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Abstract 

Big data analytics is a process of examining, cleaning, transforming, and modeling large sets 

of data to discover useful information and support decision-making. In healthcare, it can be 

used to improve patient outcomes by identifying patterns and trends in patient data, 

reducing unnecessary costs and identifying new drug targets. The use of big data analytics 

can play a critical role in improving the quality, accessibility, and affordability of healthcare 

for people around the world. In terms of pandemics like COVID-19, big data analytics can 

play a significant role in early detection and prevention of pandemics like COVID-19. By 

analyzing large amounts of data from various sources such as social media, electronic health 

records, and surveillance systems, patterns and trends can be identified that may indicate 

the emergence of a new disease. This information can then be used to quickly identify and 

track outbreaks, as well as to develop targeted prevention and control measures. Big data 

analytics can help detect and prevent by analyzing data on factors that contribute to the 

spread of a disease, using various algorithms like machine learning, network analysis 

algorithms, GLEAM algorithm, NLP algorithm etc. and using data visualization tools to 

present the results. 
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1. INTRODUCTION  

Big data analytics refers to the process of examining, cleaning, transforming, and modeling 

large sets of data to discover useful information, draw conclusions, and support decision-

making. This process typically involves the use of advanced analytical tools, such as machine 

learning and statistical algorithms, to analyze and extract insights from very large, complex 

data sets. The goal of big data analytics is to help organizations gain insights and knowledge 

from their data that can be used to improve their operations, products, and services, and 

make more informed decisions. 

Big data has the potential to revolutionize healthcare by providing new insights into 

disease prevention, diagnosis, and treatment [01]. Some specific ways in which big data can 

be used in healthcare by analyzing large amounts of patient data, healthcare providers can 

identify patterns and trends that can help them make more informed decisions about patient 

care.[02] This can lead to earlier diagnoses, more effective treatments, and improved patient 
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outcomes. By identifying inefficiencies in the healthcare system and identifying high-risk 

patients,[10] big data analytics can help healthcare providers reduce unnecessary costs.[03] 

Big data analytics can be used to identify new drug targets and improve the efficiency of 

clinical trials. Big data analytics can play a critical role in improving the quality, accessibility, 

and affordability of healthcare for people around the world. 

 

2. Importance of big data analytics in health care during pandemic  

Big data analytics plays a crucial role in early detection and prevention of pandemics like 

COVID-19.[20] The vast amount of medical data generated during a pandemic, including 

information on cases, deaths, hospitalizations, and testing, as in (figure 1.0) can be analyzed 

to identify trends and patterns that can help inform public health decisions.[14,19] 

I. Real-time monitoring         

One of the key advantages of big data analytics in the context of pandemics is its 

ability to provide real-time monitoring. By using big data and advanced analytics, 

health officials can monitor the spread of the virus in real-time, and quickly respond 

to changes in the situation, such as new outbreaks or mutations.[04] This can help to 

reduce the overall impact of the pandemic by identifying and containing outbreaks 

early on, before they have a chance to spread widely.[11] For example, data on travel 

patterns and social media activity can be used to identify and track outbreaks in real-

time. In addition, data on hospitalizations and deaths can be used to identify high-risk 

populations and target interventions. 

II. Predictive modeling 

Another important use of big data analytics in the context of pandemics is predictive 

modeling. These models can be used to identify individuals who are at high risk of 

contracting the disease and to predict the spread of the disease in different 

geographic areas. [05] By analyzing large amounts of data from various sources, such 

as social media, news articles, and electronic health records, big data analytics can 

help identify which individuals and communities are most at risk of contracting a 

disease and predict the potential impact of a pandemic. This can help inform public 

health interventions and policies, such as identifying priority groups for vaccination 

or allocating resources to the areas that are most affected. 

III. Contact tracing efforts 

Big data analytics can also be used to support contact tracing efforts. By analyzing 

large amounts of data from various sources, such as mobile phone records, big data 

analytics can help identify and track individuals who have been in contact with 

someone who has tested positive for COVID-19. This can help to quickly identify and 

isolate individuals who may be at risk of contracting the virus, and prevent further 

spread. So analyze large volumes of data from a variety of sources. [21] This can 

include data from social media, search engines, and other online platforms, as well as 

data from traditional sources such as healthcare records and government 



 

5314 | Khalid Bashir Dar         Big Data Analytics In Pandemic Like Covid-19: 

Importance, Challenges And Techniques For Early Detection And Prevention 

statistics.[06] Analyzing this data, big data analytics can provide insights into the 

spread of a disease, such as identifying patterns in the movement of infected 

individuals, or identifying areas where the disease is spreading rapidly.  

For example, in the early days of the COVID-19 pandemic, big data analytics was used 

to track the spread of the virus by analyzing social media posts and search engine 

queries. This helped to identify hotspots for the disease, such as Wuhan, China, which 

was one of the earliest epicenters of the pandemic. Similarly, big data analytics was 

used to track the spread of the disease in other countries, such as Italy and the United 

States, and to identify areas where the virus was spreading rapidly. 

 

IV. Resource allocation. 

Big data analytics can also play an important role in resource allocation. By analyzing 

large amounts of data, big data analytics can help identify areas where resources, such 

as personal protective equipment, ventilators, and medical staff, are needed most 

urgently. This can help to optimize the distribution of these resources and ensure that 

they are being used in the most effective way possible. Big data analytics can also be 

used to track the distribution and effectiveness of vaccines. By analyzing data on 

vaccine distribution and uptake, big data analytics can help identify priority groups 

that need to be vaccinated first and monitor the effectiveness of the vaccine in 

different populations.[07,12] This can help ensure that the vaccine is being 

distributed equitably and that it is having the desired impact on public health. 

 

Figure 1.0 Sources of Data 
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3. Challenges in big data analytic during pandemic 

 

i. Significant amount of data and sophisticated modeling techniques 

However, despite these advantages, the ability of big data analytics to predict a pandemic 

like COVID-19 is limited. One of the main challenges is that predicting a pandemic requires a 

significant amount of data and sophisticated modeling techniques. [08] For example, 

predicting the spread of a disease requires data on the number of infected individuals, the 

rate at which the disease is spreading, and the characteristics of the population at risk. [13]  

 

ii. Variety of data 

Using big data for pandemic detection is the sheer volume and variety of data that must be 

analyzed. This includes data from a wide range of sources, such as electronic health records, 

social media, and government websites. [14] In addition, the data may be in different formats 

and may need to be cleaned and preprocessed before it can be analyzed. [15] 

 

iii. Complexity of the disease 

Another challenge is that even with large amounts of data and sophisticated models, the 

accuracy of predictions can be limited. This is because predicting a pandemic is a complex 

task that is influenced by a wide range of factors, including the characteristics of the virus, 

the behavior of infected individuals, and the response of public health officials.[09] 

Additionally, the complexity of the disease and the interactions between different factors can 

make it difficult to predict the spread of the disease with a high degree of accuracy.[16] 

 

iv. Ability to analyze data in near real-time 

Another challenge is the need for real-time analysis. In a pandemic situation, decisions must 

be made quickly to contain the spread of the disease and protect public health. This requires 

the ability to analyze data in near real-time and provide timely insights to decision-makers. 

[04,22] 

 

4. Algorithms and techniques that can be used for big data analytics to detect and 

prevent pandemics 

Several algorithms and techniques that can be used for big data analytics to detect and 

prevent pandemics like COVID-19. 

 

One approach is to use machine learning algorithms to analyze large amounts of data on 

various factors that may contribute to the spread of a disease, such as population density, 

travel patterns, and social interactions. This can help identify potential hotspots for 

outbreaks and predict how a disease may spread in a given region. [17, 18] 

1. Network Analysis for Pandemics 
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Another approach is to use network analysis algorithms to study the connections and 

interactions between individuals, such as who they come into contact with and how often. 

This can help identify key individuals or groups who may be more likely to spread a disease 

and target interventions accordingly. Network analysis is a technique used to analyze 

complex systems made up of interconnected elements, such as people, organizations, or even 

biological cells. This approach can be used to analyze large datasets and identify patterns or 

relationships that would be difficult to detect using other methods. 

In the context of a pandemic, network analysis can be used to track the spread of a disease 

through a population. By analyzing data on how people interact with each other, researchers 

can identify clusters of individuals who are at high risk of infection and target them for 

interventions, such as vaccinations or quarantines. [23] One example of this approach is the 

use of contact tracing, which involves tracking the people that an infected individual has 

been in close contact with in order to identify others who may have been exposed to the 

disease. By analyzing the data collected through contact tracing, researchers can identify 

patterns in how the disease is spreading and target interventions to the areas of highest risk. 

Another example is the use of social network analysis to identify influential individuals or 

groups in a population that could be targeted with public health messages. For example, if a 

group of people who are highly connected in a social network are also at high risk of 

infection, public health officials could target them with targeted messaging to encourage 

them to take preventative measures to protect themselves and others. In addition, network 

analysis can also be used to track the spread of misinformation about a pandemic, which can 

be a major challenge for public health officials. By analyzing data on how information is 

shared on social media, researchers can identify sources of misinformation and target 

interventions to correct false information. 

Overall, network analysis is a powerful tool for understanding and controlling the spread of 

a pandemic. By analyzing large datasets and identifying patterns in how a disease spreads, 

researchers and public health officials can target interventions to the areas of highest risk 

and minimize the impact of the outbreak.[24] 

 

2. EpiEstim Algorithm Pandemic Control 

One specific algorithm that has been used to analyze COVID-19 data is the EpiEstim 

algorithm, which uses a Bayesian approach to estimate the basic reproduction number (R0) 

of a disease, which is a measure of how contagious it is. This can help predict how quickly a 

disease will spread and inform public health interventions. EpiEstim is a statistical algorithm 

that can be used for big data analytics in the context of pandemic detection and prevention. 

The algorithm uses data on the spread of a disease, such as the number of reported cases and 

deaths, to estimate key epidemiological parameters, such as the reproduction number (R0) 

and the effective reproduction number (Rt).  [25] These parameters provide important 

information about how fast a disease is spreading and how effective current control 

measures are in slowing its spread. EpiEstim is based on a Bayesian estimation approach, 
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which involves using prior information and data to update our understanding of the disease 

outbreak. The algorithm uses a likelihood function to estimate the probability of the 

observed data given a set of model parameters, and a prior distribution to incorporate prior 

information about the parameters. 

Once the algorithm has estimated the key epidemiological parameters, it can be used to make 

predictions about the future spread of the disease and to evaluate the effectiveness of 

different control measures. For example, the algorithm can be used to estimate the impact of 

social distancing measures on the reproduction number, or to predict the number of cases 

and deaths in the future. One of the advantages of EpiEstim is that it can be applied to a wide 

range of data sources, including both official case counts and data from digital surveillance 

systems, such as social media and search engines. This allows for real-time monitoring of the 

spread of disease and early detection of outbreaks, which can be critical for pandemic control 

efforts. 

Overall, EpiEstim is a useful tool for big data analytics in the context of pandemic detection 

and prevention, as it can provide important insights into the spread of disease and the 

effectiveness of control measures. However, it is important to note that the algorithm is only 

as good as the data that is used as input and the assumptions made. 

 

 

 

3. GLEAM: Detecting & Preventing Pandemics. 

Another algorithm that can be used is the GLEAM algorithm, which is a global 

epidemiological model that simulates the spread of a disease based on data on population 

demographics, travel patterns, and other factors. This can help predict how a disease may 

spread in different regions and inform public health responses.  

GLEAM (Global Epidemic and Mobility Model) is an algorithm that uses big data 

analytics to simulate the spread of infectious diseases, such as pandemics. It combines data 

on human mobility (e.g. air travel, migration patterns) with information on disease 

transmission to predict the spread of an outbreak and identify potential hotspots. One of the 

key features of GLEAM is its ability to incorporate real-time data, such as air travel patterns, 

to generate dynamic predictions of disease spread. [26] This can help health officials and 

policymakers make more informed decisions about how to respond to an outbreak. GLEAM 

can also be used to evaluate the effectiveness of different control measures, such as travel 

restrictions or vaccination campaigns. By simulating the spread of the disease under 

different scenarios, GLEAM can help policymakers determine the most effective strategies 

for preventing or slowing the spread of a pandemic. 
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Overall, GLEAM is a powerful tool that can be used to detect and prevent pandemics by 

providing real-time predictions of disease spread and identifying potential hotspots. 

However, it is important to note that the accuracy of the predictions will depend on the 

quality and completeness of the data used as input. 

4. NLP algorithm approach to detect and prevent pandemic 

Big data analytics using natural language processing (NLP) algorithms can be used to detect 

and prevent pandemics by analyzing large amounts of text data, such as news articles, social 

media posts, and electronic medical records.[27] 

One approach is to use NLP algorithms to identify key words and phrases that are associated 

with a particular disease or outbreak.[28] For example, if there is an outbreak of a new strain 

of influenza, NLP algorithms could be used to search for mentions of "influenza," "flu-like 

symptoms," and "outbreak" in news articles and social media posts. By analyzing the 

frequency and location of these keywords, public health officials can get a sense of the extent 

and severity of the outbreak. 

Another approach is to use NLP algorithms to analyze electronic medical records in order to 

identify patients who may be at risk of contracting a particular disease. For example, if an 

outbreak of a new strain of influenza is identified, NLP algorithms can be used to search 

through electronic medical records for patients who have recently been diagnosed with 

influenza or who have recently shown symptoms of influenza.[29] This information can then 

be used to identify patients who are at high risk of contracting the new strain of influenza 

and to take steps to prevent further spread of the disease. 

Big data analytics using NLP algorithms can also be used to track the spread of the disease, 

identifying the geographic location of the outbreak, and predicting the potential scale of the 

outbreak. This can help public health officials to take appropriate actions, including 

implementing measures such as quarantining and isolating infected individuals, and 

monitoring the spread of the disease. [30] 
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Figure 1.1 NLP for covid-19 

In summary, big data analytics using NLP algorithms can be an effective tool for detecting 

and preventing pandemics by providing insights into the extent, severity, and spread of a 

disease, identifying high-risk individuals, and tracking the spread of the disease. 

 

5. Data visualization 

Data visualization tools can also be used to present the data and results of big data analytics 

in an easy-to-understand format for public health officials and decision-makers. 

 

In summary, big data analytics can be used to detect and prevent pandemics like COVID-19 

by analyzing large amounts of data on various factors that may contribute to the spread of a 

disease, using machine learning and network analysis algorithms, and using data 

visualization tools to present the results. 

In conclusion, big data analytics plays a crucial role in early detection and prevention 

of pandemics like COVID-19. The vast amount of data generated during a pandemic can be 

analyzed to identify trends and patterns that can help inform public health decisions. 

However, the challenges of big data analytics in this context include the sheer volume and 

variety of data that must be analyzed, the need for real-time analysis, and the need to clean 

and preprocess the data. Big data analytics can provide a powerful tool for early detection 

and prevention of pandemics by allowing the identification and tracking of outbreaks, 

targeting interventions to high-risk populations, and monitoring the effectiveness of 

interventions. 
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