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Abstract. During the COVID-19 pandemic, artificial intelligence has played an
essential role in healthcare analytics. Scoping reviews have been shown to be
instrumental for analyzing recent trends in specific research areas. This paper aimed
at applying the scoping review methodology to analyze the papers that used artificial
intelligence (Al) models to forecast COVID-19 outcomes. From the initial 1,057
articles on COVID-19, 19 articles satisfied inclusion/exclusion criteria. We found
that the tree-based models were the most frequently used for extracting information
from COVID-19 datasets. 25% of the papers used time series to transform and
analyze their data. The largest number of articles were from the United States and
China. The reviewed artificial intelligence methods were able to predict cases, death,
mortality, and severity. Al tools can serve as powerful means for building predictive
analytics during pandemics.
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1. Introduction

In December 2019, the first COVID-19 case was reported in Wuhan, China. Millions of
people have been infected with the virus, and billions of people are affected by the
pandemic at work and in life [9]. The impact of this pandemic has lasted longer than
many people expected. There are broad areas of research dedicated to combating the
COVID-19 pandemic. Artificial intelligence (AI) and traditional mathematical
prediction models are valuable tools to forecast the spread of disease and mortality rates.

In this paper, we collected all papers with artificial intelligence models that forecast
outcomes. The goal of this paper was to perform a scoping review to explore papers that
used Al to predict outcomes of the COVID-19 pandemic.

2. Method

We conducted the scoping review using the Arksey and O’Malley framework to identify
papers that used artificial intelligence methods to forecast patients diagnosed with
COVID-19. We performed a five-step scoping review: identify the research question,
identify relevant studies, study selection, chart the data, and collect, summarize, and
report the results [2,11]. We searched PubMed, the MEDLINE database, for published
and preprint literature with full text between March 12, 2020, and May 24, 2021. There
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were 1,057 papers in total. Moreover, we researched selected papers’ reference lists. Five
different search terms were used: forecasting, predicting, artificial intelligence, machine
learning, and COVID-19.

Four inclusion criteria were proposed. The paper should use at least one artificial
intelligence method to predict. The predictors are COVID-19 case count, mortality, or
severity. The prediction must include at least one predictor, and it can be more than one
predictor. The data should be identified data, de-identified data, or synonym data.
Furthermore, three exclusion criteria were applied. If the data only comes from social
media; if the data is not patient-related data; if a paper only proposed new approach with
no modeling application.

Article selection made in two steps, first screening title and abstract, second,
screening full text. However, when we searched related papers in MEDLINE, A
relatively large result was received. And as the search engine would post all the results,
including reference or paper suggestions, on that web page, all irrelevant results were
deleted. Then, the two authors, Cui and Lyu, screened all abstracts and titles
independently, which eliminated papers that did not use forecasting or prediction models.
Secondly, they independently reviewed the remaining papers’ full texts. Cohen Kappa
tests had been conducted to examine the similarity between two reviewers’ screening
results, the abstract result was 0.86, and the full-text result was 1.

The data extraction form included an article’s published date, dataset name and type,
country, the start date of the dataset, the end date of the dataset, medical condition of
patients, predictor, Al method, and other methods that were used. We focused on Al
methods for prediction. Al is defined as a computational method that learned from
current data and then given appropriate outputs.

3. Results

There were 1,057 research articles were found from MEDLINE. After removing
duplicate results, irrelevant papers, pre-prints and reviews, there were 197 papers
remained. By screening the title and abstract, 58 papers were selected, and then full-texts
were reviewed. Based on our selection criteria (Figure 1), 17 papers were qualified for
further analysis. The first Al forecasting paper was published in May 2020 [5], and most
articles were published between Aug 2020 and Apr 2021. One paper could use more than
one dataset [14,16,17], and also those datasets might have more than one country’s data.
Thus, there are 31 countries mention in the dataset. Also, datasets from China and the
United States were the most popular. Datasets from Asia were the most analyzed among
papers.

The purpose of using the artificial intelligence method was to predict cases, death,
mortality, and severity. Since one paper could predict more than one variable, among the
17 papers, seven papers forecasted mortality [1,7,11,13-15,19], five papers forecasted
daily report COVID-19 test-positive cases and death cases [4-6,12,16], four papers
forecasted severity [3,9,17,18], and one paper predicted all of them [20]. Tree-based
model was the most common choice, which was used seven times [9,11,12,13,15,16,19].
The neural network method was a new trend, and five papers applied this method
[3,4,5,7,20]. Three papers used the regression method [1,6,17]. In addition, two papers
used the deep learning method [14,18]. Furthermore, due to the time sensitivity of
COVID-19, four papers used time series analysis first, and then applied the artificial
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intelligence model [7,12,14,16]. ARIMA model was the most common choice for time
series analysis [7,12].

To predict new confirmed or death cases, authors intended to use the r squared and
RMSE to check the model fitness. Meanwhile, forecasting mortality and severity, authors
would use the AUC-ROC curve and accuracy to test model performance. In the model
fitness part, three articles used the r squared as a standard. The statistical neural network
model and the long short-term memory networks model could predict COVID-19
confirmed cases and death cases, with the maximum r square score of 0.99. Moreover,
the r squared of using artificial neural network model predict death cases was 0.92. To
test the model performance, seven papers used the AUC score, and three papers used
accuracy. The best AUC score of predicted mortality was 0.963 using Lasso model. The
highest AUC score of severity prediction using random forest was 0.93. The highest
accuracy rate was 98% on the three days mortality prediction using the time-aware long
short-term memory neural network.
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Figure 1. Paper selection process

4. Discussion

The scoping review is a good method to address undefined and broad questions. The
majority of papers predicted mortality. In the study of mortality, neural network method
was the most popular mortality prediction method. And the Lasso model generated the
highest AUC score. Four papers predicted severity, three of which used random forest
model, and this model had the best model performance. Five papers predicted daily
confirmed cases and death cases. Neural network and random forest were the equally
most common used models. Statistical neural network under this case had better fitness.
Overall, the random forest model was the most popular model, and the Lasso model
always tended to have a better performance. Due to the differences in datasets, it was
difficult to compare models across datasets. Besides, we only chosen papers included Al
models in forecasting cases, mortality, and severity. This topic was relatively narrow. In
the future study, we will design a method to measure model performance and also extend
our topics to other predictors that could be predicted by Al.
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5. Conclusion

We conducted a scoping review of Al methods that were used to predict COVID-19
cases. We found that the tree-based model was the universal method. And most papers
used official resources or EHR datasets. Asia was the most analyzed continent. Thus,
scoping review is a valid method to explore the current trends of the use of Al in
predicting COVID-19. Future study is warranted.
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