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Abstract: Outbreaks of dengue fever, Zika and chikungunya are realities that manifest themselves in
almost the entire world. These are diseases whose main vector is Aedes aegypti. This is a synanthropic
that needs three factors in order to survive: water, food, and shelter, which are available under
favorable socio-environmental conditions. The goal of this work was to identify and evaluate the
pertinence of environmental variables that can allow the growth of Aedes aegypti breeding spots and
the eventual increase of dengue fever, Zika and chikungunya in rural areas. A systematic litera-
ture review was conducted by searching for works published in bibliometric databases, and the
results were analyzed in qualitative and quantitative forms (statistical analysis). This search found
1007 works, of which 50 were considered pertinent to the subject. Each work was analyzed individ-
ually, and 16 distinct variables were found to be relevant and were afterward grouped into three
categories: sanitation (SAN), climatology (CLIM) and socio-environmental factors, which are named
“integrative” (INT) variables. The use of two or more categories was present in 52% of the works,
highlighting the SAN + INT combination. Around 16% of the works have included rural areas,
relating the arbovirus diseases in these regions to socio-economic and sanitation conditions. The
paper analyses the impact of water characteristics on the growth of the mosquito, as well as on the
increase of the three diseases. The monitoring of these 16 variables may allow for better arbovirus
disease control and could be integrated into entomological vigilance programs for helping make
decision processes concerning the prevention of diseases associated with water.

Keywords: predictor; environmental variables; environmental health; rural community; basic sanitation

1. Introduction

Arbovirus diseases such as dengue, Zika fever, chikungunya, mayaro and Yellow fever
are of high incidence, especially in tropical or subtropical weather countries [1,2], although
they also affect other countries [3,4].

The occurrence of arbovirus diseases has increased exponentially in recent years in
several regions of the world, such as dengue in Saudi Arabia [5], the reappearance of its
serotype 3 in Senegal [6], the high incidence of dengue, Zika and chikungunya in Brazil [7]
and the dengue fever (FD) outbreaks in epidemic areas in China [8]. Due to the ongoing
global phenomena, including climate changes and urbanization, the last-mentioned disease
may increase the exposure risk of the entire population to over 60% by the year 2080 [9].

These arbovirus diseases are transmitted by culicidae of the Aedes (Stegomyia) genre,
Aedes aegypti (Linnaeus, 1762), and Aedes albopictus (Skuse, 1984), which thrives among the
human population due to three basic factors which guarantee its survival: water, food and
shelter. Therefore, depending on the geographical location, the Aedes (Ae.) have a greater
or shorter capacity of spreading the arbovirus, as evidenced by the predominance of the
Aedes albopictus species (“Asian Tiger”) in Asia, while in the Americas, the Aedes aegypti is
the main vector [10].

Sustainability 2023, 15, 8148. https://doi.org/10.3390/su15108148 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su15108148
https://doi.org/10.3390/su15108148
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-0833-7826
https://doi.org/10.3390/su15108148
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su15108148?type=check_update&version=1


Sustainability 2023, 15, 8148 2 of 21

However, the expansion of the Aedes has surpassed geographical barriers, reaching
several regions of the globe (Figure 1), with an estimate of it being endemic in over 128
countries [11] as well as being present in other countries. As a consequence, people are
infected by different types of arbovirus, increasing the arbovirus diseases prevalence in the
world [12].
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place to another.

Therefore, the Aedes aegypti female (Diptera: Culicidae), after biting a person infected
with one of the disease’s serotypes, becomes a carrier that is able to transmit the virus
to other people. It is a diurnal mosquito specimen, black-colored, with white stripes
and spots. Its life cycle (Figure 2) comprehends four stages (egg, larva, pupa and adult
form), which vary according to the number of existing larvae in the same breeding spot,
the temperature and food availability [13]. Therefore, in order to reduce the vector’s
proliferation, the interruption of its life cycle via the elimination of breeding spots is
necessary, and the aforementioned breeding spots [10,14,15] can be seen in places inhabited
by humans [16,17].

Due to the intricate relationship between Aedes aegypti and the human being, the
transmission of arbovirus in urban zones is favorable [18] due to the greater availability of
spots for the vector’s adaptation. However, in due course, the mosquito also adapts itself
to the rural zone, be it due to the favorable environmental conditions [19,20] and/or the
lack or precariousness of basic sanitation that allows the potential vector to create breeding
spots and, consequently, spread diseases [21–23]. The Aedes aegypti breeding spots can take
many forms, from solid waste discarded at random [24], water reservoirs for diversified use
that do not go through a frequent cleaning routine (in general, supplying boxes, cans, water
drums and drinking fountains) [11,15], as well as small flower vases in graveyards [25,26].

Water is fundamental for the vector’s existence and the spreading of the disease, being
one of the elements responsible for the maintenance of the vector Culicidae life cycle,
while retained within potential different habitats for its proliferation, which generally
are consequences of deficient basic sanitation. Thus, the places provided, for example,
with water-supplying systems, would limit the irregular storage of water, reducing the
vector population and the incidence of diseases transmitted by arthropods that thrive in
the presence of water [27,28].
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Owing to the unavailability of an effective treatment for the emerging arbovirus dis-
eases, such as a vaccine for dengue to be administered in national immunization programs,
the affected countries face challenges for its prevention [29] which are in general, directed
to the control of the Aedes aegypti and Aedes albopictus vectors.

There are several techniques that are used in fighting the Aedes, be it at the egg, larva
and pupa (immature) stage or its adult stage. This can be done by the use of larvicidal
products in mosquito breeding nests, aspersion of insecticide (interior/exterior), biologi-
cal control, environmental management, traps, genetically modified mosquitoes, health
education, community mobilization and participation, integrated interventions [30], as
well as the use of natural vegetable products [31] and larvicidal made with kitchen oil as a
substrate [32].

That way, knowledge about the variables which can influence the spreading of the
mosquito throughout the world is of utmost importance, as it can be used in the proposition
of preventive models [33].

In the literature, works pertaining to the environmental variables in association with
the arbovirus diseases dengue fever, Zika and/or chikungunya are related mainly to diverse
urban environment scenarios [34–40]. However, the discussion about the topic is growing,
inferring that the same variables, or similar ones, favor the spreading of these diseases in
rural environments as well due to the vector’s presence, be it allied to environmental, basic
sanitation and/or socio-demographic issues [41–43], among other factors. Consequently,
there has been an increase in the last few years in the number of people who find these
arbovirus diseases in rural environments [44,45], putting that population’s health at risk.
Therefore, it is necessary to know about the predictor variables that can imply the existence
of breeding spots for Aedes aegypti, so that it becomes possible to apply more assertive
measures for the sake of epidemiologic vigilance, prevention of arbovirus diseases and
health promotion.

In this context, for a better understanding and exposition of those variables, it is
possible to make use of the systemic literature review (SLR). The SLR refers to the technique
of collecting, meeting, understanding, applying, analyzing, synthetizing and evaluating
literature as support to a determined topic or method to be researched [46,47].

In this way, the goal of this work was to identify and evaluate the pertinence of the
environmental variables considered in the literature as aggravating the existence of places
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for the development of Aedes aegypti and/or occurrence of dengue, Zika fever and/or
chikungunya in a rural area.

2. Materials and Methods

The research consists of five steps (Figure 3). The first step was dedicated to the
surveying of technical-scientific works, with the choice of keywords which pertain to the
research object using the Strings: (dengue OR zika OR chikungunya OR “Aedes aegypti”)
AND [(climatology OR “climate conditions” OR climate OR rainfall) OR (“basic sanitation”
OR sanitation) OR (“solid wastes” OR waste OR trash OR garbage OR junk OR rubbish)
OR (sewage OR “sanitary sewage” OR “domestic sewage”) OR (water OR “water supply”
OR “potable water”) OR (drainage OR rainwater OR “rainwater management”)], in the
search system within the Elsevier’s Scopus database. The choice of keywords is based on the
goal of reaching the largest possible amount of works which involved components of basic
sanitation (water, waste, sewerage and drainage) and climatology (generally, meteorological
elements) in association with arbovirus and Aedes.
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Figure 3. Flowchart of the steps of systemic literature review development steps in Scopus. Source:
Drafted by the Authors. Note: S = Pertinent to the theme; R = review pertinence; N = Non-pertinent
to the theme.

After surveying and tabulation, the works were analyzed without restricting them
to aspects such as language, time series, book chapters, lecture works, editorials, letters),
area (rural/urban) and country of study. Regarding the pertinence to the theme, they were
classified as non-relevant (N), relevant (S) and review pertinence (R), where “S” were read
in their entirety and “R” had their abstracts read to see if the works would be excluded
along with “N” or not.

That way, in Step 2, from the surveyed productions selected in Step 1, the works were
analyzed regarding their titles in order to exclude those inadequate to the theme (named
“N”, regarding socio-environmental variables not pertinent to arbovirus and vectors) and
the duplicate/overlapping ones. The ones classified as “S” were immediately reserved
for integral reading. Sequentially, in step 3, the works from step 2 classified as “R” were
reviewed concerning their pertinence and analyzed through the reading of their abstracts
to classify them as pertinent or not, as the mere title information did not clarify the research
question. The ones tagged as “S” were sent forward to step 4, as those whose theme
referred to the studies regarding association involving environmental variables, Aedes
aegypti breeding spots and the prevalence or incidence of arbovirus diseases.

In the fourth step, each “S” work resulting from the third step went through a
qualitative-quantitative analysis allied to the descriptive statistic, according to Snyder’s [48]
methodology, whose review is used to identify the evidence that is contained within the
pre-established inclusion criteria to answer a determined research question. That way,
the key verification elements were: (a) the vector is Aedes aegypti (yes; other, which one?);
(b) what kind of arbovirus disease (dengue fever, Zika and/or chikungunya); (c) did it
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consider the solid waste as Aedes aegypti breeding spots (no; yes, which ones?); (d) did it
statistically treat the relationship among other basic sanitation components (water sup-
plying, sanitary sewage or pluvial waters management); (e) did it consider one or more
climatologic variable (such as temperature, rainfall, relative air humidity), if yes, (f) what
was the analysis and components and/or variables? After tabulating these key analysis
elements, the following inclusion criteria were applied: (i) being an association/correlation
study or similar; and (ii) there must be a present association with environmental vari-
ables (sanitation, climate, socio-ecological and sociocultural). In this context, presenting a
statistical analysis was fundamental to considering the research as pertinent.

Step 5 was a stage of re-analysis and detailing of the pertinent works resulting from
Step 4. The works received classification upon confirmation of them possessing a set of data
of the qualitative-quantitative information matrix that act as evidence for the key discussion
elements. Thus, from the results found by the authors, the variables (and main indicators)
were identified and separated into categories that demonstrated greater significance in
the association with the vector Aedes aegypti allied to the incidence of dengue fever, Zika
and/or chikungunya.

In addition, the statistical results found in the articles obtained were discussed in
terms of the water variable regarding the incidence of arboviruses and breeding sites.

3. Results

The bibliographic research in the first step resulted in 1007 publications found. After
analysis on the second step, 252 overlapped/doubled and/or thematically inadequate
works were excluded, leaving 755 remaining works, of which 630 were excluded in the third
step for not being studies regarding associations among environmental variables, Aedes
aegypti breeding spots or other transmitter vectors such as Aedes albopictus and arbovirus
diseases occurrence. In step 4, upon applying the inclusion criteria to the remaining
125 works, 50 were selected and 75 were excluded. Thus, in the fifth step, 50 articles were
deemed suitable and qualified, as they had met the selection criteria regarding pertinence
to the studied theme. Overall, 957 works were excluded from our review of the literature.

In the process of identifying the variables, it has been observed that in 1995, the
productions began associating environmental factors with Aedes aegypti breeding spots
and the occurrence of arbovirus diseases. Among the three diseases researched, the most
cited one was dengue (and/or hemorrhagic dengue fever), which was present in 92.0% of
the publications, while Zika and chikungunya were present in 20.0% and 22.0% of these,
respectively. The Aedes aegypti is the most associated vector, as it was mentioned in 52.0%
of the articles and cited along with Aedes albopictus in 26.0% of these. The remaining articles
(22%) were not associated with a specific type of Aedes. Therefore, among the 50 analyzed
articles, because of the specificities of each, 16 distinct variables were identified, which
permitted their grouping into three categories as follows: sanitation (SAN), climatologic
(CLIM) and integrative (INT) (Figure 4). The data collected can be found in Supplementary
Materials Table S1.

In the SAN category, the variables “Water” (44%) and “Solid Waste” (38%) were the
most used ones, and they represent basic sanitation, respectively, the components “Water
supplying” and “Solid waste handling” were among the most used variables and, in similar
percentage, it is noted that in CLIM, the variables “Rainfall” (42%) and “Temperature”
(38%) are the meteorological elements of biggest significance considered by the authors in
the analysis of the association with at least one INT category. In 97.1% (34/35) of the articles,
the variables which compose the category were associated with one or more variables of
the categories SAN and/or CLIM, with emphasis on the variables “sociodemographic”
and “socioeconomic”.
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Figure 4. Division per categories of the variables found in the articles to which said variables were
related to one or more arbovirus diseases and/or the research theme’s vector. Source: Drafted by the
Authors. Note: SAN = sanitation; CLIM = climatologic; INT = integrative; * other meteorological
variables (wind speed, gust, sunlight hours, dew points and saturation deficit); ** tropical, subtropical
and semi-arid.; *** urbanized area, agricultural area and grassland.

In Table 1, the main indicators per variable category can be observed, and such
indicators were used in the publications regarding the present review’s theme. It has
been observed that 70 indicators were used by different studies which related them to
health indicators.

Table 1. Division per categories of the variables with their main indicators considered in the literature
as aggravating to the existence of Aedes aegypti and arbovirus diseases.

Category Variable Indicator

Sanitation (SAN)

Water (AG)

AG1) Proportion with piped AG; AG2) Scarce access to city AG
infrastructure; AG3) Proportion of permanent particular households whose
AG supplying method does not pass through the city water system; AG4)
Presence of recipient with AG and larvae (tires, pots, flower vases
and barrels).

Solid Waste (RS)

RS1) Percentage of RS collecting by cleaning service; RS2) Common and
selective RS collecting; RS3) Proportion of permanent private households
in which the RS is burned, buried, thrown into an empty lot or patio, river,
lake, sea or other destination; RS4) Piling of solid waste in the household’s
surroundings; RS5) Existence of RS spread or piled in the peridomicile.

Sewage (EG) EG1) Rate of households with EG system; EG2) Proportion of households
with skeptic tank; EG3) Households without EG service.

Draining (DR)
DR1) Amount of households with drainage network; DR2) absence or not
of Rainwater collection system; DR3) Presence of stagnant water within
internal DR holes.
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Table 1. Cont.

Category Variable Indicator

Integrative (INT)

Sociodemographic (SD)

SD1) Demographic Density; SD2) Percentage of people residing in the rural
zone; SD3) Number of family members in the house; SD4) Education level;
SD5) Sex; SD6) Color/race; SD7) Age; SD8) Marital Status; SD9)
Occupational situation; SD10) Residence time; SD11) Influx of people.

Socioeconomic (SE)
SE1) Per capita monthly income; SE2) GDP per capita; SE3)
Unemployment rate; SE4) Gini Index; SE5) Percentage of people vulnerable
to poverty; SE6) Human Development Index; SE7) Electricity.

Housing (HB)
HB1) Building type; HB2) Screened doors or windows; HB3) Gutter; HB4)
Number of rooms; HB5) Use of mosquito net, insect repellent and
fumigation inside the house.

Geography (GE)

GE1) Distance of the household top laces with high potential for larval
density (graveyards, landfill sites, etc.); GE2) To the closest water bodies or
courses. (excluding sea), GE3) to dairy farms, GE4) to other houses, GE5)
to tire shops; GE6) to plant nurseries and GE7) abandoned sites.

Soil usage (US)
US1) Urbanized area, forested and open agricultural; US2) Biome type;
US3) Vegetation density; US4) Estimated vegetal coverage by satellite
image (MODIS and NASA’s Landsat).

Sociocultural (SC)

SC1) History of family members travels; SC2) Frequency of recipient
cleaning and water reservoir protection; SC3) Practices regarding water
recipient storage, trash disposal and health education; SC4) Knowledge,
perceptions, attitudes and community practices in the prevention of
diseases (ACP).

Altitude (ALT) ALT1) Average altitude elevation (Above sea level).

Climatologic (CLIM)

Temperature (TE) TE1) Average air temperature, annual maximum and minimum; TE2) Dew
point temperature; TE3) Terrestrial surface TE.

Precipitation (rainfall) (PR) PR1) Annual rainfall precipitation average; PR2) Estimated rainfall
(CHIRPS); PR3) Rainy days; PR4) Great rain events.

Air humidity (UR) UR1) Relative air humidity (%).

Climate (CL) CL1) Climate type (tropical, subtropical, semi-arid).

Other Meteorological
variables (OMV)

OVM1) Pressure surface; OMV2) Wind speed; OVM3) wind direction;
OVM4) Wind gust; OMV5) Dew point; OVM6) Saturation deficit; OVM7)
Sunlight hours.

Total of indicators 70

Source: Drafted by the Authors.

In Table 2, there is a presentation of the health indicators used in publications con-
cerning the association with the different indicators from categories SAN, CLIM and/or
INT. The number of notification cases (50%) was the most used data in the aforementioned
presentation, followed by data regarding positivity (26%) for the arbovirus diseases dengue
fever, Zika and chikungunya, with or without indication of a viral investigation method
application in the article, and the use of incidence data happened in 10% of the works. The
remaining 14% of the publications did not include correlations with the arbovirus diseases,
but to the transmission vector’s Aedes aegypti and/or Aedes albopitcus breeding spots.

In Figure 5, it is possible to see the number of surveys that were carried out in each
country where the relationship with environmental variables was observed. In Figure 6,
highlighting Brazil at the left side (the country with the most amount of work produced in
this scope), the publications are presented in a timeline along with the distribution per the
categories. It was also possible to observe the productions that have focused concomitantly
on rural and urban areas 16% (8/50), exclusively urban areas 44% (22/50), involving
peripheral areas, and the ones that did not mention the local of the study 40% (20/50).
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Table 2. Health indicators used in the literature as variable answers in correlation with indicators of
the SAN, INT and CLIM categories.

Indicator Recurrence (%)

Notified cases of dengue, Zika and/or chikungunya 50
Incidence of dengue, Zika and/or chikungunya 10
Positivity for dengue, Zika and/or chikungunya/detection
through IgG/IgM/ELISA, NS1 and/or RT-PCR serology 20

Positivity for dengue, Zika and/or chikungunya/ * 6

Did not make correlations with arbovirus diseases but with
breeding spots of the Aedes aegypti and/or Aedes albopictus
transmission vector

14

Total 100
Note: IgG and IgM: positivity for antibodies of the immunoglobulin G type (Class G) or immunoglobulin M
(Class M); ELISA = Enzyme-linked; NS1 = Non Structural; RT-PCR = Reverse Transcriptase reaction followed by
polymerase chain reaction; * does not mention viral marker. Source: Drafted by the authors.
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Figure 5. Distribution by country of searches found. Note: North Africa = NAf; Central
America = CAm; North America = NAm; South America = SAm; South Asia = SAs; West
Asia = WAs; Eastern Asia = EAs; Southeast Asia = SEAs.

Regarding the recurrence of categories, it is noted in Table 3 that INT was researched
in 68% of the articles, followed by SAN in 66% and CLIM in 54%. The sum goes beyond
100% since 30% worked with a single category, 52% worked with two categories, and 18%
worked with all three categories simultaneously.

The variables of a determined category were treated within the category itself (isolated)
or in combination with the variables of one or more categories (jointly). Thus, when treated
singly, CLIM was the most recurrent (24%) followed by SAN (4%) and INT (2%). In the
tandem treatment of one or more categories, the combination SAN+INT was present in 40%
of the works, followed by SAN+CLIM+INT (18%), CLIM+INT (8%) and SAN+CLIM (4%).

Analyzing the number of variables used in the same study (Figure 7), the greatest
amount was that of nine, which presents 56% of said variables (9/16) as the aforementioned
situation found in a single publication. The least number of variables found in the same
article was one, which was observed in 8% (4/50) of the articles that had been analyzed.
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the Scopus database in 2022. Source: Drafted by the Authors. Note: (1) = Barrera et al. [49]; (2) = Bohra
and Andrianasolo [50]; (3) = Gonçalves Neto and Rebêlo [51]; (4) = Penna [52]; (5) = Thammapalo
et al. [53]; (6) = Favier et al. [54]; (7) = Nitatpattana et al. [55]; (8) = Brunkard et al. [56]; (9) = Nagao
et al. [57]; (10) = Peraza et al. [58]; (11) = Anish et al. [59]; (12) = Kholedi et al. [60]; (13) = Mukhtar,
Salim and Farooq [61]; (14) = Rana, Latif and Akhtar [62]; (15) = Wai et al. [63]; (16) = Chen et al. [64];
(17) = Carbajo, Cardo and Vezzani [65]; (18) = Thakolwiboon et al. [66]; (19) = Suwannapong et al. [67];
(20) = An and Rocklöv [68]; (21) = Honorato et al. [69]; (22) = Ballera et al. [70]; (23) = Siregar et al. [71];
(24) = Rodrigues et al. [72]; (25) = Delmelle et al. [73]; (26) = Kenneson et al. [74]; (27) = Fuller et al. [75];
(28) = Correia Filho [76]; (29) = Malik et al. [77]; (30) = Silva and Machado [78]; (31) = Aguiar et al. [79];
(32) = MacCormack-Gelles et al. [80]; (33) = Ishak, Sartika and Darmawanyah [81]; (34) = Ngweta
et al. [82]; (35) = Tuladhar et al. [83]; (36) = Madewell et al. [84]; (37) = Siregar and Makmur [85];
(38) = Mala and Jat [86]; (39) = Mol et al. [87]; (40) = Sintorini, Aliyyah and Sinaga [88]; (41) = Shab-
bir, Pilz and Naeem [89]; (42) = Silva et al. [90]; (43) = Elaagip et al. [91]; (44) = Roy et al. [92];
(45) = Costa et al. [93]; (46) = Morgan, Strode and Salcedo-Sora [94]; (47) = Raymundo and
Medronho [95]; (48) = Sánchez-Díaz et al. [96]; (49) = Telle et al. [97] and (50) = Ferreira et al. [98].
[reference] [49–98].
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Table 3. Recurrences of the SAN, CLIM and INT categories, individual and combined incidence.

Categories Recurrence Incidence

INT 68 2
SAN 66 4
CLIM 54 24

SAN + INT - 40
SAN + CLIM + INT - 18

CLIM + INT - 8
SAN + CLIM - 4

Total 100 100
Note: Not applicable (-). Source: Drafted by the authors.
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Figure 7. Division per incidence of the variables’ categories according to the quantity used in a
same article.

The use of more than one variable in the same study is incipient since 32% of the
studies have used two variables, where 31% of these referred to CLIM and 13% to SAN,
while the remaining (56%) used a variable of each category in three combinations, where
SAN+INT (44%) was the most expressively used.

However, observing Figure 7 in a parallel analysis with the timeline (Figure 6), it is
been noted that from 1995 to 2015, none of the 23 publications have made use of the three
categories concomitantly, and 39% used a single category, CLIM (30%) and SAN (9%). On
the other hand, 61% used two categories jointly, which are the combination CLIM+INT
used in only one study and, expressively, SAN+INT in 57% of the analyzed articles, where
22% of the articles involved a rural zone in this first period. Since 2016, the number of
articles using only one variable category has been reduced by 33%. Therefore, of the
27 works analyzed, only two categories had isolated use, CLIM (19%) and INT (4%), and
78% used at least two categories in the same study, where the combination SAN+CLIM+INT
(33%) was the most used, followed by SAN+INT (26%), CLIM+INT (11%) and SAN+CLIM
(7%), and 11% of the articles included the rural zone.
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Therefore, in spite of the existence of an increase in the use of more than one variable
of distinct categories in studies using this theme, there is a demand for research involving,
besides the rural zone, a greater number of variables analyzed jointly, which could better
explain the dissemination or not of arbovirus diseases in a given location. From 2016
to 2022 (Figure 6), where there was a growth of 33% in the number of publications that
considered two or more variables categories in their research, the three categories (SAN,
CLIM and INT) had a similar presence in 100% of the works, with emphasis on CLIM
having more isolated presence in analyses. This must be due to the great importance of
considering the climate in the investigation of diseases transmitted by vectors, according to
the recommendation made by the World Health Organization (WHO).

4. Discussion
4.1. Significant Relationship between Water and Aedes Breeding Sites

Among those analyzed, 44% (22/50) dealt with the relationship between water and
arboviral diseases and/or breeding sites for Culicidae vectors (Figure 4 and Supplementary
Materials Table S1). The works were distributed equally in the countries of America (50%)
and Asia (50%), specifically in the South and Central America regions, and South and
Southeast Asia, where more 1.54 million people were involved in the studies since they
had been infected with at least one of the arboviruses (dengue, Zika and/or chikungunya).
Expressively, dengue was analyzed in 64% of the works, followed by chikungunya (18%)
and Zika (18%), with 9% of them addressing at least two arboviruses, and 18% (4/22) deal-
ing with mosquito breeding sites of the genus Aedes in association with water. However,
they were statistically related to the incidence/prevalence of arboviruses.

In this way, the indicator analyzed: AG1 (proportion with piped water), AG2 (presence
of recipient with AG and larvae—tires, pots, flower vases and barrels), AG3 (scarce access
to city AG infrastructure) e AG4 (proportion of permanent particular households whose
AG supplying method does not happen to pass through the city water system) were used
in 45%, 14% (AG2/AG3) and 36% of the works, respectively. The sum exceeds 100%, as 9%
analyzed two indicators simultaneously.

Thus, the theme “water” was discussed as an important indicator for the proliferation
of Aedes aegypti and/or Aedes albopictus vectors which, directly and/or indirectly, contribute
to the greater or lesser spread of arboviruses transmitted by them.

The abundance of vectors was identified in places with the presence of containers
that contained water [49,53,59,66,84,92], either for watering animals (in general, drinking
fountains) or for various uses (drums, water tanks, etc.). This scenario is due to the
irregularity in the availability of water, which is a significant factor in the associations,
both with the reproduction of the vector and for the occurrence of the disease. A study
revealed that the interruption in the water system was related to the abundance of the vector
(p < 0.01) [49] and the occurrence of dengue (p < 0.05) [74], as it was 3.80 times more likely
to reach a person without a regular water supply [97], compared to a 3.46 times chance of
not getting infected in a scenario of regular infrastructure [71].

In addition, precarious access to water for potability purposes encourages the popu-
lation to adhere to alternative water sources (generally, individual/private wells), which
was observed in 14% (3/22) of the studies [57,69,98] in regions of America and Asia, whose
modality favored the increased risk of disease incidence (p < 0.001).

In this sense, the theme of water permeates among research questions of notable
relevance to public health, especially in the context of basic sanitation.

4.2. Sanitation

An extensive discussion regarding basic sanitation has been observed in the articles,
as this was present in 66% of the publications. In the period between 1995 and 2015,
during which no publication used the three categories altogether, SAN was the most
frequently used, in relation to CLIM and INT. This must be due to the tight relationship
between sanitary conditions, the reproductive cycle of the Aedes aegypti and the human
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being, as corroborated by the literature [27,99]. Thus, in Venezuela, there was an analysis
of the correlation between a deficit in the water-supplying systems and the proposal for
solid waste collection educational campaigns in environmental health aimed at reducing
Aedes aegypti breeding spots [49]. In this scope, several authors list a variety of places
that could facilitate the vector’s proliferation, such as the ones verified by Thammapalo
et al. (2005) [53], recipients such as containers and water pots for diverse uses often
discarded, tires, water reservoirs and flower vases, that which was commonly observed in
the peridomicile; unprotected tanks containing water [58,100]; random discarding of trash
near houses, and diverse rubbish types that can accumulate water [70,84].

Disposable waste, usually recipients made of plastic and glass, when mishandled
(left indiscriminately in open and shaded environments), are favored places for the larval
development of Aedes mosquitoes [101,102], and these clusters of waste are commonly seen
in rural communities of Goiás [103–105], in which the mosquito development situation is
generally favored, because of the lack of coverage in basic sanitation services and even due
to the practice of discarding agricultural waste or of revenue-generating activities, which
can benefit the vector’s spreading, although it does not necessarily benefit the disease
spreading per se. However, in rural areas, mainly due to the lack of water supply and
proper handling of domestic waste, the dissemination of dengue may happen at least as
much as it occurs in cities [45,106], in spite of the fact that the transmission risk is focused
on urban sites due to the greater population density [43,72].

It is possible to observe that the potential breeding spots for Aedes aegypti are presented
in parallel association with sanitation, notably with regard to the components of water and
solid waste, which corroborates several research works within this scope. In the Brazilian
SE region, the rates of dengue incidence have been associated with the management of solid
waste [87]. In Indonesia, the frequency of handling solid waste and the existence of ade-
quate drinkable water facilities, as well as the education and community knowledge about
dengue have had an important role in the reduction of its frequency [71]. Naturally, the
population facing the inexistence or deficit of access to better disease prevention measures,
such as vaccines, but having information that aims towards their own protection, makes
it possible that measures are taken to reduce the number of vectors in their households,
as such are good practices in the prevention of diseases that results in health promotion,
and in addition, reducing the amount of mishandled water vessels and replacing these for
trustworthy water-supplying systems as well as reducing the number of vectors [28,33].

4.3. Integrative

Given that one of the forms for the prevention of arbovirus diseases is to mitigate
the pathogenic agent’s transmission, the community has a crucial role in it, and that is a
topic discussed by several authors upon associating it with the incidence of diseases and
environmental variables. Kenneson et al. [71], in Ecuador, verified that actions that involved
knowledge, attitudes and practices (KAP) were considered preventive to reduce the risk
of arbovirus diseases, which is corroborated by several authors [59,60,66,67,107–109] who
considered health education allied to good practices in the household environment to be a
significant factor regarding prevention and control of arbovirus diseases.

That way, in the literature, several authors discuss that socio-environmental factors
influence directly in health and show such correspondence involving several variables.
According to investigation made by Silva and Machado [78] upon associating dengue and
socioenvironmental variables in Brazil, the results suggested that the amassing of solid
wastes, deficit in water supplying and sanitary sewage systems, allied to meteorological
variables (such as temperature, rainfall and relative air humidity) presented relation to
the existence of the vector. Rodrigues et al. [72] upon analyzing the temporal and spatial
evolution of dengue in Brazil between 2001 and 2012, verified that the cases focused on the
state of São Paulo and semi-arid regions, inferring a link with the basic sanitation services
(waste retrieval and sanitary sewage), type of climate and sociodemographic factors.
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Therefore, variables frequently cited in several works were the socioeconomic cor-
related to demographic factors, sanitary, and environmental conditions. Costa [93] have
found a directly proportional relation between socioenvironmental, economic and demo-
graphic factors for the incidence of dengue, Zika and chikungunya in the Brazilian NE
region. Regarding dengue, Honorato [69] researched a connection in sociodemographic
variables and verified that inadequate trash retrieval and per capita income of up to
3 minimum salaries are both extrinsic factors to the health sector, which imply in greater or
smaller risk for the disease, similar to what was found by Raymundo and Medronho [95],
where the average income of 1 to 2 minimum salaries was considered a risk factor for
the occurrence of Zika in the SE region of the country. MacCormak-Gelles [80], when
analyzing the epidemiological and determining characteristics of dengue transmission
in Fortaleza (Brazil), inferred a strong association with poverty and irregular retrieval of
solid waste during low-transmission periods. That way, in the literature, several other au-
thors [52,56,57,61,73,91,94,97,98] corroborate the question of where socioeconomic and/or
demographic variables, sometimes allied to environmental factors, interfere for smaller or
greater incidences of vector-transmitted diseases.

Thus, the incidence of arbovirus diseases can be aggravated in communities of low
economic level [110] in areas with supply irregularities and households with precarious
structures [111]. However, in communities with good solid waste disposal conditions, there
is a strong potential for the reproduction of culicidae, which is allied to the care of water
storage and access to information about prevention. As such, populations may be less
stricken, since these practices mitigate disease transmissions due to vector control in the
household environment.

In that sense, anthropogenic interferences in land, air, etc., have been emphasized
in a work regarding the association between vectors and arbovirus diseases, allied to the
theme of basic sanitation. Aguiar et al. [79], in Brazil, upon verifying the potential risk
for Zika and Chikungunya outbreaks inferred that the variable of “land usage” (urban
area, forested area and open agricultural) better defined the arbovirus diseases distribution,
with the variable “solid waste” being one of the most significant for the existence of Aedes
aegypti breeding spots. The changes in use and land coverage may contribute to vector
dissemination, such as deforestation caused by anthropic action [112]. The inadequate
destination for solid waste generated in an area with buildings, for example, may be
a reason for the dissemination of vector-transmitted diseases in comparison to smaller
incidences in regions with a greater forest area [113].

Despite how several studies consider the incidence of arbovirus diseases to be re-
stricted basically to the urban environment, more distant areas or predominantly rural
areas have been studied in the analysis of potential breeding spots of cullicidae. A study
in Guatemala evidenced a greater abundance of Aedes aegypti larvae and pupae upon
examining associations between the proximity of houses, roads and domestic environmen-
tal factors, which is named in the study as “environmental capital” (access to sanitation
and better life conditions regarding household attributes: household standards, electricity
and TV) [84]. Bohra and Andrianasolo [50], upon applying the Geographical Information
System (GIS) in the modeling of dengue risk in semi-urban areas in India have revealed
that sociocultural, cultural and socioeconomic data highlighting household standards,
protection measures against the vector, cultural practices revolving around water storage
and frequency in the supplying and waste collection have all contributed significantly to
the incidence of dengue, with a R2 of 0.958. Within this same theme and methodology,
Roy et al. [92] have determined the inter-relationship for the incidence of dengue in the
city of Jaipur and found out that sociocultural and economic factors influence directly the
dissemination of the disease.

The Aedes aegypti is a mosquito of domestic presence. Thus, regardless of if the
household is in a rural or urban area, if there are vector foci and environments which
enhance its reproduction, such as unprotected water reservoirs and long periods between
cleaning routines, etc., allied to the presence of an infected person, which may originate
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from the urban perimeter, the rural population becomes more vulnerable to the transmission
of the arbovirus.

4.4. Climatologic

It has also been noted that meteorological conditions had a frequent and significant
presence in correlation analysis regarding arbovirus diseases, where several
authors [51,55,62–64,76,77,82,89,114–116] have registered their results in the literature
regarding such a theme. This can be due to the mosquito undergoing environmental
conditioning in terms of preference for one region because of climate conditions for its
better adaptation, as referred to by Favier et al. [54] when inferring that the vector’s life
cycle is related to both the human environment and the climate. This is corroborated
by Silva et al. [90], where the authors found a positive correlation between climatology,
dengue, chikungunya and solid wastes.

Therefore, regarding the Aedes aegypti oviposition dynamics, meteorological factors
were also analyzed in the literature. As investigated by Sánchez-Díaz et al. [96], in Ar-
gentina, when identifying the night temperature and, in a context-dependent manner, the
rainfall, vegetal coverage and demographic density influence the vector’s proliferation in
a given region. Tuladhar et al. [83], upon evaluating the effects of meteorological factors
in the seasonal prevalence of vectors in the mountain range and plains regions in Nepal,
revealed that the factor temperature-rain and relative humidity contributed to the Aedes
vectorial indexes. In a study conducted by Siregar and Makmur [85], while investigating
the transmission of dengue hemorrhagic fever in Indonesia, it was verified that the disease
suffers influence of climate conditions, such as rainy days and average and maximum
temperatures, as the Aedes vector is sensitive to the climate. In the context of climate change,
due to the persistence of the planet’s warming, which results mainly from human activity,
the health sector has an enormous challenge to face, as alerted by the International Panel
about Climate Changes (IPCC). Climate changes can influence the dissemination of vectors,
causing migration to different regions, which would consequently increase the incidence of
diseases by amplifying their geographical distribution [40,117].

It is noteworthy that, if at a given region the meteorological elements represent a
factor which limits the existence of the Aedes aegypti, it is logical to consider the variables of
temperature and rainfall in the investigation of potential breeding spots, since the climate
condition may contribute for the vector index [83] and when associated to a complexity of
social-environmental and/or socioeconomic factors, etc., such as the absence or scarcity
of sanitation, poverty or even deficit in environmental education practices, the literature
summons us to involve the community in order to join forces and confront the challenges
that cover the prevention of diseases transmitted by vectors, especially in the context of
climate changes.

5. Tendencies and Gaps

In the last decades, the Aedes aegypti vector has had more geographical reach. There
is a tendency in studies to relate such geographical amplification with the mosquito’s
oviposition dynamics and associate it with its natural preference of establishing in different
environments due to socio-environmental conditions, with emphasis on meteorological
and basic sanitation variables (water supplying and methods of solid waste elimination,
mainly). However, studies alert that random waste disposal is not an established risk
factor for chikungunya, despite being related to an increase of the vector’s breeding spots
(intermediate host) and the aforementioned disposal results in scenarios that may favor the
transmission of other pathogens such as bacteria, fungi and protozoa.

Besides that, studies have been incorporated in discussions about the association of
Aedes, arbovirus diseases and environmental variables concerning the theme of community
involvement in health promotion. This is an alert to humanity to unite our efforts in facing
the challenges involving the prevention of vector-transmitted diseases, especially in the
context of climate change.
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However, the connection between the climate and the Aedes aegypti vector population
must be investigated in large-scale studies before being used as preview models [54].

In regions where the disease is reappearing, such as dengue in Brazil, there is lit-
tle knowledge about the possible differences in its epidemiology in epidemic and inter-
epidemic scenarios, and this may hinder the identification of the determinant factors for its
transmission [80].

Thus, regarding the predictor variables for the dissemination of arbovirus diseases
(especially dengue, Zika and chikungunya), a better understanding can be reached in future
studies with the inclusion of entomological investigation in the verification of relations
between the environment and the circulation of pathogens and related vectors.

6. Conclusions

The present work allowed us to conclude that:

• The variable water permeates between the categories (SAN, CLIM and INT) and
other research variables, showing notable relevance for public health, especially in the
context of basic sanitation.

• The Aedes aegypti breeding spots and occurrence of diseases such as dengue, Zika and
chikungunya are related to 16 variables, evaluated individually or jointly within one
or more categories defined in this study.

• There are three categories that cover the located variables, these being basic sanitation,
climatologic elements and secondary variables, which have been named “integrative”
in this work.

• A total of 66% of the works have used some basic sanitation components in the calcula-
tion of correlations in this research topic, inferring that sanitation is a crucial indicator
that can explain the proliferation of vectors in a given region and, consequently, the
increase of incidence of arbovirus diseases.

• From 2010 to the time of this study, 16% of the works have incorporated discussions
about Aedes aegypti, arbovirus diseases and environmental variables, the theme of
community engagement in health promotion, alerting humanity to join efforts in
facing challenges including the prevention of vector-transmitted diseases, especially
in the context of climate changes.

• There is a demand for research involving a greater quantity of variables analyzed in
tandem, which could better explain the dissemination or lack thereof of arbovirus
diseases in a given location.

• In posterior studies, the group of 16 variables may contribute to the creation of in-
dexes that would subsidize a better understanding of the health–disease process, in
an analysis of the rural environment concerning measures to prevent diseases and
promote health.
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39. Tunali, M.; Radin, A.A.; Başibüyük, S.; Musah, A.; Borges, I.V.G.; Yenigun, O.; Aldosary, A.; Kostkova, P.; Santos, W.S.;
Masson, T.; et al. A review exploring the overching burden of Zika virus with emphasis on epidemiological case studies from
Brazil. Environ. Sci. Pollut. Res. 2021, 28, 55952–55966. [CrossRef]

40. Maftei, C.; Bărbulescu, A.; Rugina, S.; Nastac, C.D.; Dumitru, I.M. Analysis of the Arbovirosis Potential Occurrence in Dobrogea,
Romania. Water 2021, 13, 374. [CrossRef]

41. Nagao, Y.; Thavara, U.; Chitnumsup, P.; Tawatsin, A.; Chansan, C.; Campbell-Lendrum, D. Climatic and social risk factors for
Aedes infestation in rural Thailand. Trop. Med. Int. Health 2003, 8, 650–659. [CrossRef]

42. Paul, A.S.; Vicent, J.; Saju, C.R.; Mohamed Rafi, M. A study on larval indices of Aedes and risk for dengue outbreak in a rural area
of Thrissur district, Kerala. J. Commun. Dis. 2020, 52, 1–6. [CrossRef]

43. Rahman, M.S.; Ekalaksananan, T.; Zafar, S.; Poolphol, P.; Shipin, O.; Haque, U.; Paul, R.; Rocklov, J.; Pientong, C.; Overgaard, H.J.
Ecological, social and other environmental determinants of dengue vector abundance in urban and rural areas of Northeastern
Thailand. Int. J. Environ. Res. Public Health 2021, 18, 5971. [CrossRef] [PubMed]

44. Muhammad Azami, N.A.; Salleh, S.A.; Neoh, H.M.; Syed Zakaria, S.Z.; Jamal, R. Dengue epidemic in Malaysia: Not a
predominantly urban disease anymore. BMC Res. Note 2011, 4, 216. [CrossRef] [PubMed]

45. Mai, V.Q.; Mai, T.T.X.; Tam, N.L.M.; Nghia, L.T.; Komada, K.; Murakami, H. Prevalence and risk factors of dengue infection in
Khanh Hoa Province, Vietnam: A stratified cluster sampling survey. J. Epidemiol. 2018, 28, 488–497. [CrossRef] [PubMed]

46. Levy, Y.; Ellis, T.J. A system approach to conduct an effective literature review in support of information systems research. Inf. Sci.
J. 2006, 9, 181–212. [CrossRef] [PubMed]

https://apps.who.int/iris/handle/10665/170257
https://doi.org/10.4269/ajtmh.16-0305
https://doi.org/10.1016/j.scitotenv.2021.146279
https://doi.org/10.3390/su13052717
https://doi.org/10.3390/ijerph19010245
https://doi.org/10.1371/journal.pone.0230748
https://doi.org/10.1016/j.actatropica.2019.03.012
https://doi.org/10.3390/ijerph18095035
https://doi.org/10.3390/ijerph192013252
https://doi.org/10.1371/journal.pone.0277038
https://doi.org/10.3390/molecules25153484
https://doi.org/10.1016/j.micres.2020.126571
https://doi.org/10.3390/su13126754
https://doi.org/10.1186/1471-2458-11-355
https://doi.org/10.1007/s00484-014-0840-6
https://doi.org/10.3390/su11133572
https://doi.org/10.1590/1413-812320202510.30712018
https://doi.org/10.1016/j.cub.2020.06.092
https://doi.org/10.1007/s11356-021-15984-y
https://doi.org/10.3390/w13030374
https://doi.org/10.1046/j.1365-3156.2003.01075.x
https://doi.org/10.24321/0019.5138.202001
https://doi.org/10.3390/ijerph18115971
https://www.ncbi.nlm.nih.gov/pubmed/34199508
https://doi.org/10.1186/1756-0500-4-216
https://www.ncbi.nlm.nih.gov/pubmed/21714858
https://doi.org/10.2188/jea.JE20170090
https://www.ncbi.nlm.nih.gov/pubmed/29780057
https://doi.org/10.28945/479
https://www.ncbi.nlm.nih.gov/pubmed/37137938


Sustainability 2023, 15, 8148 18 of 21

47. Donthu, N.; Kumar, S.; Mukherjee, D.; Pandey, N.; Lim, W.M. How to conduct a bibliometric analysis: An overview and
guidelines. J. Bus. Res. 2021, 133, 285–296. [CrossRef]

48. Snyder, H. Literature review as a research methodology: An overview and guidelines. J. Bus. Res. 2019, 104, 333–339. [CrossRef]
49. Barrera, R.; Navarro, J.C.; Mora-Rodrigues, J.D.; Dominguez, D.; Gonzalez-Garcia, J.E. Deficiencia en servicios publicos y cria de

Aedes aegypti en Venezuela. Bol. Oficina Sanit. Panam. 1995, 118, 410–423. Available online: https://iris.paho.org/handle/10665.2/
15592 (accessed on 20 December 2022).

50. Bohra, A.; Andrianasolo, H. Application of GIS in Modeling of Dengue Risk Based on Sociocultural Data: Case of Jalore,
Rajasthan, India. Dengue Bull. 2001, 25, 92–102. Available online: https://apps.who.int/iris/handle/10665/163690 (accessed on
12 December 2022).

51. Gonçalves Neto, V.S.; Rebêlo, J.M. Aspectos epidemiológicos do dengue no Município de São Luís, Maranhão, Brasil, 1997–2002.
Cad. Saúde Pública 2004, 20, 1424–1431. [CrossRef]

52. Penna, M.L.F. Ecological study of Rio de Janeiro City DEN-3 epidemic, 2001–2002. Dengue Bull. 2004, 28, 20–27. Available online:
https://apps.who.int/iris/handle/10665/163977 (accessed on 15 January 2023).

53. Thammapalo, S.; Chongsuwiwatwong, V.; Geater, A.; Lim, A.; Choomalee, K. Socio-demographic and environmental factors
associated with Aedes breeding places in Phuket, Thailand. Southeast Asian J. Trop. Med. Public Health 2005, 36, 426–433. Available
online: https://pubmed.ncbi.nlm.nih.gov/15916050/ (accessed on 14 January 2023).

54. Favier, C.; Degallier, N.; Vilarinhos, P.D.T.R.; Carvalho, M.D.S.L.; Yoshizawa, M.A.C.; Knox, M.B. Effects of climate and different
management strategies on Aedes aegypti breeding sites: A longitudinal survey in Brasília (DF, Brazil). Trop. Med. Int. Health 2006,
11, 1104–1118. [CrossRef] [PubMed]

55. Nitatpattana, N.; Singhasivanon, P.; Kiyoshi, H.; Andrianasolo, H.; Yoksan, S.; Gonzalez, J.P.; Barbazan, P. Potential association
of dengue hemorrhagic fever incidence and remote senses land surface temperature, Thailand, 1998. Southeast Asian J. Trop.
Med. Public Health 2007, 38, 427–433. Available online: https://imsear.searo.who.int/handle/123456789/34750 (accessed on 10
December 2022). [PubMed]

56. Brunkard, J.M.; López, J.L.R.; Ramirez, J.; Cifuentes, E.; Rothenberg, S.J.; Hunsperger, E.A.; Moore, C.G.; Brussolo, R.M.;
Villarreal, N.A.; Haddad, B.M. Dengue fever seroprevalence and risk factors, Texas-Mexico border, 2004. Emerg. Infect. Dis. 2007,
13, 1477–1483. [CrossRef]

57. Nagao, Y.; Svasti, P.; Tawatsin, A.; Thavara, U. Geographical structure of dengue transmission and its determinants in Thailand.
Epidemiol. Infect. 2007, 136, 843–851. [CrossRef] [PubMed]

58. Peraza, M.C.; Miranda, C.G.; Váldes, L.S.; Chacón, D.P.; Díaz, V.P.; Díaz, D.C.; Rodríguez, C.S.; Van Der Stuyft, P. Encuesta
poblacional sobre conocimientos y percepciones acerca de dengue contra prácticas preventivas en el municipio Lisa. Rev. Cuba.
Med. Trop. 2010, 62, 245–253. Available online: https://pubmed.ncbi.nlm.nih.gov/23437556/ (accessed on 15 January 2023).

59. Anish, T.S.; Vijayakumar, K.; Leela Itty Ammma, K.R. Domestic and environmental factors of chikungunya-affected families in
Thiruvananthapuram (Rural) district of Kerala, India. J. Glob. Infect. Dis. 2011, 3, 32–36. [CrossRef]

60. Kholedi, A.A.N.; Balubaid, O.; Milaat, W.; Kabbash, I.A.; Ibrahim, A. Factors associated with the spread of dengue fever in Jeddah
Governorate, Saudi Arabia. East. Mediterr. Health J. 2012, 18, 15–23. [CrossRef]

61. Mukhtar, F.; Salim, M.; Farooq, A. Outbreak of dengue fever in Lahore: Study of risk factors. J. Ayub Med. Coll. Abbottabad 2012,
24, 99–101. Available online: http://www.ayubmed.edu.pk/JAMC/24-2/Fatima.pdf (accessed on 15 November 2022).

62. Rana, M.S.; Latif, A.A.; Akhtar, T. Predictors of dengue fever and dengue haemorrhagic fever in Punjab, Pakistan. Med.
Forum Mon. 2012, 23, 26–30. Available online: https://pesquisa.bvsalud.org/portal/resource/pt/emr-124955 (accessed on 15
December 2022).

63. Wai, K.T.; Arunachalam, N.; Tana, S.; Espino, F.; Kittayapong, P.; Abeyewickreme, W.; Hapan gama, D.; Tyagi, B.K.; Htun, P.T.;
Koyadun, S.; et al. Estimating dengue vector abundance in the wet and dry season: Implications for targeted vector control in
urban and peri-urban Asia. Pathog. Glob. Health 2012, 106, 436–445. [CrossRef] [PubMed]

64. Chen, M.J.; Lin, C.Y.; Wu, Y.T.; Wu, P.C.; Lung, S.C.; Su, H.J. Effects of extreme precipitation to the distribution of infectious
diseases in Taiwan, 1994–2008. PLoS ONE 2012, 7, e34651. [CrossRef] [PubMed]

65. Carbajo, A.E.; Cardo, M.V.; Vezzani, D. Is temperature the main cause of dengue rise in non-endemic countries? The case of
Argentina. Int. J. Health Geogr. 2012, 11, 26. [CrossRef] [PubMed]

66. Thakolwiboon, S.; Benjatikul, N.; Sathianvichitr, K.; Prapathrangsee, K.; Tienmontri, T.; Ratanaamonsakul, W.; Assantachai, P.;
Homsanit, M. Factors associated with dengue prevention and control in two villages in a central Thai province: A retrospective
review. Asian J. Epidemiol. 2013, 96, 984–991. Available online: https://pubmed.ncbi.nlm.nih.gov/23991607/ (accessed on 15
November 2022).

67. Suwannapong, N.; Tipayamongkholgul, M.; Bhumiratana, A.; Boonshuyar, C.; Howteerakul, N.; Poolthin, S. Effect of community
participation on household environment to mitigate dengue transmission in Thailand. Trop. Biomed. 2014, 31, 149–158. Available
online: https://pubmed.ncbi.nlm.nih.gov/24862055/ (accessed on 18 November 2022).

68. An, D.T.M.; Rocklöv, J. Epidemiology of dengue fever in hanoi from 2002 to 2010 and its meteorological determinants. Glob.
Health Action 2014, 7, 15. [CrossRef]

69. Honorato, T.; Lapa, P.P.A.; Vendas, C.M.M.; Reis-Santos, B.; Tristão-Sá, R.; Bertolde, A.I.; Maciel, E.L.N. Análise espacial da
distribuição dos casos de dengue no Espírito Santo, Brasil, em 2010: Uso do modelo Bayesiano. Rev. Bras. Epidemiol. 2014,
14, 150–159. [CrossRef]

https://doi.org/10.1016/j.jbusres.2021.04.070
https://doi.org/10.1016/j.jbusres.2019.07.039
https://iris.paho.org/handle/10665.2/15592
https://iris.paho.org/handle/10665.2/15592
https://apps.who.int/iris/handle/10665/163690
https://doi.org/10.1590/S0102-311X2004000500039
https://apps.who.int/iris/handle/10665/163977
https://pubmed.ncbi.nlm.nih.gov/15916050/
https://doi.org/10.1111/j.1365-3156.2006.01653.x
https://www.ncbi.nlm.nih.gov/pubmed/16827711
https://imsear.searo.who.int/handle/123456789/34750
https://www.ncbi.nlm.nih.gov/pubmed/17877215
https://doi.org/10.3201/eid1310.061586
https://doi.org/10.1017/S0950268807008990
https://www.ncbi.nlm.nih.gov/pubmed/17624231
https://pubmed.ncbi.nlm.nih.gov/23437556/
https://doi.org/10.4103/0974-777X.77293
https://doi.org/10.26719/2012.18.1.15
http://www.ayubmed.edu.pk/JAMC/24-2/Fatima.pdf
https://pesquisa.bvsalud.org/portal/resource/pt/emr-124955
https://doi.org/10.1179/2047773212Y.0000000063
https://www.ncbi.nlm.nih.gov/pubmed/23318235
https://doi.org/10.1371/journal.pone.0034651
https://www.ncbi.nlm.nih.gov/pubmed/22737206
https://doi.org/10.1186/1476-072X-11-26
https://www.ncbi.nlm.nih.gov/pubmed/22768874
https://pubmed.ncbi.nlm.nih.gov/23991607/
https://pubmed.ncbi.nlm.nih.gov/24862055/
https://doi.org/10.3402/gha.v7.23074
https://doi.org/10.1590/1809-4503201400060013


Sustainability 2023, 15, 8148 19 of 21

70. Ballera, J.E.; Zapanta, M.J.; de los Reyes, V.C.; Sucaldito, M.N.; Tayag, E. Investigation of Chikungunya fever outbreak in Laguna,
Philippines, 2012. West. Pac. Surveill. Response J. 2015, 6, 8–11. [CrossRef]

71. Siregar, F.A.; Abdullah, M.R.; Omar, J.; Sarumpaet, S.M.; Supriyadi, T.; Makmur, T.; Huda, N. Social and environmental
determinants of dengue infection risk in North Sumatera Province, Indonesia. Asian J. Epidemiol. 2015, 8, 23–25. [CrossRef]

72. Rodrigues, N.C.P.; Lino, V.T.S.; Daumas, R.P.; Andrade, M.K.N.; O’Dwyer, G.; Monteiro, D.L.M.; Gerardi, A.; Fernandes, G.H.B.V.;
Ramos, J.A.S.; Ferreira, C.E.G.; et al. Temporal and Spatial Evolution of Dengue Incidence in Brazil, 2001–2012. PLoS ONE 2016,
11, e0165945. [CrossRef]

73. Delmelle, E.; Hagenlocher, M.; Kienberger, S.; Casas, I. A spatial model of socioeconomic and environmental determinants of
dengue fever in Cali, Colombia. Acta Trop. 2016, 164, 169–176. [CrossRef] [PubMed]

74. Kenneson, A.; Beltrán-Ayala, E.; Borbor-Cordova, M.J.; Polhemus, M.E.; Ryan, S.J.; Endy, T.P.; Stewart-Ibarra, A.M. Social-
ecological factors and preventive actions decrease the risk of dengue infection at the household-level: Results from a prospective
dengue surveillance study in Machala, Ecuador. PLoS Negl. Trop. Dis. 2017, 11, e0006150. [CrossRef] [PubMed]

75. Fuller, T.L.; Calvet, G.; Estevam, C.G.; Angelo, J.R.; Abiodun, G.J.; Halai, U.-A.; Santis, B.; Sequeira, P.C.; Araujo, E.M.; Sampaio,
S.A.; et al. Behavioral, climatic, and environmental risk factors for Zika and Chikungunya virus infections in Rio de Janeiro,
Brazil, 2015–2016. PLoS ONE 2017, 12, e0188002. [CrossRef]

76. Correia Filho, W.L.F. Influence of meteorological variables on dengue incidence in the municipality of Arapiraca, Alagoas, Brazil.
Rev. Soc. Bras. Med. Trop. 2017, 50, 309–314. [CrossRef] [PubMed]

77. Malik, A.; Yasar, A.; Tabinda, A.B.; Zaheer, I.E.; Malik, K.; Batool, A.; Mahfooz, Y. Assessing spatio-temporal trend of vector
breeding and dengue fever incidence in association with meteorological conditions. Environ. Monit. Assess. 2017, 189, 189.
[CrossRef] [PubMed]

78. Silva, J.C.B.; Machado, C.J.S. Associations between dengue and socio-environmental variables in capitals of the brazilian northeast
by cluster analysis. Ambiente Soc. 2018, 21, 22. [CrossRef]

79. Aguiar, B.S.; Lorenz, C.; Virginio, F.; Suesdek, L.; Chiaravalloti-Neto, F. Potential risks of Zika and chikungunya outbreaks in
Brazil: A modeling study. Int. J. Infect. Dis. 2018, 70, 20–29. [CrossRef] [PubMed]

80. MacCormack-Gelles, B.; Lima Neto, A.S.; Sousa, G.S.; Nascimento, O.J.; Machado, M.M.T.; Wilson, M.E.; Castro, M.C. Epidemio-
logical characteristics and determinants of dengue transmission during epidemic and non-epidemic years in Fortaleza, Brazil:
2011–2015. PLoS Negl. Trop. 2018, 12, e0006990. [CrossRef] [PubMed]

81. Ishak, H.; Sartika, J.D.; Darmawansyah. Relationship of rainfall, population density, and human behavior with DHF incidence in
makassar city. Indian J. Public Health Res. Dev. 2019, 10, 1253–1258. [CrossRef]

82. Ngweta, L.; Bhanot, K.; Maharaj, A.; Bogle, I.; Munasinghe, T. Identifying the Relationship between Precipitation and Zika
Outbreaks in Argentina. In Proceedings of the IEEE International Conference on Big Data, Los Angeles, CA, USA, 9–12 December
2019; pp. 6163–6165. [CrossRef]

83. Tuladhar, R.; Singh, A.; Banjara, M.R.; Gautam, I.; Dhimal, M.; Varma, A.; Choudhary, D.K. Effect of meteorological factors on
the seasonal prevalence of dengue vectors in upland hilly and lowland Terai regions of Nepal. Parasites Vectors 2019, 12, 42.
[CrossRef]

84. Madewell, Z.J.; Sosa, S.; Brouwer, K.C.; Juárez, J.G.; Romero, C.; Lenhart, A.; Cordón-Rosales, C. Associations between household
environmental factors and immature mosquito abundance in Quetzaltenango, Guatemala. BMC Public Health 2019, 19, 1729.
[CrossRef] [PubMed]

85. Siregar, F.A.; Makmur, T. Climate risks and environmental determinants on dengue transmission. Indian J. Public Health Res. Dev.
2019, 10, 1242–1247. [CrossRef]

86. Mala, S.; Jat, M.K. Implications of meteorological and physiographical parameters on dengue fever occurrences in Delhi. Sci. Total
Environ. 2019, 650, 2267–2283. [CrossRef] [PubMed]

87. Mol, M.P.G.; Queiroz, J.T.M.; Gomes, J.; Heller, L. Gerenciamento adequado de resíduos sólidos como fator de proteção contra
casos de dengue. Rev. Panam. Salud Publica 2020, 44, e22. [CrossRef]

88. Sintorini, M.M.; Aliyyah, N.; Sinaga, E.R.K. Environment drivers of DHF disease in Jakarta 2017–2018. Int. J. Sci. Technol.
Res. 2020, 9, 3521–3525. Available online: http://www.ijstr.org/final-print/jan2020/Environment-Drivers-Of-Dhf-Disease-In-
Jakarta-2017-2018.pdf (accessed on 10 January 2023).

89. Shabbir, W.; Pilz, J.; Naeem, A. A spatial-temporal study for the spread of dengue depending on climate factors in Pakistan
(2006–2017). BMC Public Health 2020, 20, 995. [CrossRef]

90. Silva, N.S.; Alves, J.M.B.; da Silva, E.M.; Lima, R.R. Avaliação da relação entre climatologia, condições sanitárias (Lixo) e a
ocorrência de arboviroses (Dengue e Chikungunya) em Quixadá-CE no período entre 2016 e 2019. Rev. Bras. Meteorol. 2020,
35, 485–492. [CrossRef]

91. Elaagip, A.; Alsedig, K.; Altahir, O.; Ageep, T.; Ahmed, A.; Siam, H.A.; Samy, A.M.; Mohamed, W.; Khalid, F.; Gumaa, S.;
et al. Seroprevalence and associated risk factors of Dengue fever in Kassala state, eastern Sudan. PLoS Negl. Trop. Dis. 2020,
14, e0008918. [CrossRef]

92. Roy, P.; Kanga, S.; Sudhanshu; Singh, S.K. Socio-Cultural Practices and Environmental Determinantes for Dengue Incidences: A
Casa Study of Jaipur City. Nat. Volatiles Essetial Oils 2021, 8, 2467–2481. Available online: https://www.nveo.org/index.php/
journal/article/view/453/419 (accessed on 15 January 2023).

https://doi.org/10.5365/wpsar.2015.6.1.006
https://doi.org/10.3923/aje.2015.23.35
https://doi.org/10.1371/journal.pone.0165945
https://doi.org/10.1016/j.actatropica.2016.08.028
https://www.ncbi.nlm.nih.gov/pubmed/27619189
https://doi.org/10.1371/journal.pntd.0006150
https://www.ncbi.nlm.nih.gov/pubmed/29253873
https://doi.org/10.1371/journal.pone.0188002
https://doi.org/10.1590/0037-8682-0432-2016
https://www.ncbi.nlm.nih.gov/pubmed/28700047
https://doi.org/10.1007/s10661-017-5902-x
https://www.ncbi.nlm.nih.gov/pubmed/28353206
https://doi.org/10.1590/1809-4422asoc0133r2vu18l4td
https://doi.org/10.1016/j.ijid.2018.02.007
https://www.ncbi.nlm.nih.gov/pubmed/29454041
https://doi.org/10.1371/journal.pntd.0006990
https://www.ncbi.nlm.nih.gov/pubmed/30507968
https://doi.org/10.5958/0976-5506.2019.00228.6
https://doi.org/10.1109/BigData47090.2019.9006386
https://doi.org/10.1186/s13071-019-3304-3
https://doi.org/10.1186/s12889-019-8102-5
https://www.ncbi.nlm.nih.gov/pubmed/31870343
https://doi.org/10.5958/0976-5506.2019.00226.2
https://doi.org/10.1016/j.scitotenv.2018.09.357
https://www.ncbi.nlm.nih.gov/pubmed/30292120
https://doi.org/10.26633/RPSP.2020.22
http://www.ijstr.org/final-print/jan2020/Environment-Drivers-Of-Dhf-Disease-In-Jakarta-2017-2018.pdf
http://www.ijstr.org/final-print/jan2020/Environment-Drivers-Of-Dhf-Disease-In-Jakarta-2017-2018.pdf
https://doi.org/10.1186/s12889-020-08846-8
https://doi.org/10.1590/0102-77863530014
https://doi.org/10.1371/journal.pntd.0008918
https://www.nveo.org/index.php/journal/article/view/453/419
https://www.nveo.org/index.php/journal/article/view/453/419


Sustainability 2023, 15, 8148 20 of 21

93. Costa, S.D.S.B.; Branco, M.R.F.C.; Vasconcelos, V.V.; Queiroz, R.C.S.; Araujo, A.S.; Câmara, A.P.B.; Fushita, A.T.; da Silva, M.D.S.;
da Silva, A.A.M.; dos Santos, A.M. Autoregressive spatial modeling of possible cases of dengue, chikungunya, and zika in the
capital of northeastern Brazil. Rev. Soc. Bras. Med. Trop. 2021, 54, e0223. [CrossRef]

94. Morgan, J.; Strode, C.; Salcedo-Sora, J.E. Climatic and socio-economic factors supporting the co-circulation of dengue, zika and
chikungunya in three different ecosystems in Colombia. PLoS Negl. Trop. Dis. 2021, 15, e0009259. [CrossRef] [PubMed]

95. Raymundo, C.E.; de Medronho, R.A. Association between socio-environmental factors, coverage by family health teams, and
rainfall in the spatial distribution of Zika virus infection in the city of Rio de Janeiro, Brazil, in 2015 and 2016. BMC Public Health
2021, 21, 1199. [CrossRef] [PubMed]

96. Sánchez-Díaz, E.; Gleiser, R.M.; Lopez, L.R.; Guzman, C.; Contigiani, M.S.; Spinsanti, L.; Gardenal, C.N.; Gorla, D.E. Oviposition
dynamics of Aedes aegypti in Central Argentina. Med. Vet. Entomol. 2022, 36, 43–55. [CrossRef] [PubMed]

97. Telle, O.; Nikolay, B.; Kumar, V.; Benkimoun, S.; Pal, R.; Nagpal, B.N.; Paul, R.E. Social and environmental risk factors for dengue
in delhi city: A retrospective study. PLoS Negl. Trop. Dis. 2021, 15, e0009024. [CrossRef] [PubMed]

98. Ferreira, D.T.D.O.; Atanaka, M.; Espinosa, M.M.; Schuler-Faccini, L.; Caldeira, A.D.S.; da Silva, J.H.; Vivi-Oliveira, V.K.; da Paz,
R.D.C.; do Nascimento, V.F.; Terças-Trette, A.C.P. Recent dengue virus infection: Epidemiological survey on risk factors associated
with infection in a medium-sized city in Mato Grosso. São Paulo Med. J. 2022, 140, 33–41. [CrossRef] [PubMed]

99. Kabir, M.R.; Rahman, N.; Iqbal, A.; Azad, F.; Titi, S.H.; Udin, M.H.; Mostary, E.U.A.; Tanvir, M.; Tanzim, M.Z.; Mahim, M.A.R.
Socio-demographic, environmental and life style factors on the dengue epidemic in Noakhali District, Bangladesh: Evidence
from recent outbreak. J. Commun. Dis. 2020, 52, 57–65. [CrossRef]

100. Nontapet, O.; Jaroenpool, J.; Maneerattanasa, S.; Thongchan, S.; Ponprasert, C.; Khammaneechan, P.; Le, C.N.; Chutipattana,
N.; Suwanbamrung, C. Effects of the Developing and Using a Model to Predict Dengue Risk Villages Based on Subdistrict
Administrative Organization in Southern Thailand. Int. J. Environ. Res. Public Health 2022, 19, 11989. [CrossRef] [PubMed]

101. Banerjee, S.; Aditya, G.; Saha, G.K. Household Wastes as Larval Habitats of Dengue Vectors: Comparison between Urban and
Rural Areas of Kolkata, India. PLoS ONE 2015, 10, e0138082. [CrossRef]

102. Kampango, A.; Furu, P.; Sarath, D.L.; Haji, K.A.; Konradsen, F.; Schioler, K.L.; Alifrangis, M.; Saleh, F.; Weldon, C.W. Risk factors
for occurrence and abundance of Aedes aegypti and Aedes bromeliae at hotel compounds in Zanzibar. Parasites Vectors 2021, 14, 544.
[CrossRef]

103. Scalize, P.S.; Bezerra, N.R.; Baracho, R.O. Safety index of individual basic sanitation systems in rural area. Period. Eletronico Forum
Ambient. Alta Paul. 2022, 18, 56–75. [CrossRef]

104. Braga, D.L.; Bezerra, N.R.; Scalize, P.S. Proposition and application of an environmental salubrity index in rural agglomerations.
Rev. Saúde Pública 2022, 56, 44. [CrossRef]

105. Silva, A.C. Associação entre Variáveis Ambientais Relacionadas a Criadouros de Aedes Aegypti e Doenças Arbovirais em
Comunidades Rurais e Tradicionais de Goiás, Brasil. Master’s Thesis, Universidade Federal de Goiás (UFG), Goiânia, Brasil.
Available online: https://www.bc.ufg.br/ (accessed on 15 December 2022).

106. Schmidt, W.P.; Suzuki, M.; Thiem, V.D.; White, R.G.; Tsuzuki, A.; Yoshida, L.M.; Yanai, h.; Haque, u.; Tho, L.H.; Anh, D.D.; et al.
Population Density, Water Supply, and the Risk of Dengue Fever in Vietnam: Cohort Study and Spatial Analysis. PLoS Med. 2011,
8, e1001082. [CrossRef] [PubMed]

107. Farich, A.; Lipoeto, N.I.; Bachtiar, H.; Hardisman, H. The Effects of Community Empowerment on Preventing Dengue Fever in
Lampung Province, Indonesia. Open Access Maced. J. Med. Sci. 2020, 8, 194–197. [CrossRef]

108. Guad, R.M.; Wu, Y.S.; Aung, Y.N.; Sekaran, S.D.; Wilke, A.B.B.; Low, W.Y.; Sim, M.S.; Carandang, R.R.; Jeffree, M.S.; Taherdoost,
H.; et al. Different Domains of Dengue Research in Malaysia: A Systematic Review and Meta-Analysis of Questionnaire-Based
Studies. Int. J. Environ. Res. Public Health 2021, 18, 4474. [CrossRef] [PubMed]

109. Tai, Y.S.; Yang, H.-J. Factors That Prevent Mosquito-Borne Diseases among Migrant Workers in Taiwan: Application of the Health
Belief Model in a Church-Based Health Promotion Study. Int. J. Environ. Res. Public Health 2022, 19, 787. [CrossRef]

110. Johansen, I.C.; do Carmo, R.L.; Alves, L.C.; Bueno, M.D.C.D. Environmental and demographic determinants of dengue incidence
in Brazil. Rev. Salud Publica 2018, 20, 346–351. [CrossRef]

111. Flauzino, R.F.; Souza-Santos, R.; Barcelllos, C.; Gracie, R.; Magalhães, M.A.F.M.; de Oliveira, R.M. Heterogeneidade espacial da
dengue em estudos locais, Cidade de Niterói, Sudeste do Brasil. Rev. Saúde Pública 2009, 43, 1035–1043. [CrossRef]

112. dos Santos Souza Marinho, R.; Duro, R.L.S.; de Oliveira Mota, M.T.; Hunter, J.; Diaz, R.S.; Kawakubo, F.S.; Komninakis, S.V.
Environmental Changes and the Impact on the Human Infections by Dengue, Chikungunya and Zika Viruses in Northern Brazil,
2010–2019. Int. J. Environ. Res. Public Health 2022, 19, 12665. [CrossRef]

113. Sheela, A.M.; Ghermandi, A.; Vineetha, P.; Sheeja, R.V.; Justus, J.; Ajayakrishna, K. Assessment of relation of land use characteristics
with vector-borne diseases in tropical areas. Land Use Policy 2017, 63, 269–380. [CrossRef]

114. Gómez Gómez, R.E.; Kim, J.; Hong, K.; Jang, J.Y.; Kisiju, T.; Kim, S.; Chun, B.C. Association between Climate Factors and Dengue
Fever in Asuncion, Paraguay: A Generalized Additive Model. Int. J. Environ. Res. Public Health 2022, 19, 12192. [CrossRef]

115. Li, Z. Forecasting Weekly Dengue Cases by Integrating Google Earth Engine-Based Risk Predictor Generation and Google
Colab-Based Deep Learning Modeling in Fortaleza and the Federal District, Brazil. Int. J. Environ. Res. Public Health 2022,
19, 13555. [CrossRef] [PubMed]

116. Singh, S.; Herng, L.C.; Sulaiman, L.H.; Wong, S.F.; Jelip, J.; Mokhtar, N.; Harpham, Q.; Tsarouchi, G.; Gill, B.S. The Effects of
Meteorological Factors on Dengue Cases in Malaysia. Int. J. Environ. Res. Public Health 2022, 19, 6449. [CrossRef] [PubMed]

https://doi.org/10.1590/0037-8682-0223-2021
https://doi.org/10.1371/journal.pntd.0009259
https://www.ncbi.nlm.nih.gov/pubmed/33705409
https://doi.org/10.1186/s12889-021-11249-y
https://www.ncbi.nlm.nih.gov/pubmed/34162338
https://doi.org/10.1111/mve.12550
https://www.ncbi.nlm.nih.gov/pubmed/34618943
https://doi.org/10.1371/journal.pntd.0009024
https://www.ncbi.nlm.nih.gov/pubmed/33571202
https://doi.org/10.1590/1516-3180.2020.0718.r1.18052021
https://www.ncbi.nlm.nih.gov/pubmed/34852169
https://doi.org/10.24321/0019.5138.202041
https://doi.org/10.3390/ijerph191911989
https://www.ncbi.nlm.nih.gov/pubmed/36231289
https://doi.org/10.1371/journal.pone.0138082
https://doi.org/10.1186/s13071-021-05005-9
https://doi.org/10.17271/1980082718320223302
https://doi.org/10.11606/s1518-8787.2022056003548
https://www.bc.ufg.br/
https://doi.org/10.1371/journal.pmed.1001082
https://www.ncbi.nlm.nih.gov/pubmed/21918642
https://doi.org/10.3889/oamjms.2020.4192
https://doi.org/10.3390/ijerph18094474
https://www.ncbi.nlm.nih.gov/pubmed/33922427
https://doi.org/10.3390/ijerph19020787
https://doi.org/10.15446/rsap.v20n3.54315
https://doi.org/10.1590/S0034-89102009005000064
https://doi.org/10.3390/ijerph191912665
https://doi.org/10.1016/j.landusepol.2017.01.047
https://doi.org/10.3390/ijerph191912192
https://doi.org/10.3390/ijerph192013555
https://www.ncbi.nlm.nih.gov/pubmed/36294134
https://doi.org/10.3390/ijerph19116449
https://www.ncbi.nlm.nih.gov/pubmed/35682035


Sustainability 2023, 15, 8148 21 of 21

117. Ministério da Saúde; Análise de Situação em Clima e Saúde; Organização Panamericana de Saúde (OPAS); Fundação Instituto
Oswaldo Cruz (FIOCRUZ); Instituto de Comunicação e Informação Científica e Tecnológica (ICICT); Observatório Nacional
de Clima e Saúde. Doenças e Perguntas. Brasil. 2017. Available online: https://climaesaude.icict.fiocruz.br/doencas/vetores
(accessed on 10 January 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://climaesaude.icict.fiocruz.br/doencas/vetores

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Significant Relationship between Water and Aedes Breeding Sites 
	Sanitation 
	Integrative 
	Climatologic 

	Tendencies and Gaps 
	Conclusions 
	References

