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Abstract:
Corona Virus Disease (Covid-19) has surely been a challenging problem to solve for the past few years. Due to the 
diversity in the form of dataset, it is essential to obtain accurate predictive results of Covid-19 trends. This paper 
analyzes different artificial intelligence methods used in Covid-19 trend prediction, including several machine learning 
and deep learning methods. More specifically, this work investigates linear regression, random forest, and decision trees 
in terms of machine learning and delves into Artificial Neural Network (ANN) as well as Long Short-Term Memory 
(LSTM) for deep learning. By comparing various past works, the effectiveness of machine learning and deep learning 
methods is achieved by their hidden algorithms, such as the Multiple Linear Regression (MLR) model for linear 
regression analysis. Incorporation with other models or methods is applied in deep learning. For example, Ensemble 
Empirical Mode Decomposition (EEMD) is included in ANN structure to decrease the noises within the Covid-19 
datasets. Furthermore, the paper also inquiries into potential improvement of some drawbacks in predictive results 
for Covid-19 trends by reviewing related works of expert system and transfer learning as well as domain adaptation. 
The machine learning and deep learning models could provide accurate predictive results as a reference for related 
organizations to consider or establish insightful policies.
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1. Introduction
Covid-19 is an infectious disease that spreads over ap-
proximately 100 countries and has been a focal point for 
more than 3 years. Related medications, such as vaccines, 
were created by many organizations, and preventive ac-
tions, including wearing masks in public places and hav-
ing social distance in busy environments, are administered 
[1]. Even though the number of cases could be controlled 
by such actions, the case number could not be controlled 
properly in the long-term because different countries may 
have various capabilities to test and report the number of 
patients. In addition, virus may have different transmission 
rates and enhanced levels of vaccines resistance, making 
it difficult for professionals to obtain updated predictions. 
However, to cease the disease effectively and immedi-
ately, more efficient methods to diagnose symptoms and 
forecast future trends are needed.
In recent times, Artificial Intelligence (AI) was applied 
in multiple fields, including disease ecology area. For 
instance, AI methods are applied to Interstitial Lung Dis-
eases (ILDs) to make diagnosis by using data sources 
from ILDs in various settings [2]. Another example of AI 
application would be the improved treatment of Cardio-

vascular Disease (CVD) [3]. The application of AI mainly 
consists of two categories, Machine Learning (ML) and 
Deep Learning (DL), and is used to analyze medical im-
ages and electronic medical records to diagnosis Covid-19 
symptoms [4]. In addition, machine learning has a capac-
ity for early detection. For example, Goodman-Meza et al 
created seven machine learning algorithms to diagnosis 
symptoms in the inpatient setting, and the classification 
results achieved the receiver operator curve of 0.91 [5], 
indicating that the result is very close to the perfect clas-
sifier. Because of the large amount of imaging data in 
medical centers [6], deep learning is often applied in med-
ical imaging, such as CT imaging, X-ray imaging, and 
ultrasound imaging, to make diagnosis. Predicting future 
trends is also a necessary step in preventing the disease 
from spreading out in a timely manner. For this aspect, 
regression model based on time series data is established 
to predict Covid-19 trends in a long term [7]. Through a 
comprehensive review, professionals could gain enhanced 
accuracies of forecasting with the assistance of AI, and 
governments or related organizations could acquire timely 
insights of potential outbreaks and provide public health 
strategies in a timely manner. Comprehensive understand-
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ing of AI could also offer policy makers potential impacts 
of lockdown, mask intervention, and traffic restrictions, so 
that they could make better policies immediately.
The rest section of this work is organized as follows. First, 
this review will detail the specific machine learning algo-
rithms and deep learning methods applied in predicting 
Covid-19 trends as well as their accuracies in foresting 
through different metrices. To achieve this goal, this paper 
will delve into specific methods in the machine learning 
and the deep learning category, including linear regres-
sion, random forest, artificial neural network and long 
short-term memory. Lastly, this paper will give conclu-
sions about the efficiencies of those methods by reviewing 
related journals and provide suggestions in potential fu-
ture development in artificial intelligence’s effort to pre-
dict disease trends.

2. Methods
2.1 Introduction of Machine Learning Workflow
Based on Fig. 1, machine learning includes multiple pro-
cedures, including data collection, preprocessing, model 
building, model training and testing. After identifying the 
target problem, professionals should apply data collection, 
which involves gathering data from various resources. 
Data preprocessing, such as cleaning out missing values 
or removing duplicates, is needed. Next, Exploratory Data 
Analysis (EDA) uses graphs to understand the distribution 
of data and outliers. After selecting the appropriate model 
based on the problem, professionals would train the mod-
el to fit the training data and evaluate the performance 
through different metrics, such as precision and recall. If 
the model does not perform well, redefining the model by 
trying different algorithms and changing hyperparameters 
is required. Then, professionals would test the model on 
test set to see the generalization on a new dataset. If the 
model works, professionals document the whole proce-
dures and report necessary results to related organizations.

Fig. 1 Machine learning workflow (Photo/
Picture credit : Original).

2.2 Machine Learning-based Prediction
2.2.1 Linear regression

This method can form a linear relationship between the 
dependent and independent variables. From the mathe-
matical aspect, by getting a linear function, the value of 
dependent variable can be obtained based on the value of 
independent variables. For instance, Gothai et al present 
that they have classified the original dataset into four clas-
sifications, including confirmed case, active case, death 
case and closed case, and obtain the number of confirmed 
cases through linear regression [1].
However, linear regression may not show a comprehen-
sive understanding of variables’ relations, thus Multiple 
Linear Regression (MLR) model may be further consid-
ered, which include one dependent variable and multiple 
independent variables. For instance, Rath et al consider 
that the three independent variables should be daily pos-
itive cases, recovered cases, and deceased cases, and the 
dependent variable would be the daily active cases [8].
2.2.2 Random forest

Random forests are often applied to find out the optimal 
predictors by combining multiple decision trees. In an 
example, random forest can be applied to forecast the 
prognoses of patients and recognize prime parameters for 
clinical prognoses. For instance, Wang et al show that by 
establishing the random forest based on the dataset col-
lected from Wuhan Fourth Hospital and using the Gini 
index, two clinical risk predictors are chosen, including 
lactate dehydrogenase (LDH) and Myoglobin (Myo) [9].
2.2.3 Decision trees

Decision Trees can establish models for multiple predic-
tors and the sequence of the predictors can be varied to 
find out the optimal result. Hence, decision trees show 
possible outcomes by collecting series of related deci-
sions. Unlike random forests which consist of many de-
cision trees that need to be selected or extracted from the 
bootstrap sampling, decision trees are simpler because 
they only explore nodes along with sub-nodes (leaf-nodes) 
by [10]. For instance, Hamdi et al present that the mean 
value along with the standard deviation may vary by se-
lecting various nodes, and the predictive results also vary 
based on the node selection and related values [11].

2.3 Deep Learning-based Prediction
2.3.1 Artificial Neural Network (ANN)

Artificial Neural Network is considered to be a subset of 
neural network, which consists of an input, outputs, and 
hidden layers. Based on the Covid-19 data, the datasets 
could be separated into training set and testing set, and 
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the training set can fit into ANN model to predict future 
positive cases and be compared with the results of testing 
set. For instance, Niazkar et al show that the ANN struc-
ture can gain accurate predictions by considering the data 
of the previous fourteen days [12]. The ANN model can 
also be incorporated with other methods to generate more 
decent and accurate forecasts of Covid-19. According to 
Hasan, ANN architecture is incorporated with Ensemble 
Empirical Mode Decomposition (EEMD), which could 
denoise real-time Covid-19 data and trains the denoised 
datasets [13].
2.3.2 Long Short-Term Memory (LSTM)

LSTM can be well-applied for predicting Covid-19 trends 
because long-term dependencies can be captured in time 
series data. However, LSTM could be highly dependent 
on the data source, and for LSTM model, the prediction 
error would increase due to limited data. For instance, 
Ma et al come up with a way to reverse this situation by 
combining LSTM model with Markov model and getting 
the prediction results by calculating the training errors 
and structuring those errors with the probability trans-
fer matrix of Markov model [14]. With this attempt, the 
LSTM-Markov model could achieve a higher accuracy in 
predicting Covid-19 trends than only using LSTM model.

3. Discussion
3.1 Advantages and Disadvantages of ML and 
DL
The prediction of Covid-19 trends immerses research-
ers in machine learning and deep learning. For machine 
learning, not only can it provide sufficient mathematical 
models for both categorical and numerical data, but also 
it can recognize patterns automatically without being spe-
cifically designed. Besides, the interpretation behind tradi-
tional machine learning algorithms, including regression 
analysis and random forest, is easy to understand so that it 
becomes widely used in different trend forecasts. Howev-
er, machine learning also has its drawbacks. For instance, 
building a large tree can be complicated to analyze when 
using decision trees for a large dataset. Apart from ma-
chine learning, deep learning emersed and improved with 
more powerful algorithms to represent layered structures 
that can be interpreted as human brains [15]. However, 
deep learning requires large number of labeled data which 
can be difficult to achieve, and generalization to new data 
may not be effective due to overfitting.

3.2 Challenges in Covid-19 Trend Prediction
For complicated infectious diseases, like Covid-19, 
trend prediction is critical in controlling such diseases. 
However, there exists challenges for predicting trends of 

Covid-19 due to issues such as lacking interpretability and 
applicability of artificial intelligence models. The absence 
of interpretability and understandability would lead to 
insufficient accountability and potential reduction in the 
quality of predictive results for Covid-19 trends [16]. For 
users who involved in developing vaccines or establishing 
public health policies, understanding the learning process 
or how models make decisions would be a difficult task 
due to limited training. Because of regional and time dif-
ferences, the Covid-19 trend prediction for one place may 
not be applicable for another place. For instance, when 
giving the daily confirmed number of Covid-19 deaths in 
specific regions [17], there exists plentiful fluctuations in 
a specific time slot for each country, hence it is difficult 
to apply one country’s predictive results to study anoth-
er country’s case. Thus, the lack of applicability makes 
Covid-19 a difficult case to gain accurate predictive re-
sults.

3.3 Future Developments
3.3.1 Expert system for improving interpretability

In terms of future perspectives, the expert system could 
be widely implemented. For instance, González-Pérez et 
al apply a non-linear regression model to implement the 
expert system which can be accessed by users to manip-
ulate through graphs because its machine learning-based 
algorithms allow parallel running and real-time data [18]. 
Besides, optimization of the expert system is also need-
ed with the enhancement of AI methods. As data mining 
develops, models can be trained to create input-output 
mappings, and many big-data driven expert systems have 
largely appeared [19]. Hence, applying the expert system 
may resolve the challenges in Covid-19 trend prediction 
efficiently.
3.3.2 Transfer learning and domain adaptation for im-
proving applicability

As countries may enter different stages of Covid-19 based 
on its population size, city distribution, and other related 
factors, transfer learning would be a proper method for 
generalization of each country’s case [20]. Li et al pro-
posed ALeRT-COVID which is a transfer learning model 
by applying attention-based Recurrent Neural Network 
(RNN) to train a model on pre-defined countries and 
transfer it to other countries [21]. By using transfer learn-
ing, less data and computational requirements are needed, 
and in emergency cases, such as Covid-19, transfer learn-
ing could provide decent predictive results in a timely 
manner for many countries. Being a subset of transfer 
learning, domain adaptation has been used in Covid-19 
diagnosis through Multi-attention Representation Network 
Partial Domain Adaptation (MARPDA) [22]. Even though 
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domain adaptation has shortcomings, including mixing 
noises and emphasizing local information, it still has the 
potential to be applied in Covid-19 trend prediction.

4. Conclusion
This paper summarized several related ML and DL models 
or methods used in Covid-19 trend prediction by analyz-
ing how the methods are used and their effectiveness. For 
the methods, this work mainly investigates linear regres-
sion, random forest, and decision trees for ML approach-
es, and ANN and LSTM for DL approaches. To gain a 
more comprehensive review, this paper studied similar 
past works of linear regression, decision tree, and ANN to 
compare their efficiencies in Covid-19 trend forecasts. By 
comparing different experiments and related works, it can 
be found out that both machine learning and deep learning 
methods could give decent predictive results by improv-
ing existed models and combining pre-existed algorithms, 
such as the LSTM-Markov model. However, due to the 
lack of understandability and applicability resulted from 
Covid-19 stage differences among countries, future devel-
opments of expert system and transfer learning is needed 
to solve more complicated infectious diseases trend pre-
diction.
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