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Abstract. Dengue has become a serious health problem in Paraguay, as it occurs in tropical and subtropical
regions. With the help of accurate forecasts, preventive measures can be taken to combat this disease. In
response to this problem, the present research has made it possible to solve the above, developing a web page for
Early Warning of Epidemiological Outbreaks in Paraguay, whose sample used for this research is based on
Dengue. It presents graphs of epidemiological indicators such as incidence, temperature variables and
predictions, so that decision makers can analyze the trends of Dengue in Paraguay in its 17 departments and
districts. The data collected for the analysis correspond to the years 2009 to 2013. The developed dashboard
offers an intuitive interface that displays a map of dengue cases, along with previously selected relevant
indicators. In addition, an artificial intelligence model was implemented to make predictions of dengue cases.
The Panel was evaluated in three main sections: usability, relevance and performance, through a survey of a
group of experts in epidemiology and infectious disease control. The results of this evaluation revealed a good
acceptance by the experts.

Keywords: Early warning, Artificial Intelligence, predictive Model, epidemiological indicators, disease
Surveillance.

1 Introduction

Paraguay is considered an endemic country for certain arboviruses from the epidemiological point of view.
Dengue, a disease that has become a major health problem in the country, appears in tropical and subtropical
regions, with records of cases since 2009. Likewise, there are records of Chikungunya since 2013 and Zika since
2015 [1].

In this paper, we present information on dengue surveillance through a dashboard that displays
epidemiological indicators in interactive graphics. This will allow decision-makers to visualize information in
real time and interact with it, thus improving disease responsiveness. In addition, predictive graphics are
displayed, justifying the use of artificial intelligence.

Artificial intelligence methods are normally used to make predictions, classify targets, cluster and optimize
human work and minimize uncertainty for decision making, but despite the advantages they offer, they are not
entirely friendly or accessible to most people, and the proposed techniques found are not directly usable by
medical professionals or managers who normally have to make decisions involving the health of a country. That
is why we use a trained artificial intelligence model, the LSTM model, since it is one of the most widely used to
predict time series and can be extended to any endemic disease for which there is sufficient data for deep
learning of an artificial intelligence model, which will allow us to draw plans to combat and cope with the
disease in our country.
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2 Methodology
2.1 Materials and methods for the Creation of an Early Warning Panel

The methodology applied in this work is developed from data collection to panel evaluation. Initially, data
on dengue cases were obtained from a specific database. In addition, relevant climate data were collected and the
databases were populated with demographic information essential for the analysis. A GeoJSON file was used to
create detailed maps of Paraguay, which facilitated the geospatial representation of the data.

With the data collected, epidemiological indicators were identified and used through a comprehensive
review of the scientific literature. Subsequently, a trained artificial intelligence model based on Long Short-Term
Memory (LSTM) was implemented to make predictions. The elaboration of detailed maps and the generation of
visual graphs allowed a better understanding and analysis of the data.

Experts in epidemiology and related areas provided valuable comments to improve and fine-tune the
analysis. This comprehensive and systematic methodology ensured a rigorous approach in the development of
the project, from data collection to the application and evaluation of the predictive model.

Data collection and analysis
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2.2 Data

The data sample used for this research was from the Comidenco project, specifically these databases are
related to dengue cases distributed by: year, epidemiological week and temperature, from 147 districts of
Paraguay from 2009 to 2013.

It should be noted that, in this project, the cases were organized by districts on a weekly basis, coding the
departments and districts. In addition, for the data on the number of inhabitants of each district, data from the
population projections of the National Institute of Statistics (INE) [5], from 2000 to 2025, were used. For the
interactive map of Paraguay, INE datasets were also used, specifically geographic codes from the 2012 National
Population and Housing Census[6].

The nomenclature of the districts is based on that of the INE, i.e., we use the numerical identifier of each
district associated with its department, for example: the city of Coronel Oviedo is number 1 in the list of districts
of Caaguazi, which is department number 5, therefore the code is as follows: 0501. The details of this database
are shown in Table N° 1.
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Table 1. Base structure

Field Description Type
year Year corresponding to epidemiological Week Numeric
week Epidemiological week Numeric
district_id District identifier Numeric
district District name Character
tmed Average temperature per week Float
cases number of cases Numeric
department code Department identifier Numeric
department Department name Character
population number of inhabitants per district Numeric

2.3 Epidemiological Indicators.

Epidemiological indicators provide us with information on the epidemiological situation of Dengue in
Paraguay, so that we can observe its course and prepare measures for the control of the disease. The criteria for
their selection were the following: articles that mention epidemiological indicators and the way in which they are
calculated.

Below are the indicators that we compiled through a bibliographic review and that are found in our Early
Warning Panel:

The incidence of Dengue: Data on the number of dengue cases and the population of the selected district are
used to calculate the incidence.

¢
Ied=100x —
P

Temperature-dependent indicators: the following epidemiological indicators use mean temperature variables
corresponding to the selected district with its epidemiological week

a) The biting rate:

b 0.0002027(T — 13.35)40.08 — T (13.35°C T 40.08°C)
! 0 (T<13.35°C, T > 40.08 ° C)

b) The probability of infection from human to mosquito per bite.

0.001044x T(T—12.286) X /32.461 — T (12.286°C<T<32.461°C)

b —
h(T) -
0 (T<12.286°C, T> 32.461 °C)

¢) The probability of infection from mosquito to human per bite.

—0.9037 +0.0729T (12.4°C T <26.1°C)
ZT= 1 (26.1°C T 32.5°0)
0 (T<12.4°C, T >32.5°C)
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24 Model LSTM.

For the implementation of the prediction in our Early Warning Panel we defined the LSTM model, by its
acronym Long Short-Term Memory proposed by Hochreiter and Schmidhuber in 1997. It is one of the most
advanced and successful deep learning architectures for time series prediction, handwriting recognition and
speech analysis [4] and with these features we found that this model meets the objectives we need for prediction
in our panel, so the mentioned model has been implemented.

2.5 Results

In this section we present the way in which the selected indicators were presented, as well as the predictions and
the interactive map of cases of Paraguay.

2.5.1 Incidence

Incidence prediction is important for the effective use of limited resources for vector control and
contingency measures [7].

According to[8] for the calculation of incidence, once the time series of each city is obtained, the incidence
is calculated.

The result of the Incidence by department graph can be seen in Image 1.

Semana v Afio

Image N° 1: Incidence of the department of Ita.

2.5.2 Temperature

It should be noted that climatic factors such as temperature and precipitation significantly affect the life
cycle of dengue mosquitoes; therefore, these factors should be included in mathematical models of dengue
transmission. It is important to include more realistic parameters for dengue transmission[9]. These include:
biting rate, the probability of infection from human to mosquito per bite and the probability of infection from
mosquito to human per bite.

The temperature plots obtained in our panel are shown in Image (a), (b) and (c).
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It should be noted that basic statistical information has also been included such as: the number of cases
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represented on a map of Paraguay, with a filter by department with its corresponding district, also can be entered
by date range, selecting the date from and date to,, this interactive map also provides information on the number
of cases with a heat map, while the department has more cases, the color is darker, allowing the analysis at a
glance of the user, in addition to the geolocation of the entire country with respect to cases of dengue, as can be
seen in Image 5.

Leyenda - casos
0-10
10-20 s
20-50
50-100 |
100-200

200-500 0
500-1000 | Sesontien B3 o
1000- e

"% = Leaiet | © MapTiler © Openstreethap contrbuors

Image N° 5: Heat Map with Dengue Cases.

Another section of statistical information that we developed in the Panel is the percentage of cases that are
subdivided into the 17 departments, indicating the percentage that corresponds to Paraguay, the result can be
seen in image 6.
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Image N° 6: Percentage of cases by department.

FastApi is used to obtain the prediction, which is a framework for building APIS Rest Full with Python, since the

predictive model used requires Python libraries for its implementation (Image 7).
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Image N°7: Predictions
2.6 Structure of the early warning web panel

You are the sole responsible for making sure that you have the right to publish everything in your paper. If
you use material from a copyrighted source, or from other authors, you may need to obtain permission from the
copyright holder or the respective authors. An “Authorship statement” must be placed at the bottom of your
paper, immediately before the list of references, as indicated further below.

Figure 1. Flowchart showing the structure of the Early Alert Panel
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2.7 Algorithmic representation of the use of the Predictive Model using an API

For obtaining predictions, FastAPI is utilized, a modern and high-performance framework for building
RESTfull APIs using Python. The choice of FastAPI is due to its capability to efficiently handle asynchronous
requests and its compatibility with the necessary Python libraries for implementing the predictive model. This
approach allows for smooth integration and robust deployment of the artificial intelligence model in a production
environment.

Data retrieval: dengue cases are obtained from the database according to a start date and an end date, in addition
to the corresponding district ID.

Data processing: The column of cases is extracted and converted into a DataFrame, which is then stored in a
variable.

Model loading: The predictive model is loaded into the environment.

Prediction: The prediction is performed using the loaded model and the cases contained in the DataFrame.

Algorithm 1: Algorithm with Pre-trained Model
Tnput: Date range and corresponding district
Output: Array of predictions
Data: “earlyalert” database of the denguecases table

1
/* API endpoint to retrieve dengue case predictions for a

given date range and district */
2 Def getPredictions (startDate, endDate, district):
3 query ¢ Select cases column from Dengue-Data table

((dataDate > startDate)A
conditions « (dataDate < endDate))A
idDistrict =
Apply conditions to query
results «— EXECUTEQUERY (query)
casedata <~ EXTRACTDATA (results)
predictions - MAKEPREDICTIONS(caseData)
| return predictions

I

district

© ® o

/* Helper function to generate predictions using a

pre-trained model and input case data */
11 Function makePredictions(cases):
12 datalnput - CREATEDATAFRAME(cases, column = ’cases’)
13 model +- LOADMODEL(’path/of/model’)
14 predictions + model. PREDECIR (datalnput|'cases’])

15 | return predictions. FLATTEN())

Figure 2. The prediction algorithm

An image of the early warning panel is shown below.
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2.8 Evaluation of The Early Warning Panel

For the evaluation of our Panel, a survey of potential users was developed to assess the usability, relevance
and performance of the system. Experts in epidemiology and infectious disease control, with experience in
dengue case management, were selected. A representative sample was sought that included epidemiologists,
tropical disease physicians, data analysts, and public health officials.
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Panel evaluation - Relevance

No Panel evaluation - Performance

NO

Si
Sl

74.5% responded that the panel performs well in

77.9% responded that the Panel is relevant and terms of loading graphics, filters and the panel in
22.1% responded that it is not. general, while 25.5% responded that it does not.

3  Conclusions

In conclusion, we emphasize the ongoing importance of Health Surveillance to comprehensively address
diseases throughout the country. The Early Warning Panel for epidemiological outbreaks represents a first step
towards an interactive analysis based initially on dengue, with potential for extension to other endemic diseases
based on the data collected. The identification of relevant epidemiological indicators, the development of an
intuitive web panel with predictive models of dengue cases, and the evaluation of its usability, relevance and
performance by expert epidemiologists have all been accomplished. This study contributes significantly to the
advancement of knowledge in dengue epidemiology and provides a practical tool to improve the management of
this disease, which is expected to benefit public health professionals and future research in this crucial field.
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