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A B S T R A C T 

Coronavirus Disease of 2019 is rapidly increasing deaths worldwide. In this research, we focus on the 

problem of Covid-19 pandemic future forecasting trends prediction using machine learning and deep 

learning models. We focus on the datasets of official health ministries, Kaggle datasets and OWID 

provided datasets. Pandas and other libraries of python are used for data pre-processing and EDA process. 

We used all these datasets and finalized the OWID dataset of covid-19 to predict the future forecast of 

pandemic. We used five machine learning and deep learning models in which VAR, Convo-1D, LSTM, 

SVR, DTR are included, on the Covid-19 dataset of twelve countries. First, we use the dataset of one 

country and predict the future forecast of 90 days to 180 days trends of that country using all these 

models. To implement multiple countries at once on single model we used one hot encoding and window 

size of 7 days average is used to minimize the variance between the datasets. We merged the dataset of 

multiple countries and predict the future forecast of Covid-19 trends of those countries by using LSTM 

model, which gives better results as compared to other models. The accuracy of the model is measured by 

using mean square error and root mean square error. Finally, we build an LSTM deep learning model, 

which predicts the actual trends of Covid-19 of any country before the start of the pandemic till date. Our 

research also shows the peak of the pandemic in future in different countries which generate a hypothesis 

on the useful effects and benefit of Covid-19 vaccination of different pharmaceutical companies. Our 

research will help to take necessary actions and decisions to overcome the spread of Covid-19 and 

preparation of paramedical staff for the cure of the patients of Covid-19 in respective countries. 

 

 

 

 

1.            Introduction 

The introduction of data science is a revolution in the field of computer science. Data science is an inter-disciplinary field that combines the 

expertise of different domains, which are programming, mathematics, and statistics. Data science helps to generate Artificial Intelligence (AI) systems to 

perform tasks that ordinary humans cannot do easily. Nowadays data science has been applied in all fields of life, business-development, production-

management, predictions of stock market, human health. 

Nowadays data science (Machine Learning, Deep Learning and Artificial Intelligence) plays a vital role in the field of health c are. In the 

current global village, the COVID-19 virus is an ongoing pandemic. This virus spread in 200+ countries across the world within 3 months which caused 

several acute diseases. In December 2019, first time the virus was identified in Wuhan the city of China. The virus spread rapidly in China and turned into 

a serious health emergency. The virus has spread all over the world till late March. World Health Organization (WHO) [1] announced a global pandemic 

on March 11, 2020. Today there are total 269 million cases and 5.3 million deaths worldwide [2]. Covid-19 has caused serious health damage especially 

for those countries which have poor health management system. The symptoms of the virus are divided into three categories. Less common symptoms are 

sore throat, headache, aches, and pains, diarrhoea, rash on the skin or discoloration in skin of fingers, red or irritated eyes. Most frequent symptoms of 

covid-19 are fever, tiredness, cough, loss of smell and taste. Serious covid-19 symptoms in which immediate medical treatment is required are shortness of 

breath/difficulty in breathing, loss of speech, mobility, or confusion and chest pain. 

In the early stage of covid-19, many countries imposed a complete state wise lockdown that minimized the movement of people to breakdown 

the spread of covid-19. WHO announced the implementation of lockdown in cities and control the movement of people inside and outside the country to 

minimize the spread of covid-19. WHO recommends fourteen days quarantine to all those people, who have any of the symptoms of covid-19. In 

November covid-19 vaccine is ready after clinical trials and approval of WHO. After the injection of covid-19 vaccine, substantial number of people have 

been vaccinated but still virus has spread, and new variants of virus are detected by researchers. Our research is helpful to detect the impacts of covid-19 

after the vaccination of people. 

The fundamental purpose of this study is to look deeper into covid-19. WHO and the global national health ministries confirmed the covid-19 
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disease to be extremely contagious. Every national health ministry imposed different methodologies from the start of pandemic to minimize the spread of 

covid-19 in which lockdown, minimising the gatherings of public, wearing facemasks, using sanitizers, travel restrictions are included. These lockdowns 

are very harmful for the economy of the nation, and the GDP of the entire world got dropped. The vaccine of covid-19 has been developed by multiple 

pharmaceutical companies of different countries, in which Pfizer, Moderna, Johnson and Johnson, AstraZeneca, Sinopharm [3], Sinovac are accepted by 

the WHO and injected to a vast number of people in world. Our research determines the valuation of the spread of virus in countries and the ratio of deaths 

caused by virus in coming days. 

Covid-19 pandemic creates new hype in the world as previously there is no specific research on this virus. Scientists are working on this virus 

to understand their source, nature of virus, development in terms of new variants, effects on human health, preventions, and the vaccination for treatment. 

Machine learning will help to classify the impacts of covid-19 on human health to ensure that the research of the scientists is going on the right track. 

The early development of covid-19 vaccine has been a worldwide imperative to prevent the virus. There are multiple vaccines developed by 

different pharmaceutical companies, today in the world there are 8.47 B doses are distributed in the world, 3.63 B peoples are fully vaccinated in the entire 

world, which is 46.6% of the entire population of the world [4]. After the enormous number of fully vaccinated people, still covid-19 virus is spreading. 

Now this is the time when Data Science, Machine Learning Models (non-clinical methods) may help to understand the trends of covid-19. As we know, 

use of ML and DL is incredibly significant in medical fields. ML is used in hospitals with the paramedical staff to deal and understand the disease, 

infections and provide the medical cure. ML can produce best results on the real-time processing of data that the user provides and generate the best 

outcome. The ability of ML model is dependent on the ability of developer developing and the dataset for training the model. The values of ML in medical 

are huge, the best analysis on real time data will help doctors in planning, giving care and overcoming the cost of medical cure.  

The use of ML for covid-19 vaccination will help to highlight the hotspot areas of the covid-19, the real time data will provide to the ML 

model and model will analyze the data and give the prediction according to the given real time data, results of the model will help to take the necessary 

actions before the rise of the virus in those specific areas. Health ministries will take the necessary action like development of mobile hospitals, 

availability of paramedical staff, availability of necessary medicine, required equipment, ICU, ventilators, oxygens cylinders, testing kits and the bottles of 

blood etc. Further health ministry can announce a lockdown to prevent the spread of virus. All these actions are necessary to preserve the human health 

from the virus, in which machine learning model predictions are extremely helpful to the paramedical staff and other departments of the government of all 

nations. 

 

2. Literature Review 

Data Science is an emerging domain of the computer science. Use of Data Science in every field of life is common due to their efficient results. 

As we know, the spread of covid-19 was started in the month of January 2020, which effected the people of all nations in all fields of life. To overcome 

the spread of this virus emergency control measures are compulsory in pandemic areas, the countries with the highest outbreak of Covid-19 require the 

implementation of the highest-level emergency plan [5]. 

National lockdown was declared in countries, which highly effected the GDP of those countries. Covid-19 has a destructive impact on the 

economic activities. European Union members states are preferring the increment in the health care unit, paramedical staff, and the donation for under-

develop countries to make strong their health system. European central bank has launched a fund of 750 billion euros to combat with the virus, the fund 

has been used to purchase the equipment of paramedical staff and treatment for the virus. The TOPSIS model is used to divide the fund among the Eastern 

Europe countries according to their past and future predictions of GDP per capital [6]. 

SARS-CoV-2 transmits through one infected person to another person’s, the social gathering of the people is a major source of transmission, 

by restricting the people gathering and implementation of the lock down and quarantining the infected people is the only solution. The first effort in this 

regard was by collecting the mobility data of different countries, which shows the gathering areas in those countries. Mobility data was provided by the 

Apple and Google, which includes the walking, driving, residential, parks, grocery and pharmacy, retail, and workplace features. ML was implemented on 

that data to find the correlation between the mobility and transmission; we evaluate the correlation of the time-series dataset of the covid-19 deaths of the 

specific countries by fitting two models. The best model was selected on the base of Deviance Information Criterion (DIC) representing the hotspot areas 

of covid-19, which are preferable for the lockdown to reduce the spread of covid-19 virus [7]. 

A Crude Fatality Ratio (CFR) is defined as the ratio between the testing of covid-19 patients and deaths caused by the virus. CFR is calculated 

by the formula as numerator is number of deaths and denominator is number of tests [8]. Another research conducted by Simon, George and Oliver in Aug 

2020 presented a new analysis of 30 most effected countries. All the published and non-published factors are collected from epidemiologic health, medical 

care data base, observational, respiratory and all others. These factors are correlated to the daily announced figures of the covid-19 announced by the 

national health ministries. These factors are quality of health, Covid-19 case per capital, GDP per capital, health spending per capital, the per-covid-19 

Hirsch-index, ratio of ‘cancer’ ‘diabetes’ and ‘stroke’ in 2020. The data used in this research is from authentication resource. No Correlation found in the 

research, moreover, results suggest that the developed health care and strong scientific infrastructure might be able to maintain and control the covid-19 in 

their respected region [9].  

The SARS-CoV-2 virus is having extreme mental-health reactions. Which is cause of depression and in their most extreme case of depression 

the patient will attempt suicide. In the start of SARS-CoV-2, suicide rate increased around the world. The aim of one research [10] is to find the effects of 

SARS-CoV-2 on the mental health of patients. Data was collected from the official health sites of the health ministry of the countries, polices stations and 

government-run statistics. Original data was split into trainset and test set for comparing the predicted number of suicide deaths with the actual suicide 

deaths. On that suicide datasets interrupted time-series models implemented to identify the trends of suicides before the SARS-CoV-2 and after. Time-

series were implemented on the Poisson IDE and possible over dispersion using scale hyper-parameters set to the model for training. The result of this 

model showed that the income of the people is inversely proportional to the suicide rate. There is no such change in suicide rate of the high income and 

upper middle-income areas of the countries in this pandemic, but the lower middle income and poor income people have a huge effect on their mental 
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health and the graphs of suicide increased in their respective areas. If the situation of this SARS-Cov-2 virus will not change for an extended period, then 

world must be affected with mental health and economic effects [10]. 

Covid-19 has spread within 3 months worldwide, which caused several diseases in humans, in which the patients of tuberculosis are more 

effected with covid-19. Tuberculosis is an infection disease which usually infect the lungs of the patients. It can also spread to the other parts of the body. 

The Bacilli Calmette-Guerin (BCG) vaccine of tuberculosis is developed before a long time and provided to the small children. USA has tested the BCG 

vaccine on the patients of covid-19. On the results of that tested trials was implemented machine learning multivariable regression. For this purpose, 

crawler with python 3.7 is used and complete dataset of USA trials is collected from the BCG administrated site and the covid-19 outcomes from WHO 

and converted all the covid-19 deaths and positive cases data in per million as DPM for death per million and CPM for cases per million. The 

multivariable linear regression model results show a strong correlation between the BCG vaccine on the covid-19 patients, results show BCG vaccine has 

a strong impact on the younger age group of infected people [11]. 

In this pandemic, there is a lot of misinformation, which is spreading faster than covid-19 in the society. The flood of misinformation without 

any authentication of health care puts millions of lives in danger. A system Wash Karo based on the NLP and ML language translation, which takes the 

textual information from the user and verified against the WHO guidelines with the use of NLP and AI and delivers the actual right information to the user 

in their respective native language [12]. 

In covid-19, detection of an infected person is exceedingly difficult and time taking process, during the process of testing suspicious persons 

are extremely dangerous for society, they might be virus carriers, and which can transfer virus to other multiple persons. The early detection of covid is 

dominant, for this purpose Computed Tomography (CT) images are used, they observe the different or abnormal behaviour of the CT images in 

radiologist scan. There are four different datasets of 150 CT images are available. The Grey Level Co-occurrence Matrix (GLCM), Local Directional 

Pattern (LDP), Grey Level Run Length Matrix (GLRLM), Grey Level Size Zone Matrix (GLSZM) and Discrete Wavelet Transform (DWT) were used to 

extract the features on which ML model was implemented. Machine Learning (ML) model Support Vector Machines (SVM) classified implemented on 

the extracted features with the 2,5 and 10-fold cross validation were implemented and got the best F1-score accuracy of 99.68% with 10-fold cross 

validation and GLSZM feature extraction method [13]. In their next version of the research, researchers work on the X-ray images of chest for the 

detection of covid-19 under the ML [14]. 

There are multiple methods developed to detect the covid-19 virus. The Hemato-chemical values of casual blood test should give us faster, 

reliable, and less-expensive alternative to the other methods of detection. For generating the dataset of Hemato-chemical values, 1624 patients of covid-

19, who admitted in the San Raphael Hospital were examined. In which 52% patients are covid-19 positive; the dataset of San Raphael Hospital has 72 

features with the details of the patients and the details of the blood test with Hemato-Chemical values. For the testing-set, 58 patients dataset collected 

from another hospital in which 54 patients are covid-19 positive and the remaining 4 patients are covid-19 negative. The authors implemented gradient 

boosted decision tree machine learning models on that dataset. The validation of the model achieved good result for the detection of covid-19 from the 

blood test of the patient, the results are 0.75 to 0.78 accurate [15]. 

Covid-19 have different impact on different regions, external environment and other factors are related to the covid-19. For this purpose, 

clustering machine learning models are very suitable to identifying the identical factors. Clustering models of machine learning can be defined as a 

technique to place an identical data in one cluster or group and other data which are not similar or different impacts data merged in another cluster of the 

model. The clustering models of machine learning are K-mean, density based spatial clustering of algorithm with noise, hierarchical clustering algorithm, 

self-organizing map, long short-term memory (LSTM), partitioning clustering, fuzzy C-mean [16]. 

Covid-19 have a large family background of different viruses which are commonly found in animals like camels, cattle’s, cats, rabbits, and 

bats, but now the virus is spread in humans and called covid-19. Now days developers of artificial intelligence have a special interest in medical care, the 

inventions of artificial intelligence help the paramedical staff to identify the several medical problems and their treatment. Enhancing in the deep learning, 

data mining, artificial intelligence, and machine learning scope for detecting and the diagnose of the covid-19 patient, we used five data sections for this 

purpose, which are IEEE Xplore, web of science, PubMed, Science Direct, and Scopus science strategy. 1305 articles are collected from these platforms 

from which only eight articles are fully qualified on our criteria to review in our research. The shortage of literature review in this section is a real concern 

for researchers. The findings show that the various machine learning models are used in this field, most frequently used machine learning model is 

decision tree, which has been five times used on different datasets, after the decision tree model, support vector machine and naïve base classifier have 

been used four times on different datasets, and the remaining models have been used a single time, in which logistic regression, natural language 

processing, random forest, latent Dirichlet allocation, word2Vec, apriori, Bayesian belief network [17].  

The predictions of positive cases and deaths in future with covid-19 is compulsory for every country and region. Based on future predictions 

every country can take necessary action to prevent and overcome the spread. As we know, there is a huge peak of covid-19 in India and the government of 

India is not ready to tackle the situation happened in their country, every department related to human health, paramedical staff, pharmaceutical got 

disturbed and there is no system to manage and control on this disaster. Our research will be helpful to all the countries to  take necessary decision before 

the peak of the virus. For this research covid-19 Indian’s daily base data is collected from the John Hopkins University data from Kaggle, in which these 

features are included, daily testing, total testing, daily positive case, total positive case, daily deaths, total deaths, recovered cases across the India in 

comma separated file. On this dataset was implemented machine learning model linear regression (LR), multilayer perceptron (MLP) and vector auto 

regression (VAR). The authors give the previous 80th days of the data to the models and train them on it, and the remaining days of the data is used for 

testing split, after training and testing the models, our models give the predictions of next 69 days in which confirmed, deaths and recovered are predicted. 

After comparing the predictions for all three models the authors declared that the multilayer perceptron (MLP) gives us the best predictions. Moreover, in 

future scientists can implement time-series deep learning model for getting the better predictions of covid-19 and availability of datasets with more 

features are compulsory [18]. 
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In one more research, multi-layered perceptron (MLP) and adaptive network based fuzzy inference system (ANFIS) models are used on the 

dataset of United States, the datasets of US are much more reliable than the datasets of Spain, France, Hungary, China, and Italy. There is high level of 

uncertainty, lack of richness and authentication of data in most of the countries, due to these reasons machine learning models are not giving perfect long-

term predictions. With the complex nature of SARS-CoV-2 both ANFIS and MLP models give us the average predictions of deaths caused by the SARS-

CoV-2 [19].  

In the extension of this research, the hybrid machine learning model of adaptive-network-based-fuzzy-inference-system (ANFIS) and multi-

layered perceptron imperialist competitive model (MLP-ICA) are implemented to predict the time series data of infected and deaths of SARS-CoV-2 

patients. The prediction of the model is only promising for 9 days, predictions for long term duration is not sustainable of this model due to the lack of 

datasets and external interruptions [20].  

Machine learning can help us in this pandemic situation, in terms of predicting the virus spread, GDP loss, poor health care system, detecting 

the positive cases by multiple sufficient ways, and distribution of food and resources in under-developed countries [21]. 

Johns' Hopkins dataset are immensely popular and authentic datasets of covid-19, which updates on daily base and have the most prominent 

features of all countries in the world. Johns' Hopkins dataset is used to predict the future prediction by using four machine learning models. In which 

support vector regression (SVR), deep neural network (DNN), long short-term memory (LSTM), polynomial regression (PR) is used for predictions. All 

the models are trained to predict the future forecast of confirmed cases, deaths, and recovered cases for the next 10 coming days. The result of the 

polynomial regression model gives the best prediction. Best model is defined on the bases of root mean square error (RMSE) [22]. There is only a single 

solution to prevent from covid-19 which is to get fully vaccinated as early as possible. WHO set a target of minimum 40% fully vaccinated people in a 

single nation, which can slow down the spread of covid-19 [23]. 

The objective of another research is to utilize the machine learning and deep learning to identify the relationship between the multiple physical 

measurement that belongs to the spread of covid-19. Machine learning and deep learning is also used to predict the treatment of the covid-19 positive 

patients and identifying the symptoms of covid-19 and how long they remain in patient’s body and provide the perfect combination of medicine related to 

those symptoms. To achieve the target, naïve bayes and neural networks machine learning models are used. The predictions of most appropriate medical 

combo of these models with 10-fold cross-validation gives the best results with the accuracy of 85.71% [24]. 

The covid-19 virus increases exponentially worldwide, old techniques and methods of prevention are not enough to tackle with this situation, 

due to this terrible situation, many data scientist researchers developed several intelligent systems for detection of covid-19 through multiple ways, 

prediction of spread, diagnose and cure of the disease and many more. From December 2019 to April 2021, there are 200 research papers of different 

researchers on machine learning and deep learning. In the previous research, support vector machine (SVM) is most widely used machine learning model 

and convolution neural network (CNN) is most widely used deep learning model to predict with accurately [25]. From machine learning models 26% data 

scientist used support vector machines (SVM), 13% used logistic regression (LR), 13% used K-means, 13% used KNN. In deep learning models 70% of 

the data scientist used convolution neural network (CNN) for this purpose [26]. 

Covid-19 outbreak starts in March 2020 and has serious health care, economic, and social issues worldwide. Old theories and research are not 

helpful to support the medical care units and paramedical staff. For this purpose, vast number of researchers contribute to provide their wide range of 

solutions to prevent and cure covid-19. There are 300 publications of different scientist and researchers as available on IEEE site. VOS viewer software is 

used to measure the exponential growth of research by the countries. The VOS viewer software is developed by the Leiden University Netherland. Our 

research shows that the United States have the best, and accurate research publications. Most of the publications are free access and related to the artificial 

intelligence and machine learning in terms of covid-19 [27]. All the research is done under the mechanisms of natural language processing (NLP) 

algorithms of text mining [28]. 

In the critical situation, vaccination is first and last solution to prevent from covid-19 and all their other variants. Due to the limited 

development of vaccine, the distribution of vaccines in developed and under-developed countries is a major problem. For this purpose, machine learning 

data-driven classification method is used to schedule the distribution of vaccines. The decision tree, support vector machine and logistic regression gives 

the most accurate results of patients from 50 serious conditions take the preference in vaccinations to the other patient conditions [29]. Artificial 

intelligence and deep learning can extract new insights by cross-referencing techniques and patterns that artificial intelligence and deep learning models 

discovers [30]. Artificial intelligence suggests a better combination of medical cure because of the testing of the model on the actual data of the patients 

[31]. 

The planning and scheduling of a vaccination program is not easy in any country and region, due to brief time, limited paramedical staff and 

large scale of demand, this planning is referred to the data science scientist that develop an optimal governance of planning and roadmap to vaccinate the 

people [32]. Day by day new variant of covid-19 are attacking in the different regions of the world and pharmaceutical companies are working on it [33]. 

We will need efficient vaccination that can be equally distributed and accessibility to every person. On the distribution dataset, machine learning and deep 

learning models (decision tree, k-nearest neighbour, random forest tree, and naïve bayes) help in this pandemic situation [34]. 

In the research of covid-19, there is limited research available, and in the above-mentioned research there are lot of gaps and lot of things that 

can do in future. They implemented limited machine learning models on limited data sets, and their respective models do not give the high accuracy future 

predictions of daily positive cases and daily deaths of covid-19. In this study, we tried to use the updated dataset of different countries with the details of 

vaccination and implement more advanced time-series machine learning models to achieve the highest accuracy and long-term predictions of covid-19 

trends. 

 

3 Research Methodology 

3.1 Data Collection 
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In the early days of pandemic, world was not ready as covid-19 spread across the world within the three months. Due to lack of paramedical 

staff, medical equipment, poor decision power of health ministries increased the spread, due to these conditions data collection of daily patients coming in 

the hospitals for testing purpose, cumulative numbers of testing, exact deaths with the virus are not calculated in most countries. Real time daily basis 

covid-19 data of different countries is required to achieve the goals of our research. Data collection is especially important but extremely challenging task 

in our research. Most of the under-developed countries have no structure to collect the covid-19 patient’s data in their countries, because majority of the 

covid-19 positive patients cure by their own self. Developed countries also have a huge lack in their daily dataset.  

 

3.1.1 Govt Official Health Ministry 

Initially we were planning to use the data updated on the country’s official health ministry site. For this purpose, we access the official health 

site of Pakistan [35]. On the official site of Pakistan health ministry, only visualized form of data is presenting, they did not provide the covid-19 dataset 

on their official site. On the other hand, Canada’s health ministry providing the dataset of their daily reporting on the official health site [36], but there are 

lot of missing days and weeks in the dataset, dataset is useless due to huge missing numbers as they were not updating the dataset on daily basis.  

United Kingdom are working properly on the collection of the data of their respective countries (England, Northern Ireland, Scotland, Wales), 

the data of these countries are available on United Kingdom official site, and they update the data on daily basis [37].  United States is also perfect and 

without ambiguity, but the features of the dataset are not like the dataset of United Kingdom [38]. The detailed dataset of the United States is related to 

each state while country wise dataset has different features [39] 

 

3.1.2 Kaggle 

 On the Kaggle’s platform there are some datasets available related to covid-19, but majority of the dataset are not related to our research, 

mostly datasets are related to medical fields, covid-19 detections (CT scan, X-Ray images) limited dataset is available related to the spread of the virus 

[40]. We found Pakistan and USA dataset on Kaggle, which we use in  our research, but these datasets are not up to date and starting dates of data 

recording and pandemic starting was different. 

 

3.1.3 Our World in Data 

 In our research, the data of covid-19 has primary role in our research, the daily basis updated dataset of covid-19 has a significant role with 

specific same features require in the dataset of all the required countries. All our dataset requirements are fulfilled through our world in data site, the 

working of our world in data site is to collect the daily basis data of covid-19 pandemic from all the countries in the world, visualized them on their site in 

a proper managed way. The dataset provided by our world in data is updated on daily basis. Based on this dataset we move our research in forward 

direction. 

 

3.2 Data Pre-Processing 

In this research, the dataset of covid-19 is used from our world in data that we mentioned in the data collection section 3.1.3, in which there are 

lot of useless features, missing nan values in the cells, wrong entries in terms of negative values and similar features, which are required to extract the 

useful features from the huge amount of dataset. For cleaning the dataset, we used the pandas library of python programming language. The pandas library 

is used to remove the extra useless features like reproduction, stringency index, population density, GDP per capital, extreme poverty, female smokers, 

male smokers, human development index, excess morality. Then we extract the specific required countries with the required features and remove all the 

nan values from the dataset of each country and generate separate comma separated value (.csv) files of each country to implement machine learning 

model on individual country or some merged comma separated value files as per requirement to implement single machine learning model on multiple 

countries to predict the multiple trends of covid-19 by training a single model at once. The main working of time series model is with date column. We 

used NumPy library of python programming language to convert the datatype of date column into the required DataTime64 format. 

Before implementing the machine learning model to predict the future trends of covid-19 we implement the MinMaxScaler. MinMaxScaler 

library of python is used to convert the column by scaling each column to a given range scale of 0 or 1. Scaled values are used to train the model and after 

the prediction of the model, generated values pass through the inverse transform to convert into the original values.  The sample features of the dataset of 

United Kingdom that we used in the machine learning model for training are given below in figure 2 after the data pre-processing process.  

In our research, multiple countries are required to train a single model to multiple prediction of different countries, the merged required 

countries dataset in a single comma separated value file. One country is merged at the end of the first country data. Both countries are arranged according 

to the sequence of the date in ascending order. 

After exploratory analysis of multiple countries, we decide to enrol the twelve countries covid-19 dataset in our research. All these countries 

are mentioned in below given table 1, we classified the countries in two categories in which first is best data collection countries and second is poor data 

collection process countries. 

Table 1 - Selected countries for this study, classified on the base of data collection 

Best Data Collection Poor Data Collection 

United Kingdom Russia 

United States Mexico 

France Canada 

Germany Spain 

 Brazil 

 Iran 
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 India 

 Pakistan 

A moving average is a convenient way to smooth the values of dataset, which dataset have many variations and model cannot easily train on 

that dataset, for that dataset we use moving average on it, in which that takes the arithmetic mean of the data depends on the window size. In our research 

we use 7 days moving average to smooth the values of dataset. One hot encoding is used for representation of the categorical variables in binary vectors. 

Each variable is represented with one digit and the remaining variable are represent with zero. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - Visualization of covid-19 trends in United Kingdom and United States 

 

In figure 1, visualized form of dataset is given in the figure 1 (a) the dataset of the single dose and fully vaccinated peoples in united kingdom 

are visualized, in the part (b) Cumulative number of deaths and daily positive cases in United States are visualized (c) Daily number of deaths in United 

States are visualized (d) Single dose of vaccination, fully vaccinated peoples and cumulative number of positive cases in United States are visualized.  

 

 

 

 

 

 

 

 

Figure 2 – United Kingdom Dataset (Our world in Data) After Pre-Processing 
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Figure 3 – Merged Dataset of United Kingdom and United States 

 

3.3 Proposed Machine Learning and Deep Learning Models 

In exploratory data analysis process above (section 3.4), we observe the trends and relationship of covid-19 dataset, after that analysis we 

decide that the time series dataset is best for our research for future prediction with the use of machine learning (time-series) models and deep learning 

models. We choose following models after the analysis of dataset and literature review. 

Table 2 – Machine Learning and Deep Learning Models 

No: Machine Learning and Deep Learning Models 

1 Vector Auto Regression and VARMAX 

2 Convolution 1-D Neural Network 

3 Support Vector Regression 

4 Decision Tree Regressor 

5 Long Short-Term Memory (LSTM) 

3.4  Validation  

Model validation process refers to the authenticating of outcomes of the machine learning or deep learning model. We are working on the time 

series problem, the time-series model’s prediction is a regression problem, for regression problems regression error metrics are available to authenticate 

the outcome of the model. We use mean square error (MSE) and root mean square error (RMSE) regression metrics to validate the ML and DL models. 

RMS = √
1

𝑛
∑ (𝑦𝑖 − 𝑦𝑖

`)
2𝑛

𝑖= 1  

4 Experiments 

4.1 Vector Auto Regression 

In VAR experiments, we use the dataset of Pakistan with limited features (daily positive case, daily deaths), there is no classification in 

dependent and independent features. In next experiment of VAR model, we use the United Kingdom covid-19 dataset [37] (from UK official health 

ministry site) with some additional features in dataset. In this dataset, features are daily testing, daily positive cases, daily deaths, first dose of vaccination, 

second dose of vaccination. In which daily positive cases and daily deaths are dependent variable and remaining are considered independent variables in 

the model. The prediction of the model shown in figure 4 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 – (A) Actual Deaths and Predicted Deaths of Pakistan (B) Actual Deaths and Predicted Deaths of United Kingdom 

 

The United kingdom’s MSE of deaths is 18327.72 and RMSE is 135.37. The Pakistan’s MSE of deaths is 8871.782 and RMSE is 94.19. 

 

4.2 Convolution 1-D 

In experiment1 of Convolution 1D neural network, we use the official health ministry United Kingdom dataset used in previous experiment. 

The training loss of the model and the mean square error is exponentially rise. Which is not suitable to train the model, after this experiment we skipped 

this model and move to the other model. 

 

4.3 Support Vector Regression 

We perform multiple experiments by using different datasets, first we use the United States Kaggle dataset and in next we use the United 

Kingdom’s official health ministry site dataset but in all these experiments support vector regression predictions are very bad, further in next experiments. 

In Support vector regression model experiment, we use the OWID dataset [41] visualized in figure 1, In this dataset there are multiple features 

available to utilize in our research. On this United Kingdom dataset, we implemented another model which is regression model of support vector machine, 

Our problem is regression, we use the support vector regression model.  
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Further we tune the model The prediction of the tuned SVR model is shown in figure 5, the predicted trends of SVR covid-19 deaths improved 

but there is huge difference between the actual trends and predicted trends of covid-19. After multiple attempts on this model, we did not get any single 

better prediction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 – (A) Actual and Predicted Deaths of United Kingdom (B) Actual and Predicted Deaths of United Kingdom after Model Tuning 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 – (A) Regression Line   (B) Regression Line 

 

4.4 Decision Tree Regressor 

In Decision Tree model  experiment, we use the decision tree regressor model to predict the trends of covid-19. For this purpose, we use the 

same OWID dataset of Pakistan [41], In this dataset there are multiple features available to utilize in our research. The prediction of the model is given in 

the figure 7 below. The root mean square error is 27.92 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 - Actual Deaths and Predicted Deaths of Pakistan 

 

In all previous experiments of decision tree, we use the decision tree regressor on Pakistan dataset, and we get the better accuracy as compared 

to other models. Now we are using decision tree regression on the United Kingdom dataset which is used in previous experiments of other models. We use 
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the United Kingdom and Pakistan’s dataset from our-world-in-data. The prediction of the model on the dataset of the United Kingdom’s is given in the 

figure 8 below. The minimum RMSE we get on the United Kingdom’s dataset prediction is 52.22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 - Actual Deaths and Predicted Deaths of United Kingdom 

 

4.5 LSTM 

4.5.1 Long Short-Term Memory (Single Country Prediction) 

In LSTM experiment, first we use the dataset of United Kingdom downloaded from the official health site of United Kingdom and apply the lstm model 

on that dataset with these given parameters of the models. 

• 2 LSTM layers with 256 neurons and 128 neurons 

• 1 dropout layer with 0.2 

• 2 dense layers with 32 neurons and 1 neuron 

• ReLu activation function is used in hidden layers and output layer 

• MSE and RMSE cost function is used. 

• Minimum 100 epochs up to 3500 epochs 

• Batch size = 16 normally and max 128 (mini-batch gradient descent) 

• Adam optimizer is used with auto adjusted learning rate (sometimes we set learning rate at 0.0001. if we set the learning rate at 0.1 or above 

model doesn’t converge). 

The validation loss and training loss of the model shows that the model is not accurately trained on given training set and the prediction of the model 

are also mentioned which are also not so much good. The results of LSTM Model experiment 1 shows that the model’s hyper -parameters are not enough 

to train on the dataset, and moreover we decide to move on the dataset provided by the our-world-in-data (OWID) [41] because there are many 

independent factors which effect in the spread of covid-19, after one more experiment by tuning the model’s hyper-parameter. Figure 9 shows the training 

loss and validation loss and comparison of actual and predicted trends. The root mean square error is 63.22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 – (A) Training loss and Validation loss of the LSTM Model (B) Actual Deaths and Predicted Deaths of United Kingdom 

 

4.5.2 Long Short-Term Memory (Single Country Prediction) 

In LSTM model experiment, we use the OWID dataset [41]. In this pandemic situation we know that there are multiple situations  and 

conditions which have direct impact on the spread of virus and death ratio of the people with covid-19. In this dataset there are multiple features available 

to utilize in our research, some of the features that we used in our experiment are visualized in the figure 3. this dataset play an important role in our 

research to achieve the target of our research. In this experiment of LSTM model, we applied some more change in our model, in our sequential model, we 
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increase the neurons in first LSTM layers up to 256, and second layer have 128 neurons, both layers have ReLu activation function to neglect the negative 

values in all weights and output from the model. LSTM models have two dense layers with 4128 and 33 params, there is dropout of 0.2 is used in the 

model, and the Adam optimizer with mean square error loss, the Loss and the prediction comparison is shown below in figure 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 -  a)  Training and Validation loss  b)  Actual and Predicted Deaths of United Kingdom 

 

The root mean square error is far better than our pervious experiments, so we decide to continue further with this experiment with the future 

forecasting trend of covid-19. We are working on time-series dataset and model, so future forecast must be start from the end of the testing set or end of 

the actual dataset. At the time of experiment, we have the dataset up to 3 November and after working on the model, we reach to predict deaths forecast of 

covid-19 for next 90 days (3 months), starting from the end date of our dataset (3 November) and end in next 3 months (February). The forecast of the 

model shows below in figure 11. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11- Future 90 Days Forecast Trends of Covid-19 in United Kingdom 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 – 3500 epochs 
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We observe after this experiment our model converge at the number of maximum 300 epochs. For more improvement in accuracy, we more 

pre-process the dataset to get the better outcome for this purpose we use the moving average to remove the variance between the datasets. We apply the 7 

days window size of moving average on all the features of the dataset to remove variance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13- (A) Actual and Predicted Deaths of United Kingdom  (B) Future 90 Days Forecast Trends of Covid-19 in United Kingdom 

 

4.5.3 Long Short-Term Memory (Combined Two Country Prediction) 

Now we are working to merge more countries in our research, as we mentioned in the table 1 the complete list of countries that we selected for 

our research after data pre-processing and exploratory data analysis. The classification of good and bad data collection countries mentioned in table 1, we 

choose the United States dataset with the United Kingdom dataset to implement a single model on both countries’ dataset at once. Now the target is to 

make classification between the countries that model identifies the number of countries and the difference between their dataset, for this purpose we use 

one hot encoding technique to classify the difference between the countries datasets. 

Now LSTM model can identify the difference between the dataset of both countries, after this process dataset is split by end of 100 samples as 

testing set and first 600 samples choose as training set of each country, there are 1400 samples in this dataset, each of the country have 700 days (samples) 

dataset. The LSTM model is same used in previous experiments. 

One hot encoding applied to the merged country dataset, now each of the country’s data is represented with 1 binary variable and the remaining 

countries are represented with zero. Moreover, model learned from the binary variables, each row of the dataset belongs to which dataset. Each row of the 

United Kingdom dataset portion is represented one in United Kingdom’s column and the United States column is represented as zero. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 -  a) Training and Validation loss  b) Actual and Predicted Deaths of United Kingdom and United States 
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Figure 15 - Future 90 Days Forecast of Covid-19 Trends in United States and United Kingdom 

 

4.5.4 Long Short-Term Memory (Combined Six Country Prediction) 

In experiment 12 of LSTM Model, now we add all the selected countries (mentioned in table 1) in our experiment, we implement the one hot 

encoding to the merged dataset of six countries, now we tried to predict the forecast trends of six countries with a single model at once. In our dataset of 

six countries, 4 countries have good data collection, and 2 countries have bad data collection (mentioned in table 1). Classification between the data of 

each country is done by the one hot encoding technique, then our model can predict the forecast of each country. Root mean square error of the 

experiment is decreasing after applying the one hot encoding on the merged dataset of six countries. In figure 16 countries prediction and the testing set 

comparisons visualized, in which United Kingdom, United States and France trends are strongly following, Germany and the Mexico’s trends are close to 

each other, but the trends of Russia’s data have some variance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 - Future Deaths Forecasting of Covid-19 in France, Germany, Russia, Mexico 

 

4.5.5 Long Short-Term Memory (Combined Twelve Country Prediction) 
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In this experiment of LSTM Model, now we add all the selected countries (mentioned in table 1) in our experiment, we implement the one hot encoding to 

the merged dataset of twelve countries, now we tried to predict the forecast trends of twelve countries with a single model at once. In our dataset of twelve 

countries, 4 countries have good data collection, and 8 countries have bad data collection (mentioned in table 1).  

In this experiment we use the LSTM model multiple times by tuning their hyper-parameters and adding LSTM layers, after multiple attempts 

of LSTM model we still get the nan loss (validation and training) shown in figure 17. In this experiment we reached on that point there are lot of 

ambiguity in the dataset of twelve countries, which are not suitable to train the model. 

 

 

 

 

Figure – 17 Loss = nan 

 

4.5.6 Long Short-Term Memory (Prediction of Actual Forecast in Poor Data Collection Countries) 

In last experiment, the validation and training loss is nan during the experiment, after multiple attempts by tuning the model still model doesn’t 

train on the combined twelve countries dataset, due to lack of data of bad data collected countries.  

 In this experiment, we train our model on the 4 best data collected countries (table 1). First, we implemented four countries dataset to train the 

LSTM model, and on these countries, we test and predict the future forecast of covid-19 trends of these countries. 

Now we have an LSTM model to predict the trends of covid-19 of any country. In this experiment, we test this model on the dataset of eight 

countries which have bad data collection (table 1). As we know that, during pandemic there are many countries which have poor health care system and 

they don’t focus on the collection of data on daily basis, which have strongly bad impact on multiple factors, we use our model on these countries dataset 

to predict the actual figures of these countries which was not collected and recorded properly. The LSTM model is already trained on four countries, now 

we test our model on eight countries, these results are shown below in figure 18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The result of our model shows Brazil, Pakistan, Spain, and Canada have a huge number of deaths with covid-19, but the deaths declared by 

these countries are very low. Due to poor data collection, these countries don’t show the actual trends of covid-19 and don’t prepare properly to fight 

against the pandemic. In figure 18, LSTM model trained on best data collection countries shown the future 180 days forecast of covid-19 in all eight 

countries of poor data collection. 
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Figure - 18 Actual Trends collected by Countries and Predicted Trends by LSTM Model of Eight countries 

 

4.5.7 Long Short-Term Memory (Vaccination can Prevent from virus) 

During our research of covid-19 the vaccination process of every country is improving constantly. Our LSTM model predicts past trends and 

future trends of covid-19 in twelve countries, which shows the peak of spread in some countries with the increment in fully vaccinated people, we know 

that every country allows different pharmaceutical companies to use their vaccine [42].  we tried to observe that in which countries our model shows the 

peak trends of covid-19, through this research, we can observe that the vaccination of that allowed pharmaceuticals has not strong impacts on covid-19 or 

their new variants. The United Kingdom approved 8 vaccines for their citizens, in which Covaxin, Moderna, Janssen (Single dose vaccine), Novavax 

(Nuvaxovid and Covovax), Oxford / AstraZeneca, Pfizer BioNTech, Sino pharm Beijing, SinoVac-CoronaVac [43]. We use number of vaccinations, total 

vaccination, people vaccinated, people fully vaccinated, vaccination per million, no of deaths to predict these trends.  

Two dose of any approved pharmaceutical vaccine is compulsory for all people in the world. Figure 19 shows the future trends of covid-19, our 

model shows a peak of covid-19 in United Kingdom that shows the effect of vaccination is no longer in peoples and one hypothesis is that these vaccines 

have not strong impact against covid-19. Same as other countries have different trends, in United States peak of virus is continuously downward. Pakistan 

and Germany have a strong peak of covid-19 in next coming months, they need to increase the vaccination process and preparation of paramedical staff. 
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Figure: 19 - Future Forecast of Covid-19 

 

4.6 Model Evaluation 

In our time-series forecasting regression predicted models result has been validated by using mean square error (MSE) and root mean square 

error (RMSE). Regression models can be used to give predictions of one or more numerical values of future. In our research we finalized the LSTM model 

between the list of used models (table 2), the training loss and the validation loss of each experiment is shown with the experiment. 

• Mean Square Error and Root Mean Square Error 

• Training Loss and Validation Loss of LSTM 

 

5. Conclusion 

In this research, we have concluded that the advancement and development of data science and machine learning in all fields of life has 

become very interesting for researchers, scientists, business, and medicants. These technologies allow the field experts to work on the unique ideas and 

future trends. Several studies have been done in the field of covid-19 that shows the trends of pandemic, detection of covid-19 through multiple 

procedures and cure of the virus. Previously some researchers implemented machine learning models to predict the trends of covid-19 on different 

countries. These previous works have limited datasets and covid-19 dataset full of ambiguity due to these factors no research give the long-term forecast 

and they do not have vaccination data to show the effect of vaccination process on covid-19 pandemic. The current research of covid-19 has also tried to 

cover the current situations of pandemic in the world, the dataset of covid-19 on our-world-in-data (OWID) update on daily basis with useful number of 

features. Our research proposed the LSTM model to predict the future 90 days to 180 days forecast trends of covid-19 of any country of the world. Further 

in our research we build an LSTM model, which train on four best data collected countries and used to predict the actual trends of covid-19 from the start 

of the pandemic up to the current date of any country in the world. Our purposed LSTM model predict the forecast of six countries in a single prediction. 
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Our purposed LSTM model can be used to predict the forecast trends of covid-19 of some other multiple countries at once. Our research will 

help to take necessary action to prevent the spread of covid-19 in their countries and help to take the necessary actions to cure the infected people with the 

covid-19 to decrease the number of deaths in respective countries. 

 In this research, effects of vaccines can be measured in each country, which pharmaceuticals company vaccine have strong effects against 

covid-19. Strong effect vaccination countries have low death rate and the weak vaccination process have high rate of covid-19 deaths and LSTM deep 

learning model experiment generate a hypothesis on the effect of different pharmaceuticals company’s vaccines on the covid-19, which pharmaceutical’s 

vaccine have more effect to decrease the spread and deaths ratio due to the covid-19. 

 

6. Future Work 

The research of any field is an ongoing process to improve the results and it cannot be concluded at any stage. There is always space available 

to new researchers for more experiments and improvements. In this research, we have only used twelve countries and use five machine learning and deep 

learning models due to lack of given time and required resources because data cleaning and pre-processing process take lot of time and training of the 

deep learning model is also time taking process each training of the model take time in hours and days. This approach is unique, and we implemented 

twelve countries, if time and resources are available, much wide research can be supervised in this area. 

The Literature Review  shows there are very few research have been done in this field of study and rare research done particularly in Pakistan. 

the research of covid-19 has great scope in the world, this research will help to save the human lives, for increment in this research more countries dataset 

will used to predict better forecast and vaccination effect, to prevent from covid-19 and save the lives of humans. 
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