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Abstract. Dengue fever is a viral infectious disease transmitted through mosquito
bites, and has symptoms ranging from mild flu-like symptoms to deadly
complications. Dengue fever is one of the global burden diseases which annually
have 50-100 million cases with 500,000 cases of severe dengue fever, of which
22,000 deaths occur mostly in children. Despite the discovery of vaccines, vector
control is still the main approach for prevention efforts. Early detection and
accessibility to medical care can reduce severe Dengue mortality rate from 50% to
2%. In the previous study, both statistical and machine learning methods have the
potential for predicting a Dengue outbreak, but the study is still fragmented and
limited on implementing the generated model into an early warning system
application. In this study, we developed an artificial intelligence model with
spatiotemporal to predict Dengue outbreak and Dengue incidence case which is
ready to be implemented into an early warning system application. Indonesia,
especially Semarang City, has experienced an endemic Dengue. We used Semarang
City spatiotemporal, meteorological, climatological, and Dengue surveillance
epidemiology data from January 2014 to December 2021 in 16 districts of Semarang
City. We reviewed 7208 samples from 16 districts and 1 city per week during 8
years. The entire dataset was divided into training (80%) and testing (20%) to
develop a prediction model. We used machine learning and Long Short Term
Memory (LSTM) to predict Dengue outbreak 1 week before the event for each
district. and machine learning to predict Dengue incident cases 1 week before the
event for each district. Accuracy, area under the receiver operating characteristic
curve (AUROC), precision, recall, and F1 score were considered to evaluate the
Dengue outbreak prediction model. The Dengue incidence cases prediction model
will evaluate using Mean Squared Error (MSE), Mean Absolute Error (MAE), Root
Mean Squared Error (RMSE), and R-Squared (R?). Extra Trees Classifier model
shown outperform in Dengue outbreak prediction, with accuracy 0.8925, AUROC
0. 9529, Recall 0.6117, precision 0.8880, and F1 score 0.7238. CatBoost Regressor
model is shown to outperform in Dengue incidence cases prediction, with R>0.5621,
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MAE 0.6304, MSE 1.1997, and RMSE 1.0891. The study proves that Artificial
Intelligence (AI) with a spatiotemporal approach can give higher performance in
Dengue outbreak and incidence cases prediction. Utilization of Al approaches that
are sensitive with spatiotemporal feasibility to implement in Dengue early warning
system application may contribute to increase the policy makers and community

attention to do accurate community-based vector control.

Keywords. artificial intelligence, dengue outbreak prediction, dengue incidence
cases prediction, early warning system.

1. Introduction

Dengue fever is an infection from a virus that is transmitted through mosquito bites (DEN
1-4) which has flu-like symptoms until lethal complication [1]. Dengue spread
throughout the tropical world especially developing countries and now affects also in
sub-tropical areas. Dengue fever threatens more than half of the world's population. Due
to climate change and urbanization, the geographic reach of Dengue is expected to
expand. Dengue fever is one of the global burden diseases with annually 50-100 million
cases and 500,000 cases of severe Dengue, in which 22,000 deaths mainly belong to
children. Dengue vector also transmits Chikungunya, Yellow Fever, and Zika infection.
Despite the discovery of vaccines, vector control is still the main approach for prevention
efforts. Early detection and accessibility to medical care can reduce severe Dengue
mortality rate from 50% to 2% [2].

Severe Dengue consists of Dengue Hemorrhagic Fever (DHF) and Dengue Shock
Syndrome (DSS) cases. Unexpected surges in Severe Dengue cases and influence by
climate change and urbanization are some challenges in prevention and control
intervention [3]. Dengue transmission modeling allows determining the main influencing
factors and helps policy makers to determine interventions [4]. The ability to detect early
emerging outbreaks can help policy makers to manage outbreaks effectively [5]. With
the acceleration of the technology, Artificial Intelligence (Al) could help analyze
massive surveillance data effectively [6].

Overall purpose of this study is using an Al model with the spatiotemporal data to
predict Dengue outbreak and incidence cases that are feasible to implement in Dengue
early warning system application.

2. Methods
2.1. Data Source

We use an open dataset from Semarang City, Indonesia as input data. The spatiotemporal
and Dengue surveillance epidemiology open data was collected from Semarang City
Regional Health Office (http://116.254.113.136:8080/tunggaldara/). The Meteorological
and climatological open data was collected from Indonesian Meteorological,
Climatological, and Geophysical Agency (http://dataonline.bmkg.go.id). We collected
the data from January 2014 until December 2021. Outcome of prediction are Dengue
outbreak events (outbreak or non-outbreak) and incidence Dengue cases.
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2.2. Data Preprocessing

We reviewed 7208 samples from 16 districts and 1 city per week (53 weeks) during
8 years. We divided data from 1st week January 2004 until 53rd week 2021 into 80:20
for training (5766 samples) and testing (1442 samples). We use weekly (53 weeks) cases
collected for an 8 years dataset to predict 1 week before the event. The event duration
for outbreak and incidence Dengue cases are 1 week.

2.3. Model Development

Model development and performance evaluation was conducted using a Python library,
PyCaret, to simplify the comparison pipeline among many different machine learning
algorithms.

3. Results
3.1. Dengue Outbreak Prediction Model Performance Evaluation

The top 4 best performance machine learning models are Extra Trees Classifier (ETC),
CatBoost Classifier, Extreme Gradient boosting, and Light Gradient Boosting Machine.
We also compare the performance with LSTM as a deep learning approach. The Extra
Trees Classifier outperforms compared with other machine learning and LSTM as a deep
learning approach.

ROC Curves for ExtraTreesClassifier
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Figure 1. ROC Curves for ETC Dengue Outbreak Prediction Model.
Based on Figure 1, AUROC of class 0 (non-outbreak), AUROC of class 1 (outbreak),

micro-average AUROC, and macro-average AUROC shown similar between 0.96-0.97.
The recall tends to be low since the outbreak events are imbalanced.

3.2. Dengue Incidence Cases Prediction Model Performance Evaluation

The top 4 best performance machine learning models are CatBoost Regressor (CBR),
Gradient Boosting Regressor, Orthogonal Matching Pursuit, and Huber Regressor. The
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CBR outperforms compared with other machine learning.
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Figure 2. Visualization Between Dengue Incidence Case Actual and Prediction Result from CBR
Dengue Incidence Cases Prediction Model

Figure 2 visualizes which the Dengue incidence cases prediction result tend to be
lower than the actual Dengue incidence cases.

4. Discussion

Many studies related Dengue outbreak prediction using statistical [7], machine learning
methods [8] and still limited using deep learning [9]. Since our data was limited to run in
a deep learning method, the result in the deep learning method was not satisfied, so we
chose using a machine learning approach. In the previous studies related Dengue outbreak
prediction still fragmented among variables [10] and limited implementing the model into
an early warning system application [11].

In this study, we used comprehensive variables consisting of meteorological,
climatological, and Dengue epidemiology surveillance data during 2014-2021 from many
government institutions and open access data sources. This model is feasible to be
implemented in a Dengue early warning system. Compared to the previous study which
used an Al (SVM Linear) and spatiotemporal approach to predict Dengue outbreak per
district in Malaysia, with accuracy 70.12%, Recall 14.40%, and precision 56.25%, this
study (ETC Dengue outbreak prediction model) promised better performance. Compared
to the previous study which used statistical approaches to predict Dengue incidence cases
in Semarang City, this study with Al (CBR Dengue incidence cases model) and
spatiotemporal approach promises more detailed prediction for high-risk location
(district) and feasibility to deploy Al model in the Dengue early warning system than
statistical model.

Implementation of the prediction model into open access application, detailed
geographical unit, and user-friendliness dashboard also recommended by Dengue Early
Warning and Response System (EWARS) participants [12]. For further research, we will
deploy our model into Dengue EWARS for the Semarang City Regional Health Office.
The granularity of climatological and meteorological data limited to the city region, there
are no district climatological and meteorological stations in Semarang City. Further
research needs to use variables which represent per region and possibly collect the data
from wearable devices/IoT smart homes to get detailed climatological or meteorological
data in each district/sub district.
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5. Conclusions

Al model with the spatiotemporal data could predict Dengue outbreak with accuracy
89.25 % (AUROC 95.29%) and Dengue incidence cases with MAE 0.6304 and RMSE
1.0891 that are feasible to be implemented in Semarang City Dengue early warning
system application. Further research needs to use deep learning such that facilitates
transfer learning.
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