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Abstract 

The COVID-19 pandemic has hit the global at a colossal scale.Being a 

highly infectious disease,with worldwide reported positive cases of 182 

million, it has led to agrievousimpact on humanity.As all the countries are 

struggling to alleviate the losses due to the outbreak,enforcing lockdown 

has become the primary defence mechanism.With researchers working 

around the clock to find an advancement in the diagnostics and treatment 

of the pandemic, it has presented  global health services with  the most 

appalling challenge.Inspired by latest advances and applications of  data 

science in these areas, this paper aims at highlighting  its importance in 

responding to the COVID-19 outbreak and preventing the severe effects of 

the COVID-19 pandemic.It also presents few limitations to big data in 

handling the epidemic. 
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Introduction 

This paper first,presents fundamental knowledge  of Covid-19(Section-I) and data science 

(Section-II) and then it  reviews the applications of big data in fighting the covid-19 

pandemic(Section-IV).For example: Identifying the covid-19 patients,tracking the covid-19 

outbreak,developing drug researches and improving the medical treatment.Lastly, a number of 

limitations of data science applications  are outlined and discussed(Section-IV). 

 

Theory  

Section I: Covid-19 

The world would remember the year 2020 as a devastating year for humanity on this planet 

earth. Pneumonia of unknown a etiology (novel coronavirus) identified in the city of Wuhan, 

China in December 2019 [1] with its first mortality reported on January 10, 2020, has become a 

pandemic [2] .It is named as COVID-19 (Corona virus disease 2019) by the World Health 

Organization(WHO) [3] and declared as a pandemic by WHO on 11
th

 March 2020 [4].At the 

time of writing, globally, as of 6:32pm CEST, 29 June 2021, there have been 181,176,715 

confirmed cases of Covid-19,including 3,930.496 deaths, reported to WHO[29] 
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Table 1 -Covid cases [5] 

Coronavirus disease-19 (COVID-19), caused by a novel coronavirus, has changed the world 

notably, not only in the health care space, but also in many aspects of human life such as 

education, transportation, politics, supply chain, etc. People infected with Corona virus, usually 

undergo respiratory illness and can recover by taking effective medications. Infected COVID-19 

people may undergo respiratory illness but can recover with effective and appropriate treatment 

methods. What makes COVID-19 much more threateningand easily transmissiblethan other 

Coronavirus families is that the COVID-19 virus has become highly efficient in human-to-

human transmissions[30].Due to the substantial impact of Covid-19 on the globe, abundant 

efforts are paid as solutions to combat against this outbreak.Government’s efforts are mainly 

responsible to stop the pandemic, e.g., lock down the (partial) area to limit the spread of 

infection, ensure that the healthcare system is able to handle the outbreak and provide crisis 

package to decrease effects on the national economics and people, and adapt compatiblepolicies 

according to the COVID-19 situation. At the same time, individuals are encouraged to stay 

healthy and protect others by following some advice like wearing the mask at public locations, 

washing the hands frequently, maintaining the social distancing policy, and reporting the latest 

symptom information to the regional health center. On the other hand, research and development 

relevant to COVID-19 are now prioritized, and have received special interest from various 

stakeholders like governments, industries, and academia. For example, studies in [6], [7] showed 

tremendous influences of the COVID-19 pandemic on the global supply chain, and took into 

account  different directions of supply chains, including viability, stability, robustness, and 

resilience.  

Over 180 million people across 180+ countries affected and the  humungous amount of data 

requires  systematic analysis and trillions of data points to decipher trends to combat COVID-19, 

which brings forth many opportunities for applying data science techniques [8], hence 

ameliorating the pressure on health care services.So now let’s take a look at how we can use 

modern technology namely Data science in this regards. 
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Section II: Data Science 

Data science is the discipline that deals with vast volumes of data which use recent tools and 

techniques to look for camouflaged patterns,extract significant information, and make business 

decisions. Data science uses complex machine algorithms to build such predictive 

models.[8].Data science is an umbrella term that encompasses all of the techniques and tools 

used during the life cycle stages of useful data. 

To give a further clarity on understanding this cycle,here is a detailed description of the stages 

involved in the life cycle of a typical data science project. 

 

 
Figure 1:Life cycle of a typical data science project [9] 

 

 

 

1) Data generation and collection  

First, the cycle starts with collection of data which is generated by people like us.Every search 

query performed, movie watched, book  read, picture taken, message sent, contributes to the 

massive digital footprint we each generate. After generation comes collection. All the data 
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generated is not collected,maybe out of choice because we do not need or want to, or for 

practical reasons as the data streams in faster than we can process.  

 

2) Data Processing  

After obtaining data,the next immediate thing to do is scrubbing data which includes 

cleaning,filtering and normalizing.If the data is unfiltered and irrelevant, the analysis result will 

not be useful.One simple example of normalizing data is reconciling formats of the data.In this 

process,data is converted from one form to another and everything is consolidated into one 

standardized formal across the entire data.  

 

3) Data modeling and interpretation 

Interpreting model and data is final but most crucial step in the cycle.This step helps present the 

data in a clear and simple way that a human can readily understand and visualize. Modeling data 

is to reduce the proportion of  the data set given.As all values and features are not required for 

prediction of model,only the relevant ones that contribute to determination of results have to be 

selected.It is at this stage in the data life cycle when we need to consider, along with 

functionality, aesthetics, and human visual perception to convey the results of data analysis. 

 

Discussion 

In order to combat an epidemic the government has to take decisions such as limiting population 

movements, allocating scarce resources ,which will  play a key role in ensuring the survival and  

well being of the citizens.One basis for taking these decisions is the availability of the right 

data..Big data refers to extremely large data sets that require specialized and often innovative 

technologies and techniques in order to efficiently use the data. 

The spread of the global pandemic, COVID-19, has generated tremendous and varied amount of 

data, which is increasing exponentially. This data can be made useful  by leveraging big data 

analytic techniques in a wide range of areas. 

 

Section III: Data Science applications for Covid-19 

Figure 2 shows potential application areas.(next page) 

 

1. Risk assessment and  patient prioritization 

Healthcare systems around the globe are facing prodigious duress on their resources(e.g 

availability of intensive care beds,respirators)[31]. This brings about the necessities to 

immediately access and supervise patient risk,while allocating resources appropriately.In order to 

recognize the patients at maximum risk for unfavourable outcomes because of care 

disruptions,health systems can first look for similar care disruption trends  in past.Once sufficient 

data sets have been collected which recognize patients who have experienced health care 

disruptions in the past, predictive models can then be created.Due to diverse symptoms and 

disease trajectories, researching technologies for data driven risk-assessment and management in 

Covid-19 patients would be useful.For example traits like age,gender, or health state can be 

utilized to provide an estimate of mortality risk.This is particularly important when resources are 

limited, for example- patient prioritization when intensive care units(ICU) are insufficient.  
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 Figure 2 

2. Detection of covid -19 cases and diagnosing symptoms 

Since majority of infections become evident only upon symptom emergence,ongoing methods 

for testing are doubtful  to identify pre - symptomatic carriers, which is a significant challenge 

for the implementation of early-stage interventions that reduce transmission.As many as 20% of 

individuals with COVID-19 are asymptomatic, assisting further viral spread[32].  Some remote 

computational tools exist which could be expanded, for example- smartwatches can be used for 

real- time health monitoring and surveillance[33]. An online detection algorithm has been 

developed which is used to identify early stage of infection by heart rate monitoring 

[11].Automated tools can further be developed to facilitate screening in larger groups of 

people(example-airports) by using computer based thermal imaging to detect fever[10]. 

 

3. Monitoring discharged covid-19 patients 

A study shows deployment of a Remote patient monitoring [RPM] programme with post 

discharge patients of Covid-19 was associated with a decreased risk of re admission to hospitals, 

and provided a saleable mechanism to monitor patients in their home environment.The enrolled 

patients had an app and they self- reported oxygen saturation and temperature daily.And when 

abnormal symptoms or vital signs were flagged, a pool of nurses assessed the situation.[12] 

 

4. Monitoring of social distancing 

This is an no-pharmaceutical intervention adopted by many governments that reduces human 

contact within the population and hence constraints the spread of Covid-19.Data science can 

support contact tracing for monitoring of social distancing,for instance by extracting data from 
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social media[13] which can be used for general population tracking to understand compliance 

with social distancing.This could then be complemented with other datasets(example- cellular 

trace data or air pollution monitoring)[14] to better understand human mobility patterns in the 

context of social distancing.However, these solutions present complex trade offs with regards to 

privacy. 

 

5. Identifying communities at risk and estimating the spread of epidemic. 

PCCI, which is an organization of data scientists, has launched a vulnerability index as a way to 

assist community and healthcare leaders to address the factors that cause Covid-19’s exponential 

spread.By analyzing the Geo-spatial distribution of Covid-19 risk factors,PCCI is able to identify 

communities at risk for Covid-19 allowing for targeted community support and intervention[15] 

 

6. Controlling the misinformation and online harms 

From  suggestions that people can defeat Covid-19 by drinking bleach to deceptive theories that 

vaccines can alter a person’s DNA, the Covid-19 pandemic has made clear the challenges 

medical misinformation constitutes in this digital age.A study[16] estimates that about 5,800 

people were admitted to hospital as a result of false information on social media.Social media 

platforms are one of the most significant abettors to the spread of misinformation and 

disinformation, and their algorithms have computed the problem[17]. in order to control this 

infodemic,classifiers and techniques can be developed to stem this flow.Fondazaine Bruno 

Kessler(FBC) institute in Italy, uses Twitter data to quantity collective sentiment, social bot 

pollution, and news reliability and displays this visually[18]. 

 

7. Determine the physiological impact of  covid-19 outbreak 

The Covid-19 pandemic and the resulting economic recession have negatively affected many 

people’s mental health and created new barriers for people already suffering from mental illness 

and substance use disorders.There are a variety of ways pandemic has affected mental 

health,particularly with widespread social isolation resulting from necessary safety measures[20] 

 

8. Supporting vaccine discovery and new treatments 

The international effort to discover or re-purpose drug treatments and vaccines can also benefit 

from extensive data science work predating COVID-19[22].Computational methods can reduce 

the time spent on examining data, predicting protein structures and genomes[23].It can also assist 

in identifying eligible patients for clinical trials, which is often a time-consuming and costly part 

of drug development[24]. 

 

Section IV :Key limitations to data science techniques for Covid-19 control 
Various challenges may hamper the advantageous outcome from the implementation of big data 

analysis tools in the health sector that have been confronted while devising solutions in context 

to the COVID-19 epidemic, which will be discussed in the following subsections. 

 

A. Data reliability 

The internet and social media are chief sources for circulation of incorrect medical information 

and rumors,like the effects of virus,impact of vaccine,all of which pose a threat to the 
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government’s  and health agencies’ endeavor to constrict the transmission of virus and 

maintenance of good health.It is also prone to have unfavourable psychological outcomes on 

society.Furthermore,absence or inaccuracy of some studies, data may lead to biased study-

findings.[28] 

 

B. Data sharing 

Data sharing plays a crucial role for digital governments and smart cities in tackling such 

massive public emergencies.In 2015,China’s state council issued the action to promote the 

development of big data[26], which suggested  that big data should be used as an essential means 

to amplify the government’s governance range,ameliorate the level of government decision 

making, and handle risk prevention through well-planned  collection and integration of 

government and social media data.However in practice, data sharing has exhibited a silo  

effect.Data sharing among Chinese departments and regional governments remains insufficient, 

and the phenomenon of “block islands” still exists.For example, using private travel and health 

condition information,a two-dimensional risk assessment code is generated.And when these 

health codes were used, many regions did not identify the assessment codes generated by other 

regions. 

 

C. Data security,privacy and ethics 

Coming up with solutions that showcase reasonable results and at the same time protect privacy 

stick to sophisticated ethical guidelines is an underrated obstacle.Medical data is confidential and 

shared only under explicit circumstances and for definite research purposes,as healthcare data 

security and patient privacy issues are a matter of concern[25].Hence, it is vital to state the 

working,strategies, and guidelines that govern and ease access to medical data with trade-offs to 

patients’ privacy or without exploiting the data for inappropriate uses,specially when grave 

situations occur and with the transmission of deadly epidemics that need immediate 

solutions,such as Covid-19. 

 

Conclusion 

The world-wide epidemic of Covid-19 has had an unforeseen  impact on the entire human 

race.This paper not only gives a explains how leveraging data science techniques can ease the 

pandemic pressure but also outlines the  its limitation with regards to this situation and hence 

how to use technology with it’s limitation.With today’s relatively advanced data science, if we 

use big data techniques to advance a rapid, accurate and timely grasp of the development trend of 

the epidemic or to predict the response of people and take more effective preventive 

measures,we can expect to reduce the negative impact of epidemics on people’s production and 

life. 
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