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Chapter 4
ABSTRACT
Introduction
Currently, dengue is a major public health concern and the leading cause of human morbidity due
to arboviral diseases worldwide. Venezuela is witnessing a rise in the incidence, frequency and
magnitude of dengue epidemics causing a heavy burden in the already deteriorated health care
system. Prior studies in Venezuela suggest a tendency of some areas to report dengue cases for
longer periods than others. The purpose of this study was to test the hypothesis of a geographical
and temporal persistence of dengue in specific areas and identifying possible factors related to this
persistence.
Methods
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The spatial and temporal patterns of dengue occurrence were examined at parish level over a
period of 7 years in Aragua and Carabobo States, two of the most populated and dengue endemic
regions of northern Venezuela. Clusters of dengue incidence in space and time were detected
using Kulldorff scan statistics and Anselin’s Local Moran I. We quantified the persistence of dengue
as the maximum number of consecutive weeks reporting cases per parish. Finally, a phase analysis
was performed to quantify the spatio-temporal variations of dengue infections at annual scale in
the different areas.
Results
From 2008 to 2014, more than 70,000 dengue cases were reported from both regions. Aragua
reported a higher number of dengue cases and incidence values than Carabobo throughout all
the study period. Significant space and space-time clusters (P < 0.05) were primarily concentrated
in the main large central urban areas of each region and in smaller but densely populated areas
from the coastal region of Carabobo but not of Aragua. Dengue persistence was greater in the
same areas and associated with increased population density. Phase analysis and cross-correlation
functions showed that dengue incidence lags ahead in Aragua, followed by Carabobo central area
and finally Carabobo’s coastal region, suggesting a possible spread from the center to the coast via
important road networks and intense human movement.
Conclusions
Our findings contribute to a better understanding of the spatial dynamics of dengue in Northern
Venezuela highlighting the role of densely populated urban centers and road networks in
maintaining persistent dengue transmission and as sources of disease spread. An integrated
approach of dengue prevention and control can inform targeted control measures maximizing the
allocation of resources to high risk areas.
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INTRODUCTION
Dengue is a neglected tropical disease of major public health importance in Venezuelan urban
areas [1], showing an alarming increment in the magnitude, and frequency of outbreaks amidst a
trend of rising incidence during the last 26 years [2]. The recent emergent and explosive disease
outbreaks of Zika (ZIKV) and chikungunya (CHIKV) viruses in the American continent [3,4,5] and
particularly in Venezuela have shown the ability of arboviruses to expand rapidly across these
regions [6,7,8] causing a high negative impact on human health and a huge burden to healthcare
facilities.
Venezuela is a dengue hyperendemic country with the co-circulation of the four dengue virus
(DENV) serotypes. In this epidemiological context Venezuela exhibits an endemic-epidemic
transmission pattern with perennial and seasonal occurrence of dengue mixed with interannual
dengue epidemics [2,9,10]. Spatial heterogeneity is a common aspect of mosquito-borne infectious
diseases such as dengue, where disease tends to be concentrated in a small proportion of the
epidemiological landscape, contributing disproportionally to the overall transmission [11,12].
Such disease concentration can be manifested in small groups of households, villages, or particular
regions that we could denominate “hotspots” where the infection risk is substantially higher than
areas around or nearby [13].
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Epidemiological theory indicates that seasonally driven epidemics will either be completely
synchronized across large urban areas or more irregularly distributed in small centers where
infection goes extinct locally and frequently after a seasonal epidemic peak [14]. In a seasonal
transmission setting such as in Venezuela, hotspots can maintain little but persistent dengue
transmission during the low (dry) season and favor a rapid increase in disease transmission during
the high (rainy) dengue season having an impact on control efforts. Furthermore, dengue hotspots
are relevant as potential spatial sources of infections in a particular region playing a major role
on disease spread during epidemics years [14]. Hence, describing and understanding the spatial
dynamics of dengue during endemic and epidemic events are crucial to identify persistent highrisk dengue transmission areas and comprehend how infection moves in space and time [15].
Given the increased mobility of human hosts, the social interactions within main urban areas,
and the potential for rapid and regional spread of highly pathogenic infectious diseases such
as chikungunya and Zika [16,17], a better understanding of the spatial and temporal dynamics
of dengue in Venezuela are becoming part of the new strategies to enhance current prevention
and control tasks. The characterization of dengue geographical heterogeneity may allow a better
identification of high risk areas, potentially support the design of more targeted surveillance and
control programs and help to better allocate the scarce resources available [13,18,19]. Here, we
aimed to identify dengue disease clusters, the pattern of dengue persistence and possible related
factors, at parish level over a period of 7 years in two of the most populated and dengue endemic
regions of northern Venezuela. Additionally, we explored the temporal synchronization of dengue
incidence among different regions to infer potential mechanisms of disease movement and spread
in the north of Venezuela.
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MATERIALS AND METHODS
Study area
The study area comprises two States (regions) of northern Venezuela, Aragua and Carabobo (Figure
1), with an estimated population of 1,805,185 and 2,442,823 inhabitants, respectively. Both areas
are within the 5 most populated and dengue endemic regions of Venezuela after the Capital region.
Aragua State comprises 18 municipalities and 50 civil parishes, while Carabobo is divided into 14
municipalities that include 38 parishes. Maracay city is the capital of Aragua while Valencia is the
capital city of Carabobo.
For the scope of this study, the States were divided in 5 regions: coastal, central, center-south,
western and eastern regions (Figure 1). The central and eastern regions concentrate the majority
of each State’s population and urban centers, since these areas converge important industrial
and commercial activities (Figure 2). Contrariwise, the center-south and southern regions are less
densely populated and the core of agricultural and livestock undertakings. The coastal regions are
commonly sparsely populated; however, several coastal parishes of Carabobo State show a high
population density (Figure 2) due to the presence of one of the important harbors in Venezuela
(Puerto Cabello harbor) and to an urban-industrial complex. This area is well served by roads that
allow an easy and rapid access between the central and coastal regions (Figure 1).
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The population is distributed into urbanized low/middle/upper class neighborhoods in the
metropolitan areas of the central regions alongside poor settlements with lack of services (water,
electricity, garbage collection), to rural areas across the rest of the regions. The road network in
populated areas is widely distributed and exhibits a diversification of routing type ranging from
motorways/highways to residential streets, while in less crowded areas roads tend to decrease
comprising minor highways and/or main roads serving small towns and villages (Figure 1).

Figure 1. Study area. Carabobo State (green border-line) and Aragua State (orange border-line). Main
roads are shown in yellow. The States are divided in regions (see legend). Black lines within each State
surround civil parishes. Original figure made by Maria Vincenti-Gonzalez with QGIS software (version
2.18, https:// http://www.qgis.org/).
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Figure 2. Population density. Population density by civil parishes. Original figure made by Maria
Vincenti-Gonzalez with QGIS software (version 2.18, https:// http://www.qgis.org/).
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Epidemiological data and case classification
Time series of dengue occurrence (2008-2014) were provided by two regional branches of the
Venezuelan Ministry of Health from Aragua (CORPOSALUD) and Carabobo (INSALUD). The data
were originally organized by epidemiological week per parish and municipality and were then
collapsed and analyzed per month and per year. Dengue is considered by the Venezuelan Ministry
of Health as a disease of mandatory notification; therefore, all reported dengue cases are notified
via the National Notifiable Diseases Surveillance System (NDSS) by filling out a questionnaire
containing relevant epidemiological inquires. Case definition was based on the primary diagnosis
made by the physician. Patients with fever (>38°C), headache, myalgia/arthralgia were suspected
of having dengue. We also calculated monthly dengue incidence per 100,000 inhabitants and
projected yearly population data from each State. Demographic data such as poverty levels and
public services, were obtained from the 2011 population and housing census of the National
Institute of Statistics, INE [20]. Data from the census, regarding water services was used to estimate
how irregular is the provision of piped water among the studied population as a proxy for water
storage .The dengue persistence period by parish was calculated as the maximum number of
consecutive weeks a parish reported dengue cases [21]. Note that persistence is the inverse of
the virus epidemiological fadeout which is the seasonal local pathogen extinction [22]. Then, the
question of a higher likelihood of disease persistence in large regions and, conversely, its seasonal
extinction in small ones was explored by calculating the relationship between the mean duration
(in weeks) of persistence and the population size or number of inhabitants per parish [21,23].

4

Heterogeneity and spatio-temporal dynamics of dengue
Regional annual dengue incidence and cases in each parish were mapped in order to picture the
disease spatio-temporal pattern across 7 years. The likelihood of dengue occurring equally at any
location within the study area, i.e. of detecting unusual aggregations of dengue incidence (clusters
or hot spots) was explored.
We used two statistical spatial analyses to identify space and space-time clusters of dengue
incidence. Space-time clusters per month and year, were detected using the Kulldorff scan
statistics [24]. This analysis identifies significant excesses of dengue (e.g. the most likely cluster
of positive individuals) with respect to the adjacent geographical area using a circular scanning
window that moves systematically across space and time. In our case, the analysis attempted to
identify an excess of dengue infections at civil parish level. The probability of the most likely cluster
(P < 0.001) was obtained through multinomial Monte Carlo simulations based on 50% of the total
population and 50% of the study period (6 months) with no geographical overlapping. Secondly,
the Anselin’s Local Moran’s I spatial analysis measures the degree of spatial autocorrelation
between two features, in this case, parishes [25]. This tool takes into account the neighboring
parishes within a distance threshold (21 and 17 kilometers for Aragua and Carabobo, respectively)
to determine if there is an increased risk for a specific feature. Explicitly, the Local Moran’s I spatial
clusters of dengue incidence (hot spots) are identified through the detection of local areas where
high incidence parishes are surrounded by other high incidence parishes (a high-high pattern)
[25]. Maps were made using QGIS software (version 2.18, https:// http://www.qgis.org/), while near
analysis and Local Moran’s I were performed in ArcGIS desktop software (version 10.3. Redlands, CA:
Enviromental Systems Research Institute). Space-time clusters analysis were done using SaTScan
(Version 9.4.4, Information Management services Inc.)
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Finally, to take a closer look to the particular spatial and temporal pattern of dengue in Carabobo
State, we performed a wavelet phase analysis to explore spatial dynamic patterns of dengue
incidence. Wavelet phase analysis might indicate the different temporal associations between two
disease time-series helping to: i) determine the degree of synchrony (in phase) or non-synchrony
(out of phase) of monthly cases among regions, and to ii) infer potential disease movement
(traveling waves) and spatial dengue spreading in the north of Venezuela [26,27]. Then, to further
investigate the associations between central and coastal regions we performed a cross-correlation
analysis to determine significant temporal correlations of dengue incidence time-series. Wavelet
phase analyses were computed in R software, using “WaveletComp” package.
RESULTS
General characteristics of dengue in the studied areas
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During the study interval (2008 to 2014), more than 70.000 cases of dengue were reported in both
States. The proportion of dengue cases was slightly higher in men (52%), and highest in children
aged 1-10 years (35%) and young adults (11-20 years: 29%). The spatio-temporal distribution of
dengue incidence and dengue cases by parish and region during each of the 7 years under study
showed differences in time and space (Figure 3 and S1). Overall, both incidence and case maps
revealed their highest values during the epidemic years of 2009-2010 and 2013 while the year
2011 showed the lowest values for both States (Figures 3, S1 and S2). Parishes with the highest
incidences in Carabobo were located in the western and coastal region, followed by the central
region, while in Aragua these high values were mostly concentrated in the central region followed
by the southern region (Figure 3). Nonetheless, when the number of cases were plotted, the spatialtemporal picture changed with the central areas of each State displaying a greater number of
dengue cases compared with other regions (Fig S1). The coastal part of Aragua showed little or no
cases throughout the analyzed period in contrast to the Carabobo coastal region which displayed
an important number of dengue cases (Fig S1)
Detection of disease clusters
Significant clusters of dengue incidence were identified for each year of the period 2008-2014
(Figure 4 & Table I). According to the space-time Kulldorff scan statistic (Figure 4), most of the dengue
clusters (1st and 2d likely clusters) were concentrated in the central regions of each State. The
parishes of the central region of Aragua State, particularly those encompassing the metropolitan
area of the capital city of Maracay, persistently showed clustering on all years. These were followed
in frequency by clusters in the central/central-southern and coastal regions of Carabobo State
which were identified in 6 out of 7 years. Similar to Aragua, the central/central-southern regions
of Carabobo cover large urban areas including the metropolitan area of Carabobo’s capital city,
Valencia, while several parishes of the coastal region of Carabobo have a high population density,
but a lower number of inhabitants compared to the central region. The clusters of the southern
region of Aragua State and the western region of Carabobo -rural regions with patches of urbanized
areas- were less frequently detected during the analyzed period. Specifically, the clusters that were
found on the central areas of each State are located within the highly dense urban range that
exhibits patches of wealthy neighborhoods surrounded by medium class and poor areas (mixed
communities). The population living in these areas have wide access to the main transportation
routes enabling a great degree of movement across these regions.
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Local Moran’s I method identified 23 and 33 hotspot parishes (high-high) for Aragua and Carabobo
States, respectively. The central region of Aragua- with 19 hot spots in four different years- proved
to be the area of greatest dengue risk, whereas the southern region remained as the second most
likely area of dengue incidence clustering, with 4 hotspots. In Carabobo, where a total of 29 out of
33 hotspots, were concentrated in the coastal region which exhibited clusters in each of the 7 years,
while the western zone contributed only 4 clusters (Figure 4). Interestingly, no hotspots of dengue
incidence were found in the central/central-southern region of Carabobo State.

4

Figure 3.- Dengue incidence per year (2008-2014) in the study region. Original figure made by
Maria Vincenti-Gonzalez with QGIS software (version 2.18, https:// http://www.qgis.org/).
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Figure 4. Space-time hot spot analysis. The maps show the results for Local Moran’s I (red/blue) and
Kulldorff’s scan statistics (clusters) analysis per year. Carabobo State (green border) and Aragua State
(orange border). Original figure made by Maria Vincenti-Gonzalez with QGIS software (version 2.18,
https:// http://www.qgis.org/).
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Table I.- Space-time cluster analysis from Aragua and Carabobo state.
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Contrasting the two States under study: heterogeneity and persistence patterns of dengue.
Despite similarities between these two adjacent States regarding the spatio-temporal distribution
of dengue cases (Figure S1) and clustering (Figure 4) as shown above, there are marked differences.
Aragua reported a higher number of dengue cases and incidence values than Carabobo throughout
the study period (Figure S2). Although the highest concentration of cases occurs mainly in the
central regions of each State, the distribution maps show a stretch between and encompassing the
central and coastal regions of Carabobo where dengue cases outnumber other parishes (Figure
S1). In contrast, the coastal area of Aragua showed few cases during the whole 7-year interval.
The southern rural region of Aragua state showed fewer cases in comparison with the central and
eastern regions, except for dengue epidemic years (2009-2010 and 2013), where some civil parishes
belonging to this region exhibited more cases than usual.
Cluster analysis showed that one of the main differences between States was the significant
clustering in the coastal region of Carabobo. Moreover, with this analysis, important temporal
differences in the occurrence of dengue were also identified. The monthly temporal distribution
of space-time dengue incidence clusters in Carabobo is more heterogeneous than those found
in Aragua (Figure 5). The coastal region of Carabobo exhibited frequent disease incidence clusters
during the first quarter of the year, while clusters of the central and western regions were usually
found towards the second semester of the year (July-December; Figure 5a). Furthermore, we
found differences between epidemic and non-epidemic years. During non-epidemic periods, the
distribution of clusters in Carabobo occurs as described above, while during epidemic years the
coastal dengue incidence clusters seem to temporarily shift towards the second semester, resulting
in a temporal synchronization of clusters of disease among all regions (Figure 5a). On the other
hand, Aragua showed a homogeneous temporal pattern of dengue incidence cluster occurrence,
where the identified clusters mainly occurred on the second half of the year (June-December) in all
regions, coinciding with the rainy season and with the months of highest incidence in the country
(Figure 5b).

4

Figure 5- Temporal (monthly) distribution of dengue clusters. Carabobo (a) and Aragua (b) States.
Color coding: central region (n), eastern region (n), western region (n), central-south region (n), coastal
region (n), southern region (n). Epidemic years (*): 2010 & 2013
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To further characterize dengue dynamics in each State, an analysis of dengue persistence by civil
parishes (maximum number of weeks continuously reporting dengue cases) was performed. The
results showed that the most populated civil parishes (Figure 2) were also those that showed the
highest values of persistence (Figure 6). Similarly, those parishes with the highest number of cases
of dengue were those with the highest persistence. This analysis revealed that persistence is highly
heterogeneous in both States, and that the areas with highest values of persistence were mostly
located in the central regions and in the coastal region of Carabobo. Aragua displayed higher
values of persistence compared with those for Carabobo, with values ranging between 151 and
333 weeks (3-6 years approximately). These high values were reported from 4 parishes located in
the central region of Aragua (Figure 6), while 11 other parishes from the central and eastern regions
exhibited also important values of dengue persistence that ranged from 51 up to 150 weeks (1-3
years approximately). The southern and coastal regions of Aragua remained as parishes with low
persistence of dengue (1-14 weeks). In the case of Carabobo, high values of dengue persistence
ranging from 55 to 98 weeks (1-2 years approximately) were found in 3 parishes from the central
region as well. These parishes are within the most densely populated and crowded parishes in
Carabobo. However, the coastal part of Carabobo, with a population 6 times smaller than the central
region, but with a number of densely populated parishes, showed high values of persistence of 3054 weeks continuously reporting cases (6 months-1 year approximately).

4

Figure 6. Dengue cases persistence per civil parish. Numbers in legend indicate weeks. Original
figure made by Maria Vincenti-Gonzalez with QGIS software (version 2.18, https:// http://www.qgis.
org/).

Data regarding the frequency of water service was obtained from the national census of 2011 [20]
(Figure S3). The data showed general disparities on the frequency of piped water services for both
States. The regions mostly affected by an unreliable water service were the coast of Carabobo and
the east of Aragua, regions that showed the second most important values of dengue persistence
(Figure S3 and Figure 6).
Finally, applying phase analysis, we characterized the association between dengue monthly
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incidence of Aragua and Carabobo States to determine if there were differences in the annual onset
of dengue between these two dengue hyperendemic regions. The results showed that dengue in
Aragua tends to start earlier than in Carabobo. Specifically, Carabobo displayed an increase in
dengue incidence with a lag of 1 month approximately after a rise in incidence in Aragua. Thus,
Carabobo lags behind of Aragua State in the timing of dengue transmission (Figure 7).
Characterization of the cluster of dengue in the coastal region of Carabobo
Cross-correlation and phase analysis
To further investigate the characteristics of the unforeseen cluster of dengue incidence in the
coastal region of Carabobo in comparison to the main cluster located in the central area, cross
correlation and wavelet phase analysis were applied. These analyses indicate whether dengue
incidence increases simultaneously in these two regions or if one of the regions “leads”, i.e. reports
first a rise in dengue incidence. The phase analysis between 2008 and 2014 showed increased
dengue incidence in the coast after an increase in dengue incidence in the central region (Figure
7b). Also, the phase analysis indicated that the time series were synchronized (in-phase) and
showed a general tendency of the central region to lead (2008, 2009, 2010, 2013, 2014), suggesting
that either a wave of dengue was moving away from the center and then reaching the coastal area
or that there was a delay at the beginning of the dengue peak in the coastal region due to factors
to be discussed later. Additionally, cross-correlation functions (CCF) allowed to identify relevant
associations between time series of dengue incidence from the central and coastal regions at a
monthly temporal scale. Indeed, significant correlations between dengue incidence from center
and coast were found at a lag of 1 month (r=0.539, p<0.05).

4

Figure 7. Phase analysis of dengue incidence time series of Carabobo State regions. a) Dengue
incidence time series of Aragua and Carabobo States. b) Phase of the annual component of dengue
incidence of Aragua and phase difference (dashed lines) at a periodicity of 1 year. c) Dengue incidence
time series of Central and Coastal region of Carabobo State d) Phase of the annual component of dengue
incidence of the central region and coastal region and phase difference (dashed lines) at a periodicity
of 1 year.
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DISCUSSION
Our main results showed space and time heterogeneity of dengue incidence at parish level
across the States under study. Here we show that: a) Space and space-time clusters were primarily
concentrated in the main large urban central areas of each region, but also in smaller but densely
populated parishes from the coastal area of Carabobo State; b) Dengue persistence was higher
in these same regions and associated with increased population density; c) Despite that the two
studied regions are located adjacent to each other, Aragua State had a higher number of dengue
cases, incidence and dengue persistence than Carabobo with a rise in dengue incidence 1 month
ahead of Carabobo; and d) Dengue incidence in the coastal Carabobo cluster lags behind that of
the central region suggesting a possible spread from the center to the coast via the important road
network between these two areas.
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Infectious diseases transmission heterogeneity at spatial and temporal scales has been largely
described and it is a common feature of many vector borne diseases (VBD) such as dengue [28]. This
spatial variability is displayed as areas showing a higher disease risk or an augmented transmission
rate than others (“hotspots”) [13]. The spatial and temporal difference of disease transmission may
be due to variation in vector and human variables such as mosquito abundance, socio-economic
and climatic variables, population size and other risk factors driving non-linear impacts of disease
transmission [2,29,30].
The spatial heterogeneity of dengue, was investigated in two States of Venezuela. In our results,
the most consistent area of dengue clustering throughout the study period were the central region
of Aragua and Carabobo States, and the coastal area of Carabobo. Furthermore, the analysis of
persistence of dengue in Aragua and Carabobo States revealed major values of dengue persistence
towards the central regions, suggesting that these areas have all the conditions to maintain
transmission (with no fade out) for longer periods [15]. Instead, the west and south-central regions
of Carabobo and the southern and coastal regions of Aragua with low population densities would
tend to seasonal extinction and recolonization and a cessation of dengue persistence [15]. These
areas of clustering and high dengue persistence within regions of high population density are
characterized with crowding living conditions, unreliable access to public services, risk factors for
mosquito breeding sites, and other markers of lower socio-economic status that have proved to
favor dengue transmission [19,31]. One of the main risk factors favoring dengue epidemics is the
current explosive growth within urban centers, as it causes the public services development to
lag behind. The later brings issues such as inadequate water supply, irregular garbage collection,
and unreliable public health services, all regarded as major contributors to dengue transmission
[32,33,34,35]. Data from the Venezuelan National Census (year 2011) point to an overall water
service deficiency across the States under study, with Aragua exhibiting a worse situation. A recent
study performed in Venezuela between 2016 and 2017 indicated the lack of an effective program to
provide sufficient and continuous water services for the population resulting in a high proportion
of homes having to store water and potentially creating mosquito breeding sites [31,36].
Another variable related with heterogeneous patterns of dengue transmission is the availability
of traffic routes and human movement [ 37,38]. In our study, the civil parishes with more cases
where those located towards the central regions (and coast of Carabobo) that are well served by a
range of different road types, suggesting that dengue heterogeneity across the States under study
may also likely be related to the movement of infected hosts rather than only on the movement of
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the infected mosquito vector, since the mosquito restricted flight range has been reported to be
around <100 meters [39]. This also suggests that regions with high dengue risk and well served by
transportation routes can be foci of dissemination of dengue to other regions. On these grounds,
we can argue that while transmission of dengue at small geographical levels (neighborhoods,
blocks) is mainly attributable to the spread of the mosquito and to social interactions, at higher
levels (towns, cities, States), the heterogeneous disease propagation may be due to the host and
vector population dynamics, including the movement/transportation of both infected humans
and mosquitos favored by the diverse road network [40,41,42,43].
Our results showed that there is a considerable difference in dengue cases and incidence between
Carabobo and Aragua States. Also, phase analysis and cross-correlation functions showed that
dengue incidence lags ahead in Aragua and shows a rise in dengue cases first than Carabobo state
1 month ahead. These results confirm that Aragua State continues to be a traditional endemic
area of high risk for dengue. Since the first dengue hemorrhagic epidemic in 1989, Aragua and
its Capital City Maracay have been reporting high values of dengue incidence and severe disease
[9,21], being today an area of particular concern. One of the factors that may partly explain this
difference is the higher deficiency in piped water supply observed for Aragua in comparison with
Carabobo [20]. Deficiencies in piped water supply has been related with increased water storage
at home and higher dengue risk as reported earlier [21,31]. The difference in cases and incidence
between these two States may be related to several other factors such as vector distribution, local
changes in climate, serotypes dynamics, behavior towards personal protection against mosquitos,
water storage behavior, housing conditions, urban landscape and social interactions patterns
[44,45,46,47,48]. Hence, more research is needed to stablish the source of such variability across
endemic States in Venezuela exhibiting high risk of dengue.
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While clustering and persistence results exhibited by the central regions of each State were
expected, those for the coastal region of Carabobo were an interesting finding as this latter region
displayed also the second highest dengue case persistence values. Although populated areas are
presumed to be major spreaders of dengue virus [49], less populated areas such as the coastal
region of Carabobo appear as high-risk zones for dengue transmission. In our case, this area has
a lower number of inhabitants compared to the central region, but some parishes have a high
population density. The temporal clustering of dengue in the coastal region at the beginning of the
year can be partly explained by the influence of the precipitation patterns occurring at the coast
(increased rain towards the last months of the year) [50]. Moreover, previous studies have shown
that the frequency of water service in these coastal areas are particularly deficient and highly
correlated with the presence of Aedes aegypti breeding sites favoring dengue prevalence among
these populations [51]. We explored a possible link between the coastal and the central cluster in
Carabobo. Phase analysis results indicated that dengue incidence in the central region showed a
general tendency to lead by a lag of 1 month in comparison with the coast suggesting that the
epidemic wave would start in the center and spread to the coast. The coastal area is well connected
via fast transportation routes (highways and secondary roads) to the central region and the rest of
the country, favoring human movement which plays an important role in dengue dissemination at
local and regional level [27,34,38]. Moreover, the presence of one of the most important harbors in
this coastal cluster may imply a possible spread of dengue beyond national boundaries.
In conclusion, we found significant clustering of high and persistent dengue incidence concerning
the most populated regions of both States under study, but also in regions with 6 times lower but
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dense population like the coast of Carabobo. This suggests a great disease heterogeneity and give
important insights about the geographical extent of the transmission of dengue. Following the
evidence that less but densely populated regions can serve as a second source of dengue infections,
the current dengue control measures need to be adjusted to this context. That is, to effectively
cover not only the regions reporting more cases, but those regions that are continually exhibiting
a persistent pattern of dengue transmission and high values of dengue incidence. It is important to
highlight that 1) dengue and vector control measures have to be applied on a regular basis without
delays or gaps in order to reach a decrease in disease morbidity, 2) Efficient case reporting has to
be assured for all regions within States as this is the base of disease monitoring, and finally, 3) the
efficiency of control measures would be increased if they are applied in a targeted way, taking
into account the heterogeneous pattern of the disease, to guarantee an effective allocation of
resources and control efforts. Our study provides insights about the spatial and temporal dynamics
of dengue within the two of the most inhabited regions of northern Venezuela. Further studies
involving more States/regions could shed light on the complete panorama of dengue transmission
dynamics within Venezuela and its implications to its neighboring countries.
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SUPPORTING INFORMATION

4

Figure S1.- Number of dengue cases per year (2008-2014) in the study region. Original figure made
by Maria Vincenti-Gonzalez with QGIS software (version 2.18, https:// http://www.qgis.org/).
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4

Figure S2.- National and Aragua and Carabobo State dengue incidence (2008-2014).

Figure S3. Frequency of water service per region of Aragua and Carabobo States. Source: Instituto
Nacional de Estadistica (INE): http://www.ine.gov.ve/
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