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Abstract. Mosquitoes of the species Aedes (Ae. aegypti or Ae. albopictus) can 

transmit Dengue, Chikungunya, Zika and Yellow Fever. For the people's 

mobility and increasing population density, diseases as the Dengue have been an 

epidemic in recent years, being a globally important health problem. Those 

responsible for creating vector control campaigns and medical staff are interested 

in identifying tools to predict the seasonal peak of the dengue outbreak and 

identify related climate factors that contribute to the increase in the number of 

mosquitoes. The main variables entered are precipitation, temperature, and 

epidemiological week. The model is the first phase of a project that aims to 

provide a tool for simulating outbreaks of dengue with system dynamics, a basis 

for predicting the spread of the dengue outbreak in Orizaba, Veracruz, Mexico. 
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1 Introduction 

The Aedes Aegypti mosquito goes through four distinct stages during the life cycle: 

egg, larvae, chrysalis and adult [1]. They can live in urban areas with altitudes below 

2200 meters above sea level, lay their eggs in clean water tanks such as swimming 

pools, vases, aquatic plants, tires, buckets of water and any container that is outdoors 

and can store water [2]. Studies on the flight radius indicate that most females can spend 

their entire lives inside or around the houses in which they have become adults, and 

that they usually fly about 400 meters on average [3]. 
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Dengue is considered to be the most important mosquito-borne viral disease, about 

half of the world's population lives in countries endemic, causing it to spread rapidly, 

with a lethality exceeding 2% per year [4, 5], in more than 100 countries [6, 7].  

The virus is transmitted to humans through the bites of infected female mosquitoes, 

mainly of the species Aedes Aegypti. After incubation of the virus (4 to 10 days), an 

infected mosquito can transmit the virus for the rest of its life. Mosquitoes usually 

acquire the virus while feeding on the blood of infected humans (symptomatic or 

asymptomatic), with humans being the only source of the virus for uninfected 

mosquitoes [8]. 

2 Background and State of the Art 

Up until 1970, only nine countries had experienced severe dengue epidemics, currently 

endemic in more than 100 countries in WHO regions, accounting for approximately 

70% of the global burden of disease. An estimate indicates that 390 million infections 

occur dengue per year (credible interval of 95%: 284 to 528 million), of which 96 

million (67 to 136 million) manifest themselves clinically (with any severity of the 

disease). And an estimated 3.9 billion people are at risk of contracting the dengue 

virus [9]. 

The WHO collects information from ministries of health, which groups information 

from the Americas in six groups, on the continent a 662% increase between 2018-2019. 

Mexico is in the " Isthmus " group Central America and Mexico" together with Belize, 

Panama, El Salvador, Costa Rica, Guatemala, Honduras and Nicaragua, in the years of 

study, Mexico has been in second place (28%.26% respectively) of the cases reported 

in the group; Figure 1 shows the growth of Dengue and the relevance to Mexico and 

the impact on the continent (to facilitate the analysis, Brazil is excluded, which is in 

first place with a wide difference) [10].  

The average economic cost of dengue in Mexico was $170 million in 2013, including 

direct and indirect costs associated with dengue. The cost associated with inpatients 

was $25 million, while outpatient and fatal dengue episodes account for $54 million 

and $8 million per year, respectively.  

In addition, the monitoring cost and vectors control account for 48.9% of the total 

economic burden of dengue in the country, equivalent to $83 million per year [4]. In 

particular, average annual spending estimated for insecticide products per household 

 

Fig. 1. Total of Dengue Cases, year 2019-2018. 
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was $31 million [11]. However, vector control is partially successful in reducing the 

burden of dengue disease, increasing the importance of prevention [6].  

The incidence has increased 303% in Mexico between 2018-2019 (see Figure 2) 

[12], although cases reported up to epidemiological week 30 of 2020 are shown, were 

not taken into account for the analysis due to irregularity caused by the 

SARS- CoV- 2 infection.  

Having tools that allow patient estimations to be treated, make it easy the design of 

public vector control policies, to determine the economic impact, to build health 

policies in the Health Care Institution, and to prepare them for the attention of this 

population in terms of technology, availability of laboratory tests and human resources, 

Figure 3 shows the growth of the disease in the state of Veracruz.  

Figure 4 shows the results of technology surveillance conducted with the keywords 

"Dengue model AND Simulation" in the databases ScienceDirect, Scopus, Web of 

Science and IEEE, finding 4034 articles, of which 327 were duplicated and 3659 were 

excluded for not complying with inclusion criteria (refer to aspects of care, treatment 

or ecology not included in the research). Therefore, only 48 articles were evaluated in 

full text for fulfilling the objective of the investigation, identifying that 11 of these used 

SD which is the proposed technique because allows to analyze and understand the 

underlying causes of the system studied in different scenarios, without modifying the 

actual system, however, of the 48 evaluated articles, were only taken 7 as a reference 

 

Fig. 2. Cases reported by the Health Department of Mexico between 2018-2020. 

 

Fig. 3. Cases reported by the Secretary of Health of Mexico in Veracruz. 
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for this investigation, because they allowed identify the key variables required in the 

development of the causal diagram. 

There are different models of transmission of infectious diseases focused on Aedes 

Aegypti mosquitoes, it was found that from 2015 to 2020, 135 publications have been 

made with the keywords "Dengue model AND Simulation", four of which have been 

made in Mexico, concerning the risk matrix of vector-borne diseases [13], antibodies 

against dengue in three urban environments in Yucatan [14] and projected impact of 

the vaccine against dengue in Yucatan [15].  The seasonality equations in the Aedes 

 

Fig. 4. Bibliometric analysis. 

Table 1. Identification of variables for causal diagram design. 

Authors Variables Description 

[1, 16–19] 
Temperature 

Rainfall 

Temperature in Celsius degrees in 

Orizaba, Veracruz. Climate fluctuation 

contributes to the seasonal dynamics of 

infectious diseases because it affects 

pathogen transmission rates. 

[1, 8, 16,  

18, 20] 

 

Predators 

 

Food 

Number of eggs 

Egg mortality rate 

Larvae 

Larvae mortality rate 

 

Pupas 

Pupas mortality rate 

 

Female mosquitoes 

Rate of predators decreasing the 

population of Mosquitoes. 

Amount of food available. 

Number of eggs, starts with 1000. 

Egg death rate per natural causes. 

Number of larvae, starts with a 0. 

Death rate of larvae from natural 

causes. 

Number of pupae, starts with a 0. 

Death rate of pupae from natural 

causes. 

Number of female mosquitoes, 50% of 

the total population is assumed. 

[16, 20] 

Diapause eggs 

 

Egg mortality rate in diapause 

Eggs in inactivity due to low 

temperatures. 

Egg death rate in diapause for natural 

causes 
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aegypti mosquito life cycle, were taken as basis for this model [16], because they study 

the effects of temperature and precipitation for eight Mexican regions and the diapause 

role of in seasonality shoots in conjunction with [1] to complement some parameters 

not detailed in the previous [16], because of the similarity between the case-of-study 

regions and specificity of information. 

3 Model Formulation 

The growing need to control dengue has driven the development of research to shape 

mosquito behavior. System dynamics allows to model different variables of 

propagation, control and attention that impact the behavior of the disease.  

Table 1 presents the authors (first column) who have identified key variables in their 

investigations, which will be used with the names listed (second column) and 

corresponding descriptions (third column). The model is developed based on [21] for 

the creation of dynamic system simulation models, first the key variables are selected, 

the information collected allowed to identify the variables (Table 1) that represent the 

different interactions between the stages of the life cycle and meteorology.   

The second step, which is the Formulation, different mathematics techniques that 

include the seasonality of the life cycle were identified, such as: Vector Modeling, 

Multiple Staged Regression Analysis and Analysis [1, 18, 16, 19, 20]. Some authors 

have used System Dynamics [17, 22], to structure the elements and programming 

required in Stella® software. To simulate temperature and precipitation behavior, the 

information available at NASA [23] over the past five years was used, the data were 

analyzed and with a 95% confidence level the normal distinction is adjusted, normal 

log, exponential and logistics. 

Once the variables were identified, the Causal Diagram was developed (Figure 5), 

in which the main variables and the feedback loops between them are identified. The 

red interactions represent the stages of the life cycle, grouped into mosquito biology 

(egg, larvae, pupa and adult) and meteorology (temperature and precipitation), is 

contextualized with preventive and corrective control strategies identified in green, 

although these are not within the scope of the document. 

The loops in the Causal Diagram are described below: 

 B1: The swing loop B1, is made up of female mosquitoes, number of eggs, larvae 

and pupas, if the larvae increase, then there will be more female mosquitoes and 

each of the above variables, conditions that are conserve as long as there are no 

temperature changes or there are control strategies. 

 B2: The B2 rolling loop, composed of Preventive control and vector surveillance 

and control, reflects the indirect relationship between these variables. 

 B3: The swing loop B3, vector surveillance and control and corrective control and 

preventive control shows how when the vector surveillance and control decrease 

corrective control.  
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The overall analysis of the causal loop diagram shows that the temperature and 

precipitation are key variables that influence the life cycle of mosquitoes, mortality, 

and diapause. If at least one is outside the life-friendly values, the number of mosquitoes 

at each stage will be severely affected and their future will be compromised.  

Validation is intended to determine whether the structure and behavior are 

consistent with the cases of dengue recorded by the Secretary of Health of Mexico until 

the results are satisfactory. The purpose of this research is to simulate the behavior of 

the mosquito population with system dynamics. 

For simulation, it is important the precipitation, temperature, and the total number 

of dengue cases per week to predict the behavior of dengue-transmitting mosquitoes. 

This is an archetype that can be used in other countries for any period of time if fed 

with information from the region to be studied. 

4 Conclusions and Future Work 

A deterministic model can be used to understand the dynamics of disease transmission, 

particularly for large populations. Using the dynamic system approach and causal loop 

diagram, this research proposes a conceptual model that analyzes the biological process 

of mosquito reproduction, taking into account death rates related to environmental 

factors, which allows future analysis of biological, chemical or mechanical control 

activities and how this relates to the dynamics of Dengue.  

This model can be complemented by integrating diagnostic stages, the capacity of 

the health care institution, days of disease evolution when going to a medical service, 

 

Fig. 5. Causal loop diagram. 
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the available equipment, among others. This will provide a better understanding and a 

more complete vision to find opportunities for improvement.  Vector control and health 

care processes continue to be investigated in Orizaba, Veracruz, Mexico. 
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