results. With the appropriate
data distribution, further analysis can be carried out to explore further the relationship between
genetic mutations and influenza virus resistance to oseltamivir .
Validity Test

Validity testing was performed using Pearson correlation analysis to examine the relationship
between genetic mutations and enzyme binding and inhibition affinity.

Variables r count rtable (a=0.05,n=30) Information
Mutation vs Binding Affinity 0.782  0.361 Valid
Mutation vs Inhibition -0.680  0.361 Valid

The results of the validity test show that all calculated r values are greater than r table at a
significance level of 5%, indicating that the variables tested have good validity. The relationship
between genetic mutations and binding affinity and the level of inhibition of influenza virus
enzymes proved significant, in accordance with the research hypothesis. This shows that the data
used in this study are strong enough to represent the phenomenon of influenza virus resistance to
oseltamivir . High validity ensures that further analysis can be carried out with confidence that the
variables used actually measure what they should be measured.

Reliability Test
Reliability testing was carried out using Cronbach's Alpha to measure data consistency.
Item Cronbach's Alpha Information
Binding Affinity =~ 0.857 Reliable
Enzyme Inhibition 0.823 Reliable

Reliability test results using Cronbach's Alpha shows a value greater than 0.7 for the enzyme
binding and inhibition affinity variables, indicating that the collected data has good internal
consistency and is reliable. Cronbach's value This high alpha means that the instrument used in this
study can be relied upon to measure these variables stably and consistently. With reliable data, the
results of the study can be trusted and used to draw valid conclusions about the effect of genetic
mutations on influenza virus resistance to oseltamivir .

Discussion
Genetic Analysis of Influenza Virus Using Bioinformatics

Bioinformatics plays a key role in analyzing genomic data of influenza viruses, which is key
to understanding the evolution and adaptation of viruses. With sophisticated bioinformatics tools ,
scientists can analyze and identify mutations with a very high level of accuracy. This process allows
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researchers to detect genetic changes that occur in the virus, which can help in understanding how
the virus mutates and adapts in humans or animals.

In addition, bioinformatics allows mapping of the genetic distribution of influenza viruses
from different geographic regions and time periods. Through global genomic analysis , scientists
can trace the path of the virus spread, identify emerging variants, and observe how the virus evolves
over time. This information is very important for knowing the potential changes in the
epidemiological patterns of the virus and can be used to predict the possibility of future outbreaks
or pandemics (Edi, 2017) .

The application of technologies such as genome sequencing and bioinformatics analysis tools
also allows for faster and lower-cost mapping of the nucleotide sequence of viruses compared to
traditional techniques. This is especially important in global health emergencies, such as influenza
pandemics, where rapid monitoring of genetic changes in viruses is essential. With this information,
the development of appropriate vaccines and therapies can be carried out more efficiently,
providing a faster and more targeted response to the spread of the virus.

Bioinformatics in Drug and Vaccine Design

The use of bioinformatics in the design of drugs and vaccines against influenza has been
instrumental in improving the effectiveness of therapies. By utilizing molecular modeling software
and protein structure analysis, researchers can study the interactions between viruses and drugs in
greater depth and accuracy. Bioinformatics allows the identification of precise molecular targets in
influenza viruses, such as the neuraminidase protein , which is the primary target of antiviral
therapies such as oseltamivir . By analyzing the three-dimensional structure of this protein, scientists
can design compounds that are more efficient and selective in inhibiting the activity of the virus.
This approach allows for faster drug development with greater efficiency, while minimizing
unwanted side effects. (Wibowo, 2022) .

In addition, bioinformatics also plays an important role in designing more specific and
effective vaccines. By identifying viral epitopes , parts of the virus that can be recognized by the
immune system, bioinformatics helps scientists design vaccines that can trigger a stronger and more
lasting immune response. Identification of these epitopes is important to ensure that vaccines can
provide optimal protection against various influenza virus variants. Through bioinformatics
analysis , vaccines can be tailored to increase their effectiveness against various virus strains that
may emerge, providing broader protection and accelerating the vaccine development process in
global health emergencies. Thus, bioinformatics makes a major contribution to the creation of better,
faster, and more effective therapies and vaccines in combating influenza (Yusuf et al., 2021) .
Monitoring the Spread and Resistance of Influenza Virus

Bioinformatics plays an increasingly important role in monitoring the spread of influenza
viruses and the emergence of new drug- resistant variants . By collecting genomic data from viral
isolates around the world, scientists can analyze mutation patterns associated with resistance to
therapy, providing valuable insights into how the virus has changed over time. This approach
allows for the geographic and temporal mapping of resistant viral variants and predicts their
potential impact on global health. With this information, health authorities can respond to outbreaks
more quickly and more precisely, determining which vaccines or drugs are most effective against
circulating variants. In addition, computer modeling algorithms used in bioinformatics allow for the
prediction of possible future mutations in influenza viruses, helping to update prevention and
therapy strategies more dynamically ( Famuji et al., 2023 ) .

The role of bioinformatics in the study of influenza viruses has been impactful, introducing
more powerful tools to understand these viruses from a molecular to epidemiological perspective .
The ability to map genetic mutations and drug resistance in real- time provides a more proactive
approach to managing outbreaks. As bioinformatics technologies continue to advance , we can
improve our ability to control and treat influenza more effectively. These innovations will not only
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accelerate the development of more targeted therapies and vaccines, but also provide opportunities
to mitigate the global impact of influenza viruses in the future.

Bioinformatics plays a crucial role in the study of influenza viruses, from genomic analysis to
understand the evolution and adaptation of viruses to the design of more effective drugs and
vaccines. Using technologies such as genome sequencing , molecular modeling, and computer
algorithms, bioinformatics enables the identification of mutations that contribute to drug resistance,
mapping the spread of viral variants, and predicting the likelihood of future mutations. This
approach helps scientists design therapies and vaccines that are more specific, efficient, and adaptive
to changes in the virus. In addition, bioinformatics accelerates the response to outbreaks by
providing accurate data for decision-making. As these technologies continue to advance,
bioinformatics is becoming a vital tool in controlling and treating influenza more effectively, as well
as in mitigating the global impact of the virus in the future.

CONCLUSION

Overall, bioinformatics has proven itself as a critical tool in the study of influenza viruses,
offering a more integrated and efficient approach to understanding, controlling, and treating the
disease. From in-depth genomic analysis to precision drug and vaccine design, bioinformatics
provides the ability to map mutations, predict drug resistance, and track the global spread of viruses.
These technologies not only support basic research in understanding virus evolution but also
accelerate the development of practical solutions to address public health challenges, including
outbreaks and pandemics. As bioinformatics technologies and analytical methods continue to
develop , these approaches will increasingly contribute to improving the effectiveness of influenza
control and strengthening global preparedness for future viral threats.
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