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Abstract: Citizen science resources have had great relevance in community educational interven-
tion, fostering interest in ecological research projects. This study investigated the influence of the
application of multimedia didactic resources focused on citizen science and analysis of sociodemo-
graphic variables to improve the levels of ecological knowledge about mosquito-borne diseases.
For this, a probabilistic sample of 172 participants from an urban sector in southwestern Colombia
was selected. A multimedia didactic material was designed for the educational intervention and
evaluated by means of pretest and posttest. To assess whether the educational intervention was
statistically significant, the data were processed with statistical inference to determine the influence of
various variables (gender, age, marital status, schooling, and occupation) on each person’s ecological
knowledge. The findings showed a significant increase in the knowledge levels of the participants.
The marital status variable (married and cohabiting) significantly influenced ecological knowledge.
These participants are more likely to obtain high knowledge, associated with the prevention of their
family environment. This study demonstrated that multimedia didactic strategies are an important
factor to take into account in the structuring of environmental education and citizen science projects.
For future research, it is suggested to deepen the relationship between sociodemographic variables
and ecological knowledge.

Keywords: citizen science; ecological knowledge; environmental education; multimedia teaching
strategy; vector-borne diseases

1. Introduction

Worldwide, citizen science is used to strengthen scientific knowledge through the
formulation and execution of a structured project of collective, participatory, and open
research [1,2]. Applying research in social contexts to understand ecosystems enhances
learning and influences social actions and habits. For instance, using digital technologies for
biodiversity monitoring boosts scientific knowledge about biodiversity and its connection
to humans [3-9]. Consequently, the community contribution of the rural and/or urban
sector involved in citizen science is fundamental to knowing particular ecosystemic and
ecological aspects of the sector where they live, since their ancestral and daily knowledge
about the environment can provide useful and logistical data to scientists who carry out
research projects [3].

Citizen science, through platforms like iNaturalist (a mobile application to identify
biodiversity anywhere in the world, www.inaturalist.org, accessed on 15 June 2023), en-
hances community engagement in biodiversity research by enabling users to document
local flora and fauna via mobile observations. This app allows individuals to take photos
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and contribute to a global database, fostering awareness and interest in their surrounding
ecosystems [5,10-12]. In addition to the contribution that people make in the citizen science
process with the use of these interactive platforms, the study of the motivational factors in
their participation in this type of project helps to recognize how the participation of different
audiences can be improved [13]. Likewise, the use of this digital application strengthens the
scientific spirit, as evidenced by Hitchcock et al. [6]. This study demonstrated how students
developed bio-literacy by obtaining and processing ecological data, participating as citizen
scientists, and enhancing collaborative learning and scientific knowledge in biodiversity
research. In Colombia, Sanchez-Clavijo et al. [14] analyzed the use of digital tools in citizen
science during the COVID-19 pandemic, revealing significant interest in contributing to
biodiversity research through global platforms.

Citizen science plays a crucial role in studying urban biodiversity, as community
involvement enhances research efforts and facilitates the collection and analysis of regional
data on urban species [4]. It should be noted that it is becoming increasingly important
for researchers, students, and the community in general to obtain and organize biodi-
versity databases, evidencing the improvement in the quality of the data found and the
observations made, which serve as input for different ecological studies [9].

However, citizen science has had a significant impact on both non-formal education
(NFE) and formal education, encouraging the public to engage in research and online learn-
ing processes that help them understand the natural world [15-17]. Likewise, Stankovi¢
et al. [18] argued that NFE relies on information and communication technologies (ICTs) to
enhance teaching and learning. In Germany, the growing importance of digital media in
NFE highlights the need for ongoing educator training in designing these resources [19].
Likewise, the work of Degner et al. [20] considered that digital media contribute signifi-
cantly to the learning process in non-school environments.

In this sense, multimedia didactic materials also contribute to the environmental edu-
cation (EE) of the communities, strengthening the teaching of environmental issues, and
reinforcing civic commitment [21-24]. Likewise, the study by Huang et al. [25] concluded
that the application of innovative technology motivates learning in education in ecological
contexts. However, Tao et al. [26] review noted that digital interactive learning environ-
ments have a significant impact on learning. Therefore, citizen science must overcome
challenges in partnering with academia to improve research outcomes, prompting educa-
tors to enhance their digital skills for the needs of new generations in various educational
contexts [27].

Citizen science has contributed to the study of mosquitoes (Diptera: Culicidae) by
applying digital epidemiology to prevent infectious diseases transmitted by these vectors;
in addition to being a matter of public health and public health interest [28,29]. Likewise,
the incursion of smartphones and ICTs in general, to recompile images in real-time and
specific locations, favors research on disease vector species and the identification of their
potential effects on the human population [8,30-32]. In this sense, cell phones have become
tools for vector-borne disease (VBD) control and prevention processes [33,34]. Likewise,
studies have been developed with digital applications to improve both vector and disease
control [35-37]. Moreover, in the surveillance of these VBDs, the affected communities have
been involved in the design of technologies that benefit their control and prevention [38].
Thus, the success of multimedia tools in the teaching and learning processes has reduced
the limitation of access to education [39].

In this sense, citizen science plays a crucial role in dengue prevention, as the active
participation of citizens in mosquito data collection fosters both awareness and collective
responsibility [40]. This approach is complemented by programs that combine technology
and citizen participation, significantly improving the effectiveness of mosquito control
through digital platforms [41]. In addition, citizen science provides valuable tools to track
mosquitoes and improve epidemiological surveillance, facilitating a more effective response
to disease outbreaks [42]. Projects such as Mosquito Alert demonstrate how the integration
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of citizen and scientific data generates risk maps and early warning systems, strengthening
community engagement in public health [43].

Therefore, local knowledge of VBD, the use of digital technologies, and the creation of
science networks could facilitate this articulation [44,45]. In turn, citizen science offers a
novel and less costly solution to the study of VBD compared to traditional vector monitoring
methods [46]. Thus, citizens’ contributions can be integrated into public health education
campaigns. For this reason, the purpose of this study is to promote the management
of mosquitoes (Diptera: Culicidae) common in urban environments and their potential
VBD through a didactic strategy with a citizen science approach in an urban sector of
southwestern Colombia, which allows changes in the behavior and ecological knowledge
of citizens in a non-formal EE context.

2. Materials and Methods

A pretest-posttest methodological design was carried out in a single population group.
A pretest was applied to identify initial ecological knowledge [47-50]. Subsequently, the
educational intervention was carried out through the didactic strategy and finally a posttest
in order to determine the final level of knowledge. The didactic strategy with a citizen
science approach was implemented for eight months, from April 2023 to December 2023.
Ethical approval for the study was given by the community action board of the urban sector
and the ethics committee of the faculty of education of Universidad Santiago de Cali, who
approved the informed consent and the execution of the present exercise.

2.1. Study Area and Participants

The present study was conducted in a sector of the urban perimeter of the municipality
of Santander de Quilichao (3°00'29.8"” N 76°28'40.1” W), located in the department of Cauca,
southwestern Colombia (Figure 1). This region has a humid tropical climate, with dry and
rainy climatic seasons and a temperature that ranges between 24 °C and 32 °C [51], these
conditions classify this region bioclimatically as a tropical dry forest, whose conditions
favor the proliferation of mosquitoes and, therefore, VBD.
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Figure 1. Geographical location of the study sector in the municipality of Santander, Department of
Cauca, Colombia, South America.
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A probabilistic random selection (95% confidence) of 172 participants, out of a total
population of 310, was made for the application of the test. The design of the multimedia
material took into account information on the ecology of mosquitoes (Diptera: Culicidae)
and information on VBD in the sector to be evaluated. When choosing the type of material,
the sociodemographic characterization was taken into account, as well as being able to
identify that the participants have access to cell phones with multimedia visualization. The
distribution of the participants is mostly female, with 57% women and 43% men. Most
of the participants are in the age range of 28-37 years (32.6%) and 38-47 years (32.6%),
while the smallest group corresponds to people aged 48 years or older (15.1%). In terms
of marital status, there is a predominance of singles (37.8%) and married people (32.6%).
Schooling is notably high, with 59.3% of respondents having a university education. In
terms of occupation, the majority are employed (57%), followed by self-employed (29.1%)
(Appendix A).

2.2. Pretest, Educational Intervention, and Posttest

To examine the effect of the strategy, five validated questions were adapted and used
in surveys by the World Health Organization [52]: How are mosquitoes formed?; Which
people can contract dengue, Zika, chikungunya, malaria, or other such viruses?; How can
a person contract VBD?; What are the signs and symptoms of dengue virus disease?; Is
there a treatment for VBD infection? An initial pretest assessment was conducted, with
scores from 0 to 5, to determine the level of knowledge about VTE and culicids. The ratings
were defined as follows: 0 = no knowledge, 1 = very low knowledge, 2 = low knowledge,
3 = medium knowledge, 4 = high knowledge, and 5 = very high knowledge. The same
person was responsible for all ratings, thus ensuring consistency in the evaluation. A stan-
dardized set of questions assessing specific aspects of VBD and culicids were used to assign
scores. These criteria were applied uniformly in both the pre- and post-test evaluations.
In the intervention stage, multimedia material was designed using Corel Draw, Publisher
and PowerPoint viewer. For the interactive booklet, mosquito images were adapted from
Cutwa and O’Meara [53], Centers for Disease Control and Prevention [54], and two images
created with artificial intelligence were integrated. The production of the didactic material
took into account the characteristics of web-based materials proposed by Prendes [55] and
Prendes et al. [56], including organization of information (structure), motivational aspects,
interactivity, multimedia, interface and navigation, usability, accessibility, and flexibility.
For the implementation of the didactic strategy, the involvement of the community was
fundamental, for this purpose, the participatory research workshop technique was estab-
lished, which had the following stages: (a) training of the entire target population on the
ecology of mosquitoes and VBD, emphasizing the problems of the study sector and to
strengthen knowledge, the use of the iNaturalist application was implemented for the
recognition of the diversity of mosquitoes; (b) section of dialogue with the community
for identification and recognition of the problems (educational and environmental aspects
on the health issue); (c) formulation of alternatives in the structure of the multimedia
didactic material; and (d) socialization of the multimedia didactic material [57]. Finally, a
final posttest evaluation was conducted, using the same instruments as the pretest [58], to
identify the change in ecological and epistemological knowledge of the participants.

2.3. Data Analysis

For the evaluation of the impact of the educational strategy on social appropriation of
knowledge regarding mosquito and VBD management, the data derived from the surveys
(pretest and posttest) were initially analyzed through frequency tables and box plots.
Subsequently, the change and improvement in knowledge before and after the educational
intervention and the effects of variables such as gender, age, marital status, schooling, and
occupation on these changes were analyzed. For this purpose, the Shapiro-Wilk normality
test was performed to demonstrate the assumption of normality of the data, and when this
was not met, a non-parametric test was performed. Next, the inference analysis of the data
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was carried out by means of the Wilcoxon rank test for related samples to demonstrate
significant differences between the pretest and posttest results, in order to corroborate the
efficiency of the didactic strategy and demonstrate the change in the ecological knowledge
of mosquitoes and VBD. As a complement, a multinomial logistic regression was performed
to determine the influence that gender, age, marital status, schooling, and occupation have
on each person’s knowledge of VBD and mosquitoes. In this analysis, the post-test rating
score obtained by each individual was used as a response variable. This choice allows us
to evaluate how demographic characteristics influence the level of knowledge achieved
after the intervention. The data obtained were organized in Excel and processed with the
statistical package Jamovi version 2.5.6.

3. Results
3.1. Implementation of the Educational Intervention

The multimedia didactic material (interactive booklet) was used, which included visual
elements for a better understanding of the subject (Figure 2a, Appendix B). The booklet
also included interfaces to strengthen the knowledge of the mosquito and its diseases,
hyperlinks to learn more about the mosquito, the diseases it transmits, its symptoms,
and recommended prevention actions. Additionally, the use of iNaturalist aided in the
recognition of mosquito species in the region (Figure 2b). The participants were able to
compare the photographs taken of the mosquitoes in their environment with the images
available in the iNaturalist application. The visual features and detailed information of this
application helped to improve participants” ability to identify the morphology of mosquito
species. In addition, the combination of the primer and the use of the iNaturalist promoted
active participation and a more holistic approach to community health and education.
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Figure 2. Educational intervention: (a) Cover of the interactive educational booklet and (b) use of
iNaturalist to identify mosquitoes.

3.2. Pretest—Posttest Comparison

According to the findings derived from the application of the form (pretest), the group
of people who intervened showed the following results: the sum of low knowledge (25%),
medium knowledge (32%), and the sum of high knowledge (43%). The table of frequencies
with respect to pretest and posttest knowledge shows changes in the level of knowledge
of the participants (Table 1), showing a positive impact on the level of knowledge from
very low to low, corresponding to 40 participants (23.3%), who changed their level of



Trop. Med. Infect. Dis. 2024, 9, 256 60f 16

knowledge to medium (7.5%), high (7%) and very high (8.8%). Likewise, the three par-
ticipants who had no knowledge changed to medium and high knowledge. In addition,
26.7% of the participants with medium knowledge in the pretest changed their level of
knowledge to very high (n = 25) and high (n = 21). Similarly, 16.9% of the participants who
obtained high knowledge in the pretest went on to have very high knowledge in the post-
intervention test.

Table 1. Frequencies of pre-test knowledge compared to posttest.

Pretest Knowledge Frequencies % of Total Knowledge Posttest Frequencies % of Total
. o Very high knowledge 10 5.8%
Very high knowledge 12 7.0% High knowledge 2 1.2%
Very high knowledge 29 16.9%
High knowledge 62 36.0% High knowledge 32 18.6%
Medium knowledge 1 0.6%
Very high knowledge 25 14.5%
Medium knowledge 55 32.0% High knowledge 21 12.2%
Medium knowledge 9 5.2%
Very high knowledge 13 7.6%
Low knowledge 29 16.9% High knowledge 7 4.1%
Medium knowledge 9 5.2%
Very high knowledge 2 1.2%
Very low knowledge 11 6.4% High knowledge 5 2.9%
Medium knowledge 4 2.3%
o High knowledge 2 1.2%
No knowledge 3 1.7% Medium knowledge 1 0.6%

The sociodemographic variables of gender, age, schooling, marital status, and occupa-
tion in relation to the level of ecological and epistemological knowledge about mosquitoes
and VBD presented a positive variation in the score with respect to the pretest and posttest.
The variables gender and age presented a score that oscillates in the interquartile range of
the box plot, between 2.0 and 4.0 in the pretest and for the posttest, a score between 4.0 and
5.0 is evident, corresponding to a high and very high knowledge (Figure 3a,b). The total
range of scores by age group presents a greater dispersion of data in the pretest (Figure 3b).
This dispersion is reduced in the posttest, demonstrating greater consistency of scores with
higher levels of knowledge. The score for single people is observed to be more pronounced,
progressing from a median of 2.5 in the pretest to 4.0 in the posttest (Figure 4a). This same
effect is pre-presented in participants with a high school level of schooling (Figure 4b). The
score for employees and independents tends to improve in a similar way (Figure 5).

The values of the difference between pretest and posttest did not meet the assumption
of normality. The Wilcoxon rank test for related samples showed significant differences
between pretest (x = 3.25) and posttest (x = 4.32) scores (Z = 94.5; p = < 0.001). The
posttest scores were significantly higher than the pretest, which shows that the educational
intervention in the community, through the multimedia didactic strategy with a citizen
science approach, had a positive effect on the community’s ecological knowledge of VBD
and mosquitoes.

Although the overall effect of the educational intervention had a positive impact on
community ecological knowledge, the effect with respect to most of the sociodemographic
variables on ecological knowledge, using multinomial logic regression, was not statistically
significant. However, in participants who at the end had medium and high knowledge, the
sociodemographic factor of marital status, independent of whether single or married, had
a greater influence on ecological knowledge, and in turn, participants who were married or
in union had a greater probability of acquiring high and very high knowledge (Table 2).
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Figure 3. Box plots in relation to the level of knowledge reflected in the pretest and posttest grouped

by socio-demographic variables: (a) Gender and (b) age.

Table 2. Coefficients of the multinomial logic regression model for sociodemographic variables and

posttest knowledge.
Knowledge Posttest Predictor Estimator EE z
Medium knowledge—High Constant ~1.848 0.622 ~29.721 0.003
knowledge
Marital Status:
Separated—Married 0.750 1.311 0.5724 0.567
Unmarried—Married 1.465 0.706 20.745 0.038
Free union—Married 0.279 0.792 0.3520 0.725
Widowed—Married —7.212 92.830 —0.0777 0.938
Very high knowledge—High o ¢ 0.582 0.286 20.306 0.042
knowledge
Marital Status:
Separated—Married —0.986 0.957 —10.310 0.303
Unmarried—Married —0.341 0.404 —0.8432 0.399
Free union—Married -1.121 0.442 —25.374 0.011
Widowed—Married —0.578 1.443 —0.4004 0.689
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Figure 5. Box plots in relation to level of knowledge reflected in pretest and posttest grouped by
socio-demographic variables: Occupation.

4. Discussion

Citizen science contributes in this sense since it involves the community in the process
of generating and obtaining scientific knowledge [3]. At the same time, it encourages
the participation of the population and facilitates the deepening of didactic processes,
improving knowledge and awareness of environmental issues [59].

In terms of citizen science strategies, such as digital and technological innovation,
multimedia, and interactive tools, the data analysis of this study revealed a positive
influence towards high knowledge of the relationship between them and VBD in the
majority of participants (n = 148). These findings are consistent with other similar studies
where ecological knowledge has been improved in people participating in citizen science
projects [5,6,18,20,21,38].

In addition, this study highlights how citizen science and its educational strategies had
favorable results in learning processes in formal and non-formal education contexts [15-20].
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Moreover, the technological tools used have influenced the interest and motivation of the
participants in environmental and health issues [16].

Thus, the results of this study show for the first time the effectiveness of a multimedia
didactic strategy with a citizen science approach to improving the understanding of VBD
and the factors that influence its prevalence. It was possible to verify the improvement
in the knowledge of the participants with very low, low, and medium knowledge who
moved to the high knowledge ranges. This indicates that the educational intervention was
more effective in those participants with greater knowledge and understanding needs, in
addition to the motivation and capacity to develop and appropriate this topic of health
interest. Hence, the importance of analyzing the motivational factors of each participant
for this type of strategy, as concluded by Herodotou et al. [16] and Hamer et al. [28].

The variable schooling influences the final knowledge level of the participants, as
shown in the box plot (Figure 4b). However, although the trend suggests that education
is a relevant aspect of obtaining ecological knowledge [60,61], this influence was not
statistically significant. The distribution of the data in the interquartile ranges of the
sociodemographic groups versus the pretest and posttest, although showing improvements
in the understanding of the topic, suggests no impact on the level of knowledge. This may
be due to the fact that the participants do not have specific knowledge and training in
ecological, entomological, or epidemiological factors. These sociodemographic variables
do not have a significant influence on their level of ecological knowledge. Other studies are
limited to describing the sociodemographic data and do not investigate their influence on
knowledge [22].

However, the non-parametric statistical test of the Wilcoxon rank test revealed signifi-
cant differences between the pretest and posttest, indicating that the posttest knowledge
scores were significantly higher than those of the pretest, demonstrating a positive change
in the participants” knowledge of VBD and associated ecoepidemiological aspects. It is
worth mentioning that the use of a pre- and posttest has been used in citizen science
research to analyze independent and related population samples [16].

The multinomial logical regression presented an interesting result in reference to
the marital status variable since it had a significant influence (p < 0.05) on the ecological
knowledge of the target population. In particular, it was found that married or cohabiting
participants were more likely to have high and very high knowledge than single partici-
pants. This could be due to the fact that married or cohabiting people tend to have a greater
emotional stability and family responsibility that motivates them to be more receptive to the
acquisition of ecological knowledge and health interests, with the purpose of structuring a
safe and preventive environment in their family environment [62,63]. If there is a family
with children, they visualize and propose the future welfare of their children, so they
tend to implement strategies that promote sustainable development [64,65]. They are also
more likely to be linked to community and EE networks that keep them informed and can
accumulate more ecological knowledge [66]. This could explain why married or cohabiting
people have the highest probability of acquiring a very high or high level of knowledge,
compared to single people. In the case of single people, they tend to have more adventures
and walks in the countryside, so they have a greater perception of the contemplation and
enjoyment of the landscape and nature and, therefore, they could promote its care and
conservation [67,68].

This last finding could be studied further by analyzing the variables that make marital
status influence knowledge, such as the lifestyles and responsibilities of their family and
work environment. As for the other sociodemographic variables, properly structured envi-
ronmental education, providing accessible, inclusive, clear, and relevant information, can
be more influential than the work context, age, gender, and schooling of individuals. This
is consistent with studies where educational intervention can transform pro-environmental
attitudes and behaviors and increase environmental awareness, overcoming the limitations
imposed by sociodemographic factors, which minimizes the variability in the ecological
knowledge acquired by participants [69,70].
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In addition, the results of this study imply a promising contribution to community
education and participation in environmental and health issues [22,57]. The integration of
technological tools of citizen science to improve the understanding of environmental issues
was also presented. However, it is important to consider in the methodological design, for
future research, a control group to provide a baseline for comparing the results with the
experimental group. This helps to determine whether the changes observed in the group
that received the intervention are actually attributable to the intervention itself and not
to other factors. The presence of a control group helps to control external variables that
could influence the findings. In addition to evaluating the reduction in VBD cases in the
educational intervention area. However, the lack of a systematic process for monitoring and
updating health statistics in Santander de Quilichao highlights a significant institutional
shortcoming. Compared to other departments, where more effective strategies have been
implemented to manage VBD [71], the municipality faces a serious lack of coordination
that compromises public health. It is imperative that stronger mechanisms be established
to improve coordination between entities and to train technical personnel, thus ensuring
an adequate response to local health needs.

5. Conclusions

The results of the present study suggest that the educational intervention strategy was
effective in improving the knowledge level of the participants. The use of technological
tools and multimedia didactic materials, with a citizen science approach, are strategies that
should be used more frequently in NFE contexts. Citizen participation in the teaching—
learning processes and the analysis of the influence of socio-demographic characteristics are
fundamental to achieve a change in the ecological knowledge of the communities, which
allows the appropriation of environmental knowledge that strengthens self-care and the
prevention of VBD.
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Appendix A
Appendix A.1. Distribution of Participants across Different Sociodemographic Groups
Variables n %
Male 74 43.0
Gender Female 98 57.0
18 to 27 years old 34 19.8
Ace 28 to 37 years old 56 32.6
& 38 to 47 years old 56 32.6
48 years old or more 26 15.1
Married 56 32.6
Free union 43 25.0
Marital status Unmarried 65 37.8
Separated 6 3.5
Widowed 2 1.2
University 102 59.3
Technologist 19 11.0
Schoolin Technician 30 17.4
& Secondary 14 8.1
Primary 1 0.6
Other 6 35
Employed 98 57.0
Occupation Freelance 50 29.1
P Various Trades 8 4.7
Other 16 9.3
Appendix B

Appendix B.1. Multimedia Didactic Material:Interactive Primer with Images Adapted from Cutwa

and O’Meara (2006) and Centers for Disease Control and Prevention (2020)

Enfermedades por mosquitos Ciclo de vida
Diptera Culicidae Diptera Culicidae

Las pupas viven en el
agua. En 2-3 dias, se
convierten en mosquitos
adultos que vuelan

"
N .
Cdrtllla Las larvas viven en el agua.
Se transforman en pupas en

Educativa Interactiva -
apenas unos 5 dias

Lo mosquitos hembra
ponen huevos en
recipientes de agua

Cuando estan cubiertos con

agua, las larvas salen de los
huevos en unos pocos dias o
meses
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Identificacion del
Diptera Culicidae

Identificacion del
Diptera Culicidae

Aedes aegypti Aedes albopictus

Culex quinquefasciatus

Psorophora ferox

Sintomas de Dengue
Diptera Culicidae

Enfermedades transmitidas
Diptera Culicidae

. Fiebre altay
Dolor detrés de === sangrado de
los ojos

nariz y encias

Dolor muscular

Dolor en los
huesos

Dolor en las
articulaciones

Dolor de cabeza

Nauseas o
vémito

Erupcién en la
piel (salpullido)

En caso de tener sintomas: - Evitar automedicarse
- Beber abundante liquido
- Acudir a tu institucién de salud
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Medidas preventivas 8 Medidas preventivas
Diptera Culicidae : Diptera Culicidae

v' NO acumular
llantas que
permitan
criaderos de
mosquitos

v Cambia el agua
de floreros 3
veces por semana

v Cambia el agua de

v Recoger la maleza peceras 3 veces por
semana

v Uso de mosquiteros
cuando hay presencia
de mosquitos

v’ Tapar todos los
recipientes que
contengan agua
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