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1
GENERAL INTRODUCTION

Viruses that are transmitted by arthropod vectors (arboviruses) are spreading either gradually 
or in explosive (re)-emergent epidemics becoming an increasing threat to global public health 
[1,2]. In the last 4 years, the two major and devastating epidemics that struck the Americas were 
caused by arboviruses: chikungunya and Zika viruses. In parallel, dengue virus (another arboviral 
disease) is endemic in the region with an increasing spread to areas that were formerly unaffected. 
All three arboviruses are transmitted by the same mosquito, Aedes aegypti, with a potential role for 
Ae. albopictus. The control of these arboviral infections has been a challenge, as these difficulties 
emerge from several factors of different nature (political, institutional, ecological, socio-economical, 
behavioural). Globally, there is an increasing call to change how surveillance and control of dengue 
and other Aedes-borne diseases (such as chikungunya and Zika) are currently performed, since the 
classical approach has proven ineffective in reducing the morbidity and mortality caused by these 
infections. The research described in this dissertation attempts to add relevant knowledge that will 
contribute to a more integrated approach for arboviral surveillance and control.

The majority of the near 500 known arboviruses belong to one of five families: Bunyaviridae, 
Flaviviridae, Reoviridae, Rhabdoviridae, Orthomyxoviridae and Togaviridae [3,4,5]. The last twenty 
years have been marked by important outbreaks caused by two main arbovirus families: Flaviviridae 
and Togaviridae. Relevant viruses from the Flaviviridae family are dengue, West Nile, yellow fever, 
Zika (ZIKV), St Louis encephalitis and Japanese encephalitis. The Togaviridae family comprises 
chikungunya, Mayaro, Venezuelan equine encephalitis and Western equine encephalitis viruses. 
The families Flaviviridae and Togaviridae are common causes of febrile diseases with different 
severity outcomes ranging from short and long-term physical or cognitive impairment to death.

Dengue and chikungunya viruses are distributed across several countries belonging to Asia, the 
Pacific, America, Africa and the Caribbean (Figure 1) and are transmitted in urban and peri-urban 
settings by infected females of the day-biting mosquitoes, Ae. aegypti and Ae. albopictus [1]. But 
recently, in Europe, autochthonous transmission of dengue and chikungunya has been reported 
in countries such as France [6], Portugal [7,8] and Italy [9,10,11], revealing the expansion of these 
diseases to novel and unexpected areas posing a new threat for temperate climatic zones. In 
the Americas, numerous factors are related to the current increase of dengue incidence, and the 
recent introduction of chikungunya and Zika viruses. Amongst the most important ones are the 
uncontrolled urbanization, unreliable public services such as water supply, electricity, sewers and 
waste disposal [12,13]. Furthermore, the progressive deterioration of the public health institutions 
responsible of the vector control programmes, and the lack of funding and political will have been 
contributing to the increase of vector density [14,15]. To add more, globalization, the intensification 
of human movement and climate change have also played a role in the fast spread of dengue 
[16,17,18]. 

Dengue is currently the most important arboviral disease in humans with over half of the world’s 
population living at risk and present in 128 countries [18, 19,13,20,21]. Over the last 50 years, a 30-
fold increase in disease incidence has been observed [22]. Individuals infected with dengue can 
be asymptomatic or show symptoms that range from mild febrile disease to severe illness with 
plasma leakage, multiorgan failure, and death [23,24]. The DENV comprises four distinct serotypes 
(DEN-1, DEN-2, DEN-3 and DEN-4) and numerous genotypes, being the “Asian” genotypes of DEN-2 
and DEN-3 frequently associated with severe disease accompanying secondary dengue infections 
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[25].  In 2013, it was estimated that 390 million dengue infections occur every year [26], of which 
96 million show symptoms, with children being the most affected [24]. The rest of the 294 million 
cases (75%) were defined as inapparent dengue infections where individuals present very mild or 
asymptomatic disease but can potentially transmit DENV [27,28]. 

Figure 1.- Estimated global distribution of dengue, chikungunya and Zika. Source : Patterson et al, 2016 
(https://doi.org/10.5811/westjem.2016.9.30904).

Chikungunya virus, an alphavirus that was first described in 1950 in Tanzania, is responsible for 
explosive outbreaks in Africa, the Indian Ocean islands, Asia, Europe, and the Americas [29]. From 
October 2013 onward, when the first autochthonous case was reported in Saint Martin Island, CHIKV 
rapidly expanded across immunologically naïve populations from the Americas, including countries 
of South and Central America, and later North America. Nowadays, autochthonous transmission of 
CHIKV is confirmed to be in 48 countries belonging to the Americas and the Caribbean region. Since 
the introduction of CHIKV in the Americas, an estimated 2 million suspected cases have occurred 
[30,31]. Chikungunya infection is mainly symptomatic and is characterized by fever, rash and 
debilitating arthralgia [32,33,34,35]. In areas where dengue is widespread, the two diseases may be 
difficult to disentangle without laboratory diagnosis given their common symptoms (fever, muscle 
pain, headache, fatigue). For both viruses (DENV and CHIKV), disease prevention and control are 
subjected to education, sanitation and vector control programs. 

Dengue in Venezuela

Until 1989, dengue in Venezuela was limited to hypoendemic epidemics with the circulation of a 
single serotype [36]. Hereafter, the introduction of dengue serotypes had happened sequentially. 
Although the presence of dengue fever was documented since 1828 [37], it was not until 1964 that 
an epidemic of dengue was reported in Venezuela (18 ,315 cases), due to the (re-)introduction of 
previously non-circulating dengue serotype 3 (DENV-3) strain and coinciding with an increased 
spread and densities of Ae. aegypti [38,39,36,40]. Between 1969 and 1970, an epidemic was 
confirmed due to the entry of serotype 2 (DENV-2, American genotype). After this last epidemic, 
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a 7 years epidemiological silence elapsed until serotype 1 (DENV-1) was introduced in 1977. The 
previous serotype introduction caused a massive epidemic in several countries including Venezuela 
[41]. Later in 1981, serotype 4 (DENV-4) is confirmed to be the cause of a new dengue epidemic 
in the Americas; however, in Venezuela, the epidemic had a slight impact in the population [40]. 
Meanwhile, Cuba was reporting a massive first epidemic of dengue hemorraghic fever (DHF) due 
to the introduction of a new strain of DENV-2 from Southeast Asia [42]. By the end of the 1980s, 
this new pathogenic genotype of DENV-2 (genotype III) reached Venezuela causing the first DHF 
epidemic in the country with 12,220 cases, of which 3,108 (25.4%) were DHF [43,44,45]. From this 
moment, Venezuela became a dengue hyperendemic country with the co-circulation of serotypes 
DENV-1, 2 and 4 and with the establishment of the hemorrhagic and severe forms of the disease. 
Finally, in the year 2000, DENV-3 was re-introduced, causing a large epidemic. By the end of the 
year 2001, 83 180 cases were reported, with an attack rate of 337.7 per 100 000 inhabitants [40,46]. 
From this year on, the co-circulation of the 4 dengue serotypes and the persistent occurrence of 
DHF and severe dengue cases were established throughout the country, with especially high rates 
among infants [36,47,48].

Since the year 2000, the disease is one of the Neglected Tropical Diseases (NTDs) of major public 
health importance in Venezuela, which have been showing an upward trend of the magnitude 
and frequency of epidemics. The disease has caused a heavy burden in the already deteriorated 
national health care system, leading to an important increase in rates of morbidity and mortality 
across the country. The last decade was marked by important dengue epidemic years (2007, 2009-
2010, 2013, 2014), with the biggest occurring in 2010 when more than 120,000 cases were reported 
[46]. The incidence of dengue in Venezuela has exhibited a steady increase since the early 1990’s 
[46,49,50]. In 2015, Venezuela was considered to be a country with high human development 
(Human Development Index, HDI=71◦), yet, the country has been unable to effectively apply a 
reliable program for dengue and other mosquito-borne disease prevention and control, showing 
an increasing trend of Vector Borne Diseases (VBD) [51,46,52]. Deficits in public services such as 
the infrequent services in water supply and electricity have forced the Venezuelan population to 
store water intradomiciliary, promoting and maintaining persistent breeding conditions for Aedes 
mosquitoes throughout the year, and making difficult for the limited, -and now, non-existent-, 
vector control programs to achieve some degree of effectiveness. Furthermore, despite the high 
HDI in Venezuela, the current proportion of people living in poverty is as high as 87% [53]. Studies 
conducted in the country found that poverty-related socioeconomic factors increase the risk for 
dengue infection [54]. Currently, since costs of renting a household suitable for a family are not 
affordable, this situation had favoured more crammed living conditions and deprivation supporting 
dengue transmission [54,55].    

The emergence of new arboviruses like CHIKV and ZIKV together with persistent transmission of 
dengue have generated a heavy burden on the population and health systems of the Americas 
in the last years [56]. In Venezuela, the local transmission of CHIKV and ZIKV was detected for the 
first time in 2014 and of 2015 respectively, after which these viruses spread quickly throughout the 
immunologically naive population. The latter affected remarkably several aspects of the Venezuelan 
population at that moment, which produced high rates of work and school absenteeism and 
drove a hospital crisis collapsing the health system. The introduction of these new viruses and 
the concomitant dengue epidemics, have shown the ability of arboviruses to expand rapidly 
across these regions causing large national epidemics. Moreover, these epidemic events have also 
revealed a worrying reality about how unprepared are the health systems in Venezuela when it 
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comes to handle infectious disease emergencies and exposes the importance of improving the 
current conditions of the management of dengue and other infections transmitted by Ae. aegypti. 
We could in fact categorize the health situation of Venezuela with the term “blue marble health”, 
which describes nations with wealthy economies, showing unexpectedly high prevalence and 
incidence rates of neglected tropical diseases [57].  

Dengue and chikungunya transmission cycle

The full life cycle of dengue involves the insect vector, Ae. aegypti, a highly domesticated mosquito, 
and humans as the host. It is transmitted from human-to-mosquito-to-human through the bite of 
an infected Aedes mosquito [58,59], and unlike other Aedes-borne diseases, DENV does not require 
an enzootic cycle for the maintenance of epidemic transmission in humans. The DENV transmission 
sylvatic cycle does exist in jungles of Africa and Asia in non-human primates, but this virus is 
phylogenetically distinct to the urban cycle of dengue involving Ae. aegypti (Figure 2) [58,60].

Figure 2.- Transmission of dengue viruses. Source: Whitehead et al., 2012 (https://www.nature.com/
articles/nrmicro1690). Reprinted from [60] with permission from Springer Nature.

The sylvatic (enzootic) cycle of CHIKV in Africa involves non-human primates with the virus being 
transmitted by an ample range of forest-dwelling Aedes spp. mosquitoes, occasioning infrequent 
human cases and small outbreaks [61]. However, like dengue, an enzootic amplification is not 
essential for CHIKV when humans are involved, as these are the main amplifying host for this 
pathogen (Figure 3) [62,63,64]. 

Figure 3.- Transmission of chikungunya virus. Source: Petersen et al., 2010 (http://www.tmreviews.
com/article/S0887-7963(09)00082-0/fulltext). Reprinted from [61] with permission from Elsevier
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Transmission of DENV and CHIKV from the human host to mosquitoes requires that multiple 
biological factors have to occur in time and space. Typically, the cycle involves a series of events that 
start with the mosquito taking its blood meal, replication of the virus inside of the mosquito and 
finally, upon a subsequent feeding event, the transmission of the virus to a new susceptible host 
[59]. The cycle can be divided in two main parts: The extrinsic incubation period (EIP) or the time 
taken by DENV/CHIKV to complete its development in the mosquito vector Ae. Aegypti; and the 
intrinsic incubation period (IIP) which starts after a human has been bitten by an infected mosquito, 
and is defined as the time period taken by DENV/CHIKV to complete its development in the human 
host. It is noteworthy that infected mosquitoes can continue transmitting DENV/CHIKV to other 
human hosts for the rest of their life spans (3-4 week period). This can have great implication for 
disease control, and highlights the importance of an efficient vector control program to avoid VBD 
to spread further. 

Surveillance and control of Aedes-borne diseases

Disease surveillance is essential for monitoring disease trends and detecting outbreaks, providing 
public health officials with the information needed to timely detect and manage disease 
occurrence. Successful surveillance activities require a series of standardized steps (e.g.: data 
collection/detection, checking, reporting, opportune diffusion) in order to build an early and 
accurate response towards disease prevention and control [65]. Currently, one of the weaknesses of 
dengue surveillance systems relies on the fact that disease control is usually the first option, rather 
than prevention, suggesting that disease surveillance data is scarcely used for purposes other than 
disease cases reporting.  Certainly, new methodologies for dengue surveillance have been applied 
to improve data collection (computer-based data collection, health-Geographic information 
systems (GIS), spatial statistics, mathematical predictive models), enhancing decision making to 
prioritize resources allocation and help to measure the impact and cost-effectiveness of control 
activities [66,67,68]. Nonetheless, in the Americas and Venezuela, dengue surveillance relies mainly 
on passive surveillance, lacking an active surveillance program. The latter is an important factor to 
anticipate the beginning of an epidemic [69]. Passive surveillance aims to monitor epidemiologic 
trends in diseases, but in dengue endemic countries, passive monitoring is often delayed due to 
the overload of the health system during epidemics [69,70]. To add more, there is a general delay in 
case reporting, ranging from 1.5-3 weeks after patient presentation at a health centre. Since control 
measures are activated based on the disease reports, this delay has an important impact on the 
effectiveness of vector control for dengue and other Aedes-borne diseases.

Currently, and in the absence of a vaccine, the prevention or reduction of dengue and other Aedes-
borne virus transmission depends entirely on controlling the mosquito vector or the interruption 
of human–vector contact. The control of Ae. aegypti targets mainly the immature stages of the 
mosquito (source reduction, environmental management, application of larvicides) and the adults 
(fumigation with insecticides) [71,72]. In the last decades, Aedes control has developed towards 
the use of novel technologies that complements the classic approach of vector control. These new 
technologies include suppression of mosquito populations, genetic techniques and population 
replacement methods that make mosquitoes refractory to arboviral infections [73,74,75]. Despite 
that the majority of endemic countries make efforts to apply the classic tasks of mosquito control, 
these measures seem not to be sufficient and effective due to delays in vector control during 
epidemics, scarce or absent inter-epidemic vector control programs and intermittent spraying 
tasks applied mainly outside of the households with scarce indoor residual spraying usage [76]. 
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Additionally, these programs are often obstructed by weak surveillance capacity, lack of funding 
and a limited understanding of the value and cost-effectiveness of the control measures pre-
outbreak [72,77]. 

Similarly, in Venezuela, the surveillance of VBD such as dengue, is passive, with very scarce reports 
of active surveillance, which is mainly produced by research projects that aim to estimate the 
real burden of the disease in this endemic country [54,78,79]. The country has not been able to 
effectively control dengue, -and more recently nor chikungunya nor Zika-, during the last 15 years 
[46], mainly due to a relaxation in the application of vector control measures and surveillance 
programs. The vector control measures that are applied in recent years, are not different from 
other countries. In general, the programs aim to reduce the immature stages of the mosquito by 
providing larvicides and to reduce sources that enhance mosquito breeding sites. The adult stage 
of the mosquito is often controlled using fumigation with insecticides [72]. However, this measure 
has proven ineffective because it does not cover the entire house, and fumigation campaigns are 
often activated when the number of dengue cases is already increasing exponentially having a 
reduced effect on mosquito populations. Likewise, the vector control institutions in Venezuela, have 
a series of strategies for mosquito control that are not implemented on a regular basis, but rather 
in response to detected clinical cases which are implemented after several days from infection 
onset, or during epidemic periods, using massive insecticide applications designed to stop the 
disease from spreading further.  More recently, the increase of arboviral diseases in Venezuela 
can be explained not only because of the reduction in dengue environmental management 
activities (education and sanitation programmes, surveillance, diagnostics); but also, as a result of 
economically deprived chemical and biological control programs (due to significant shortage of 
pesticide supplies) [50]. 

The alarming increase of dengue in Venezuela in the last decade can be attributed to a series of 
factors that concomitantly influence the occurrence of this diseases. Climatic, environmental and 
socioeconomic factors play an essential role in the spatial spread and the temporal persistence of 
dengue, affecting the physiology/ecology/biology of both virus and vector [55,80,81].  Additionally, 
in the Venezuelan context, socio-economic and political factors have clearly influenced the 
worrisome outcome of dengue in the Venezuelan population [52,82].  Since 2000, the Venezuelan 
government has been progressively shortening the investments in healthcare infrastructure, 
among others. The deep political and economic instability favored the limitation of funding and 
resources in several government offices/ministries, causing a collapse of the healthcare, public 
health and public services systems, leaving aside essential tasks of the prevention and control 
of dengue and other Aedes-borne diseases, such as reliable vector control program and urban 
sanitation tasks [50,52,82,83]. In the last 4 years, the country increasingly lacks reliable medicine 
and food supply systems, which together with an untrustworthy health care system, resulted 
in a more vulnerable population to a wide range of diseases, including malaria, Chagas disease, 
leishmaniasis, and schistosomiasis [52].

Application of Geographical Information Systems in health

Classic epidemiology involves three important features: time, person and place [84]. Furthermore, 
the traditional model for infectious disease (epidemiologic triangle) consists of an external agent, 
a susceptible host, and an environment that, if suitable, brings the host and agent together [85]. 
All the variables shaping health related factors, such as pathogens and host distributions, social 
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connections and the built and natural environment have an important geography context [86]. 
Therefore, “place”, or the spatial component is a relevant feature in dengue and other infectious 
diseases. Likewise, “time”, is an important variable since the pattern of occurrence of diseases 
exhibit dynamics that change over time. Some of these changes occur regularly, while others are 
somehow unpredictable. In the case of dengue and other Aedes-borne diseases, the pattern of 
occurrence is seasonal, and this seasonality is related with climate variables such as temperature 
and precipitation [87,88], that favor the maintenance of mosquito breeding sites. Together, 
seasonal and spatial changes can promote the increase in vector and host populations, facilitating 
the contact between these elements, and therefore, pathogen and disease amplification [89].  

Seasonal and temporal changes drive variability on the distribution of vector and host. These 
changes are defined as heterogeneity, which is the variability of a property of a system in space and 
time [90,91]. It has been largely described that spatial heterogeneity is a common aspect of VBD 
such as dengue and chikungunuya, where disease tends to be concentrated in a small proportion 
of the epidemiological landscape, contributing disproportionally to the overall transmission 
[91,92]. Such disease concentration can be manifested in a small group of households, villages, 
or particular regions that we could denominate “hotspots” where the infection risk is substantially 
higher than areas around or nearby [93]. Another relevant concept is nidality (from the latin “nest”), 
defined as the place where pathogen transmission occurs, and where the pathogen occurrence 
is associated with specific landscapes that favour its amplification [94]. From these two concepts- 
“Heterogeneity” and “Nidality”- new disciplines have risen, called “Spatial epidemiology” or 
“Landscape epidemiology” [68,89,92,94].

Both “Landscape epidemiology” and “Spatial epidemiology” assume that interaction and co-
existence of a susceptible host and a competent vector will arise only in suitable environments 
and ecological conditions, favoring the establishment of a focus of infection [89]. Such disciplines 
combine disease ecology and landscape ecology to better understand the spatial aspects that can 
affect epidemiological processes across a disease’s geographical range and the spatial interactions 
involved [95]. Based on this approach, Geographic information systems (GIS), remote sensing, and 
spatial statistics (cluster identification, hotspots, space-time interactions) are tools that are used to 
analyse and integrate the spatial component in epidemiology of VBD into research, surveillance, 
and control programs, as this arboviral infections exhibit spatial patterns that arise from underlying 
variation in environmental conditions that can be shown on maps [92,96].  These techniques 
describe and analyze the spatial variations of disease occurrence (incidence, cases) and mosquito 
and human distribution, taking into account different variables (Figure 4). For example, by using 
these techniques, it is possible to identify villages at high risk for VBD transmission (malaria, dengue, 
chikungunya, Zika) and correlate this with variables of different nature that may be enhancing 
disease transmission, such as climatic (precipitation, temperature), socio-economic (poverty, lack 
of public services, living conditions), behavioural (human movements), and demographic variables 
(population density) [97]. Furthermore, these techniques may help the prediction of dengue 
epidemics at different spatial scales [98].
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Figure 4.- Conceptual model of the relationship between environmental factors that influence disease 
and observed incidence of that disease in humans. Source: Ostfeld et al., 2005 (http://www.cell.com/
trends/ecology-evolution/fulltext/S0169-5347(05)00071-6). Reprinted from [68] with permission from 
Elsevier.
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Arboviral diseases: a multifactorial disease complex

Dengue is a complex disease due to the intricate interaction between the elements involved in 
its transmission: human host, the mosquito vector (Ae. aegypti) and the virus. Within a suitable 
environment this interaction is more likely to favor disease establishment. The transmission 
patterns of dengue are influenced by several factors as shown in Figure 5. These factors modulate 
the transmission dynamics of chikungunya as well. In such complex interactions, it is likely that 
changes in the bionomics of one of these disease components will have an important impact on 
disease transmission.  For example, in dengue, serotypes (and genotypes) may differ in virulence, 
which may affect the degree of disease severity [99]. On the other hand, changes in mosquito 
density may influence disease transmission patterns, since the relationship between mosquitos 
and susceptible host is important in determining the infective biting rate and transmission of 
arboviruses such as dengue and chikungunya [100].  

 

Figure 5.- Main factors associated to the epidemiology of dengue, chikungunya and other related Aedes-
borne diseases.
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Based on the above, we explain here some of the factors involved in the increase of the incidence 
of arboviral diseases worldwide: 

1) Uncontrolled urbanization: One of the main determinants of VBD transmission is population 
growth. The rapid migration of people to cities can lead to overcrowding and can generate slums-
like neighbourhoods. Nowadays, population density had shown an accelerated growth, that causes 
public services and sanitation programs to lag. In such conditions, poverty-related socioeconomic 
factors arise, which had been pointed as risk factors for dengue and chikungunya disease [54]. This 
is because in such settlements, services like garbage collection and running water are deficient 
or not available, favouring mosquito breeding sites [18]. The latter is related to the domestic 
behaviour of Ae. aegypti, with a short flight range that does not exceed 100 meters if the conditions 
around it are given for oviposition, therefore, contributing to the overall persistence of DENV and 
other Aedes-borne diseases in endemic regions [101].  

2) Globalization and human movement: At large geographical scales (e.g., continents), the 
constant movement of infected human hosts, enhanced by the intense communication by air and 
land travel, has determined that arboviruses reach regions that were previously unaffected showing, 
like dengue, a notorious geographical expansion in the last 50 years. At small geographical scales, 
transmission is powered by social connections due to routine movements (e.g.: work, high-school, 
university, relatives and neighbours houses) allowing the virus to disperse among these common 
places [102]. 

3) Vector control and inefficient public health policies and disease surveillance: In the absence 
of available commercial dengue vaccines or antivirals, the control of dengue transmission is limited 
to the application of mosquito control measures. Nonetheless, vector control of Ae. aegypti have 
proven to be unsuccessful in some areas of high risk for mosquito-borne diseases [18], probably due 
to the rigor with which it is necessary to apply and maintain the vector control measures. The ideal 
panorama would be one where vector control measures are used for prevention instead of applying 
vector control measures after the occurrence of dengue cases. There is evidence that fogging after 
or during the outbreak has little impact on the spread of the disease [103]. Nevertheless, efforts 
to create an integrated framework for dengue prevention are currently being discussed. These 
would look for the best combination of the current vector control measures with novel techniques 
that are under development, and together with the reinforcement of public services, education 
programs and vector-source reduction campaigns [76,104].

4) Climate and climate change: Vector-borne diseases are especially affected by climate. Climate 
together with socio-economic factors and human density exert a strong influence in the increase 
of DENV and CHIKV transmission rates. The strongest climate drivers of these mosquito-borne 
diseases are rainfall and temperature, factors that affect the ecology of Aedes mosquitoes and the 
virus. Additionally, some studies have associated the DENV periodic outbreaks with global inter-
annual climatic variations such as El Niño Southern Oscillation (ENSO) [80,88,105]. Temperature 
and rainfall influence mosquito reproduction and mortality rates, the blood feeding frequency of 
the Aedes female and the EIP of the virus which in turn, determine the degree of human exposure 
to that infection (Figure 6). This does not exclude the great implications that immunological and 
socio-economic factors have on disease transmission [81,106].

A weather forecast is an added value to Aedes-borne diseases surveillance. Since climate variables 
directly affect the survival rate of mosquitos, it is possible to predict major changes in weather and 
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relate them with changes in dengue transmission, which could lead to the design of a climate-
health preparedness program [22,107]. Climate change may also affect the geographic range and 
incidence of dengue through effects on human and natural ecosystems, such as water storage, 
land use, and irrigation [22]. Beyond that, prospective niche models have predicted that under the 
climate change scenario, the geographic expansion of Ae. aegypti to new regions is highly likely, 
since the vector will overcome the geographical dispersal barriers and establish itself in new areas 
[101,108].

Figure 6.- Interaction of meteorological and other determinants of dengue transmission cycles and 
clinical disease. Source: World Health Organization and World Meteorological Organization (2012). 
Available at: http://www.who.int/globalchange/publications/atlas/report/en/ 

 To overcome the difficulties in dengue and other mosquito-borne control, some techniques and 
policies can be applied. One approach would be the coupled actions of the classical approach of 
epidemiology, public health surveillance tasks, with the application of spatial epidemiology and 
climate preparedness. This approach may allow the rapid and efficient identification of areas of 
disease risk, and the timely application of prevention and control tasks.
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SCOPE OF THE THESIS

The research described in this dissertation attempts to identify and characterize determinants 
of dengue and chikungunya disease and transmission relevant for surveillance and control. The 
investigation focuses on the dynamics and epidemiology of DENV and CHIKV in highly endemic 
areas of northern Venezuela, with special emphasis on i) the spatial and spatio-temporal patterns 
of disease prevalence/incidence and their determinants, ii) the influence of climate fluctuations on 
temporal patterns of dengue and iii) the effect of human population movement as an important 
driver of chikungunya and dengue dispersion. To complement the main research, other factors 
influencing dengue disease control were characterized such as the individual’s health-seeking 
behavior; preferences in healthcare center access; knowledge, attitudes and practices; and 
predicting factors for dengue versus other febrile illnesses (Addendum).

Main Research

This section presents the core chapters of this dissertation. Here, we explore the advantage of 
applying hotspot identification to better understand the underlying risk factors that favor the 
persistence of areas of high dengue prevalence (Chapters 2 & 3). Furthermore, the different spatial 
transmission patterns at greater geographical levels (Chapter 4) and the relationship between 
climate variables and dengue (Chapter 5) were also investigated. Finally, we characterize the 
introduction of chikungunya virus in Venezuela and its explosive spreading patterns (Chapter 6).

Chapter 2.- Spatial Analysis of Dengue Seroprevalence and Modeling of Transmission Risk 
Factors in a Dengue Hyperendemic City of Venezuela:  In this chapter, we investigated if dengue 
cases (defined as serologically positive individuals) were spatially aggregated (hot spots) and if 
there were socio-economic and behavioral factors determining this clustering. If so, targeting the 
identified hotspots and their associated risk factors would result in more cost-effective surveillance 
and control measures. To this end, we spatially stratified dengue seroprevalence in three selected 
neighborhoods with high reported dengue incidence.  A prospective community-based cohort 
study was set up, and 2,014 individuals in the neighborhoods of Caña de Azúcar (sectors 1 and 2), 
Cooperativa, and Candelaria in Maracay were recruited in the year 2010. The identification of hot 
spots (at block and household level) of dengue seroprevalence and the risk factors associated with 
these clusters were performed using local spatial statistics and a regression modeling approach, 
respectively. Focalizing dengue control measures during epidemic and inter-epidemic periods to 
disease high risk zones at focal levels may significantly reduce virus transmission in comparison to 
random interventions.

Chapter 3.- Dengue inapparent infections and space-time analysis of dengue seroprevalence 
in Maracay city, northern Venezuela:  Based on the results from chapter 2, we hypothesized that 
dengue hotspots persist in time and space, making these clusters ideal targets for dengue control. 
Therefore, this study focalized on the identification of space-time clusters and disease hotspots of 
recent dengue infections during a period of 4 years in three previously selected neighborhoods 
described in chapter 2. Given that a proportion of these dengue cases were inapparent infections, 
we also wondered to what degree hotspots were constituted solely of inapparent infections. 
Dengue seroprevalence was determined in all surveys using a capture dengue IgM enzyme-linked 
immunosorbent assay (ELISA). In surveys 1 and 3, seropositive individuals with no recollection of 
having had fever or other symptoms suggestive of in the previous three months, were considered 
inapparent dengue cases. Hot spots at household and block level were identified using local spatial 
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statistics. The results derived from this prospective community-based cohort study (Chapters 2 
& 3) may show a clearer panorama regarding the space-time distribution and socio-economic 
determinants of dengue transmission in this area of study.

Chapter 4.- Spatial heterogeneity and persistence of dengue incidence in the north central region 
of Venezuela: Understanding the spatial heterogeneity of dengue is crucial for control because it 
allows to reveal some of the factors underlying such spatial spread pattern and help to understand 
how the infection moves in space and time. Previously, in chapter 2 and 3, we explored the spatial 
determinants for dengue transmission at local level (household, blocks, neighborhood). In chapter 
4, we aimed at testing the hypothesis of a geographical and temporal persistence of dengue at 
higher spatial levels and identifying possible factors related to this persistence. Using national and 
regional surveillance data, we first identified space and space-time clusters of dengue incidence, 
and analyzed the persistence of dengue by civil parish. Additionally, a phase analysis was performed 
to explore which regions tend to lead and first show an increase in dengue cases reporting. Later, 
we explored which disease determinants may be related with the particular transmission disease 
pattern that was found in the areas under study.  

Chapter 5.- Warmer temperatures produced by El Niño promote periodic major outbreaks of 
dengue in Venezuela: In Venezuela, the tendency of dengue epidemics to increase in size and 
frequency in the last decades are of particular concern. To ascertain this observation, we first 
quantified the periodicity of dengue incidence in time-series of data to search for particular 
annual (short-term) and inter-annual (long-term) cycles. We then posed the question of the 
possible influence of climate variability on temporal changes of dengue transmission. To answer 
this query, we analyzed the association between annual and inter-annual cycles of dengue with 
climate variables (minimum and maximum temperatures and precipitation) and El Niño Southern 
Oscillation (ENSO). Understanding the inter-annual variability in the dynamics of DENV can provide 
useful insights for disease programs and allow the development of more integrated surveillance 
and early warning systems to predict disease risk in response to changes in climate.

Chapter 6.-Spatial dynamics of chikungunya transmission in Carabobo, Venezuela: The first 
six months of the epidemic: In 2014, chikungunya caused one of the most explosive epidemics 
ever reported in Venezuela (and in the Americas).  In chapter 6, we describe and quantify the 
spatial and temporal events following the introduction and propagation of chikungunya into an 
immunological naïve population from the urban north-central region of Venezuela during 2014. To 
achieve this, the general spatial trend of chikungunya cases across the study area was developed 
using Trend Surface Analysis (TSA), a global surface fitting methodology, while the space-time 
clusters of chikungunya transmission were analyzed using spatial statistics.  Understanding the 
introduction and propagation range in space and time of the initial epidemic wave of CHIKV 
within the complex urban landscape setting of Venezuela will give us important knowledge on the 
dynamics of new arbovirus and help manage future threats of new or emerging diseases operating 
under similar epidemiological conditions. 

Addendum: Additional Research

As mentioned earlier, the transmission of dengue is determined by several factors that act together. 
Consequently, the efforts to control diseases such as dengue and chikungunya, include several 
disciplines such as epidemiology, sociology, ecology, medicine and immunology among others 
that aim to answer the most urgent matters related to the prevention, control and medical effects 
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of arbovirosis like DENV and CHIKV. The Addendum encompasses chapters and research performed 
in collaboration with peers belonging to the same research group. These topics explored first, 
the behavior towards health seeking (Chapter 7), attendance to healthcare centers (Chapter 8) 
and the Knowledge, Attitudes and Practices (KAP) concerning dengue (Chapter 9). Secondly, the 
identification of parameters to differentiate between dengue and other febrile diseases at the early 
stage of the disease was also explored (Chapter 10). 

Chapter 7.- Health Seeking Behaviour and Treatment Intentions of Dengue and Fever: A 
Household Survey of Children and Adults in Venezuela: In this chapter we analyzed the patterns of 
health seeking behavior (HSB) in individuals exposed to high dengue incidence aiming to improve 
early attendance to health centers and medical care by the individuals suspecting dengue disease.

Chapter 8.-Accessing Healthcare in Venezuela: a Community based Study on Health Centre 
Preferences in the Case of Dengue and Fever: Accessing healthcare in Venezuela can be nowadays 
a very complex situation. Patients tend to visit different health care centres seeking for quality 
in medical attendance and supplies availability. In order to improve the understanding of such 
complicated situation, this study focused on the assessment of the intended health care attendance 
and perceived motivations/barriers for access to care in the case of fever and dengue in a high 
dengue transmission urban area. 

Chapter 9.- Knowledge, Attitudes and Preventive Practices regarding Dengue in Maracay, 
Venezuela: Dengue is a viral mosquito-borne disease and it is widespread throughout tropics and 
sub-tropical areas, affecting more than 100 countries, with an estimated number of annual infections 
of 390 million.  Risk factors of this disease are influenced by variations in climate, urbanization 
and quality of vector control measures. Specifically, in vector control, social mobilization and 
community behavioral changes are of crucial importance. In order to improve dengue control 
of communities exposed to endemic dengue transmission, we identified the factors influencing 
community dengue preventive practices by describing Knowledge, Attitudes and Practices (KAP) 
concerning dengue, and investigating determinants of personal protection against mosquitoes 
and mosquito breeding site elimination.

Chapter 10.- Decision Tree Algorithm that differentiates dengue from other febrile illnesses 
at the early stage of the disease: The acute phase of dengue begins with fever and non-specific 
symptoms that are frequently indistinguishable from the initial phase of other febrile illnesses 
(OFI). For secondary dengue infections, patients are more likely to progress to dengue with warning 
symptoms or severe dengue if early care and precautions are not taken in a timely fashion, making 
dengue early differential diagnosis, one of the important steps in dengue disease management. In 
this chapter we focused on the identification of parameters that could differentiate dengue from 
OFI at the early stage of the disease resulting in a decision-tree algorithm that uses clinical features 
and routine laboratory tests. 

Chapter 11.- Summarizing Discussion: Summarizes the results and discusses the most relevant 
conclusion of this thesis.
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ABSTRACT

Background

Dengue virus (DENV) transmission is spatially heterogeneous. Hence, to stratify dengue prevalence 
in space may be an efficacious strategy to target surveillance and control efforts in a cost-effective 
manner particularly in Venezuela where dengue is hyperendemic and public health resources are 
scarce. Here, we determine hot spots of dengue seroprevalence and the risk factors associated with 
these clusters using local spatial statistics and a regression modeling approach.

Methodology/Principal Findings

From August 2010 to January 2011, a community-based cross-sectional study of 2012 individuals 
in 840 households was performed in high incidence neighborhoods of a dengue hyperendemic 
city in Venezuela. Local spatial statistics conducted at household- and block-level identified 
clusters of recent dengue seroprevalence (39 hot spot households and 9 hot spot blocks) in all 
neighborhoods. However, no clusters were found for past dengue seroprevalence. Clustering of 
infection was detected at a very small scale (20-110m) suggesting a high disease focal aggregation. 
Factors associated with living in a hot spot household were occupation (being a domestic worker/
housewife (P = 0.002), lower socio-economic status (living in a shack (P<0.001), sharing a household 
with <7 people (P = 0.004), promoting potential vector breeding sites (storing water in containers 
(P = 0.024), having litter outdoors (P = 0.002) and mosquito preventive measures (such as using 
repellent, P = 0.011). Similarly, low socio-economic status (living in crowded conditions, P<0.001), 
having an occupation of domestic worker/housewife (P = 0.012) and not using certain preventive 
measures against mosquitoes (P<0.05) were directly associated with living in a hot spot block.

Conclusions/Significance

Our findings contribute to a better comprehension of the spatial dynamics of dengue by 
assessing the relationship between disease clusters and their risk factors. These results can inform 
health authorities in the design of surveillance and control activities. Focalizing dengue control 
measures during epidemic and inter-epidemic periods to disease high risk zones at household 
and neighborhood-level may significantly reduce virus transmission in comparison to random 
interventions.
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AUTHOR SUMMARY

Dengue is a mosquito-borne viral disease of global impact. In Venezuela, dengue is endemic with 
the co-circulation of the 4 viral serotypes and has become one of the most important public health 
problems of urban areas. During 2010 and 2011, a baseline cross-sectional study was carried out 
as part of a dengue prospective cohort study. We enrolled 2012 individuals aged 5–30 years living 
in 840 households within 3 neighbourhoods in Maracay, one of the cities with the highest number 
of reported dengue cases in Venezuela. Serological data were obtained through blood sample 
collections prior to informed consent. Analyses of risk-maps at a fine scale were carried out to detect 
dengue seroprevalence hot spots (areas of greater transmission) within these neighborhoods and 
to relate them with potential transmission risk factors. Recent dengue infection clustered within 
and around households and blocks (radius 20-110m), suggesting the relevant spatial scale at 
which disease transmission occurs in the studied area. People that lived within these hot spots 
were poorer and had more man-made potential mosquito breeding sites in and around their 
premises. Focalizing dengue control measures to infection high risk zones may result in a more 
cost-effective approach of dengue surveillance and control. Spatial statistics analyses are powerful 
tools to identify the past and the actual distribution of dengue, localize high risk areas and help 
focalizing control measures.

INTRODUCTION

The incidence of dengue, a vector-borne viral disease, has risen markedly in the last decades 
affecting more than half of the world’s population [1]. According to a recent study, 390 million 
dengue infections are estimated to occur annually [2]. Dengue and its vectors have spread into 
previously unaffected areas and presently this disease is endemic in 128 countries [3,4]. Currently, 
dengue control methods rely mostly on vector reduction; however, these activities have proven 
largely unsuccessful [4].

Geographic information systems (GIS) and spatial analysis techniques are important tools for public 
health as they integrate the detection of disease spatial patterns, the identification of unusual 
aggregations (hot spots) of epidemiological events and allow the prediction of high-risk areas of 
disease transmission [5,6]. Dengue hot spots identification is suitable to focalize health control 
measures and epidemiological surveillance in a cost-effective manner particularly in regions where 
resources are limited [7,8].

Dengue virus (DENV) belongs to the Flavivirus genus of the family Flaviviridae [9]. It is transmitted 
by the bite of infected female Aedes mosquitoes, mainly Ae. aegypti [10]. Although Ae. albopictus 
is a less efficient vector; it has also been related to dengue outbreaks [11]. DENV consists of four 
serologically distinct serotypes (DENV-1 to -4) each of them capable of causing the entire range of 
dengue-related disease symptoms [12].

In Venezuela, dengue has become a major public health problem of urban areas. DENV transmission 
is endemic with the co-circulation of the 4 viral serotypes [13]. Control of this infection and of its 
mosquito vector has proven challenging due to growing population density, increasingly crowded 
living conditions, unreliable water supply, and enduring problems in public services [14,15,16]. 
Furthermore, in recent years Venezuela experienced an increase in dengue incidence; with this 
increase being related to health sector crisis, budget cuts and shortage of medicines due to 
technical and economical limitations [16,17,18]. Despite control measures, transmission of dengue 
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in Venezuela has become persistent with an average of 40,000 cases annually in non-epidemic 
years and three large epidemics in the past decade [19]. The most recent and biggest occurred 
in 2010, where approximately 125,000 cases including 10,300 (8.6%) with severe manifestations 
were registered [19]. Maracay city in Aragua state has become one of the most important endemic 
urban areas in the country. The highest number of cases and dengue incidence during the 2010 
epidemic was reported in Aragua (495 cases per 100.000 inhabitants) [14,19]. Indeed, during this 
year, Venezuela was the country with the third highest number of reported dengue cases in the 
Americas and ranked second in the number of severe cases [20]. National dengue control measures 
involve strategies to reduce the vector [21,22] however, in recent years surveillance and control 
measures have been applied irregularly or have been absent [17,18].

Previous studies in Maracay, a dengue hyperendemic city in Venezuela, have shown that certain 
areas are more prone to maintain higher dengue transmission and for longer periods than others 
[15] indicating that some epidemiological conditions are stable through time. Using mapping 
technology and spatial analysis of epidemiological and seroprevalence data we attempt to draw 
risk-maps at a fine scale to identify clusters (hot spots) of DENV transmission within high dengue 
incidence neighborhoods in Maracay and relate them with the risk factors present in the studied 
areas. Results will be used to inform health authorities to improve dengue control strategies.

METHODS

Area of Study

Maracay is the capital city of Aragua state in the north-central region of Venezuela (10° 15◦ 6◦ 
N, 67° 36◦ 5◦ W) with an estimated population of 1.139.000 inhabitants [23]. The annual average 
temperature is 25.5°C (min 19°C, max 31°C) with 74% of humidity and an annual precipitation of 
910 mm [24] with two seasons, a dry (November-April) and a rainy season (May-October). Three 
neighborhoods within two municipalities of high dengue incidence [15] were chosen for our study 
(Fig 1). The reported dengue incidence is slightly higher in Mario Briceño Iragorry municipality 
than in Girardot municipality (Fig 2). Lately, two dengue transmission peaks took place in these 
municipalities; one in 2007 and the second in 2009–2010 parallel to the whole dengue incidence 
in Aragua State and Venezuela as shown previously [14]. Caña de Azúcar and Candelaria 
neighborhoods, belonging to Mario Briceño Iragorry municipality, are located close to each other 
in the north-western area of Maracay. This municipality has a population of 99,852 inhabitants in an 
area of 54 km2 [23]. Caña de Azúcar and Candelaria neighborhoods have an area of 0,50 and 0,87 
km2, respectively; are divided by the “Limón” river and surrounded northerly by the mountainous 
National park “Henri Pittier” (Fig 1). Cooperativa neighborhood (Girardot municipality) is found in 
the north-east side of Maracay with an area of 1.1 km2 and the river “Las Delicias” running along its 
eastern border (Fig 1) [25]. Girardot municipality has a population of 590,679 inhabitants in an area 
of 312 km2 [23]. Both municipalities are located within the metropolitan area of Maracay which 
comprises pre-planned urban areas. However, unplanned developments are also present and are 
characterized by the lack of public services such as electricity, water supply and garbage collection. 
In addition, piped-water supply is irregular in the entire Aragua state compelling the population to 
store water in tanks and other containers in order to ensure constant access to water [14,15].
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Figure 1. Study area. Location of the three study sites: 1) Candelaria 2) Caña de Azucar and 3) La 
Cooperativa neighborhoods within the metropolitan area of Maracay city, Aragua State, Venezuela.

in Venezuela has become persistent with an average of 40,000 cases annually in non-epidemic 
years and three large epidemics in the past decade [19]. The most recent and biggest occurred 
in 2010, where approximately 125,000 cases including 10,300 (8.6%) with severe manifestations 
were registered [19]. Maracay city in Aragua state has become one of the most important endemic 
urban areas in the country. The highest number of cases and dengue incidence during the 2010 
epidemic was reported in Aragua (495 cases per 100.000 inhabitants) [14,19]. Indeed, during this 
year, Venezuela was the country with the third highest number of reported dengue cases in the 
Americas and ranked second in the number of severe cases [20]. National dengue control measures 
involve strategies to reduce the vector [21,22] however, in recent years surveillance and control 
measures have been applied irregularly or have been absent [17,18].

Previous studies in Maracay, a dengue hyperendemic city in Venezuela, have shown that certain 
areas are more prone to maintain higher dengue transmission and for longer periods than others 
[15] indicating that some epidemiological conditions are stable through time. Using mapping 
technology and spatial analysis of epidemiological and seroprevalence data we attempt to draw 
risk-maps at a fine scale to identify clusters (hot spots) of DENV transmission within high dengue 
incidence neighborhoods in Maracay and relate them with the risk factors present in the studied 
areas. Results will be used to inform health authorities to improve dengue control strategies.

METHODS

Area of Study

Maracay is the capital city of Aragua state in the north-central region of Venezuela (10° 15◦ 6◦ 
N, 67° 36◦ 5◦ W) with an estimated population of 1.139.000 inhabitants [23]. The annual average 
temperature is 25.5°C (min 19°C, max 31°C) with 74% of humidity and an annual precipitation of 
910 mm [24] with two seasons, a dry (November-April) and a rainy season (May-October). Three 
neighborhoods within two municipalities of high dengue incidence [15] were chosen for our study 
(Fig 1). The reported dengue incidence is slightly higher in Mario Briceño Iragorry municipality 
than in Girardot municipality (Fig 2). Lately, two dengue transmission peaks took place in these 
municipalities; one in 2007 and the second in 2009–2010 parallel to the whole dengue incidence 
in Aragua State and Venezuela as shown previously [14]. Caña de Azúcar and Candelaria 
neighborhoods, belonging to Mario Briceño Iragorry municipality, are located close to each other 
in the north-western area of Maracay. This municipality has a population of 99,852 inhabitants in an 
area of 54 km2 [23]. Caña de Azúcar and Candelaria neighborhoods have an area of 0,50 and 0,87 
km2, respectively; are divided by the “Limón” river and surrounded northerly by the mountainous 
National park “Henri Pittier” (Fig 1). Cooperativa neighborhood (Girardot municipality) is found in 
the north-east side of Maracay with an area of 1.1 km2 and the river “Las Delicias” running along its 
eastern border (Fig 1) [25]. Girardot municipality has a population of 590,679 inhabitants in an area 
of 312 km2 [23]. Both municipalities are located within the metropolitan area of Maracay which 
comprises pre-planned urban areas. However, unplanned developments are also present and are 
characterized by the lack of public services such as electricity, water supply and garbage collection. 
In addition, piped-water supply is irregular in the entire Aragua state compelling the population to 
store water in tanks and other containers in order to ensure constant access to water [14,15].
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Figure 2. Dengue incidence in Mario Briceño Iragorry and Girardot municipalities, Aragua state, 
between 2005–2015. Mario Briceño Iragorry municipality contains the neighborhoods of Caña de 
Azucar and Candelaria, while La Cooperativa neighborhood lies within Girardot municipality. Source: 
LARDIDEV (Laboratorio Regional para el Diagnóstico del Dengue y otras Enfermedades Virales), 
Corporación de Salud del Estado Aragua (CORPOSALUD Aragua), Ministerio del Poder Popular para la 
Salud, Venezuela, 2016.

Study Design

A baseline cross-sectional study was carried out during the recruitment process of a prospective 
community-based cohort study described elsewhere [14]. Briefly, 2012 individuals aged 5–30 
years inhabiting 840 households within the above mentioned neighborhoods were enrolled, from 
August 2010 to January 2011, through house-to-house visits. The inclusion criteria were described 
previously [14], briefly: age between 5–30 years old; living in the study area with no intention to 
move in the following 3 years; and consenting to attend the designated health centre in case of any 
symptoms. The scope of the study was clearly explained to all members of the household and the 
individuals were enrolled after written informed consent. Data were collected through an individual 
and a household structured questionnaires. The individual questionnaire contained data related to 
socio-demographic, epidemiologic and clinical history while socio-economic and environmental 
factors were recorded with the household questionnaire. Serological and hematological data were 
acquired through blood sample collections [14]. The geographical location of each household 
was obtained using a hand-held Global Positioning System (GPS, Garmin Ltd.). As reported earlier 
[14], 5–10% of households with a probable higher socio-economic status in Cooperativa refused 
to participate. Since socio-economic variables were similar between Cooperativa and Candelaria 
where refusal was minimal, we believe that selection bias in Cooperativa was small. In the present 
study, 1985 individuals living in 837 households that had a recorded geographical position were 
included. They were distributed as follows: Candelaria with 452 individuals living in 208 households, 
Cooperativa with 601 people in 266 households and Caña de Azucar where 932 subjects inhabited 
363 residences.
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Dengue Seroprevalence

A 10 ml blood sample was collected from each enrolled individual to perform baseline dengue 
serology and a full blood count. Dengue seropositivity was determined using the Hemaglutination 
Inhibition (HI) Assay as described in detail in Velasco et al., [14]. Two variables for previous dengue 
infection were defined: a) Past dengue infection: HI titres >1:20, and b) Recent dengue infection: HI 
titres ≥ 1280 [14,26]. As reported earlier, 77.4% of the population under study had a past dengue 
infection while 10% exhibited a recent infection. The latter was more prevalent in Caña de Azucar 
(12.8%), followed by Cooperativa (8.1%) and Candelaria (7.4%) neighborhoods [14].

Spatial Analysis: Hot Spot Detection

The hypothesis that an event of dengue infection is equally likely to occur at any location within 
the study area, regardless of the locations of other events, was tested. For that, we used one local 
measure of spatial association, the local Getis statistic [27]. The event was analyzed at two spatial 
scales: 1) at household level, and 2) at block level. Dengue seroprevalence at block and household 
level was standardized as the total number of seropositive individuals divided by the total number 
of individuals surveyed in a block or household, respectively. Risk maps at block and household level 
were drawn for the two seroprevalence outcome variables. The local Getis statistic, Gi*(d) detected 
significant local clustering of high positive (hot spots) values of dengue prevalence around each 
point (e.g. household infection) within a radius (circular window) of specified distance d from that 
location. The distance d defined the neighborhood search for a particular house or block, with 
nearby locations being expected to have similar values. The value obtained was compared (by 
using the Monte Carlo randomization procedure) with the statistic’s expected value to indicate if 
the degree of clustering of dengue prevalence in the vicinity of a particular location was greater or 
less than expected by chance. To correct for multiple comparisons when using Gi*(d), significance 
levels (P < 0.05) were adjusted according to Ord & Getis (1995) [28]. We calculated Gi*(d) at different 
window sizes with the maximum Gi*(d) distance corresponding to the scale at which the Gi*(d) 
maximum value was found that is, the scale of the spatial dependence of the process under study 
[29]. The analyses of Gi*(d) were carried out through the Point Pattern Analysis (PPA 1.0, San Diego 
State University, San Diego, CA http://www.acsu.buffalo.edu/~geojared/tools.htm). The results 
were shown in maps using the softwares QGIS 1.8.0-Lisboa (GNU—General Public License) and 
ArcGIS 10 (ESRI Corporation, Redlands, CA). The satellite images of each neighborhood were 
obtained from Google EarthTM.

Univariate and Multivariate Risk Factor Analysis

Two outcome variables were defined based on the Getis analysis of recent dengue seroprevalence 
hot spot detection: 1) Individuals living in a hot spot household, and 2) Individuals living in a hot 
spot block. Univariate and multivariate analyses of potential risk factors associated to hot spots at 
household and block level of recent dengue infection were performed using SPSS (SPSS Inc., version 
20.0, Chicago, Illinois) software. Variables included in the analysis were the following: demographic 
(age, gender, occupation), socio-economic (duration of residence, studying and having a job, type 
of housing, number of household rooms, persons per household), crowding (number of persons 
living in a household divided by the number of household rooms), environmental (water storage at 
home, availability of public services, presence of litter, used car tires and bottles outdoor and indoor 
flower vases), and mosquito preventive measures (screened windows/doors, use of mosquito nets, 
insecticide and repellent usage, and container washing). The studied variables were previously 
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described in detail [14]. Variables considered as confounders were age and gender. Continuous 
variables were converted into ordered categorical variables when suitable; otherwise they were 
dichotomized above and below their mean value (if normally distributed) or the median (when 
non-normally distributed). The variable crowding was divided into quartiles and a cut-off point was 
set between the third and fourth quartiles (~1.5persons/room) where a difference in prevalence 
was observed. Proportions were compared using chi-square tests. Fisher’s exact test was used 
when one or more cells of the contingency table had an expected count of less than five. Logistic 
regression was used to compare crude and adjusted odds ratios (OR). Significance was determined 
at the 5% level (P < 0.05). The final models contained variables independently associated with 
living in a hot spot household or hot spot block.

Ethics Statements

Data were analyzed anonymously and individuals were coded with unique numeric identifiers. 
All adult subjects ≥18 years old provided written informed consent, and a parent or guardian 
of any child participant provided written informed consent on their behalf. Children between 8 
and 17 years old provided written informed assent [14]. The study was approved by the Ethics 
Review Committee of the Biomedical Research Institute, Carabobo University (Aval Bioetico 
#CBIIB(UC)-014), Maracay, Venezuela; the Ethics, Bioethics and Biodiversity Committee (CEBioBio) 
of the National Foundation for Science, Technology and Innovation (FONACIT) of the Ministry of 
Science, Technology and Innovation, Caracas, Venezuela; and by the Regional Health authorities 
of Aragua State (CORPOSALUD Aragua). The study was conducted according to the principles 
expressed in the Declaration of Helsinki [30].

RESULTS

Risk Maps and Hot Spot Detection

Risk maps of the spatial distribution and local clustering of dengue seroprevalence for each 
outcome variable (past and recent) at block and household level are shown in Figs 3 and 4. A 
high seroprevalence of past dengue infection was found across all neighborhoods, resulting in 
risk maps where most blocks exhibited a seroprevalence >40%. Consequently, no past dengue 
seroprevalence clusters were detected by the local spatial statistics at any spatial scale (household 
or block; Figs 3a and 4a). Risk maps of recent dengue seroprevalence depicted a greater spatial 
heterogeneity. The highest frequency of recent dengue transmission at block level (seroprevalence 
>36%) was located in the southern part of Caña de Azucar neighborhood, while the majority of 
Candelaria’s blocks and the rest of Caña de Azucar displayed a seroprevalence below 21% (Fig 3b). 
Most blocks within La Cooperativa neighborhood showed low seroprevalence except for three 
areas, one in the northern, the second one in the middle and the third one in the southern edge 
where a prevalence higher than 36% was found (Fig 4b). Significant hot spots at household and 
block level were identified for recent dengue seroprevalence. Spatial statistics showed that most 
of the recently infected individuals were spatially located toward the southern side of Caña de 
Azucar neighborhood (Fig 3b). The local Getis statistic identified in this southern area 3 hot spots 
at block level (blocks 86, 88 and 92) and 9 hot spots at household level (see below and Fig 3b). 
Consequently, the most relevant recent dengue transmission gathering of clusters was found in 
this particular neighborhood. Additionally, hot spots at household and block level were detected 
by the local Getis analysis in all neighborhoods with a total of 65 individuals residing in the 39 
detected hot spot households while 144 people lived in 62 households within 9 hot spot blocks. 
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Four clusters at block level were identified in Caña de Azúcar, one in Candelaria and four in La 
Cooperativa neighbourhood (Figs 3b and 4b). The four hot spots at block level found in Caña 
de Azucar contained 36 houses, 13 (36%) of which were also hot spots households. The cluster 
found in Candelaria contained 9 households and one (11%) hot spot household. In La Cooperativa 
neighborhood, four hot spots blocks were identified including 17 households of which 4 (23.5%) 
were hot spots. Finally, the spatial-scale (maximum Gi*(d) distance) at which all dengue clusters 
were detected varied between 20 meters for household level clusters and 90–110 meters for block 
level clusters suggesting the relevant spatial scale at which dengue transmission occurs in the 
studied urban landscape.

Figure 3. Dengue seroprevalence within Candelaria & Caña de Azúcar neighborhoods, Maracay 
city, Venezuela. a) Past dengue seroprevalence: Blocks show past dengue seroprevalence (%). No hot 
spots at any spatial scale were found (Gi*(d) < 2.79, P >0.05). Black dots indicate surveyed households. b) 
Recent dengue seroprevalence: Blocks show recent dengue seroprevalence (%). Blue encircled blocks 
show the results of the local Getis statistic (Gi*(d)) analyses at a distance of 90 meters, with significant 
(P <0.05) clusters of recent dengue infection at block level (hot spots). Red dots show the results of Gi*(d) 
analyses at a distance of 20 meters with significant clustering of recent dengue infection at household 
level (Gi*(d) >2.79, P <0.05). Black dots indicate surveyed households.
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Figure 4. Dengue seroprevalence within La Cooperativa neighborhood, Maracay city, Venezuela. 
a) Past dengue seroprevalence: Blocks show past dengue seroprevalence (%). No hot spots at any 
spatial scale were found (Gi*(d) < 2.79, P >0.05). Black dots indicate surveyed households. b) Recent 
dengue seroprevalence:  Blocks show recent dengue seroprevalence (%). Blue encircled blocks 
show the results of the local Getis statistic (Gi*(d)) analyses at a distance of 110 meters, with significant 
(P <0.05) clusters of recent dengue infection at block level (hot spots). Red dots show the results 
of  Gi*(d) analyses at a distance of 20 meters with significant clustering of recent dengue infection at 
household level (Gi*(d) >2.79, P <0.05). Black dots indicate surveyed households.
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Risk Factors Associated with Living in a Dengue Hot Spot

The values of the two outcome variables of recent dengue seroprevalence hot spot detection 
resulted as follows: Sixty-five individuals living in hot spot households (n = 65/1985 = 3.3%), and 
144 individuals living in hot spot blocks (n = 144/1985 = 7.3%).

Demographic risk factors.

Univariate analysis of demographic risk factors for clustered households and blocks identified by 
local Getis analyses showed that age and gender were not significantly associated with living in a 
hot spot household or block (Table 1). Being a domestic worker/housewife was the only occupation 
category significantly associated with living in a hot spot household (OR = 5.08, P = 0.034). This 
association became stronger and also applied to individuals living within a hot spot block, when 
occupation was treated as a binary variable. That is, there was a positive association between being 
a domestic worker and living in a hot spot household (OR = 2.85, P < 005) or block (OR = 1.67, P < 
0.05) compared to people having other jobs (Table 1)

Table 1. Univariate analysis of demographic risk factors associated with living in hot spot households 
and blocks.

Socio-economic risk factors.

The stronger factor associated with living in hot spot households was residing in a shack/ “Rancho” 
(OR = 13.51, P < 0.05), however the small sample of individuals living in this type of dwelling 
determines the wide OR confidence interval (Table 2). Unexpectedly, the odds of living in a hot spot 
household were negatively associated with a higher number of inhabitants (>6) per household 
(OR = 0.42, P = 0.004, Table 2). The number of household rooms, crowding (number of people per 
room), the time that people lived in the same residence, studying, having a job or not doing any of 
those at the time of the interview were not significantly associated with the odds of being in a hot 
spot household. Contrariwise, the odds of living in a hot spot block were positively associated with 
individuals residing in a household with more than six people (OR = 1.97, P <0.001) and in crowded 
conditions (OR = 2.32, P <0.001) but, negatively associated with those inhabiting a household with 
more than five rooms (OR = 0.54, P = 0.001). There was no association with the rest of the socio-
economic factors (Table 2). 
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Table 2. Univariate analysis of socio-economic risk factors associated with living in hot spot households 
and blocks.

Household and environmental risk factors and mosquito preventive measures.

The majority of individuals inhabiting hot spot houses (56/57 = 98%) stored water at home in 
general (in a tank and/or container, Table 3). Storing water in containers was positively associated 
with living in a hot spot household (OR = 1.96, P = 0.031). People who lived in households where 
litter was found outdoors (garden or patio) had odds of residing in a hot spot household that 
were 2.37 times as high as those who did not have litter outdoors; while other common mosquito 
breeding sites such as used car tires outdoors, bottles outdoors and indoor flower vases did not 
show a statistically significant association. The availability of public services did not influence 
the odds of living in a hot spot household. Amongst the mosquito preventive measures (Table 
4), people using personal mosquito repellents were positively and significantly associated (P = 
0.013) with inhabiting hot spot households than those that did not use them. These individuals 
referred as reasons to use repellents the high amount of dengue cases and mosquitoes in their 
area of residence and surroundings. Other protective measures such as screened windows/doors, 
the use of insecticide sprays and water container washing were not associated with living in a hot 
spot household. Finally, using mosquito nets showed a protective effect (OR = 0.63) but given that 
only one person referred to use it, the relation was not statistically significant. Three variables were 
significantly associated with living within a hot spot block and those were mosquito preventive 
measures. The odds of individuals that used insecticide (OR = 0.44, P <0.001) and that washed their 
water containers regularly (OR = 0.39, P <0.001) were negatively associated with living in a hot spot 
block, while the odds of individuals that had screened windows/doors were positively associated 
with living in a hot spot block (OR = 2.14, P = 0.047) (Table 4). To store water in tanks is a common 
practice in the studied neighborhoods, due to the irregular piped water service, and the odds of 
people that store water in tanks were positively but not significantly associated with living in a hot 
spot block. Moreover, the presence of used car tires outdoors may create a suitable environment 
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to develop mosquito breeding sites. However, the odds of people having used tires outdoors were 
positively but not significantly associated with living in a hot spot block (P = 0.105) (Table 3). 

Table 3. Univariate analysis of household and environmental risk factors associated with living in hot 
spot households and blocks

Table 4. Univariate analysis of mosquito preventive measures associated with hot spot households and 
blocks.

Multivariate analysis

The final multivariate model of risk factors independently associated with living in a hot spot 
household is shown in Table 5. Being a domestic worker/housewife, living in a shack, storing water 
in containers, have litter outdoors and using repellent were all positively associated with living in a 
hot spot household. The positive association with the use of mosquito repellent could be related to 
a perceived higher amount of mosquitoes in their place of residence. Individuals living in dwellings 
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with more than six people were negatively associated with dengue hot spot households. Table 6 
displays the final model of factors independently associated with living within a hot spot block. 
The model shows that the occupation of domestic worker/housewife, the number of persons per 
household, household crowding and having had screened windows/doors were all positively 
associated with living in a hot spot block. Individuals that lived in a household with more than 5 
rooms (bigger houses), who used insecticide, and washed their water containers, were negatively 
associated with living in a hot spot block.

Table 5. Multivariate logistic regression model of risk factors associated with living in a hot spot 
household.
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Table 6. Multivariate logistic regression model of risk factors associated with living in a hot spot block

DISCUSSION

To our knowledge, this is the first study to apply spatial analysis techniques in Venezuela to 
determine areas of higher transmission of dengue coupled with the identification of risk factors 
that may explain the higher endemicity within these clusters. These methods are increasingly 
being used to understand dengue epidemiology with few studies published so far in this area of 
research in the Americas [31,32,33,34,35].

We detected spatial clusters of dengue seroprevalence and identified the risk factors for dengue 
transmission associated with these clusters in a dengue hyperendemic city in Venezuela. Hot spots 
of recent dengue infection at household and block level occurred in all 3 neighborhoods under 
study. However, one neighborhood, Caña de Azucar, concentrated the majority of hot spots and 
accounted for most dengue transmission across the whole studied area showing the focal nature 
of this mosquito-borne viral infection. Indeed, our results indicated that most of the clustering 
distance did not extend beyond 100 m suggesting that an underlying spatial process of dengue 
transmission is acting at such small scale. Conditions that enhanced the risk of transmission and 
infection by dengue virus in a hot spot household or a hot spot block were related with occupation 
(being a domestic worker/housewife), lower socio-economic status (to live in a shack, crowded 
conditions, more people per room), the creation of potential mosquito breeding sites (to store 
water in containers and having litter outdoors) and mosquito preventive measures (have screened 
windows/doors, the usage of insecticide or repellent, and container washing).
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Spatial analysis techniques applied to vector borne diseases have proven useful to define high 
risk areas of transmission and factors associated with this risk, while informing health authorities 
on better targeted control actions as well as generating models applicable to other regions 
[15,36,37,38]. Using seroprevalence data from three neighborhoods in Maracay city [14] we 
drew risk maps and determined hot spots of dengue transmission at household and block level. 
An important proportion of dengue infections are clinically inapparent [39,40] contributing to 
increased viral transmission. Therefore, the use of seroprevalence data over incidence (symptomatic 
cases) may give a more accurate estimate of high dengue transmission areas. Risk maps of past 
dengue seroprevalence showed a certain spatial homogeneity as the majority of blocks had a past 
seroprevalence > 40% following the high overall prevalence found in the population under study 
(77.4%) [14] (Figs 3a and 4a). This also resulted in the absence of identifiable hot spots for past 
dengue at any spatial level. The neighborhoods included in our study have been reported as areas 
of perennial dengue transmission, tending to maintain an infectious cycle of dengue outside of the 
rainy season [15,41]. The progressive entry of the different serotypes of dengue in Venezuela has 
been associated with the major epidemics in the country [14,41,42,43,44]. In 2010, our fieldwork 
coincided with one of the major epidemics of dengue in Venezuela [19] probably resulting in the 
observed high seroprevalence. Similar observations of dengue post-epidemic prevalence were 
observed in American Samoa in 2010 with a seroprevalence of 95.6% [45].

Spatial heterogeneity was revealed when drawing risk maps of recent dengue seroprevalence. 
Recent dengue infections were recorded in 10% (n = 200) of the individuals under study [14]. 
Interestingly, areas with high recent seroprevalence coincided with areas of increased past dengue 
seroprevalence which could indicate the persistence of dengue transmission in these locations. A 
total of 39 significant hot spots for recent dengue at household level and 9 significant hot spots at 
block level were found, most of them in Caña de Azucar neighborhood, which confirms the higher 
risk of recent dengue transmission in this neighborhood (Fig 3b). Caña de Azúcar neighborhood 
is one of the most densely populated areas of Maracay and living in this neighborhood was 
associated to a lower socio-economic status and a higher proportion of potential breeding sites 
[14]. Individuals living in this neighborhood were significantly more prone to store water at home, 
live in smaller houses and in more crowded conditions than people residing in the other two 
neighborhoods [14], This findings suggest an increased chance of dengue transmission in this area 
[12, 31].

The transmission of dengue in our area of study was highly focal (radius = 20–110 meters) suggesting 
that at domestic level the necessary conditions for oviposition, growth, feeding and reproduction of 
the mosquito vector exist. In agreement with our findings, other studies have reported a short flight 
range for Ae. aegypti (radius <40 m) where the vector tends to be spatially clustered at household 
level in relation to the occurrence of indoor breeding sites [46] and abundant human hosts [47]. 
Other authors found that female mosquitoes do not visit more than 3 houses in a lifetime [48]. In 
Iquitos, Peru, researchers registered a mosquito flight range of 10–30 meters, and concluded that in 
this area the vector does not fly away from the water containers where they breed [49]. Likewise, it 
has been reported that dengue cases cluster within households [50]. The small spatial dependency 
scale (20–110 meters) and the finding that people who spend more time indoors such as domestic 
workers/housewives were at a higher risk of recent dengue (Tables 5 & 6) compared to those who 
had jobs away from home strongly indicates that transmission occurs mainly at home as suggested 
in other studies [14,51,52]. Here, it is important to point out that our study is focused mainly on the 
local spatial scale which is much related to the short-range flight of mosquito dispersal; however, 
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we also highlight the relevance of the human movement to the spatial dynamic of dengue at 
large spatial scale. It is the interaction between infected mosquito dispersal at very small scale 
and infected human movements at large scale that underlie the dynamics of dengue transmission 
through space and time.

Proxy markers of poverty or lower socio-economic status were strongly associated with hot spot 
households and blocks and were more relevant spatially than those found in a previous study 
with classical analysis of seroprevalence data [14]. People living in a shack were associated with 
living in a hot spot household, while those in smaller households (<5 rooms) and in crowded 
conditions were related to inhabiting a hot spot block (Tables 5 & 6). In our studied neighborhoods, 
population growth and the need for extra income resulted in the sub-division of one-family 
dwellings into smaller “apartments” to house two or more families. The consequences are more 
crammed living conditions and deprivation [53]. Studies in Brazil [32] and Ecuador [54] determined 
that dengue clusters or hot spots are mainly located in poor areas. Unplanned urbanization and 
precarious living circumstances are characterized by the lack of proper public services (piped water 
supply, electricity, garbage collection, sewage) and crowding favoring the transmission of dengue 
[14,34,55]. Other authors found that increased dengue transmission was associated with socio-
economic factors rather than climatic factors [56].

We explored the mosquito preventive measures taken by the population under study in order to 
understand if they had any effect in reducing dengue transmission. While some measures showed 
a protective effect, i.e., individuals that used insecticide sprays and regularly washed their water 
containers were less prone to inhabit a hot spot block, other actions showed an opposite result. 
People that lived in households with screened windows/doors and that used mosquito repellent 
had a higher probability of residing in a hot spot block or household, respectively. Although this 
may be difficult to explain, we hypothesize that the latter results may be indirect markers of higher 
mosquito density prompting individuals to implement these protective measures, as reported by 
other authors [57].

Potential breeding sites were only found independently associated with hot spots at household 
but not at block level in multivariate analysis. The presence of litter in household premises and 
storing water in containers enhanced the odds of living in a hot spot household at least twice (Table 
5). Several studies have linked the presence of cans, small canisters or other types of containers 
accumulated in and around household grounds as potential breeding sites that may be extending 
the possibilities of oviposition of dengue vector mosquitoes beyond the rainy season [36,58,59]. 
Poor piped water supply involves storing water in diverse type of containers creating a suitable 
environment for the growth and development of Aedes spp. especially during the dry season, 
consequently keeping a perennial dengue transmission in the population [15,47,60,61]. Storing 
water in containers in Venezuela is a practice that has been reported for several years [36,60]. 
The neighborhoods of our study have been subjected to long-lasting deficits in public services, 
especially prolonged interruptions of piped water supply and electricity. This has prompted the 
population to maintain water storage at home all year round. The worsening socio-economic 
situation in Venezuela can predict the perennial maintenance of dengue transmission and an 
increase in the frequency of epidemics as seen recently [19]. Targeting the identified hot spot 
areas with strategies such as source reduction and community education [49] may result in a cost-
effective manner to improve dengue control in Venezuela and similar endemic areas. A limitation 
of our work is the absence of entomological data that may complement our results and provide 
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more clues about the focal transmission of dengue in these urban areas. However, our results can 
be supported by the identified risk factors for dengue infection performed in the same population 
in a previous study [14].

CONCLUSIONS

The application of geographic information systems and spatial analysis for the detection of areas 
of greater transmission of DENV is of vital importance for the prevention and control of vector-
borne diseases such as dengue. We used seroprevalence data to understand the spatial spread 
and clustering of dengue in a hyperendemic city in Venezuela. In contrast with incidence data, 
seroprevalence has the advantage to include inapparent as well as symptomatic infections giving 
a more realistic view of the high transmission risk areas. Moreover, we performed an analysis of risk 
factors at a fine spatial scale comparing individuals living within hot spots at household and block 
level versus those that lived outside these geographical areas. We determined that most hot spots 
clustered in one neighborhood and that transmission occurs at a very small scale (radius of 20–
110 m) and domestically giving the possibility to target the scarce resources to this specific area. 
Secondly, poverty-related factors and those related to potential breeding sites were associated 
with these hot spots pointing to measures that can and should be taken promptly as reported 
previously [15]. However, political will and channeling enough resources to alleviate low socio-
economic conditions and improve public services are essential for success in dengue control.

The identification of hot spots of dengue transmission and the factors associated with these clusters 
are important tools to inform health authorities to improve and target control measures against 
dengue. Further studies are needed to define if these hot spot areas are maintained through time 
while similar studies can be applied to other vector-borne infections such as malaria, chikungunya 
and Zika virus affecting both Venezuela and other Latin American countries.
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INTRODUCTION

Dengue is an emerging arthropod-borne viral disease, caused by the dengue virus (family 
Flaviviridae, genus Flavivirus) and transmitted to humans through the bite of female Aedes aegypti 
mosquitoes. Dengue virus (DENV) comprises 4 serotypes (DENV-1 to DENV-4) which are the 
causative agents of dengue fever and dengue severe disease (previously dengue hemorrhagic 
fever). This disease poses a major public health burden with an estimated 390 million annual 
infections (Bhatt et al 2013) affecting 128 countries within tropical and subtropical regions 
(Simmons et al, 2012; WHO, 2018). However, dengue is not constrained to tropical regions anymore, 
having recent autochthonous transmission in new areas not previously considered under risk such 
as Europe (ECDC, 2017). In Venezuela, dengue is endo-epidemic and a major cause of morbidity, 
with the co-circulation of the 4 serotypes. Dengue incidence has shown an increasing trend since 
2001 with an average of 39.5 cases x 100,000 inhabitants in the early 1990’s to a 10-fold higher 
mean incidence of 368 cases x 100,000 inhabitants in the last 6 years (2010-2016) (Vincenti-
Gonzalez et al 2018), These data are still an underestimation of the real burden of disease given 
routine underreporting and the presence of an important proportion of inapparent dengue cases 
(those with subclinical or asymptomatic disease). It has been estimated that around 50-75% of all 
dengue infections correspond to inapparent cases (Bhatt et al 2013; Endy et al 2002; Espino et al 
2010). Since control measures are triggered by the report of symptomatic cases, the occurrence 
of innaparent cases and the “silent” transmission they originate will go undetected by the regular 
surveillance systems (Endy et al, 2011; Yap et al., 2013) having important implications for disease 
management and control. 

Dengue shows a heterogeneous pattern of occurrence. This heterogeneity, similar to that of other 
infectious diseases, is influenced by multiple factors that interact concomitantly such as: spatial 
and social structure of the human population, population size, differences in climate patterns 
(rainfall, humidity and temperature), population movement and social interaction, socio-economic 
variables and the dynamics of the vector (Hagenaars et al, 2004; Favier et al, 2005; Stoddard et al, 
2013; Reiner et al, 2014). These factors modulate the spread of dengue at a local and global level 
differently (Teurlai et al, 2012; Stoddard et al, 2013). It has been reported that the transmission of 
dengue is spatially local, occurring mainly at the neighbourhood or household level (Salje et al, 
2012; Rabaa et al, 2012; Vincenti-Gonzalez et al, 2017). Such local transmission is influenced by: 
1) the domestic nature of the vector, which exhibits a limited flight range (<100 m) (Harrington 
et al., 2005; Getis et al., 2003), 2) socio-economic risk factors such as overcrowding, housing type 
(Velasco-Salas et al, 2014) and 3) deficiency in public services as garbage collection and running 
water that in turn promote the development of mosquito breeding sites (Barrera et al, 1995). 
Earlier studies conducted in Venezuela, had shown that there are areas at higher risk of dengue 
transmission than other (hot spots) (Barrera et al, 2000, Vincenti-Gonzalez et al, 2017). As result of 
these local patches of disease, the areas/houses with higher transmission risk may account for the 
majority of the transmission (Yoon et al, 2012). 

The above statement reinforces the necessity of cohort studies for a better understanding of the 
role that dengue inapparent infections can have in the estimation of the real burden of dengue 
and the degree of dengue transmission within a community (Endy et al, 2011; Bhatt et al, 2013). In 
addition, the relevance of the study of dengue heterogeneity at local level is based on the creation 
of sufficient information to establish the most likely risk areas of disease transmission to aim for the 
maximization of limited resources for dengue control. In this study, we aim to identify hot spots of 
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recent DENV transmission that are maintained in space and time and estimate the proportion of 
inapparent dengue infections within high dengue incidence neighborhoods in Maracay between 
2010 and 2013.

MATERIAL AND METHODS

The area of study is located in Maracay, a dengue hyperendemic city in northern Venezuela. From 
2010 to 2014, we conducted a longitudinal study that initially had a cohort of approximately 
2000 individuals. Every year, a cross-sectional seroepidemiologic survey was carried out in three 
neighbourhoods within Maracay city: Caña de Azucar, Candelaria and Cooperativa (Figure 1a). A 
total of four surveys were completed: Baseline (2010), Survey 1 (2011), Survey 2 (2012) and Survey 
3 (2013). The full description of the cohort study is presented elsewhere (Velasco-Salas et al., 2014). 
Briefly, in 2010 a total of 2014 consenting individuals aged 5-30 years inhabiting 840 households 
within the above-mentioned neighborhoods were enrolled in the study (Figure 1b). The study 
protocol was clearly explained to all members of the household. Patient enrollment occurred 
after invited individuals read and signed a written informed consent. Individual and household 
questionnaires were applied to collect information regarding demographics, clinical symptoms of 
dengue and epidemiologic data, while serological and hematological data were acquired through 
blood sample collections and laboratory tests (Velasco-Salas et al., 2014). A unique household code 
was associated to the spatial coordinates obtained through a Global Positioning System device 
(GPS, Garmin Ltd.). Due to violence during anti-governmental protests in the country during the 
time of Survey 3, data and sampling collection activities were affected resulting in a lower number 
of participants included. The study was approved by the Ethics Review Committee of the Biomedical 
Research Institute, Carabobo University (Aval Bioetico #CBIIB(UC)-014), Maracay, Venezuela; the 
Ethics, Bioethics and Biodiversity Committee (CEBioBio) of the National Foundation for Science, 
Technology and Innovation (FONACIT) of the Ministry of Science, Technology and Innovation, 
Caracas, Venezuela; and by the Regional Health authorities of Aragua State (CORPOSALUD Aragua). 

Figure 1.- Study area and phases of the study. Original figure made by Maria Vincenti-Gonzalez with 
QGIS software (version 2.18, https:// http://www.qgis.org/).

The identification of hot spots was assessed using the local Getis statistic (Gi*(d) ) (Getis & Ord, 
1992), a local measure of spatial association , which can detect significant local clustering of high 
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positive (hot spots) values of dengue prevalence around each point (e.g. household infection) 
within a specific radius of specified distance d from that location (e.g. 20 and 90 meters). The search 
for disease clusters was analyzed at two spatial scales: at household level, and at block level. In our 
case, this analysis identified an excess of recent dengue infections at block level between the years 
of 2011, 2012 and 2013 (Survey 1, 2 and 3). Multinomial Monte Carlo simulations were applied to 
obtained the probability for the most likely hot spot (Getis) (P < 0.05). The analyses of Gi*(d) were 
carried out in ARCGIS (ESRI Corporation, Redlands, CA) using the Spatial Statistics Tools toolbox. The 
results were shown in maps using the software QGIS 1.8.0-Lisboa (GNU – General Public License). 
The satellite images of each neighborhood were obtained from Google Earth TM. For the sake of 
this short communication, maps and spatial analysis show the most relevant results, which were 
obtained for the areas of Candelaria and Caña de Azúcar.

RESULTS

The total number of individuals from which blood samples were obtained in each yearly Survey 
was as follows: Baseline (n=1994), Survey 1 (n=1873), Survey 2 (n=1187), Survey 3 (n=575). 
Blood samples were collected, stored in cooling box storage containers during transport, 
processed, aliquoted and stored at -20oC until they were used. Recent dengue infections were 
determined using two different methods depending on the year of the corresponding sero-Survey. 
Dengue seropositivity from samples from the baseline period (2010) was determined using the 
Hemaglutination Inhibition (HI) Assay (Recent dengue infection: HI titres ≥ 1280) as described in 
detail in Velasco-Salas et al., 2014. Dengue seropositivity from samples from Survey 1, 2 and 3 were 
tested using a capture dengue IgM enzyme-linked immunosorbent assay (ELISA) (PanBio, Windsor, 
Queensland, Australia) following manufacturer’s instructions. We assumed that an HI titer ≥ 1280 or 
the presence of IgM against dengue, indicated a recent dengue infection. 

Figure 2 shows the results of recent dengue seroprevalence and the proportion of inapparent cases 
by Survey. Overall, the average recent dengue seroprevalence throughout the study was 10.06% 
(range= 2.78-14.34). In general, since 2010, recent dengue seroprevalence showed an increase, 
except for the year 2011.The values of recent seroprevalence for every survey year describe 
concordantly the epidemiological situation that was present during the years of data collection. 
Figure 2 shows that years 2010 and 2013 (national epidemic years) exhibited high dengue recent 
seroprevalence. Similarly, the year of 2012 -described as a local epidemic year for Aragua state- 
showed also high values of dengue seroprevalence (MPPS-Boletines Epidemiologicos) 

Figure 2.-Recent dengue seroprevalence for the years under study.
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During Survey 1 and Survey 3, those individuals who tested positive by IgM against dengue but 
who had no recollection of having had fever and/or other symptoms (headache, chills, body aches, 
myalgia, retro-orbicular pain, nausea) in the previous three months, were considered inapparent 
dengue cases (IDC). Accordingly, for both Survey 1 and Survey 3s, 66 and 68% of the total IgM 
positive individuals were categorized as inapparent infections. The overall inapparent-symptomatic 
ratio (I:S) was approximately 2:1. In Survey 1, from a total of 53 DENV infections among enrollees, 
35 (66%) were inapparent, and 18 were symptomatic, whereas for Survey 3, from a total of 69 DENV 
infections, 47 (68%) were inapparent, and 22 were symptomatic (Figure 2). Between individuals 
with inapparent infections, there were no gender differences (P>0.05). Furthermore, when stratified 
by age groups, in Survey 1, age groups 2 (11-15yr) and 5 (26-30) showed the highest proportion 
of inapparent dengue infections, while in Survey 3, these infections tended to decrease with age, 
although, individuals with age ranging between 26-30 years (Age group 5) also showed a high 
proportion of inapparent dengue (Figure 3). Regarding the neighborhoods were these inapparent 
infections were found, there were differences between Survey 1 and Survey 3. During Survey 1, the 
majority of inapparent dengue cases were found in Caña de Azucar neighborhood, while in Survey 
3, the majority of these infections were found in Candelaria neighborhood.  Also, inapparent 
dengue infections were present in more than one individual living in the same house. 

Figure 3.-Proportion of dengue inapparent cases by age group. Dark grey bars shows the proportion 
of inapparent dengue cases during the year 2011 (Survey 1) whereas grey bars shows the same 
proportion during the year 2013 (Survey 3). 

Seroprevalence maps and hotspot identification of recent dengue infections portrayed spatial 
heterogeneity in each one of the Surveys (Figure 4). Furthermore, the highest frequency of 
recent dengue transmission at block level (seroprevalence >21%) was found in Caña de Azucar 
neighborhood for the years 2010 (Baseline), and 2012 (Survey 2) (Vincenti-Gonzalez et al., 2017 
and Fig 3), while Candelaria neighborhood showed high values of recent dengue during the year 
2013 (Survey 3). 

With regards to the spatial distribution, Survey 1showed a recent dengue seroprevalence below 5% 
at block level in all neighborhoods under study (Figure 4a). In comparison, dengue seroprevalence 
substantially changed in Survey 2 where several blocks displayed a seroprevalence above 21%. 
Specifically, Caña de Azúcar neighborhood depicted a higher seroprevalence average (17.55 %, 
range=0-43%) compared with Candelaria (9.90 %, range=0-33%). During Survey 3, Candelaria was 
the neighbourhood with the greatest recent dengue seroprevalence (average 16.54%, range= 
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0-53%), while Caña de Azúcar showed an average of 8.14% (range=0-36.66) (Figure 4c), although 
the results of this last Survey in Caña de Azúcar neighborhood must be taken carefully, since a 
considerable number of individuals were not Surveyed as previously explained. 

In this study, significant hot spots at two spatial scales (household and block) were identified for 
recent dengue seroprevalence in all Survey years. During Survey 1, spatial statistics showed that 
most of the recently infected individuals were spatially located towards the northern side of Caña 
de Azúcar neighborhood (Figure 4a). The local Getis statistic test identified 2 hot spots at block level 
(blocks 30 and 79) and 3 hot spots at household level in Caña de Azúcar area. Candelaria was the 
neighbourhood with more hotspots at household level (total of 12 hotspots), while at block level 
2 hot spots (blocks 07 and 26) were found (Figure 4a). Figure 4b depicts the spatial distribution of 
hotspots at block and household level belonging to Survey 2. The number of household hotspots 
increased significantly compared with the previous Survey, with a total of 36 hot spots between 
Candelaria and Caña de Azucar neighboorhoods. In total, 3 blocks (13,39,85) were identified as 
hotspots for both Caña de Azúcar and Candelaria. Regarding hotspots at household level, Caña de 
Azúcar showed 2 times more hotspots (n=24) compared with Candelaria (n=12). Finally, in Survey 
3 a total of 12 households and 2 block hotspots were found in Candelaria, while in Caña de Azucar 
3 household and 1 block hotspots were identified (Figure 4c). The maximum distance at which the 
hot spots were located varies depending on the spatial scale. The hot spots at the household level 
were detected at a distance of 20 meters, whilst detection of hot spots at block level was set at 90 
meters. 

About the composition of the hotspots encountered at both spatial scales, in Survey 1 and Survey 
3, the hotspots that were identified were mostly constituted by houses that had at least one case of 
inapparent dengue.  This was expected, since inapparent cases occurred twice as often compared 
with symptomatic cases (I:S ratio: 2:1). However, in both Surveys, more than the half of the houses 
identified as hot spots were constituted only (100%) by cases of inapparent dengue (Table 1, 
inapparent/ positives (%)). At the household scale, 8 hot spots out of 12 (Survey 1) and 9 hot spots 
out of 14 (Survey 3) were solely constituted by inapparent dengue cases (Table 1, Figure 4).
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Figure 4.- Recent dengue seroprevalence and distribution of inapparent dengue cases in Candelaria 
and Caña de Azucar neigboorhoods. a)Survey 1- year 2011 b) Survey 2- year 2012 c) Survey 3- year 2013. 
Blocks depicts recent dengue seroprevalence (%). Blue encircled blocks show the results of the local 
Getis statistic (Gi*(d)) analyses at a distance of 90 meters, with significant (P <0.05) clusters of recent 
dengue infection at block level (hot spots). Red dots show the results of Gi*(d) analyses at a distance 
of 20 meters with significant clustering of recent dengue infection at household level (Gi*(d) >1.96, P 
<0.05). Black dots indicate Surveyed households. Green hexagons indicate households that contained at 
least one positive case of recent dengue (IgM), while orange circles shows the households constituted 
solely by inapparent dengue cases. Original figure made by Maria Vincenti-Gonzalez with QGIS software 
(version 2.18, https:// http://www.qgis.org/).
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Table 1.-Detailed description of the dengue inapparent-symptomatic individuals within a hot 
spot household. Part a: hot spot households identified in Survey 1. Part b: hot spot households 
identified n Survey 3. 

n   Total Surveyed individuals per household (n)

u  Presence of at least one inapparent recent dengue case in hot spot household (yes/no)

g Total of recent dengue inapparent cases per hot spot household (n)

DISCUSSION

Our main results showed space and time heterogeneity of dengue at the local level (households 
and blocks) within the neighborhoods under study. In this study we show that: a) Overall recent 
dengue seroprevalence throughout the study period was >10%  b) Among seropositive individuals, 
66% in  both survey 1 & 3 were defined as inapparent dengue cases c) During the study period, we 
detected significant spatial clusters of dengue infections in all neighborhoods at a distance of 20 
and 90 meters  d) half of the households identified as hot spots were constituted entirely (100%) by 
clusters of inapparent dengue cases. 

Important values of recent dengue seroprevalence were found during the years under study. These 
results were expected if we consider that in 2010 one of the greatest dengue epidemics occurred, 
affecting a large number of individuals (>120.000 individuals). This large epidemic could have 
conferred partial immune protection (herd immunity) to a great part of the country population, 
which may explain the low values for dengue seroprevalence obtained for 2011 (post-epidemic 
year). Regarding the years of Survey 2 and 3, the year 2012 exhibited a local dengue epidemic 
in Aragua state (6.878 cases, 14% of national total cases), while the year 2013 was also a major 
national dengue epidemic (>63.000 cases) (MPPS-Boletines epidemiologicos).

With respect to inapparent dengue infections, we found a high rate of inapparent dengue cases 

 Hot spot 
households 

ID

Positive IgM 
(n) • IgM prevalence (%) ♦ ■

inapparent/ 
positives (%)

inapparent/total 
(%)

317 1 2 50 yes 1 100 50
368 1 2 50 yes 1 100 50
369 1 1 100 yes 1 100 100
370 2 3 66.66666667 yes 2 100 66.66666667
421 1 1 100 yes 1 100 100
426 1 2 50 no 0 0 0
436 1 1 100 no 0 0 0
464 1 2 50 yes 1 100 50
490 1 2 50 yes 1 100 50
702 4 4 100 yes 2 50 50
833 2 2 100 yes 2 100 100
905 1 1 100 no 0 0 0

 Hot spot 
households 

ID

Positive IgM 
(n) • IgM prevalence (%) ♦ ■ inapparent/ 

positives (%)
inapparent/total 

(%)

237 1 1 100 yes 1 100 100
246 1 1 100 yes 1 100 100
267 1 2 50 yes 1 100 50
269 1 2 50 no 0 0 0
281 2 2 100 yes 2 100 100
309 2 2 100 yes 1 50 50
314 1 1 100 no 0 0 0
318 1 1 100 yes 1 100 100
446 2 2 100 yes 2 100 100
466 2 2 100 no 0 0 0
672 1 3 33.33333333 yes 1 100 33.33333333
673 1 1 100 yes 1 100 100
711 1 1 100 yes 1 100 100
714 1 1 100 no 0 0 0

Part a.- Survey 1

Part b.- Survey 3
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(66%, I:S ratio 2:1), a value that is concordant with what has been reported previously (Yap et al, 
2013, Wang et al., 2015; Bhatt et al 2013). The majority of the research related to dengue inapparent 
infections has been done in children, while studies focused on adults are less frequent (Yap et al., 
2013; Grange et al., 2014). These studies have shown that the majority of asymptomatic infections 
occur in children, while adults tend to present more symptoms (Endy et al, 2011; Yap et al., 2013; 
Mohsin et al., 2016). In contrast, our results show that the proportion of inapparent dengue by age 
group had a U-like shape, were most of these infections were found in individuals belonging to 
younger and older age groups. In our case, children between 5-15 years and adults (26-30 years) 
showed higher proportions of inapparent dengue. The high proportion of inapparent infections 
in our adult population may be explained by the high transmission intensity of our area of study 
where most individuals have been exposed to the different dengue serotypes at an early stage 
(children and young adults) conferring older people partial cross-protective immunity (Yap et al, 
2013). This is has been shown in previous studies  in Aragua State where by the age of 18 years 
individuals are likely to have suffered more than 2 dengue infections in their lifetime (Comach et 
al., 2009; Espino et al., 2010). Moreover, the results about hot spot households being constituted 
solely by inapparent cases raises important questions about the transmission dynamics of dengue 
in urban settlements where transmission rate is high. The latter raises some questions about how 
effective is the current approach of “first symptomatic case report then mosquito control measures” 
that is commonly applied by the public health programs, since inapparent cases are undetected by 
the same public health programs (house fogging, etc.) (Barrera et al, 2002). The social interactions 
have proven to favor the transmission of dengue at the local level, where the infections can occur 
when one individual visits places where contact with infected mosquitoes is likely (Stoddard et 
al, 2013). Likewise, individuals that are infectious but who do not feel disease, can continue with 
their normal social interactions within friends and family, promoting disease transmission and 
propagation at the local level (Reiner et al, 2014). This has important implication for disease control: 
since inapparent individuals do not seek medical care, the case is not registered and therefore does 
not trigger house fogging and other mosquito control measures. Previous studies have shown 
that hot spot houses exhibit a series of risk factors that enhance dengue transmission (Vincenti-
Gonzalez et al, 2017) so when a hot spot household is solely constituted by inapparent dengue 
cases, this house goes undetected by the public health services and therefore, keeps providing 
sufficient conditions for Aedes aegypti to breed at the household level, letting disease transmission 
to continue.

Seroprevalence maps and hotspot identification of recent dengue infections portrayed a great 
spatial heterogeneity in all years and significant hot spots at household and block level were 
identified at a distance of 20 and 90 meters suggesting that relevant features modulating dengue 
transmission occurs at such small and focal scale (Getis et al, 2003; Braga et al, 2010; Yew et al, 2009). 

Hot spots at both spatial scales were found in each one of the Surveys in Caña de Azucar 
neighborhood, and specially for Survey 2, a remarkable accumulation of hot spots at household 
level is depicted. This suggests that there is a sustained maintenance of the risk factors that facilitate 
the persistent transmission of dengue in this area. Previous studies have shown certain risk factors 
to be related with the heterogeneity and clustering of dengue cases such as water storage, poverty, 
litter accumulation, mosquito density (Teixeira et al, 2011; Stewart-Ibarra et al, 2014, Velasco-Salas 
et al, 2014; Vincenti-Gonzalez et al, 2017). The distance between cases/houses is an important 
factor for dengue transmission. As human social interactions tend to decrease with distance at 
the house/neighborhood level, so dengue transmission does, having that dengue transmission 
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is optimal in areas within <100 meters from a positive case (Yoon et al, 2012; Sharma et al, 2014). 
Nonetheless, we do not disregard the influence of social structured human movements in shaping 
heterogeneous transmission patterns of dengue, and this needs to be further investigated (Reiner 
et al, 2014). Furthermore, the transmission of dengue may increase in areas considered as low risk 
for dengue if the socio-economic and environmental conditions surrounding these areas worsen. 
An example of this is Candelaria neighborhood. When comparing the results between the baseline 
study (Velasco-Salas et al, 2014; Vincenti-Gonzalez et al., 2017), and the rest of the Surveys (Surveys 
1,2, 3), a significant increase in hot spots at the house and block level is noteworthy. The increase 
in hot spots may be related to a series of factors that have facilitated the persistence of dengue 
infections over time in this neighborhood, such as: unreliable piped water, delays in garbage 
collection, neglect in vector management and control. Furthermore, since the beginning of this 
longitudinal study in 2010, the deterioration of public health services and public services has been 
reported, as well as an increase in poverty rates country-wide (ENCOVI-2017, PRODAVINCI-2018). 
This is due to the intense political destabilization and the collapse of the economy in Venezuela, 
which has allowed the hazardous and sustained increase of multiple vector-borne diseases, 
including dengue, in all the national territory (Tami, 2014; Hotez et al, 2017, Hotez, 2017, Grillet et 
al, 2018).

Dengue is a world-wide public health concern. Therefore, to understand the disease dynamics at 
the local level can help to design new tailored strategies of vector control and disease management, 
using the limited resources available but in an effective way. The application of a more focalize 
vector/disease control at the small geographic scale, may have important impacts at bigger 
geographical scales (municipality, state, country). Furthermore, the exploration of inapparent 
infections within a dengue endemic area can help to understand the real burden of this disease, 
the transmission dynamics of dengue during epidemics-non-epidemics periods and finally, for a 
more realistic calculation of the minimum amount of DENV protected individuals that are needed 
to fully protect the population in future vaccination programs. 
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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

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]. 

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 high-
risk 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). 

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].

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

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 spatial-
temporal 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. 

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/).



Chapter 4

84

4

Ta
bl

e 
I.-

 S
pa

ce
-ti

m
e 

cl
us

te
r a

na
ly

sis
 fr

om
 A

ra
gu

a 
an

d 
Ca

ra
bo

bo
 st

at
e.



Spatial Heterogeneity and Persistence of Dengue

85

4

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).

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 30-
54 weeks continuously reporting cases (6 months-1 year approximately).

 

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). 

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. 

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.

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

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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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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ABSTRACT

Dengue is a mosquito-borne viral disease of global impact. In Venezuela, dengue has emerged as 
one of the most important public health problems of urban areas with frequent epidemics since 
2001. The long-term pattern of this disease has involved not only a general upward trend in cases 
but also a dramatic increase in the size and frequency of epidemic outbreaks. By assuming that 
climate variability has a relevant influence on these changes in time, we quantified the periodicity 
of dengue incidence in time-series of data from two northern regions of Venezuela. Disease cycles 
of 1 and 3–4 years (p < 0.05) were detected. We determined that dengue cycles corresponded with 
local climate and the El Niño Southern Oscillation (ENSO) variation at both seasonal and inter-
annual scales (every 2–3 years). Dengue incidence peaks were more prevalent during the warmer 
and dryer years of El Niño confirming that ENSO is a regional climatic driver of such long-term 
periodicity through local changes in temperature and rainfall. Our findings support the evidence 
of the effect of climate on dengue dynamics and advocate the incorporation of climate information 
in the surveillance and prediction of this arboviral disease in Venezuela.
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INTRODUCTION

Dengue is one of the fastest spreading mosquito-borne diseases worldwide. Annually, 390 million 
people become infected with one of four serologically distinct serotypes of dengue virus (DENV-1 
to -4), through the bites of infected females of Aedes aegypti [1,2]. This neglected tropical disease 
(NTD) has shown a 30-fold increase in global incidence over the past 50 years, including its severe 
form, dengue haemorrhagic fever [3] and prospective studies have already predicted a dramatic 
increase of dengue in the following 30 years [4].The constant increase of dengue risk and dengue 
epidemics has been the target of a number of studies [5,6] but dengue transmission dynamics can 
be highly heterogeneous due to the complex interactions among virus serotypes, vector, and host. 

Previous studies indicate that dengue may have seasonal and inter-annual patterns of occurrence 
[7,8,9,10]. At a seasonal scale, disease incidence is characterized by annual regular cycles. The 
strongest external drivers of this variation are the corresponding annual changes in rainfall and 
temperature, the main factors that affect the ecology of Aedes mosquitoes and the virus. Both 
variables influence mosquito reproduction and mortality rates, the blood feeding frequency of the 
Aedes female and the extrinsic incubation period of the virus which in turn, determines the degree 
and shape of human exposure to that infection [11,12]. At an inter-annual scale, major disease 
cycles have been observed every few years in some epidemiological settings, being those periodic 
epidemics more complex to account for [8,13,14]. Some studies have associated these periodic 
outbreaks with global inter-annual climatic variations such as El Niño Southern Oscillation (ENSO) 
[14,15,16], since ENSO determines periodic changes in local climatic variables. Intrinsic factors like 
host immunity and host susceptibility have also been identified as explanatory factors of these 
periodic epidemics [17]. Finally, a more comprehensive approach appeals to combine both extrinsic 
and intrinsic mechanisms to account for these inter-annual epidemic cycles [18].

Dengue is one of the NTDs of major public health importance in Venezuela, showing an increment 
in incidence, magnitude and frequency of outbreaks during the last years. The four DENV serotypes 
circulate in the country. Additionally, between 2014 and 2016, the country witnessed the explosive 
epidemic pattern of the two most recent (re)emergent arboviral diseases, chikungunya and Zika 
[19]. Since dengue has become a serious burden in public health in Venezuela, year-to-year variation 
in the size of epidemics, are of particular concern. Therefore, two questions deserve attention: (i) Is 
there evidence for particular inter-annual (long-term) cycles in the temporal dynamics of dengue? 
(ii) If so, is the long-term pattern of dengue associated with climate variability? Understanding the 
inter-annual variability in the population dynamics of DENV can provide useful insights for disease 
programs and allow the development of more effective surveillance and early warning systems to 
predict disease risk in response to changes in climate. 

This study attempts, first, to search for confirmation of inter-annual cycles of dengue incidence in 
a time-series of disease data (2001-2016) from two highly endemic regions of northern Venezuela. 
Then, following the climate hypothesis, to address whether the local and regional climate variability 
may account for the observed inter-annual variation patterns of dengue incidence in this tropical 
epidemiological setting. 
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MATERIALS AND METHODS

Area of Study

Aragua and Carabobo states are located next to each other in the north-central part of Venezuela 
(Fig 1). Both regions are amongst those exhibiting the highest dengue incidences in the country 
[20]. Regarding the overall local climate, these regions show a mean annual temperature ranging 
from 23°C to 26°C and an accumulated annual precipitation of 700-1199 mm. Since Venezuela is 
under the influence of the atmospheric phenomena called Intertropical Convergence Zone which 
drastically affects annual rainfall pattern, the country has a characteristic dry (November-April) and 
rainy (May-October) season [21]. Both states have an estimated population of 1,805.185 (Aragua) 
and 2,442.823 (Carabobo) inhabitants [22]. Their capitals, Maracay and Valencia city, comprise 
the main metropolitan areas of each state, with an urban landscape that varies greatly, ranging 
from pre-planned urban zones with full access to public services to poor settlements/slum areas 
where tap water and electricity are unreliable or non-existing. The third most important harbour of 
Venezuela, “Puerto Cabello”, where major import/export activities occur, is located within the north 
coastal district of Carabobo state. 

Figure 1. Study area. Map of Venezuela and the northern regions under study: Carabobo (Yellow) and 
Aragua (Orange) states. Capital city (p). Original figure made by Maria Vincenti-Gonzalez with QGIS 
software (version 2.18, https:// http://www.qgis.org/).
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Dengue and climatic data

Countrywide and regional annual dengue cases and incidence were plotted in order to picture the 
disease long temporal pattern across 26 years (1991-2016) of available records [20]. Additionally, 
16 years of available monthly epidemiological data (2001-2016) were analysed to explore the 
variation and disease periodicity at a finer temporal scale. To calculate monthly and yearly dengue 
incidence per 100,000 inhabitants, available and projected yearly population data from each state 
under study was used [22].

Monthly measures of weather variables were obtained from 2 local meteorological stations: i) 
Arturo Michelena International Airport (10°08’59” N , 67°55’42” W) for Carabobo state; and ii) 
Maracay Base Aérea Sucre (10°15’00” N , 67°38’58” W) for Aragua state. Local climate data included 
monthly records of the mean, minimum, and maximum temperature (°C), and the monthly total 
precipitation (mm). 

The El Niño Southern Oscillation (ENSO) is the strongest inter-annual climate cycle on Earth [23]. 
It is an atmosphere-ocean coupled system that produces quasi-periodic short-term climate and 
sea surface temperature (SST) changes over the Pacific region with an impact on weather patterns 
in several countries of the Americas, Africa, and Asia [24]. SSTs are used as an index of ENSO. This 
climate system oscillation occurs approximately every 3-7 years [23,24], fluctuating between two 
extremes known as El Niño corresponding to the warm phase (positive SST anomaly), and La 
Niña, the cooling phase (negative SST anomaly). El Niño, in fact, refers to the unusual warming of 
SST. ENSO can be characterized using the Niño 3.4 index, the SST anomaly in the Niño 3.4 region 
of the equatorial Pacific. El Niño event in turn can be classified according to the SST anomaly 
index into three categories: weak (0.5 to 0.9 SST anomaly), moderate (1.0 to 1.4 SST anomaly) or 
strong (>1.5 SST anomaly) [25]. The onset of El Niño events occurs during spring in the Northern 
Hemisphere, encompassing two calendar years [26]. The events are generally characterized by 
positive anomalies of SSTs that increase during the Northern Hemisphere’s spring, summer and 
fall of the first year (Year 0), with the maximum SST anomalies occurring during the winter months 
(December-January-February) of the following year (Year +1) and SST anomalies decreasing during 
the spring and summer of the year +1. El Niño is the main cause of the inter-annual variability 
of local climate in the central and eastern tropical Pacific Ocean including the northern coast of 
South America [26] and Venezuela [21] . In Venezuela, El Niño is related with negative anomalies of 
precipitation, soil moisture and river flows, along with positive (warmer) air temperature anomalies 
[27] while La Niña has the opposite effect, with cooler temperatures and positive anomalies of 
precipitation. Here, we used the monthly SST of the eastern and central tropical Pacific as an index 
of ENSO-region 3.4 (Niño 3.4 index). The SST time-series were obtained from the Climate Prediction 
Center of the National Oceanic and Atmospheric Administration [28]. 

Time series analyses of dengue incidence and climatic variables

Because disease and climatic time-series, as well as their associations, can be strongly non-
stationary (varying in time), a specialized time series analysis method known as wavelet analyses 
(WA) was applied to detect the periodic cycles and dominant components (i.e. the most frequently 
repeated signal) of the time series and how they change over time [29,30]. In addition, wavelet 
coherency (WC) methodology was used to compare the frequency components of dengue and 
climate time-series in order to quantify the statistical (linear) association between variables in a 
time span [29]. WC provides local information on when two non-stationary signals are linearly 
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correlated and at what particular frequency.

Additionally, the linear relationship of monthly dengue incidence with monthly observations 
of climatic variables were also explored through cross-correlation functions (CCF). Finally, we 
calculated the standardized anomalies of dengue incidence, precipitation and temperatures of 
our study period by subtracting from each seasonal observation (e.g., DecJanFeb, MarApMay, 
JunJulAug, SepOctNov) the long-term (16years) mean value of each particular season and dividing 
this by the long-term seasonal standard deviation.

Data were normalized previous to the analyses. Time series analyses were performed using R 
(R Foundation for Statistical Computing. Vienna, Austria. Version 3.3.2; 2016), while WA and WC 
analyses were performed using Matlab 2017a (The MathWorks, Inc., Natick, Massachusetts, 
United States) and the toolboxes developed by Cazelles et al., 2005 [15].

Data Availability

Both dengue and climatic data are publicly available online (Figshare http://dx.doi.org/10.6084/
m9.figshare.5799378) as excel files. 

RESULTS

Temporal patterns of dengue incidence

Overall, dengue incidence in Venezuela has exhibited a steady average increase of approximately 
9.5% annually between 1991 and 2016 with an average of 39.5 cases x 100,000 inhabitants 
in the early 1990’s to a 10-fold higher mean incidence of 368 cases x 100,000 inhabitants in 
the last 6 years (2010-2016). An average national incidence of 157 cases x 100,000 inhabitants 
(range 13-438 cases x 100,000 inhabitants) was observed during these 26 years (Fig 2a and 
Supplementary Figure S1a). Moreover, from 2007 onwards, a total of six epidemic years (years 
2007, 2009-2010, 2013, 2014, 2015) were recorded nationally with an intensification in the 
frequency and magnitude of these outbreaks in comparison with only 4 epidemic years in the 
previous 16 years (years 1995, 1997-1998, 2001). Overall, most of these epidemic years coincided 
with an El Niño event (Fig 2a). Time series of monthly dengue cases (2001-2016) from Aragua 
and Carabobo regions mirrored the temporal pattern of the whole country. Six major outbreaks 
encompassing eight epidemic years (2001, 2007, 2009-2010, 2012-2013, 2014 and 2015) were 
observed in Aragua (Fig 2b), whereas similar events were registered in Carabobo (Fig 2c). 

The average monthly dengue incidence and precipitation in Aragua and Carabobo regions during 
the period of 2001-2016 are shown in Fig 3. Dengue shows a clear seasonal pattern coinciding 
with the rainy season and peaking between August and November. Although Aragua and 
Carabobo regions are next to each other, the reported average dengue incidence of the past 26 
years is 2.25 times as high in Aragua (199 cases x 100,000 inhabitants) as in Carabobo (88 cases x 
100,000 inhabitants).  
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Figure 3. Average monthly dengue incidence (boxplot) and precipitation (blue line) for the period of 
2001-2016. (a) Aragua and (b) Carabobo states.
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Periodicity of dengue and climatic variables

Oscillations of dengue incidence at 3-4-years and 1-year scales (cycles) were identified and 
dominated the disease dynamics in the analysed time-series (Fig 4). However, these cycles were 
transient and varied in power. Strong and significant inter-annual cycles peaking around the 
3-4-year frequency in Aragua and Carabobo were more pronounced after 2006-2007 (Fig 4 a,b) 
coinciding with the major dengue outbreaks of that period in the two regions (Fig 2). The seasonal 
cycle had less power showing its highest intensity from 2008-2009 onwards (Fig 4 a,b).

Figure 4. Pattern of inter-annual variability of the monthly time-series of dengue incidence of (a) 
Aragua and (b) Carabobo regions. Main central panels: wavelet power spectrums (WPS) of dengue 
incidence. Right panels: Global spectrum (GS). Top panel over each WPS: Original time-series of dengue 
incidence data. The y-axis of the WPS and GS describe the periods in years (e.g., period 1: annual cycles; 
period 2,3,4: inter-annual cycles). The x-axis of the GS shows the power at a given frequency (continuous 
line) with its significant threshold value of 5% (dashed line). In the WPS, the color code for power values 
ranges from dark blue for low values, to dark red for high ones. The areas surrounded by dotted-dashed 
lines are those including significant results (p<0.05). The area within the cone of influence (continuous 
line) in the WPS indicates the region not influenced by edge effects. 
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The wavelet power spectrum (WPS) of local rainfall and temperature exhibited strong significant 
power at a 1-year scale (seasonal) as expected. Moreover, inter-annual cycles at 3–6-years and 
6-years were also detected for minimum and maximum temperatures, respectively (Fig 5). 
Interestingly, a significant upward trend over time of the minimum and maximum temperatures 
was observed in both of the regions under study (Supplementary Figure S1b-e). The periodicity 
of ENSO is depicted across monthly SST records in Fig 6. This time-series exhibited inter-annual 
variability at 2-3 and 5-years cycles during the time period of our study. 

Figure 5. Patterns of interannual variability of the (a) monthly rainfall, (c) minimum and (e) 
maximum temperatures of Aragua region. Corresponding WPS for (b) rainfall, (d) minimum and (f ) 
maximum temperature of Carabobo region. Main central panels: wavelet power spectrums (WPS) of 
rainfall and temperatures. Right panels: Global spectrum (GS). Top panel over each WPS: Original time-
series of the corresponding variable: rainfall, minimum and maximum temperature. The y-axis of the 
WPS and GS describe the periods in years (e.g., period 1: annual cycles; period 2,3,4: interannual cycles). 
The x-axis of the GS shows the power at a given frequency (continuous line) with its significant threshold 
value of 5% (dashed line). In the WPS, the color code for power values ranges from dark blue for low 
values, to dark red for high ones. The areas surrounded by dotted-dashed lines are those including 
significant results (p<0.05). The area within the cone of influence (continuous line) in the WPS indicates 
the region not influenced by edge effects. 
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Figure 6. Patterns of interannual variability of the monthly sea surface temperatures (2001-2016). 
Main central panels: wavelet power spectrums (WPS) of monthly observations of SST. Right panels: 
Global spectrum (GS). Top panel over each WPS: Original time-series of SST data. The y-axis of the WPS 
and GS describe the periods in years (e.g., period 1: annual cycles; period 2,3,4: inter-annual cycles). The 
x-axis of the GS shows the power at a given frequency (continuous line) with its significant threshold 
value of 5% (dashed line). In the WPS, the color code for power values ranges from dark blue for low 
values, to dark red for high ones. The areas surrounded by dotted-dashed lines are those including 
significant results (p<0.05). The area within the cone of influence (continuous line) in the WPS indicates 
the region not influenced by edge effects. 

Relationship between dengue and climatic variables

We evaluated the correspondence of the WPS of dengue and SSTs through WC analysis. As Fig 7 
shows, there was a significant but non-continuous coherence between both variables at 1-year and 
2- to 3-year scales across the two studied regions. In Aragua state, dengue incidence mainly cohered 
with SST from 2007 to 2012 at 2- to 3-year cycles (Fig 7a). In this region, the 1-year coupling between 
both signals was stronger than in Carabobo region where instead, the link between dengue and 
ENSO showed a longer (2005-2013) and significant result at the 2- to 3-year scale (Fig 7b). There 
were significant but transient coherences between dengue incidence and rainfall (Supplementary 
Figure S2a,b), and dengue incidence with minimum (Supplementary Figure S2c,d) and maximum 
temperatures (Supplementary Figure S2e,f ) at the annual (1 year) and 2- to 3-year scales across the 
two regions. In order to explore the role of inter-annual variations of ENSO on the local climate, 
WC analysis of these variables were performed tackling the regions under study (Supplementary 
Figure S3). All climatic variables signals cohered with SST-time series at the seasonal (annual) scale. 
Furthermore, local climate variables transiently coincided with SSTs signals at the 2- to 6-year scale. 
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Figure 7. Wavelet coherence spectrum (WCS) of dengue incidence with sea surface temperature 
(SSTs) time-series for (a) Aragua and (b) Carabobo. The colors are coded as dark blue, for low 
coherence and dark red for high coherence between SST and dengue incidence time series. The y-axis 
of the WCS describe the periods in years (e.g., period 1: variables cohered at annual cycles); period 
2,3,4: variables cohered at inter-annual cycles). The areas surrounded by dotted-dashed lines are those 
including significant results (p<0.05). The cone of influence (continuous line) in the WCS indicates the 
region not influenced by edge effects.

Fig 8 shows the plots for standardized anomalies of maximum temperature, SST and dengue cases 
in the regions of interest. Accordingly, five El Niño events took place during our study period: 2002-
2003 (moderate), 2004-2005 (weak), 2006-2007 (weak), 2009-2010 (moderate) and 2014-16 (strong, 
Mega Niño). The 2014-2016 El Niño event is one of the strongest ever recorded. Likewise, five La 
Niña events occurred during the following periods: 2000-2001 (weak), 2007-2008 (moderate), 
2010-2011 (moderate), 2011-2012 (weak), 2016-2017 (weak). 

We found for both nation-wide and Aragua region that four out of seven disease epidemics 
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coincided with an El Niño episode from 2007 to 2015 (Fig 2a and 8a). This association was found 
specifically on the dengue epidemic years of 2007 (El Niño 2006-2007), 2009-2010 (El Niño 2009-
2010), and 2015 (El Niño 2014-2016). Similarly, for Carabobo region, five out of seven epidemics co-
occurred with an El Niño episode. Here, the relationship was detected specifically for the dengue 
epidemic years of 2005 (local dengue epidemic year, El Niño 2004-2005), 2007 (El Niño 2006-
2007), 2009-2010 (El Niño 2009-2010) and 2015 (El Niño 2014-2016) (Fig 8b). Positive anomalies 
of maximum temperature corresponded with anomalies of ENSO. We also found that positive 
anomalies of dengue cases (epidemic years) coincided with maximum temperature anomalies. 
The previous is noteworthy, since some epidemics that did not coincide with ENSO, concurred 
with positive anomalies of maximum temperatures. This correspondence between dengue and 
maximum temperatures occurred in almost all epidemic years. In Aragua region (Fig 8a) this 
relationship was present for the epidemic years of 2001, 2007, 2009-2010, 2013, 2014 and 2015; 
while in Carabobo region (Fig 8b), this association occurred on the epidemic years of 2005, 2009-
2010, 2013, 2014 and 2015-2016.

Figure 8. Standardized anomalies of maximum temperature, Niño 3.4 and dengue cases in (a) 
Aragua and (b) Carabobo regions.

Cross Correlation Functions (CCF) were calculated to identify relevant associations between dengue 
incidence and climatic variables at a finer temporal scale (monthly). There was no difference in 
time lags between both Aragua and Carabobo regions for all CCF. Significant correlations between 
dengue and SSTs were found at similar lags of 4-5 months for both regions, with highest correlation 
values at lag 4 (r = 0.14) and lag 5 (r = 0.25) for Aragua and Carabobo, respectively. Likewise, dengue 
had a significant and positive association with rainfall taking place two months earlier than dengue 
in Aragua and Carabobo (r = 0.23 and r = 0.32, respectively). Finally, high frequencies of dengue 
incidence were positively correlated with high values of maximum temperatures occurring six 
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months previously for Aragua (r = 0.15, p<0.05)  and 6-7 months previously for Carabobo (r = 0.36; 
p < 0.05), whereas similar associations were found between dengue incidence and the minimum 
temperature at lags of 3 (range 3-5) and 5 (range 3-6) months (Aragua: r = 0.26 and Carabobo: r = 
0.29; p < 0.05).

DISCUSSION

We identified long-term (inter-annual) and short-term (seasonal) cycles of dengue incidence in 
two highly-endemic regions of Venezuela. A strong and significant association was found between 
dengue inter-annual cycles and ENSO, suggesting that El Niño events have been partly responsible 
for the periodic outbreaks of dengue in northern Venezuela. We propose that the mechanism of 
ENSO in driving dengue inter-annual cycles is via warmer local temperatures and lower precipitation. 
In the studied period, these results were evident in relevant epidemic years, including epidemics 
of great magnitude, such as the one of 2009-2010, the largest dengue epidemic ever recorded in 
Venezuela.

Our analysis showed that dengue epidemics at a cyclic frequency of 3-4 years were characteristic 
of the dynamic of the disease besides its expected 1-year seasonal cycle. Previous studies have 
documented the occurrence of inter-annual fluctuations in dengue incidence. However, the 
periodicities reported were different, ranging from 2-3 years [8,15,31,32] to 2-5 years [9]. 

Inter-annual cycles of dengue have been related to several environmental (extrinsic) and 
immunological (intrinsic) determinants [15,17,18,33] which affect both vector and virus [24,7]. Here, 
however, we focused on characterizing the degree of influence of the ENSO regional event and local 
meteorological conditions on the temporal disease dynamics. We found a strong and significant 
coherence between the temporal pattern of dengue and that of these variables showing the role 
that climate plays in driving disease periodicity. Specifically, we identified a relationship between 
dengue incidence and SSTs at 2- to 3-year cycles across the two studied regions indicating the 
significant influence of El Niño in shaping the cycle of dengue epidemics in northern Venezuela. A 
similar association was also detected between dengue and local climate variables such as minimum 
and maximum temperatures, with a less clear link observed between dengue and precipitation.

At a regional scale, ENSO has been the most commonly studied driver of cyclic climate phenomena 
in human diseases [34]. In tropical South-America, this event is a periodic climatic oscillation with 
an average occurrence of 3-7 years, as our analyses showed, and with a strong influence on the 
inter-annual variability of local climate across different geographical areas [35,34,25]. In Venezuela, 
temperatures tend to increase by an average of 0.5 0C during El Niño, and severe droughts 
and negative anomalies of soil moisture, river discharges and rainfall are registered during this 
climatic episode, the warm phase of the ENSO event. Consequently, warmer and dryer years occur 
compared with no-Niño years [35]. Inversely, La Niña event shows the opposite effect [25,26]. In 
agreement with similar observations made in Colombia [36], our results showed that four out of 
seven dengue epidemics at national level and in the two studied regions coincided with El Niño 
events, including a long and extreme dengue outbreak from 2009-2010 which coincided with Niño 
0 and Niño +1 years. 

Although several studies have tried to disentangle the effects of ENSO on dengue and other 
vector-borne diseases, this topic is still an area of active investigation together with the impact 
of climate change on infectious diseases [37,36,15,38,33,39,40]. A plausible mechanism to 
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explain the influence of ENSO on dengue is related to the fluctuations of local climate conditions 
that are exhibited during an El Niño event [36,15,33]. By analysing this pathway, we found that 
temperatures and rainfall periodicities corresponded to the interval of observed periodicity in 
ENSO (2-6 year periods). Likewise dengue inter-annual cycles corresponded roughly to those of 
temperature (especially maximum temperature) and rainfall within each region. Likewise, dengue 
epidemics coincided with positive anomalies of maximum temperatures, and negative anomalies 
of precipitation. Additionally, positive anomalies of maximum temperatures overlapped with an 
El Niño event, except for those anomalies that were registered between 2011 and early 2014. Our 
data is in agreement with that of Gagnon et al (2001) [36] who reported that most of the dengue 
epidemic peaks happening in Colombia between 1981-1988 were associated with El Niño episodes 
and warmer temperatures. Interestingly, the local temperature records analysed here showed a 
significant upward trend. This phenomenon could be linked to an urban heat island effect (UHI), 
which generally occurs in urban settlements [41] and could affect the transmission of mosquito-
borne diseases as it has been previously reported [42]. Further studies are needed to explore and 
unravel the relevance of this UHI effect on the increment of dengue in Venezuela during the last 
years. 

How the El Niño event and related temperature and rainfall patterns affect disease transmission 
is a matter of conjecture. It is known that the relationship between local climate variables (e.g. 
precipitation and temperature) and dengue transmission can be complex, affecting both the 
dengue vector and the virus [11]. Cazelles et al (2005) [15] suggested that the relationship 
between climate and dengue might be clearer with temperature than with precipitation. Higher 
temperatures affect the growth rate of Aedes mosquitoes, accelerate the rate of viral replication 
within the vector and decrease the length of the reproductive cycle, resulting in more infected 
female mosquitoes over a shorter period of time [11] with the risk of major inter-annual dengue 
outbreaks. Particularly, it has been documented that higher temperatures (i.e. > 32°C) decrease 
the length of Ae. aegypti oviposition cycles and egg laying; as a result, the female gonotrophic 
cycle is shorter whereas blood-feeding frequency is greater [43,44,45]. Other studies have shown 
that increased temperatures have the effect of diminishing the time of the extrinsic incubation 
period (EIP) of DENV in Ae. aegypti [46,47,48]. As an example, Watts et al (1987) [46] showed in 
experimental infections of Ae. aegypti with DENV-2 that the EIP shortened from 12 days to 7 days 
when the temperature increased from 30°C to 32-34°C. 

The complexity of the relationship between dengue dynamics and a local climatic factor such as 
rainfall is exemplified in our study by the positive correlations of dengue with rains in the seasonal 
period and the negative correlations in the 2–3-y periodic cycle. Differently, precipitation has a 
crucial influence on mosquito development, because it provides a suitable habitat for the stages of 
the mosquito life cycle that are water-dependent [40,11,50]. Here, we found a significant coherence 
between dengue and precipitation at 1-year periods confirming that precipitation is an important 
driver of dengue occurrence at a seasonal scale as it has been extensively reported [49,31,51].  
Indeed, the appearance/increase of dengue cases commonly coincides with both an intensification 
of rain as observed in our study area and with vector abundance as reported elsewhere [52,53,54,31]. 
In Venezuela, the occurrence of household-related potential breeding sites (used car tires, litter 
outdoors) are a risk factor for dengue transmission during the rainy season. Moreover, the lack 
of reliable piped water supply has prompted an ever more common behaviour of water storage 
both indoors and outdoors [52,55,56] especially during dry conditions [57,58]. As a consequence, 
areas with public service deficiencies or during dry years (i.e. derived from El Niño events or during 
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warming trends) are likely to exhibit a more perennial dengue transmission.

Among the various approaches developed to study non-stationary data, WA is one of the most 
efficient tools to detect periodicity in epidemiological time series [29]. This technique is more 
powerful when applied to longer time-series than the one used in our study. Although our findings 
should be interpreted with some caution in the light of the previous statement, we are confident 
of the robustness of our overall results.  As previously stated, other factors need to be taken into 
account when explaining inter-annual cycles of dengue, such as population immunity and the (re)
introduction of new DENV serotypes [17]. Epidemic outbreaks of dengue fever were first recorded in 
Venezuela in 1964 and were partly attributed to the (re-)introduction of previously non-circulating 
DENV serotypes/strains coinciding with increased spread and densities of Aedes aegypti [59,60]. 
However, from 2000 onwards, the 4 DENV serotypes co-circulate in Venezuela [61] and although 
the epidemic peak registered in 2001 can be related to the introduction of serotype 3 [62], this peak 
also coincided with La Niña event. Moreover, after 2000, at least 3 major epidemics occurred with the 
co-circulation of all DENV serotypes in the same period. Future research should aim to investigate 
how climate forcing interacts with the effects of cross-immunity and cross-enhancement between 
serotypes to determine the population dynamics of this arboviral disease in Venezuela. Finally, the 
epidemics of chikungunya (2014) and Zika (2015-2016) viruses were important epidemiological 
events that affected a large number of people in Venezuela. During 2014, concomitant chikungunya 
and dengue epidemics were recorded which may have resulted in a certain degree of misdiagnosis 
between the two diseases during the first two weeks of the chikungunya epidemic when health 
personnel were not yet acquainted with this new disease. However, the remarkable clinical picture 
of chikungunya was quickly recognized and properly diagnosed in the great majority of cases. 
Regarding the possible epidemic effect of the introduction of Zika virus in 2015, the data showed a 
steady increase of dengue cases since August 2015, while the first confirmed autochthonous case 
of Zika was reported by the end of November. Zika epidemic reached its peak in January-February 
2016 lingering on during the rest of this year. Therefore, we discard any potential effect of Zika virus 
epidemic on the dengue time series analysed.

CONCLUSIONS

We present evidence suggesting that ENSO and its related local climatic changes (above-normal 
temperatures and below-normal rainfall) have been important drivers of the biennial and triennial 
cycles of dengue in the northern part of Venezuela during the last 16-years. The significant upward 
trend observed in dengue incidence in Venezuela raises the question of its potential relationship 
with the concomitant increase in local temperatures in the main urban settings. Thus, future 
research should investigate how regional and local climate interact with viral transmission and with 
behavioural and other socio-economic factors to determine the population dynamics of dengue 
in Venezuela. Finally, our findings provide significant evidence of the relevant effect of climate on 
dengue dynamics and suggest that the local and regional climatic factors here studied should be 
included in an early-warning system for dengue and other Ae. aegypti-borne viral surveillance and 
control in Venezuela.   
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Supplementary Figure S1. National dengue incidence and regional maximum temperature 
trends. (a) National dengue incidence from 1991 to 2016 (Trend: r2= 0.27, t = 2.99, p < 0.05, N=26). 
Minimum temperatures from (b) Aragua (Trend: r2 = 0.61, t = 29.37, p < 0.05, N=550) and (c) Carabobo 
(Trend: r2= 0.15, t = 7.29, p < 0.05, N=286). Maximum temperatures from (d) Aragua (Trend: r2 =0.36, t 
=17.93, p < 0.05, N = 550) and (e) Carabobo (Trend: r2 = 0.65, t = 23.23, p < 0.05, N=286).
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Supplementary Figure S2. Wavelet coherence spectrum (WCS) of dengue incidence with (a) 
rainfall, (c) minimum and (e) maximum temperatures of Aragua region. Corresponding WCS 
for (b) rainfall, (d) minimum and (f) maximum temperature of Carabobo region. The colors 
are coded as dark blue, for low coherence and dark red for high coherence between SST and 
dengue incidence time series. The y-axis of the WCS describe the periods in years (e.g., period 1: 
variables cohered at annual cycles); period 2,3,4: variables cohered at inter-annual cycles). The areas 
surrounded by dotted-dashed lines are those including significant results (p<0.05). The cone of 
influence (continuous line) in the WCS indicates the region not influenced by edge effects.
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Supplementary Figure S3. Wavelet coherence spectrum (WCS) of SSTs with (a) rainfall, (c) 
minimum and (e) maximum temperatures of Aragua region. Corresponding WCS for (b) rainfall, 
(d) minimum and (f) maximum temperature of Carabobo region. The colors are coded as dark 
blue, for low coherence and dark red for high coherence between SST and dengue incidence time 
series. The y-axis of the WCS describe the periods in years (e.g., period 1: variables cohered at annual 
cycles); period 2,3,4: variables cohered at inter-annual cycles). The areas surrounded by dotted-
dashed lines are those including significant results (p<0.05). The cone of influence (continuous line) 
in the WCS indicates the region not influenced by edge effects.
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ABSTRACT

Since chikungunya virus emerged in the Caribbean region in late 2013, around 45 countries 
have experienced chikungunya outbreaks. We describe and quantify the spatial and temporal 
events following the introduction and propagation of chikungunya into an immunological 
naïve population from the urban north-central region of Venezuela during 2014. The epidemic 
curve (n=810 cases) unraveled within five months with an R0 = 3.7 and a radial spread traveled 
distance of 9.4 Km at a mean velocity of 82.9 m/day. The highest disease diffusion speed 
occurred during the first 90 days, while space and space-time modeling suggest that the 
epidemic followed a particular geographical pathway with spatio-temporal aggregation. The 
directionality and heterogeneity of transmission during the first introduction of chikungunya, 
indicated existence of areas of diffusion and elevated risk of disease occurrence and highlight 
the importance of epidemic preparedness. This knowledge will help manage future threats of 
new or emerging arboviruses.
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INTRODUCTION

Chikungunya, a reemerging mosquito-borne viral infection, is responsible for one of the most 
explosive epidemics in the Western hemisphere in recent years. Since its introduction in the 
Caribbean region at the end of 2013, chikungunya virus (CHIKV) rapidly expanded within a 
year to most countries of South, Central and North America (1,2). CHIKV belongs to the genus 
Alphavirus (Togaviridae) first isolated in Tanzania during 1952 (3). The sylvatic (enzootic) cycle of 
CHIKV in Africa involves non-human primates with the virus being transmitted by an ample range 
of forest-dwelling Aedes spp. mosquitoes (4). However, like dengue, an enzootic amplification is 
not essential for CHIKV when humans are involved, as these are the main amplifying host for this 
pathogen. Within the urban (human) cycle across Asia, the Indian Ocean and the Americas, CHIKV 
is transmitted by Aedes aegypti and Ae. albopictus (5-7). Most infected individuals (72-93%) develop 
symptomatic disease characterized by fever, rash and incapacitating arthralgia progressing in an 
important proportion of patients to chronic long-lasting relapsing or lingering rheumatic disease 
(8,9). The lack of population immunity to chikungunya in the Americas alongside the ubiquitous 
occurrence of competent Ae. aegypti and high human mobility within the region may explain the 
rapid expansion of CHIKV across the continent with monthly doubling of the number of cases 
during the exponential phase of the epidemic (10,11). At the end of 2014, more than 1 million 
suspected and confirmed cases, including severe cases and deaths, were reported in 45 countries 
and territories while this figure reached almost 3 million cases by mid-2016 (12). Likely, the real 
number of cases is higher due to misdiagnosis with dengue and underreporting.

In Venezuela, the first official imported case was reported in June 2014 with local transmission 
soon following. Chikungunya quickly spread causing a large national epidemic affecting the 
most populated urban areas of northern Venezuela where dengue transmission is high. Given the 
paucity of official national data, epidemiological inference was used to estimate the number of 
cases. Although nationally the disease attack rate was estimated between 6.9 % and 13.8 % (13), the 
observed attack rate in populated urban areas was around 40-50% comparable to those reported 
in Dominican Republic (14) and Asia and higher than those in La Reunion (15,16). Currently, CHIKV 
has become established in Venezuela. 

The rapid expansion and worldwide spread of CHIKV in the last decade make it one of the most 
relevant arboviruses capturing global health attention (17). With the (re)-emergence of other 
arboviruses, new large-scale outbreaks in the near future seem likely to occur (18). Understanding 
and quantifying the introduction and propagation range in space and time of the initial epidemic 
wave of CHIKV within the complex urban settings of Latin America will shed light on the dynamics 
of new arboviruses. In turn, this knowledge will help manage future threats of new or emerging 
arboviruses operating under similar epidemiological dynamics. This study characterized the 
epidemic wave of CHIKV in a region highly affected by the 2014 outbreak in Venezuela. To this end, 
we i) described the spatial progression of the epidemic using Geographical Information Systems 
(GIS), ii) quantified the global geographic path that CHIKV most likely followed during the first 
six months from its introduction into this region by fitting a polynomial regression model (trend 
surface analysis), iii) determined the general direction and speed of the propagation wave of the 
disease, and finally iv) identified the local spatial-time disease clusters through spatial statistics.
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MATERIALS AND METHODS

Study area

Carabobo State, is situated in the north-central region of Venezuela (Figure 1) and is one of the 
most densely populated area (19).

Figure 1. Study area: a) Venezuela, b) Carabobo state, and c) Parishes of Carabobo State. The 
grading of color blue depicts the population per parish up to 2014 (estimated population of 2,415,506 
inhabitants). Most of the population lives in Valencia (892,530 inhabitants) while the rest is distributed 
into smaller urban centers and rural areas in the periphery of the State. Within the metropolitan area of 
Valencia, neighborhoods differ in their socio-economic composition, with poorer settlements located 
mainly in the southern area while the most organized and urbanized medium/high level neighborhoods 
are situated towards the north-central part of the capital.

Study design and data collection

A retrospective study of patient and epidemiological data collected through the national Notifiable 
Diseases Surveillance System (NDSS) was performed to understand the spatio-temporal spread of 
the 2014 chikungunya epidemic at a local and global scale. A total of 810 patients of all ages were 
diagnosed as suspected chikungunya-infected cases by their physicians and were reported via the 
NDSS to the epidemiological department of the Regional Ministry of Health (INSALUD) of Carabobo 
State. Patients suspected of chikungunya were those presenting with fever of sudden appearance, 
rash and joint pain with or without other flu-like symptoms.  Patients who attended public or private 
health care centers across Carabobo State municipalities were included in this study. Patient data 
was obtained for the period between June 10th and December 3rd 2014 (epidemiological weeks 
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[EW] 22-49) coinciding with the Venezuelan chikungunya outbreak. Data corresponding to the first 
visit of the patients to a healthcare center was included and comprised patient address, clinical 
manifestations and epidemiological risk factors. The information was entered in a database, double 
checked for consistency and analyzed anonymously. The index case (IC) was defined as the first 
chikungunya patient reported by the NDSS within this region.

Temporal dynamics of chikungunya spread 

First, we described the growth rate of the disease by plotting the cumulative cases per EW and 
fitted a logistic curve after examining the shape of the epidemiological curve (Figure A1). Next, 
the average number of secondary cases that arise from a typical primary case in a completely 
susceptible population, that is, the basic reproductive number (R0)of the disease epidemic, was 
derived from the case data as follows: We estimated R0 from the initial phase of the epidemic using 
the exponential growth method (20) and then calculated a real-time estimate of R0, called Rt (21,22) 
to explore the time-varying transmissibility of chikungunya (See Technical Appendix).

Spatio-temporal trend of the epidemic wave of chikungunya 

The address of every patient was georeferenced into a Geographical Information System (GIS) so 
that the Xi (east-west) and Yi (north-south) coordinates of each chikungunya case were derived. We 
drew the weekly spatial progression of the 810 reported chikungunya cases with respect to the IC 
in a map. To assess the spreading pattern of the disease before the epidemic reached the steady 
(plateau) state (Figure 2), we selected cases from day 0 to day 125 (EW-40) after the appearance of 
the IC. Within this time range the case notification rate of new cases maintained a sustained growth. 

Figure 2. Reported chikungunya cases during the epidemic of 2014 in Carabobo State. Chikungunya 
cases are depicted by the black line with open black dots, cumulative cases are shown by red line with 
open red diamond.



Chapter 6

128

6

To explore the general spatial trend of chikungunya cases (or the movement of the epidemic 
wave of infection) across the study area, a map of time of disease spread was developed using 
Trend Surface Analysis (TSA), a global surface fitting methodology (for a thorough explanation, see 
Technical Appendix). The variable time (in days) was created using the symptoms onset date from 
the IC as the baseline date across the 810 case localities, i.e. time (Xi, Yi). Thus, time is considered as 
the number of days elapsed between the appearance of a case in a specific locality Zi and the IC. 
Results of the TSA were used to generate a contour map or smoothed surface, with each contour 
line representing a specific predicted time-period in this urban landscape setting since the initial 
invasion of the virus. The local rate and direction of the spread of infection was estimated as the 
directional derivative at each case using the TSA fitted model to obtain local vectors that depicted 
the direction and speed (inverse of the slope along the direction of the movement) of infection 
propagation from each locality in X and Y directions. 

We also obtained an empirical basic baseline rate of disease spread to quantify the observed 
velocity for each case zi directly from the data by measuring the linear distance (meters) of case Zi 

to the IC and then dividing it by the time in days that elapsed since the IC was reported. Differences 
between velocities were assessed using Kruskal-Wallis test, a non-parametric method to test 
differences between groups when these are non-normally distributed (23). 

Finally, to identify: a) general space-time clusters of chikungunya transmission we performed a 
Knox analysis (24) and b) interactions at specific temporal intervals using the incremental Knox 
test (IKT) (25) For (a) we selected critical values of 100 meters (distance) and three weeks (time) 
after multiple distance and time windows testing (Table A1). Our selection was based on Aedes 
mosquito flight range and the maximum duration of the intrinsic and extrinsic incubation periods 
of the virus, respectively (26,27). Upon identification of the cluster, the distance between the first 
case of a cluster (C1) and the cases within the cluster Zi was calculated, considering this distance 
as a measure of virus disease spread. For (b) the IKT was used in an exploratory mode over the 
time intervals from 1 to 31 days, and space distances from 25 to 500 m.  See Technical Appendix. 
Spatial analyses were carried out with R software (The R-Development Core Team, http://www.r-
project.org), while maps were generated with ArcGIS (v.10.3, ESRI Corporation, Redlands, CA) and 
Quantum GIS 2.14.3 Essen (GNU—General Public License) software. Space-time (Knox) analysis was 
performed using ClusterSeer 2.0 (Terraseer, Ann Arbor, MI).

Ethics statement

Data were analyzed anonymously and individuals were coded along with the information of address 
with a unique numeric identifier. The study was approved by the epidemiological department of 
the Regional Ministry of Health (INSALUD) of Carabobo State.

RESULTS

Temporal dynamics of chikungunya spread

A total of 810 chikungunya suspected cases were reported in Carabobo state in 2014 during the 
EW 22-49 (28 weeks) representing the first introduction and propagation of the virus in the north-
central region of Venezuela. The IC was an imported case (a returning traveler from Dominican 
Republic) occurring in EW 22 in the north-central zone of the capital city (Figure 1). The IC was 
followed by the appearance of other imported cases and soon after locally transmitted cases. 
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The cumulative cases during the EW 22-49 followed a logistic growth (Figure A1: R = 0.99, n = 810, 
p < 0.05). The reported cases displayed a characteristic epidemic curve with a single wave with a 
peak at EW 33 after eleven weeks of the IC (Figure 2). The epidemic take-off took place at EW 31, 
that is 9 weeks (~2.5 months) after the IC. The total duration of the outbreak was approximately 28 
weeks (~7 months), however the main epidemic curve lasted from EW 30 until EW 43-44, circa 3 
months.  The initial global growth rate of the epidemic was 0.53 cases per week, while R0 = 3.7 (95% 
CI 2.78-4.99) secondary chikungunya cases per primary case (EW 22-31). Comparable results were 
obtained when we calculated the instantaneous reproductive number (Rt = 4.5, 95% CI 2.4-7.1) 
during the epidemic peak. From EW 34, Rt values fell below 1, and gradually decreased from there 
onwards (Figure A2).

Temporo-spatial distribution of the epidemic of chikungunya

Figure 3 (and Technical Appendix video) depicts the chronological and spatial progression of the 
chikungunya outbreak through Carabobo State. The cases reported in Valencia during the first six 
weeks were located in the central area of the city close to the IC while a few cases were reported in 
the south-western part of the capital and in other small urban towns of Carabobo (Figure 3a). The 
first autochthonous case (AC) occurred during this interval in the southern-central area of Valencia, 
relatively close to the IC (Figure 3a). During EW 28-31 the number of reported cases increased in 
parishes around the AC (Figure 3b). Between EW 32-35 the number of cases exploded exponentially 
and the disease spread very rapidly throughout the capital city and surrounding smaller urban 
centers (Figure 3c).  New cases were actively reported during eight continuous weeks (Figures 3c 
and 3d) to later decrease from EW 40 to EW 49 (Figures 3e and 3f ). The epidemic progressed in two 
directions (movement axes) in the region: A north-south direction and a north-east and south-
west. Both shift movements consistently overlapped with the populated centers of the region and 
the main traffic routes (motorways and main roads). 

Figure 4 depicts the general direction and propagating wave of disease derived from TSA. Contour 
lines that are far apart indicate that the epidemic diffused quickly through the area whereas lines 
that are closer show a slower progression. The direction of diffusion is also given by the edges of 
the contour lines. The model located the wave of disease dispersal in the central part of the region 
and included the IC and AC. The bulk of the outbreak unfolded within 90 days spreading mainly to 
the south-west and northern part of the capital city. During this time, the maximum radial distance 
traveled was 9.4 km. A slower diffusion was predicted towards the north-east and southern part 
of the region. However, it has to be noted that the limitation of the method due to edge effects 
determines that the best area for prediction is the central one.

 To visualize the local diffusion of CHIKV at each location, the vector field across the modeled 
surface was drawn (Figure 4). Overall, the model confirms the previous observation of a general 
trend or corridor of diffusion of chikungunya cases towards the south-west and north-east of the 
capital city within the first 80 days, while when the epidemic wave reaches the period of 90 days it 
varies its direction and magnitude according to the location.

The virus diffusion velocities calculated for each parish through the empirical method are shown in 
Table 1. The mean velocity of disease spread across the state was 82.9 ± 53.6 m/day and overall, the 
pattern of diffusion of CHIKV was highest in the dormitory and rural settlements near the capital 
city. However, the observed velocities varied significantly according to the location (p < 0.05, n = 
735). For instance, the parishes at the center of the capital (San Jose, Catedral, Candelaria, San Blas, 
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Santa Rosa) showed velocities below 60 m/day, whereas in the remaining localities, including both 
rural and dormitory towns, the speed was higher than 60 m/day. The maximum velocity of the 
outbreak was of 483 m/day measured in the south of the capital. 

Figure 3. Spatial and temporal spread of the epidemic of chikungunya in Carabobo State, 
Venezuela, between June-December 2014. Time is presented at epidemiological weeks (EW) interval 
raging from a) EW 22-27, b) EW 28-31, c) EW 32-35, d) EW36-39, e) EW 40-45 and f ) EW 46-49. Red circles 
denote the appearance of new cases for the given interval, while blue circles denote the cumulative cases 
in prior intervals. Light red lines depict the road system of the area of study, light gray areas represent 
the populated areas (urban centers) within the parishes. Yellow star (٭) stands for the Index Case (IC), 
the green diamond (t) is the first autchotonous case, while the white circle (m) indicates the Capital city, 
Valencia. 
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of chikungunya in Carabobo state during 2014. The contour map and contour lines in black (traveling 
waves) were estimated by the best-fit trend-surface analysis (3rd order polynomial model) of time (days) 
to the first reported case or index case (IC) of chikungunya across the landscape. Contour lines mark a 10-
day traveling wave period following the first wave (cut-off) at 80 days. The yellow star and green diamond 
icons denote the IC and the first autochthonous case, respectively, while white lines correspond to the 
road system of the area. The background gradient of color shows the probability of chikungunya virus 
diffusion according to the prediction of the model: the darker the red color, the higher the probability 
of spread. Each vector (blue outlined arrows) represents the instantaneous velocity derived from the 
partial differential equations from the Trend Surface Analysis (TSA) model (methodology found in the 
Technical Appendix).
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Table 1. Average velocities of CHIKV spread across Carabobo State during the outbreak of 2014.

Velocity (m/day)

Parish No. of cases Mean SD CI95 Minimum Maximum Location‡

Candelaria 29 39,4 15.3 33.5-45.2 17 96 Center

Catedral 11 28.8 9.5 22.4-35.3 15 50 Center

Ciudad Alianza 1 146.7 . - 147 147 E-SE

El Socorro 6 47.2 32.1 13.5-80.9 25 98 S-SW

Guacara* 4 206.2 151.7 -35.1-447.6 98 430 E-NE

Guigue† 5 256.7 84.6 151.7-361.8 163 344 SE

Independencia* 6 206.7 64.7 138.8-274.5 138 310 S-SW

Los Guayos 42 115.1 31.4 105.3-124.9 52 176 E-SE

Miguel Peña 228 80.6 40.6 75.3-86.0 21 483 S

Naguanagua 41 85.9 27.3 77.3-94.6 47 174 N

Rafael Urdaneta 84 87.2 35.3 79.5-94.8 23 186 SE

San Blas 27 43.6 11.7 39.0-48.3 21 62 Center

San Diego 35 73.3 28.5 63.5-83.1 41 150 N-NE

San Jose 68 27.6 26.2 21.3-34.0 0 202 North-central

Santa Rosa 70 58.4 10.4 55.9-60.9 35 97 Center

Tacarigua† 6 197.0 47.0 147.7-246.3 149 259 S-SE

Tocuyito* 70 149.8 52.8 137.2-162.4 61 365 SW

Yagua† 2 111.0 12.7 -3.4-225.4 102 120 E-NE

Carabobo 735 82.9 53.6 79.0-86.7 0 483

* Dormitory urban settlements

† Rural settlements

‡‘Center’ refers the center of the capital city Valencia
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Spatio-temporal clusters of the epidemic wave of chikungunya

Results after multiple space and time parameters testing showed that core clusters remained 
similar through time (Figure A3) and the relative risk (RR) within the clusters remained important 
(RR>1.5) up to three weeks (Figure A4). Using selected critical values, we identified 75 general 
space-time clusters using Knox analysis (Figure A5 and Table A2). These clusters included at least 
two space-time linked cases and a total of 205 cases (27.9 %) that showed a space-time relation. 
The major accumulation of clusters is to be found in the southern and south-western part of the 
capital. The earliest cluster (Cluster 7, Figure 5) was located in the center-west of the capital and 
comprised 3 cases including the IC. From this cluster, the average distance from each case to the 
IC was 32 meters, and the cases were reported within 25 days after the IC. Additionally, the major 
cluster (cluster 57, n = 12 cases) was located in the central-western area of the capital at 4 km from 
the IC (Figure 5). The cases belonging to this cluster occurred within 9 days (1.3 cases per day); 
these cases arose in average 70 days (69-77 days) after the IC (Table A2). The median time between 
the first notified case (symptoms onset) and the last case within a cluster was 9 days (3-18 days). 
Furthermore, the average distance between cases within the clusters was of 75.2 ± 25.6 meters 
(maximum = 110.6 meters; minimum = 39.2 meters) (Table A3). Furthermore, the baseline velocity 
in Carabobo state was similar to the average velocity within the clusters (69.9 ± 34.4 m/day). These 
results agrees with IKT findings, where the temporal intervals with the strongest spatial clustering 
and RR occur between 1-7 days and between 25-150 m (Figure A6-A7) (See Technical Appendix).

DISCUSSION

We described and quantified the spatial and temporal events following the introduction and 
explosive propagation of CHIKV into an immunologically naïve population living in the urban 
north-central region of Venezuela during 2014. The main epidemic curve developed within five 
months, with a maximum value of the estimate of R0 = 3.7 by week twelve. The speed of disease 
diffusion was greatest during the first 90 days and the spatial spread was heterogeneous following 
mostly a south-west spatial “corridor” at a variable local rate of diffusion across the landscape. 
The radial spread traveled distance was 9.4 Km at a mean velocity of 82.9 m/day. The epidemic of 
chikungunya showed spatio-temporal aggregation predominantly in the south of the capital city 
where conditions for human-vector contact are favorable.

The temporal dynamics here described, the R0 and its time variable form Rt, suggest high 
transmissibility of CHIKV in our population of study. These results agree with previous CHIKV 
introductions into naïve populations (28-31) and with the 2014 predicted values for mid-latitude 
countries (R0=4-7) of the Americas (31). High values of R0 have been also described during first 
introduction outbreaks of other Aedes-borne infections such as dengue in Chile with an R0 = 27.2 
(32) and Zika in Brazil (R0=1.5-6); (33) and French Polynesia (34). Yet, the overall R0 for dengue has 
been estimated to be around 2-6 (35). The similarity between the R0 of chikungunya, dengue and 
Zika, all transmitted by the same main vector, Ae. aegypti, strongly suggest that the major factor 
driving the exponential increase of the epidemic curve of arboviruses in naïve populations, is the 
transmission efficiency of the vector. 
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reported cases identified in a section of Valencia city (metropolitan area) during June-December 
2014. Red dots denote case location, black outlined circles identify a significant space-time cluster and 
yellow lines show the interaction between cases (time-space link). The analysis was performed using 
100 meters as clustering distance and 3 weeks as time window. Significance level for local clustering 
detection was of 0.05.

Spatially, TSA analysis shows a primary wave of disease spread within the first 80 days in the most 
likely area of transmission (the center-south of Valencia), while a second wave at 90 days showed 
a fast spread of chikungunya towards the south and west. This sequential pattern is similar to 
that of dengue where transmission within neighborhoods is likely driven by mosquito presence/
abundance and/or short-distance movement of viremic hosts (36-38) while long-distance 
dissemination of infection is probable generated by human-mobility patterns through main roads 
and motorways at both individual and collective levels. Both movements had a powerful impact 
on disease transmission (39-40). Moreover, population density modulates the chance of vector-
host contact (30,41). This is reflected in the variation of calculated velocities across different spatial 
points and the increased diffusion speed of the epidemic towards the southern most populated 
area. 

Despite the fact that CHIKV was introduced into a naïve population, i.e. the individuals had a 
similar immunological likelihood of becoming infected, the case distribution was not random but 
aggregated into 75 significant space-time clusters indicating an increased likelihood of vector-host 
contact. The area with most spatio-temporal aggregations, the southern part of Valencia city, is 
characterized by densely populated neighborhoods, lower socio-economic status and crowded 
living conditions. Similar factors increased the risk of dengue transmission and clustering (hot 
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spots identification) in highly endemic urban areas of Venezuela (42). Poverty and human behavior 
fostering potential mosquito breeding sites (such as storing water at home) were linked with a 
greater risk of acquiring a dengue infection (43,42). In Venezuela, long-lasting deficits in public 
services such as frequent and prolonged interruptions in water supply and electricity have become 
regular in recent years. These inadequacies have obliged residents to store water maintaining 
adequate breeding conditions for Aedes vectors during the dry season and throughout the year 
(44). A recent review reported the proportion of houses infested with Aedes larvae/pupae (house 
index) in Venezuela to be higher than 20% by the time of the CHIKV epidemic (45) while the WHO 
recommendations suggest a house index <5% for adequate vector control (46).

 In our study, the distance among the cases within chikungunya clusters was in average 75 meters 
coinciding with the reported flying range distance of urban Ae. aegypti females during mark-
release-recapture studies (47,37). Aedes aegypti females have been reported to visit a maximum 
of three houses in a lifetime while not travelling far from the sites where they breed (48,49). Thus, 
the distance traveled by the vector and the number of possible host encounters with an infected 
vector cannot explain the entire disease epidemic spread. Other factors such as the movement of 
viremic hosts, a widely distributed vector and the lack of herd immunity could account for this as 
shown previously for the long-range spread of dengue (37).

The lack of entomological data and estimates of human movement for our study area are the 
limitations of our study. We expect that our estimates based on individual patient data from 
epidemiological records are accurate, since chikungunya infection is a notifiable disease and 
is symptomatic in >80% of the cases. Epidemiological surveillance in Venezuela is based on 
symptomatic patient reporting by treating doctors.

CONCLUSIONS

Our analysis suggests that the epidemic of chikungunya followed a determined geographical 
course. This propagation was potentiated in areas of the south and south-west of the area of study. 
Chikungunya is now established in Venezuela along with other Aedes-borne infections, such as 
dengue and Zika. However, further epidemics of these diseases and other re-emergent arboviruses, 
e.g. Mayaro virus (50,18) are likely to arise in the future. Gained insights about speed and direction 
of chikungunya spread in our region could help to understand and predict future epidemic waves 
of upcoming vector-borne infections. This could aid to quickly define intervention areas and 
improve the preparedness for outbreak response in Venezuela and counties with similar settings.
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Technical Appendix for

Spatial dynamics of chikungunya virus in Venezuela: The first six months of the 
epidemic

Erley Lizarazo, Maria Vincenti-Gonzalez, Maria E Grillet, Sarah Bethencourt, Oscar Diaz, 
Noheliz Ojeda, Haydee Ochoa, Maria Auxiliadora Rangel, Adriana Tami*.

 1. Materials and Methods

1.1. Estimating the reproductive number (R0)

For new emerging infectious diseases, the value of the reproductive number R0 can be inferred indirectly 
from the initial epidemic phase by estimating the exponential epidemic growth rate (r) of new observed 
infections and relating these parameters to the generation time of infection (Tg) through the following 
equation (Wallinga and Lipsitch 2007).

where M is the moment generating function of the disease generation time distribution. A generation 
time distribution for chikungunya (CHIK) was defined using a Gamma distribution with a mean of 1.86 
weeks and a standard deviation of 0.05 weeks. This includes both the human and vector infection 
cycle, by assuming a short mosquito infection lifespan case as reported before by Boëlle et al (2008). 
For this method we applied the ‘R0’ package version 1.2-6 developed by Boëlle & Obadia in 2015 (The 
R-Development Core Team, http://www.r-project.org).

1.2. Estimating the effective reproductive number (Rt)

Given that the behavior of the force of chikungunya virus (CHIKV) infection through time was unknown, 
we calculated a real-time estimate of the basic reproductive number of the disease, that is the effective 
reproductive number at time t (Rt) as originally proposed by Nishiura et al. (2010). We then explored 
the time-varying transmissibility using the Rt series derived following the methodology of Coelho & 
Carvalho (2015). Hence, Rt was estimated as

where Yt and Yt+1 are taken to be the number of reported disease cases for a particular time t and t+1, 
respectively, while n defines the ratio between the length of the reporting interval and the mean 
generation time of the disease. The reporting interval was defined as the duration of an epidemiological 
week (7 days) whilst the generation time was assumed to be of two weeks as established above. To run 
the calculation, we applied the R code developed by Coelho & Carvalho (2015) available on the GitHub 
repository at https://github.com/fccoelho/paperLM1 (The R-Development Core Team, http://www.r-
project.org).

1.3. Trend Surface Analysis (TSA) and local vectors of direction and speed of infection

TSA methodology consists in fitting, through the method of least squares, a function in a multiple-
regression-like procedure where the response variable, in this case, time, is expressed as a polynomial 
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function of geographic coordinates (Xi, Yi) of individual case-points i. e., time = f (X, Y), a model known as 
a polynomial regression (Legendre & Legendre 1998). The order of the polynomial chosen as the best 
fit-model or the best polynomial equation will determine the shape of the curve or surface. Here, we 
used a third-order polynomial. The variable time (in days) was created using the symptoms onset date 
from the index case (IC) as the baseline date across the 810 case localities, this is, time (Xi, Yi). Thus, time 
is considered as the number of days elapsed between the appearance of a case in a specific locality Zi 

and the IC. Results of the TSA were used to generate a contour map or smoothed surface, with each 
contour line representing a specific predicted time-period in this urban landscape setting since the 
initial invasion of the virus. Finally, we proceeded to estimate the local rate and direction of the spread 
of infection as the directional derivative at each case using the TSA fitted model to obtain local vectors 
that depicted the direction and speed (inverse of the slope along the direction of the movement) 
of infection propagation from each locality in X and Y directions. To this end,  we calculated partial 
differential equations of  time  with respect to the  X- and  Y-coordinates (∂TIME/∂X  and  ∂TIME/∂Y)  to 
obtain local vectors that depicted the direction and speed (inverse of the slope along the direction of 
the movement) of infection propagation from each locality in  X and  Y direction. The resultant vector 
for each case will represent, in turn, the overall velocity (in m/day) and direction of disease spread in 
each point. The set of vectors were assembled in a vector field and overlapped over the fitted surface 
to visualize the pattern of local spread of the virus along the urban landscape. TSA has been previously 
used to study pathogen dispersal processes in space and time (Pioz et al, 2011). Further details of this 
methodology can be found in Moore (1999) and Adjemian et al. (2007). All the analyses were carried out 
in R software (The R-Development Core Team, http://www.r-project.org). Maps of time contours and 
vectors were generated in the ArcGIS software (v.10.3, ESRI Corporation, Redlands, CA), while general 
maps were constructed using Quantum GIS 2.14.3 Essen (GNU—General Public License).

1.4. Spatio-temporal Analysis

Even though CHIKV was introduced into a naïve population, i.e. the individuals had a similar 
immunological likelihood of becoming infected, we wanted to assess the hypothesis of heterogeneity 
during disease transmission. In this sense we aimed to find whether aggregation of cases was present 
during the CHIK epidemic and if the likelihood of being infected could have varied depending on space 
and time distances. Thus, to identify general space-time aggregation (clusters) of CHIK transmission 
during the whole epidemic (28 weeks) we performed the Knox analysis (Knox, 1964) and the incremental 
Knox test (IKT) proposed by Aldstadt in 2007 to identify linked transmission events.

1.4.1. Knox test 

This method measures potential space-time interactions by analyzing pairs of cases that belong to a 
particular space (distance) and time (days) window. This intuitive method provided simplicity and 
promptness (Gear, 2006). Yet, the Knox test requires prior selection of a “critical” time and distance to 
classify whether the pairs are close in space, or in time, or both. The test statistic, X, is the number of pairs 
of cases that are close in both space and time, and its calculated as

Were s and t being the selected spatial and temporal distances, N is the number of cases, and the pair of 
cases are represented by i and j. The exact p-value is obtained by the Monte Carlo procedure.
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To select the “critical” value of space and time for our analysis, we performed a series of repetitions of 
the Knox method varying the time windows from 1 to 4 weeks (30 days in total) and the space window 
ranging from 25 to 200 meters. Such analyses were made using the software ClusterSeer 2.0 (Terraseer, 
Ann Arbor, MI), which provides the graphical output of the space-time interactions (10.000 Monte Carlo 
iterations). The relative risk (RR) of each space and time window was calculated according to Tran et al., 
2004; where the RR is considered to be the ratio between the observed number of pairs of cases found 
at the space-distance s (in meters) and the time-distance t (in weeks) and the number of expected pairs 
of cases found at these same distances.

1.4.2. Incremental Knox Test

The incremental Knox test (IKT) is similar to other tests of the general hypothesis of space-time 
dependence (cases close to one another are much more likely to interact than cases far apart). However, 
this technique tests the interaction at specific time intervals rather than the more general space-time 
interaction hypothesis. The IKT examines consecutive links in the chain of transmission by identifying 
significant clusters in determined space and time intervals. The test assumes that cases that are nearer 
together than would be expected in the absence of an infectious process belong to one similar linked 
event of transmission (Aldstadt, 2007).

Therefore, the IKT was used to understand in which time interval the clusters of cases of CHIK belonging 
to the same chain of transmission occurred helping to understand the linked transmission processes 
occurring in certain temporal span. The interval Knox statistic is formulated as

Were s and t are the selected spatial and temporal distances, N is the number of cases, and the pair of 
cases are represented by i and j. When the cases i and j are time interval (t) apart  . The Monte Carlo 
procedure with 10.000 iterations was used to construct reference distribution for IK (Z values) and the 
test results are also reported as the epidemiological notion of excess of risk (details of this methodology 
can be found in Aldstadt, 2007). over the time intervals from 1 to 31 days, and space distances from 25 to 
500 m (selected distances in metes: 25, 50, 75, 100, 125, 150, 175, 200, 300, 400, 500). 

2. Results

From surveillance data collected during the months following the introduction of CHIKV, the dynamics 
and timing of the 810 chikungunya reported cases were studied. Figure A1 depicts the distribution of 
cases and cumulative cases along the 28 weeks of the chikungunya epidemic. Since the detection of 
the index case (IC) in June of 2014, the north-central region of Venezuela experienced a continuous 
reporting of chikungunya cases. During the first nine weeks (EW 21-EW 29), a low number of cases 
were reported. After EW 30 cases increased rapidly with the exponential growth of the epidemic being 
observed between the epidemiological week (EW) 30 and EW 33. The cumulative cases during the EW 
22-49 followed a logistic growth (Figure 1: R = 0.99, n = 810, p<0.05) reaching the plateau at EW 44 (787 
cases). The total growth rate estimated from the logistic fitted curve was 0.53 cases per EW. 
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Figure A1. Logistic fitted model for reported chikungunya cases during the epidemic of 2014 in Carabobo 
State. CHIK cases are depicted by open black dots, red line depicts the fitted curve (logistic model).

2.1. Reproductive number (R0) and effective reproductive number (Rt)

To better understand the CHIK transmission dynamic, the basic reproductive number (R0) was calculated 
during the exponential growth of the epidemic, that is during (EW 21 – EW 33). During these first twelve 
weeks, the maximum value of R0 reached was equal to 3.7 secondary chikungunya cases per primary 
case. Furthermore, we estimated the effective reproductive number (Rt) with a reporting interval of one 
week, to assess changes of R0 through time. The curve of Rt values fluctuates in time as shown in Figure 
A2, where the maximum value of Rt obtained was 4.7 (95% CI 2.4-7.1) occurring during the EW 31 (Figure 

2). Both measures are similar in principle, and estimate the transmission dynamic of the disease whether 
is at the initial phase of the epidemic (R0) or as an estimate for the whole epidemic (Rt). The usefulness 
of Rt is the possibility to estimate its uncertainty (confidence interval) throughout the epidemic curve. 
This could be relevant and applicable to other diseases as well. Due to the intrinsic variability of the Rt 
series, the examination of its credible intervals is essential to identify periods of sustained transmission 
(Coelho & Carvalho 2015). 

To select the “critical” value of space and time for our analysis, we performed a series of repetitions of 
the Knox method varying the time windows from 1 to 4 weeks (30 days in total) and the space window 
ranging from 25 to 200 meters. Such analyses were made using the software ClusterSeer 2.0 (Terraseer, 
Ann Arbor, MI), which provides the graphical output of the space-time interactions (10.000 Monte Carlo 
iterations). The relative risk (RR) of each space and time window was calculated according to Tran et al., 
2004; where the RR is considered to be the ratio between the observed number of pairs of cases found 
at the space-distance s (in meters) and the time-distance t (in weeks) and the number of expected pairs 
of cases found at these same distances.

1.4.2. Incremental Knox Test

The incremental Knox test (IKT) is similar to other tests of the general hypothesis of space-time 
dependence (cases close to one another are much more likely to interact than cases far apart). However, 
this technique tests the interaction at specific time intervals rather than the more general space-time 
interaction hypothesis. The IKT examines consecutive links in the chain of transmission by identifying 
significant clusters in determined space and time intervals. The test assumes that cases that are nearer 
together than would be expected in the absence of an infectious process belong to one similar linked 
event of transmission (Aldstadt, 2007).

Therefore, the IKT was used to understand in which time interval the clusters of cases of CHIK belonging 
to the same chain of transmission occurred helping to understand the linked transmission processes 
occurring in certain temporal span. The interval Knox statistic is formulated as

Were s and t are the selected spatial and temporal distances, N is the number of cases, and the pair of 
cases are represented by i and j. When the cases i and j are time interval (t) apart  . The Monte Carlo 
procedure with 10.000 iterations was used to construct reference distribution for IK (Z values) and the 
test results are also reported as the epidemiological notion of excess of risk (details of this methodology 
can be found in Aldstadt, 2007). over the time intervals from 1 to 31 days, and space distances from 25 to 
500 m (selected distances in metes: 25, 50, 75, 100, 125, 150, 175, 200, 300, 400, 500). 

2. Results

From surveillance data collected during the months following the introduction of CHIKV, the dynamics 
and timing of the 810 chikungunya reported cases were studied. Figure A1 depicts the distribution of 
cases and cumulative cases along the 28 weeks of the chikungunya epidemic. Since the detection of 
the index case (IC) in June of 2014, the north-central region of Venezuela experienced a continuous 
reporting of chikungunya cases. During the first nine weeks (EW 21-EW 29), a low number of cases 
were reported. After EW 30 cases increased rapidly with the exponential growth of the epidemic being 
observed between the epidemiological week (EW) 30 and EW 33. The cumulative cases during the EW 
22-49 followed a logistic growth (Figure 1: R = 0.99, n = 810, p<0.05) reaching the plateau at EW 44 (787 
cases). The total growth rate estimated from the logistic fitted curve was 0.53 cases per EW. 
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Figure A2. Reproduction number of chikungunya fever in Carabobo State, Venezuela during 2014. Blue 
bars show the epidemic curve, the cases are shown in a weekly interval. Solid black line corresponds to 
the estimated Rt for the epidemic, dashed red line depicts the 95% confidence interval, whereas green 
dashed line depicts the threshold Rt=1.

2.2. Knox test

The results obtained after the analysis with different critical values of s and t showed that the core clusters 
(main clusters) found at week one (25-200 m) are the same than those (core clusters) found at week two, 
three and four (25-200 m), therefore, we have selected to show on figure A3 the graphical output of the 
critical values of t with a fixed space window of 100 m. However, the size of the core clusters is susceptible 
to the change of the space and time windows, making the clusters bigger or smaller in terms of number 
of links (Table A1), i.e. from 164 space-time links (1W,100 m) to 220 space-time links (3W,100 m). 

Figure A3. Space-time output varying the time window from 1 to 4 weeks. In red, the space-time clusters. 
Distance window was set at 100 meters. 

Regarding the RR at different space and time windows (Table A1), the highest RR were found at the 
space-time window of 1 week and 25-200 meters (RR=between 3 and 2), but also showing RR >1.5 up to 
week 3 at the same space windows, while from week 4, values showed RR <1.5 (Figure A4). These results 
provided useful information that allowed to observe the extent of the interaction of s and t values that 
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shows the highest RR. Hence, RR values that show an important strength of association are present up 
to week 3 (21 days) within a distance that varies between 25 and 150 meters. This agrees with previous 
results obtained by Vincenti-Gonzalez et al., 2017 for Venezuela, where the significant hot spots of high 
dengue seroprevalence values were found between 25-100 meters, suggesting a focal transmission.    

Figure A4. Relative risk from the Knox test with alternative definitions of spatial and temporal proximity. 

Even though the RR in week three decreased along the different distances (average 32±7%) when 
compared to the RR of week one, the RR remained higher than one (RR>1) in week three. Given the 
fact that the Knox test results showed the same core clusters along the different t windows and the RR 
remained epidemiologically relevant after three weeks (general clustering of symptoms onset date, and 
RR>1), we used the window of three weeks with a distance window of 100 m to show the global clusters 
of transmission (Figure A5). We decided to choose these distance and time variables based on biological 
and ecological knowledge as explained in the manuscript and in agreement with other authors (Vazquez-
Prokopec et al., 2010, 2017). Where 100 m is the distance referred by most as the average flight range 
radius of Aedes spp. and a time window of three weeks gives enough time span for most transmission 
events to occur (Harrington et al., 2005; Rudolph et al, 2014; Mbaika et al, 2016).

2.2.1. General clusters of transmission events during the epidemic wave of chikungunya

Our results (Table A2) show that the average cluster duration since the symptoms onset of the first 
case to the symptoms onset of the last case within the clustes is 12.5 days ranging from 1-67 days. The 
choosing of 100m does not preclude the finding of larger distances between cases within a cluster as the 
range of distances found was between 8-216 m. We expect that within clusters more than one chain of 
transmission will occur each with a duration of ~1 week or less.
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Figure A5a. Geographical distribution of chikungunya reported cases in Carabobo state. a, red dots 
denote case location, black dashed lines (b, c, d) are the different panels division (arbitrary) within 
Carabobo state selected to show in detail (zoom in) the general clusters of transmission.

Figure A5b. Geographical distribution and significant space-time clustering of chikungunya reported 
cases. Zoom in of the different cluster of transmission detected (including the IC), red dots denote case 
location, black circles identify a significant space-time cluster and yellow lines shows the interaction 
between cases (time-space link). The analysis was performed using 100 m as clustering distance and 3 
weeks as time window. Significance level for local clustering detection was of 0.05.
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Figure A5c. Geographical distribution and significant space-time clustering of chikungunya reported 
cases. Zoom in of the different cluster of transmission detected (including IC and AC), red dots denote 
case location, black circles identify a significant space-time cluster and yellow lines shows the interaction 
between cases (time-space link). The analysis was performed using 100 m as clustering distance and 3 
weeks as time window. Significance level for local clustering detection was of 0.05.

Figure A5d. Geographical distribution and significant space-time clustering of chikungunya reported 
cases. Zoom in of the different cluster of transmission detected (including IC and AC), red dots denote 
case location, black circles identify a significant space-time cluster and yellow lines shows the interaction 
between cases (time-space link). The analysis was performed using 100 m as clustering distance and 3 
weeks as time window. Significance level for local clustering detection was of 0.05.
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2.4. Incremental Knox test 

The IKT was the second method used to assess the uncertainty of the cluster analysis. The previous 
was made employing an exploratory mode where the p-values (Figure A6) and the RR (Figure A7) were 
examined for a range of values of s and t. The results of the IKT analysis proved to be useful to identify 
linked transmission events, and showed that the temporal intervals with the strongest spatial clustering 
(belonging to the same chain of transmission) and RR occurs between 1–7 days suggesting multiple 
vector feeding within a gonotrophic cycle (Aldstadt, 2012), with less strong clustering around 12-14 
days. High RR results within one week are consistent for all tested distances, but values of RR >5 were 
found to be in distances between 25 and 150 meters (Figures A6 and A7), favoring our previous selection 
of a space-time window of 100 meters.

Figure A6. Significant values of the exploratory IKT analysis. In red the significant (p-value < 0.05) of 
space-time interactions within the specific space-time intervals.
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Figure A7. Values of Relative Risk of the exploratory IKT analysis. The colors in the heatmap depicts the 
range of values of RR (refer to the legend) within the specific space-time intervals.
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3. Tables.

Table A1. Knox test with alternative definitions of spatial and temporal proximity.

Time (weeks) Distance (meters) Expected Observed RR

1 25 22 72 3.27

50 28 81 2.86

75 45 117 2.57

100 72 164 2.27

125 97 213 2.20

150 122 258 2.11

175 159 316 1.99

200 199 376 1.89

2 25 34 77 2.28

50 44 95 2.18

75 70 138 1.98

100 110 202 1.83

125 148 264 1.78

150 187 322 1.72

175 243 404 1.66

200 304 497 1.63

3 25 43 79 1.85

50 55 97 1.76

75 88 144 1.63

100 140 220 1.57

125 188 293 1.56

150 237 360 1.52

175 308 457 1.48

200 386 566 1.47

4 25 50 80 1.59

50 65 99 1.53

75 104 150 1.45

100 164 236 1.44

125 221 313 1.42

150 279 383 1.37

175 362 493 1.36

200 453 617 1.36

Monte Carlo simulations performed in each analysis:10.000
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Table A2. Description of the space-time cluster identified for the chikungunya epidemic in the north-
central region of Venezuela.

Cluster ID
No. of 
cases

Day 
occurrence 
First- Last 

case

Cluster 
duration 

(days)

Average 
distance 

from IC (m)

Range of 
distance from 

IC (m)

Velocity 
average

(m/day)

Velocity 
range 

(m/day)

1 2 95-105 11 10132.0 10128-10136 102.0 97-107

2 4 77-105 29 7659.8 7636-7686 86.8 73-100

3 4 72-85 14 2556.0 2818-2613 32.3 30-36

4 3 72-94 23 2872.0 2857-2898 33.7 30-40

5 2 121-126 6 6685.5 6661-6710 54.0 53-55

7 3 0-25 26 31.7 0-95 1.3 0-4

8 2 125-135 11 2598.5 2598-2599 20.0 19-21

9 3 64-95 78 2553.7 2515-2585 33.3 27-34

10 5 71-99 29 2344.0 2299-2429 29.6 24-33

11 2 73-73 1 1857.0 1856-1858 25.0 25.0

12 2 61-61 1 3673.5 3673-3674 60.0 60.0

13 2 73-80 8 2550.0 2506-2594 33.4 32-34

14 4 79-107 29 2680.3 2647-2714 29.0 25-34

15 5 72-108 37 3463.0 3418-3508 43.4 32-51

16 3 43-57 15 3687.0 3680-3700 75.3 65-86

17 3 3-31 33 3015.3 3011-3020 45.3 39-50

18 2 91-99 9 3354.5 3315-3394 35.0 33-37

19 2 47-60 14 3305.0 3304-3306 62.5 55-70

20 3 63-78 16 3198.3 3192-3205 46.0 41-51

21 2 61-82 22 3531.5 3491-3571 50.5 44-57

23 2 66-66 1 3573.0 3571-3575 54.0 54.0

24 2 65-65 1 3684.0 3683-3685 57.0 57.0

25 9 59-72 14 3786.2 3734-3882 57.8 54-64

26 3 75-88 14 3967.0 3957-3967 53.0 45-53

27 12 69-77 9 4092.8 4008-4241 57.8 54-59

28 2 66-68 3 5608.5 5643-5574 83.5 83-84

29 3 0-66 67 6799.0 6194-6204 97.0 94-103

30 2 67-68 2 3617.0 3616-3618 53.5 53-54

31 2 74-80 7 3970.0 3929-3997 51.5 49-54

32 2 16-19 4 3822.0 3820-3824 220.0 201-239

33 5 65-82 18 4311.7 4282-4344 59.8 53-66
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34 2 67-72 6 4483.0 4471-4495 64.5 62-67

35 2 88-94 7 5555.0 5554-5556 61.0 59-63

36 3 89-109 21 6709.7 6694-6739 67.7 61-76

37 2 72-76 5 4601.0 4571-4631 62.0 61-63

38 3 86-88 3 4760.3 4752-4775 54.3 54-55

39 3 68-86 19 4940.3 4894-4998 62.3 57-72

40 2 76-76 1 4645.5 4623-4668 61.0 61.0

41 2 61-64 4 4938.0 4938-4964 77.0 77-81

42 2 50-63 14 5138.0 5138.0 103.0 82-103

44 2 103-107 5 5561.5 5518-5605 53.0 52-54

45 2 116-117 2 5564.5 5562-5567 48.0 48.0

46 2 119-121 3 5596.0 5536-5556 47.0 47.0

47 2 108-115 8 5750.5 5727-5774 51.5 50-53

48 2 92-101 10 6126.5 6126-6127 64.0 61-67

49 2 80-80 1 6356.0 6349-6363 79.5 79-80

50 2 76-76 1 6368.5 6368-6369 84.0 84.0

51 3 103-132 30 6501.6 6512-6479 56.0 49-63

52 2 85-85 1 6796.5 6191-6202 73.0 73.0

53 2 75-111 37 6382.5 6373-6392 71.0 57-85

54 2 99-103 5 7305.5 7279-7332 72.5 71-74

55 2 92-103 12 7734.5 7704-7765 79.5 84-75

56 2 60-74 15 7046.0 7011-7081 106.5 96-117

57 6 60-77 18 7341.8 7262-7428 108.3 96-122

58 2 81-83 3 7526.5 7495-7558 92.0 91-93

59 3 63-72 10 7598.6 7535-7661 112.3 106-120

60 2 76-76 1 8228.5 8221-8626 108.0 86-97

61 2 72-76 5 8396.0 8381-8411 113.5 111-116

62 2 89-100 12 8647.5 8626-8669 91.5 86-97

63 2 86-86 1 8778.5 8774-8783 102.0 102.0

64 2 102-115 14 9355.0 9349-9361 86.5 81-92

65 2 76-76 1 8228.5 8221-8236 108.0 108.0

66 2 75-80 6 8406.0 8359-8453 108.5 106-111

67 2 80-80 1 8804.0 8783-8825 110.0 110.0

68 2 79-79 1 10419.5 10397-10442 132.0 132.0

69 2 83-84 2 10822.0 10819-10825 129.5 129-130

70 3 70-85 16 10653.7 10603-10679 135.7 125-153

71 2 142-163 22 11749.5 11726-11776 77.5 72-83
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72 5 69-99 31 7611.0 7599-7622 103.4 77-110

73 2 59-81 23 7943.0 7920-7966 116.5 98-135

74 3 70-92 23 12291.7 12224-12341 153.7 134-175

75 2 134-136 3 9903.5 9903-9904 73.5 73-74

76 2 65-79 15 7636.5 7630-7643 107.5 97-118

77 2 78-78 1 1651.5 1644-1659 21.0 21.0

78 3 129-133 5 5477.0 5477.0 41.7 42.0

Results shown here describes the general clusters of transmission found by Knox analysis with the critical values set at 
100mts as clustering distance and 3 weeks as time window. Monte Carlo performed, 10.000

Table A3. Linear distance between cases within the major spatio-temporal clusters

Cluster ID No. of cases
Average distance 
(m)

Stddev (m) Max (m) Min (m)

Cluster 10 5 77.0 47.2 130.7 16.2

Cluster 14 4 130.7 27.3 150.4 92.1

Cluster 15 5 63.6 23.7 85.4 30.0

Cluster 02 4 38.2 16.4 54.6 21.9

Cluster 25 9 61.9 26.5 66.4 26.2

Cluster 27 12 81.6 19.2 216.0 8.0

Cluster 33 5 78.6 1.1 79.8 77.6

Cluster 33 4 85.6 26.5 105.0 55.4

Cluster 57 6 77.8 28.9 124.0 54.1

Cluster 72 5 56.7 39.1 93.7 10.3

Average 6 75.2 25.6 110.6 39.2
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ABSTRACT

Background

Dengue in Venezuela is a major public health problem with an increasing incidence of severe 
cases. Early diagnosis and timely treatment influences the outcome of dengue illness, as delay in 
care-seeking is significantly associated with complications leading to severe dengue. We aimed 
to understand patterns of health seeking behaviour (HSB) in individuals exposed to high dengue 
incidence in order to improve early attendance to health centres.

Methods

Between September 2013 and February 2014, a cross-sectional household survey was performed 
in Maracay, Venezuela. Intended HSB of adults and children’s parents/guardians was assessed with 
respect to fever or suspected dengue. Data was collected through structured questionnaires from 
105 individuals.

Results

Most individuals felt at risk of dengue and believed it could be a deadly disease. In the case of 
suspected dengue, the majority (60%) would choose to first seek medical help versus first treating 
at home, in contrast to 11% in the case of fever. Amongst those who decided to visit a doctor, a 
suspected dengue infection would prompt them to search medical help earlier than if having only 
fever (p<0.001). Multivariate analysis modelling showed that the independent factors associated 
with the intention to firstly visit a doctor versus treating at home in the case of dengue were feeling 
at risk (OR = 3.29; p = 0.042) and being an adult (as opposed to caring for a child as a parent/
guardian; OR = 3.33, p = 0.021), while having had a previous dengue infection (OR = 0.29; p = 0.031) 
and living in the neighbourhood Caña de Azúcar (OR = 0.28, p = 0.038) were negatively associated 
with seeking medical care as their first action.

Conclusion

Knowledge of HSB related to dengue is scarce in the Americas, our study attempts to contribute 
to a better understanding of HSB in this region. Improving early dengue disease recognition and 
awareness may enhance prompt attendance to medical care in affected populations and thereby 
reduce mortality and severity of dengue. Especially for those with a previous dengue infection, 
efforts have to be made to promote prompt health centre attendance.
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Author Summary

The rapid spread of dengue in the last decade has brought this disease higher in the public health 
agenda worldwide. Dengue is transmitted by day-biting mosquitoes and typically presents with 
sudden fever and flu-like symptoms. In a proportion of cases, severe disease can ensue which if 
not promptly treated can be lethal. In Venezuela, the frequency of dengue epidemics and severe 
disease is on the increase. Delay in care-seeking has been related to the development of serious 
disease complications. In this study, we describe the health-related behaviour intentions people 
have when they face a dengue infection, to find ways to promote prompt medical care attendance. 
Few studies of this kind exist in the Americas. We found that in case of fever alone, people would 
mostly prefer to first treat the disease at home while in the case of suspected dengue they would 
choose to promptly visit a doctor. These intentions are encouraging. However, since people often 
do not realize they have dengue, they may not perform their planned behaviour. Moreover, we 
found several factors that made people choose to visit promptly a doctor: being an adult (as 
opposed to caring for a child as a parent/guardian), place of residence, feeling at risk and not 
having had a previous dengue infection. Therefore, we suggest that raising risk perception and 
the knowledge on dengue symptoms and transmission route could improve earlier health centre 
attendance lowering the risk of clinical complications leading to severe dengue and death.
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Introduction

Dengue fever, a viral vector-borne disease spread by the day-biting mosquitoes  Aedes 
aegyptiand  A.  albopictus, is a global health problem of increasing importance [1]. Currently, 
dengue affects over 2.5 billion people living in dengue endemic areas, which comprises 40% of 
the world’s population [2]. According to estimations of the WHO, 50–100 million dengue infections 
occur every year, leading to 500 000 cases of severe disease that need hospitalisation [2]. However, 
recent estimations speak of approximately 400 million dengue infections annually [3]. Where in the 
1950s dengue cases were reported in only nine countries, today more than 125 countries in the 
tropics and subtropics are endemic for dengue [4]. In the Americas, almost all countries struggle 
with recurrent epidemics [5]. The poverty, poor sanitation and overcrowding that accompanies the 
uncontrolled urbanisation in this region creates environments in favour of vector-breeding and 
rapid spread of the virus, which leads to serious obstacles in disease control [6].

Dengue has become a major public health problem in Venezuela, with epidemics of increasing 
magnitude regularly occurring against a background of an established endemic situation. Initial 
descriptions of dengue-like illness in Venezuela based on clinical manifestations date from 1828 
and 1946 [7]. Since the first dengue hemorrhagic fever epidemic reported in the country in 1989–
1990 and the second in the Americas [8], the frequency of severe cases has increased. Between 1989 
and 2007, the highest proportion (35%) of severe dengue cases within the Americas were reported 
in Venezuela [9]. In effect, dengue transmission in Venezuela has become perennial with poverty-
related socio-economic factors and behavioural determinants fuelling the increasing incidence of 
dengue in the urban areas of the country [9, 10].The most recent and largest dengue outbreak took 
place in 2010 with more than 120.000 reported cases, of which 8% represented severe cases [11].

Early diagnosis and adequate supportive care are of great importance in the management of 
dengue so as to avoid the development of complications and severe disease. Thereby, early 
treatment intervention can reduce the case fatality rate from 20% to 1% or less [1,  12]. While 
knowledge and possibilities to diagnose and treat dengue fever increase, efforts have to be made 
to make these new developments accessible for those who have a dengue infection. An important 
factor to be taken into consideration is the patient’s health seeking behaviour (HSB), because for 
early diagnosis and supportive care, people must have the intention and the means to seek medical 
care early in the disease. Therefore, local studies on health believes and practices, HSB and access 
to care with respect to dengue fever are needed to identify barriers and opportunities for applying 
these new developments in diagnostics and treatment [13]. Insights in HSB of dengue could help 
to attain a reduction of late diagnosis, an increase of treatment adherence and improvement of 
health promotion strategies applied to a specific culture [14].

Two important health behaviour theories are the Health Believe Model (HBM) [15] and the Theory 
of Planned Behaviour (ToPB) [16]. A central concept in the HBM is the ‘perceived susceptibility’, 
which refers to the perceived chance of acquiring a condition (in this article also referred to as 
‘risk perception’). The ‘perceived susceptibility’ and the ‘perceived severity’ leads to the formation 
of ‘perceived threat’ of a certain condition. The likelihood of performing a certain health behaviour 
is directly linked to a) the perceived threat, b) the perceived benefits and barriers of the suggested 
behaviour change, c) the self-efficacy and d) the cues to action [15, 17]. The ToPB links the attitude 
towards behaviour, subjective norms and perceived behavioural control to behavioural intentions 
and behaviour [16, 18].
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In Venezuela, patients with a suspected dengue infection tend to seek medical help beyond the 
third day after the onset of fever [19]. At this time, the patient may be already critically ill [20]. Delay 
in care-seeking is found to be significantly associated with complications leading to severe dengue 
[21], which stresses the importance of understanding HSB and access to care for dengue patients. 
However, research on HSB applied to dengue appears to be scarce, especially in the Americas, 
as the majority of studies addressing (partially) this topic have been performed in Asia [22–28]. 
Moreover, the published literature on HSB related to dengue was not [22–25, 27, 28], or was only 
partly [26] based on health behaviour theories.

This study aims to understand the patterns of HSB in the Venezuelan population exposed to high 
dengue incidence in order to find ways to improve early attendance to health centres and medical 
care. We compared HSB intentions of adults and of parent/guardians with respect to their children 
in the case of fever or suspected dengue. By using quantitative data supplemented with qualitative 
data based on the HBM, we aim to present a better insight in social, psychological and cultural 
motives of the intended behaviour and attitudes.

Materials and Methods

Study site

In August 2010 a prospective, community-based cohort study was set up in Maracay, Venezuela. 
Maracay is one of the largest cities of Venezuela with dengue hyper-endemicity [9, 29]. It is the 
capital of Aragua state with an estimated of 1.300.000 inhabitants [30]. Aragua state witnessed the 
highest incidence of dengue in Venezuela in 2012, reaching nearly 7000 reported cases of which 
2% were severe [11]. The study site and design has been described elsewhere [10]. Briefly, three 
neighbourhoods within Maracay called Candelaria, Caña de Azúcar and Cooperativa were selected 
for their high dengue incidence. All neighbourhoods are served by public (governmental primary 
and secondary) health centres [11].. Patients that require further specialised treatment are referred 
to the main public tertiary level hospital, the Hospital Central de Maracay. Private hospitals and 
clinics are also part of the health system.

Study design

Within the cohort study, 2014 individuals aged 5–30 years old living in 840 households were 
enrolled at the start of the study and followed annually [12]. The present study was performed 
during the September 2013 and February 2014 annual survey. A cross-sectional survey of a sub-
sample of the cohort participants was carried out to gather quantitative and qualitative data on 
HSB intentions at community level of the general population exposed to dengue.

The study was conceptualised to first address the interviewees’ HSB with respect to fever only 
as a symptom of several possible diseases. Subsequently, individuals were enquired about their 
HSB in regard to a specific disease, in this case a suspected dengue infection. Therefore, the study 
uses aspects of the HBM theory to incorporate the concepts of susceptibility and severity in the 
analysis to understand the HSB after the onset of fever as this symptom could lead to the individual 
perceiving susceptibility to multiple conditions [15, 17]. This theory was not applied in the data 
collection but aided in the analysis and interpretation of the results.



Chapter 7

162

7

Study population

A randomized sub-sample of approximately 260 households included in the cohort study was 
selected. One individual was interviewed in each household. The intention was to interview an 
equal number of adults and parents or guardians of children (<18 years old) who were already 
participating in the cohort study. Adults (18 years and older) were randomly chosen from all 
present adults at the moment of visiting the selected households.

Data collection

A structured questionnaire, the HSB-questionnaire, was developed containing pre-coded and open 
questions on socio-demographic and socio-economic details, knowledge of dengue symptoms 
and dengue transmission, risk perception, pathways of HSB in relation to presenting fever and 
suspicion of dengue infection. With respect to the parents/guardians interviewed, questions on 
HSB and risk perception referred to the child, while adults were interviewed with respect to their 
own attitudes and practices. The questionnaires were prepared in English, translated to Spanish, 
pre-tested and adapted in a pilot study. Data on socio-economic variables were collected from a 
household questionnaire which was applied as part of the annual survey of the cohort study.

Socio-demographic and socio-economic characteristics.

From the HSB-questionnaire we gathered demographic characteristics of the interviewed person: 
age, place of residence (neighbourhood), level of education, occupation and religion. Additional 
socio-economic data was gathered in the household questionnaire, and included characteristics 
of the residence (type of residence, number of persons living in the household, number of rooms 
(bathrooms not included), roof type, floor material, availability of all public services (piped water, 
electricity, gas and garbage collection), total income per household, and ownership of 19 different 
household items. Socio-economic data was used as proxy markers to estimate socio-economic 
status of the individuals.

Knowledge on dengue.

Individuals were asked if they had heard about dengue previously. Dengue knowledge was 
assessed through open questions in two aspects: a) transmission knowledge by asking “how do 
you think people get infected with dengue?” and b) symptoms knowledge with the question 
“which are the symptoms of dengue?”. Correct answers to the open questions were: ‘by (the bite 
of ) a mosquito’ (transmission knowledge); and ‘fever, headache, eye pain, body pain, face redness/
rash, muscle pain, abdominal pain, sore throat, vomiting, diarrhoea, malaise, nausea, bleeding, 
fainting, dizziness, itching’ (symptoms knowledge). The ‘overall knowledge score’ (maximum score: 
17 points) was derived by adding one point per correct answer, which equalled the sum of the 
transmission (maximum score: 1) and the symptom (maximum score: 16) knowledge scores (S1 
Table). This methodology and scoring of knowledge was used in several other studies [31–33].

Behavioural characteristics.

These were enquired through open questions: ‘what would you do if you/your child had fever’; and 
‘what would you do if you think that you/your child have/has dengue’. Pre-coded options were: a) 
staying and treat at home (‘home treatment’), b) ‘visit a medical doctor’, c) ‘alternative treatment’ 
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(alternative medicine practitioner, traditional healer, community leaders, friends), d)‘call a medical 
doctor’, e)‘another action’, or f )‘no action’. After each action mentioned, the person was asked: 
‘would you do anything else?’ for up to three additional actions. If ‘home treatment’ was mentioned, 
interviewees were asked to specify the type of home treatment. If ‘go to the doctor’ was mentioned, 
they were asked when and to which health centre they would choose to go and if they would visit 
other health centres if needed. After asking if the interviewed individual chose to seek a medical 
doctor in the case of a possible dengue infection, we enquired what would make him/her decide 
to seek medical help. Possible pre-coded options were: the number of days of fever, temperature 
of the fever, the appearance of new symptoms or another reason (which was written down). If any 
of the first three options was mentioned, respondents were asked to specify the number of days, 
degree of temperature and type of symptoms.

Risk perception.

Perception of the risk of acquiring a dengue infection (either referred to children or adults) was 
assessed during the interview with the following questions: ‘Do you think that you are at risk of 
contracting dengue?’ or ‘Do you think that your child is at risk of contracting dengue?’. The possible 
answers were ‘yes’, ‘no’, or ‘I don’t know’. These questions were then used as proxy for measuring 
perceived susceptibility from the HBM.

Qualitative data.

During the interview, some individuals spontaneously explained what motivated the answers 
they gave. In other occasions we asked the individual to explain the reasons for their answer(s). 
Questions asked and answers given were written down on the spot or directly after the interview. 
The qualitative data are presented here to provide the contextual information given by the 
respondents in the survey.

Data analysis

Information collected in the questionnaires was entered into a database using Epi Info (Epi Info, 
version 3.5.4). Data was checked for consistency and analysed anonymously. Chi-square test or 
Fisher’s exact test were used to assess proportions. Continuous variables were converted into 
ordered categorical variables when suitable. For normally distributed quantitative data, means 
were compared using Student’s t-test otherwise, the Mann-Whitney U test was used. The Wilcoxon 
signed rank test was used for comparing related means within individuals when comparing HSB of 
fever and dengue while pair-wise proportions were compared with a McNemar’s test. Significance 
was determined at 5% level. Principal components analysis [34, 35] was utilised to weigh socio-
economic variables, obtain a relative score and classify individuals into low, average and high socio-
economic status. Logistic regression was used to compare crude and adjusted odds ratios (OR). 
Multivariate logistic regression analysis was used to determine variables independently associated 
with the intended first action reported in HSB pathways for fever and suspected dengue. Variables 
with a p-value ≤0.2 after adjusting by age group and sex were fitted into these multivariate models 
and adjusted for further confounders. Effect modification was analysed and resulting models 
compared by a likelihood ratio test. Two separate final models are presented, one in the case of 
fever and the second in the case of intended suspected dengue (Table 1). Data was analysed using 
SPSS (SPSS Inc., version 20.0, Chicago, Illinois) and STATA (Stata Statistical Software: Release 10. 
College Station, TX,) softwares.
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Table 1. Final model of factors independently associated with first intended action in the case of fever 
and dengue.

Ethic statement

This study was approved by the Ethics Review Committee of the Biomedical Research Institute, 
Carabobo University (Aval Bioetico #CBIIB(UC)-014), Maracay, Venezuela; the Ethics, Bioethics 
and Biodiversity Committee (CEBioBio) of the National Foundation for Science, Technology and 
Innovation (FONACIT) of the Ministry of Science, Technology and Innovation, Caracas, Venezuela; 
and by the Regional Health authorities of Aragua State (CORPOSALUD Aragua). All adult participants 
signed written informed consent forms, and a parent or guardian of any child participant provided 
written informed consent on their behalf. Children between 8 and 17 years old provided written 
informed assent.

Results

Between September 2013 and February 2014, we conducted a cross-sectional study within the 
third annual survey of a dengue community-based cohort study in three neighbourhoods of 
Maracay city, Venezuela [10]. We aimed to understand the HSB and access to care of a population 
exposed to hyperendemic dengue transmission. Individual and household-related interviews were 
conducted targeting adults and parents/guardians of children living in the area of study. Because 
of violence in the country and in our area of study during anti-governmental protests in February 
and March 2014 [36–38], the original sample size of 260 subjects was not reached. Overall, 105 
individuals were interviewed where 54 interviews referred to HSB of adults (“adult questionnaire”) 
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and 51 to caregivers of children (“child questionnaire”). In addition, 92 household socio-economic 
questionnaires were applied.

General characteristics

We described the general features, dengue knowledge and socio-economic characteristics of 
the study population and compared individuals interviewed with the adult versus the child 
questionnaire (S1 and S2 Tables). The 105 interviewed individuals had a mean age of 40 years (range: 
18–87 years) and were mostly females (86.7%). Children caregivers were older than those queried 
with the adult questionnaire (mean age 44 vs. 35 years respectively; p<0.001). This was expected, 
as those who cared for children were mainly mothers or grandmothers. Most of the interviewed 
individuals lived in Candelaria neighbourhood (68.6%). We were unable to complete the planned 
interviews in the other two neighbourhoods (Cooperativa and Caña de Azúcar) because of the 
previously mentioned anti-governmental protests. The majority of the 105 respondents completed 
secondary school (51.9%) or higher education (31.7%) and were housewives or domestic workers 
(53.8%). Those interviewed with the adult questionnaire had a higher education level and consisted 
of a higher proportion of students than parents/guardians of children. As in the rest of the country, 
the majority of the individuals professed a catholic religion (75.2%) (S1 Table).

Most persons lived in households with five to six rooms (46.7%) and households were mainly 
occupied by more than five inhabitants (71%). Households of children caregivers were more 
crowded than those of the ones interviewed with the adult questionnaire (p = 0.003), and had a 
lower monthly income (p = 0.003) and socio-economic status (p = 0.004). There were no statistically 
significant differences between adults and parents/guardians with respect to the availability of 
public services, persons per household and the amount of household rooms (S2 Table).

Knowledge

The majority of interviewed individuals (n = 103; 98.1%) indicated that they had heard about dengue 
and showed good knowledge about dengue transmission. In response to the open question “how 
do you think people get infected by dengue?”, 95.2% (n = 100) mentioned ‘the bite of a mosquito’ 
or similar. In response to the open question “what are the symptoms of dengue?”, nearly half (n = 
47; 44.8%) mentioned up to three correct symptoms, the rest (n = 58; 55.2%) pointed out 4 or more, 
with a range of 0–8 symptoms. The overall knowledge score ranged from 1–9 correct answers (S1 
Table).

Risk perception and reported previous dengue infection

The majority of the individuals (n = 73; 69.5%) reported to feel at risk of dengue. Almost all subjects 
(n = 103; 98.1%) also believed that people could die from dengue disease. Feeling at risk was equally 
reported when referred to children and adults (n = 37; 72.5% vs. n = 36; 69.2%; p = 0.711). Finally, 
33 out of 103 respondents (32%) mentioned that they/their child(ren) had dengue previously while 
one person did not know. Although a previous dengue infection was mentioned more frequently 
by parents/guardians of children than by adults (36.0% vs. 28.8% respectively) the difference was 
not significant (p = 0.440).
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Intended health seeking behaviour pathways in the case of fever or suspected dengue

In order to understand the steps people would take in their search for health care, interviewees 
were confronted with the open questions: ‘what would you do if you/your child had fever’; and 
‘what would you do if you think that you/your child had dengue’. In the case of fever, most people 
chose to first treat fever at home (n = 88; 83.8%) versus only 12 (11.4%) who mentioned that they 
would first seek medical help. In the case of dengue, the opposite was observed: most people 
would first visit a doctor (n = 63; 60%), while nearly a third decided they would first treat dengue at 
home (n = 31; 29.5%; p<0.001). Measuring the temperature at home was mentioned by 35 (33.3%) 
respondents in the case of fever and 29 (27.6%) in suspected dengue.

Less frequently proposed initial actions in the case of fever were ‘performing blood tests in a 
laboratory’ (usually referring to a full blood count or platelet count tested at public or private 
laboratories), ‘inform my/the mother’, and ‘to rest’, while two adults decided they would take no 
action mentioning as reasons: ‘I will recover myself’, ‘there is no need for visiting a doctor in case 
of fever’ and ‘I don’t like doctors’. Other first intended actions mentioned with respect to dengue 
were ‘to perform blood tests’, ‘to call a medical doctor’, ‘to visit an alternative doctor (not further 
specified)’ and ‘other’ (inform mother, change the clothes of the child and use a mosquito net, call 
the dengue project staff, evaluate the disease). There were people who mentioned to do a blood 
test before going to the doctor. A tradeswoman and mother of a 9 years-old child explained this, 
referring to her daughter (the quote is abbreviated): ‘When I go to the doctor, he will tell me to go 
to a laboratory to do blood tests. If I do a blood test before going to the doctor, this will save me 
the cost of one consultation.’ This woman told us she would test for platelets when asked what she 
would do if she thought her daughter would have dengue.

The first three actions individuals anticipated taking in the circumstance of fever or dengue, 
stratified by behaviour in the case of adults or children are presented as a flowchart in Fig 1. Only 
the pathways that begin with either ‘home treatment’ or ‘visit medical doctor’ are shown, as these 
included 92.4% of all pathways. Proportions and analysis from now on in this article referring to Fig 
1, are based on the mentioned 92.4% sample.

No differences were found when comparing the intended first actions and pathways between 
parents/guardians and adults in the case of fever, since most of them decided they would first treat 
fever at home, as depicted in the upper-left (parents/guardians of children) and upper-right panel 
(adults) of Fig 1. Concerning dengue, differences were observed when comparing the intended 
first actions and pathways of children caregivers and adults, as can been seen in the lower left 
(parents/guardians) and lower right panel (adults) of  Fig 1. In the case of dengue, more adults 
than parents/guardians reported to first visit a doctor (n = 36; 76.6% vs. n = 27; 57.4%; p = 0.048), 
however children would have been taken earlier to the doctor than adults (mean day chosen to 
visit a doctor: 1.3 (n = 47) in children versus 1.5 (n = 46) in adults; p = 0.108) (Fig 1). The combination 
of first treating at home and afterwards visiting a doctor, as a second step in the HSB pathway for 
suspected dengue, was reported more frequently by caregivers of children compared to adults (n 
= 18; 38.3% vs. n = 9; 19.1%; p = 0.040)(Fig 1).
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Fig 1. Intended health seeking behaviour pathways in the case of fever and suspected dengue. 

 = mean day when visiting a medical doctor; R = range of day chosen to visit a doctor (min–max). 
The upper-left and upper-right panel show the first three steps intended to take in the case of fever 
by parents/guardians referring to their child and adults, respectively. The lower-left and lower-right 
panel show the first three steps intended to take in the case of suspected dengue by parents/guardians 
referring to their child and adults, respectively. Percentages correspond with their contribution to the 
child sample (fever: n = 51 & dengue: n = 47) or the adult sample (fever: n = 49 & dengue: n = 47).

Determinants of intended first action of the HSB pathways for fever or suspected dengue

To explore the association of determinants with the intended first action for both fever and dengue, 
we compared the characteristics of those who would first treat at home versus those who intended 
to first visit a doctor in univariate analysis (S3 Table). The tested characteristics included child/
adult-sample, age, sex, place of residence, education, occupation, religion, monthly income, socio-
economic status, overall knowledge on dengue, reporting a previous dengue infection and risk 
perception. In the case of fever, those who would first visit a doctor were likely to be people with a 
lower educational level (p = 0.069), other variables did not show a significant association, probably 
due to the small sample size of those choosing to visit a doctor (n = 12). In relation to suspected 
dengue, the participants who chose to treat firstly at home consisted of higher proportions of 
people living in Caña de Azúcar (p = 0.058) and caregivers of children (p = 0.048). All other tested 
variables did not show a significant association with any of the intended actions (S3 Table).

Table 1  shows the final multivariate models of factors that remained independently associated 
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with visiting a doctor as the first intended action (instead of choosing home treatment) for either 
fever or suspected dengue. Respondents with a lower level of education were more likely to seek 
medical help as their first action in the case of fever, this relation was nearly significant. In the case 
of suspected dengue, individuals who referred having had a dengue infection in the past preferred 
to first treat dengue at home instead of going to a doctor firstly. Moreover, feeling at risk of dengue 
infection, not living in Caña de Azúcar neighbourhood and being an adult (as opposed to a child 
caregiver) in the case of suspected dengue were directly associated with the intention to first seek 
medical help (Table 1).

In order to determine whether the intention to first treat at home would make people choose to 
go later to a doctor, we compared the day of seeking medical care from those who would first treat 
at home with those who would go firstly to the doctor. Those who intended to first treat at home 
reported a significant delay in their intentions to seek medical help versus those who intended to 
go to a doctor in the case of fever (mean day = 1.93 vs. mean day = 1.50; p = 0.039) but not in the 
case of dengue (mean day = 1.42 vs. mean day = 1.17; p = 0.098).

Home treatment

Overall, 90 (85.7%) individuals stated they would treat fever at home at any time in their health 
seeking decision process while only 38 (36.2%) would take this decision in the case of suspected 
dengue infection (p<0.001). Paracetamol (an antipyretic) was the most commonly chosen home 
treatment overall while taking a cold bath/shower and oral rehydration were the second most 
common types of home treatments in the case of fever and dengue, respectively (Fig 2).

Fig 2. Home treatment choices for fever and dengue.The percentages correspond to their contribution 
to those who mentioned to treat at home when answering the adult questionnaire (fever: n = 45; 
dengue: n = 12) or the child questionnaire (fever: n = 45; dengue: n = 26).The categories of treatment 
combinations in fever and dengue are equal in meaning. However, reporting to treat at home with 
‘paracetamol’ (P) and ‘other treatment’ (OT) varies between the categories of home treatment of fever 
and dengue. P and OT are placed within brackets if not all subjects within the category used additionally 
P or OT. OT may refer to the following: rubbing the body with alcohol/cream, body sponging, aspirin, 
other medication or rest. https://doi.org/10.1371/journal.pntd.0004237.g002
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Within the people who reported to treat fever at home, most would use paracetamol (n = 86, 
95.6%) to lower the temperature, followed by a cold bath/shower (n = 31, 34.4%), oral rehydration 
(n = 8; 8.9%), body sponging with a wet compress or sponge (n = 7; 7.8%) and other ways of 
home treatment (n = 7; 7.8%) such as rubbing the body with alcohol/cream, taking aspirin, other 
medication or rest. Paracetamol was also the most common choice among those who would treat 
dengue at home (n = 30; 78.9%), however, the use of oral rehydration (n = 9; 23.7%) was cited more 
frequently than in the case of fever, opposite to the use of a cold bath/shower (n = 7; 18.4%). Other 
(n = 2; 5.3%) home treatments for dengue included body sponging or rest. Combinations of home 
treatment for fever and dengue stratified by child or adult are shown in Fig 2. The different choices 
for home treatment showed no significant differences between children and adults.

Day when seeking medical help

If people reported to seek medical help when they/their child would have fever or suspected 
dengue, they were subsequently asked on which day after onset of first symptoms they would 
visit the doctor. Most parents/guardians of children and adults would seek medical help on day 2 
after fever onset, but when dengue was suspected most people would go on day one to the doctor 
(Fig 3). Parents/guardians would take their children earlier to the doctor in case of dengue than in 
case of fever (mean: 1.30 days vs. 1.78 days; p<0.001). Referred to adults the mean reported day 
was 1.47 in case of dengue and 1.96 in case of fever (p<0.001). Although children would visit the 
doctor earlier than adults, this difference was neither significant in the case of fever (p = 0.206) nor 
for dengue (p = 0.162).

Fig 3. Day when seeking medical help in case of dengue and fever. Section A: children n = 51; adults 
n = 48. Section B: children n = 51; adults n = 51. https://doi.org/10.1371/journal.pntd.0004237.g003

Reasons for visiting a doctor in the case of suspected dengue

The most frequently reported reasons that prompted individuals to visit a doctor in suspected 
dengue were the appearance of new symptoms (n = 81; 77.1%), the rise of body temperature 
(n = 78; 74.3%) and the persistence of fever (n = 35; 33.3%). Almost 10% (n = 10) of the people 
stated ‘dengue is a severe disease’ as a reason to seek medical help. The most frequent symptoms 
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mentioned were headache (n = 36; 34.3%), corporal pain (n = 32; 30.5%) and weakness (n = 27; 
25.7%). Other typical dengue symptoms were mentioned less frequently: rash (n = 18; 17.1%), 
vomiting (n = 11; 10.5%), eye pain (n = 9; 8.6%) and muscle pain (n = 1; 1.0%). Moreover, warning 
symptoms were not frequently indicated as reasons to seek medical help: vomiting (n = 11; 
10.5%), bleeding (n = 9; 8.6%), abdominal pain (n = 6; 5.7%). The mean temperature referred by 
interviewees was 39.4°C (range: 38.0°C—42.0°C) while persistence of fever ranged between one 
to four days with a mean of two days. There were no significant differences when comparing the 
reasons to seek medical care in suspected dengue between children and adults.

Discussion

Health seeking behaviour and access to care in relation to dengue disease in the Americas are 
scarcely described in the literature. Through a cross-sectional household community-based study, 
we provide insights in the intended HSB and access to care of a population exposed to endemic 
dengue transmission in Venezuela [10]. We showed that i) there is a difference in intended pathways 
to care in the case of a suspected dengue infection as opposed to fever, and between children 
caregivers and adults when dengue is suspected; ii) medical care would be sought earlier in the 
case of a suspected dengue infection than in the case of fever; and iii) having had a previous dengue 
infection, being a child carer and living in the neighbourhood Caña de Azúcar were determinants 
for treating a dengue infection first at home, while feeling at risk of dengue was associated with 
initial health centre attendance.

Our study found that most individuals intended to look for medical help as their first action if they 
suspected a dengue infection while treating at home would be their first choice in case of fever 
only (Fig 1). Considering the HBM, fever is not enough a cue to action to make the respondents 
proceed as for dengue. The uncertainty of the conditions reduces the ability of fever to increase 
the perception of susceptibility to dengue [39–44]. Half of the participants in our study identified 
three or less symptoms characteristic of dengue. Taking into account that a dengue infection 
is likely to present with fever as a chief symptom, the latter group is likely to initially follow the 
pathways they described for fever when they actually have dengue. Studies in Colombia [42] and 
Cambodia [22] found that the majority of dengue infections were first treated at home. These 
findings correspond with the intended pathway for fever found in the current study, where home 
treatment was frequently chosen above medical care. Contrariwise, when a dengue infection was 
suspected, the participants in our study would seek immediate medical attention as was reported 
in Thailand and Malaysia [25, 26]. Our results show that, if people would identify that they or their 
children have a dengue infection, they would reach for medical attention earlier and minimise the 
likelihood of developing complications during dengue disease in agreement with a study in Brazil 
[45]. These tendencies are encouraging indicating that our study population perceives dengue as 
a more serious ailment than other causes of fever and is reflected by the reported appearance of 
new symptoms and a rising body temperature as chief reasons to seek medical help. This is in line 
with a study in Cambodia, where the perceived severity of dengue illness in children was found to 
influence the selection of therapeutic options [22].

We show that children’s parents/caretakers and adults have similar HSB intentions when referring 
to fever, but not when referring to dengue. While in the case of dengue the majority of parents/
carers and adults would firstly look for a doctor, a higher proportion of children were initially 
treated at home (Fig 1, Table 1). However, when comparing the day of seeking medical care of 
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all HSB pathways which included a doctor’s visit, children would still be taken earlier to a doctor 
than adults (Fig 1). Other studies addressing HSB of dengue only refer either to adults or carers of 
children without comparisons between these two groups [22, 25, 26, 42]. The results from our study 
suggest that it may be wise to consider targeting children caregivers and adults separately when 
health promotion campaigns are performed, since their intended HSB may be different.

Home treatments used in dengue vary according to country or region and include herbs and over-
the-counter medicines like paracetamol [22, 46] or liquids such as water [46], carbonated isotonic 
sports drinks, fruit and vegetable juices and frog or crab soup [26]. We found that fever was treated 
at home most frequently with paracetamol or a cold/tepid bath, while dengue was mostly managed 
with paracetamol or oral rehydration. In Venezuela, a cold/tepid bath or showering is indicated 
by health personnel to rapidly lower the temperature especially in children. Oral rehydration was 
also frequently mentioned denoting that information obtained at health centres and given during 
dengue campaigns reaches the population. It is important to stress that from the medical point of 
view, home treatment of a suspected dengue infection should be followed quickly by a doctor’s 
visit so that the patient can be properly monitored by medical personnel [1].

Contrary to expected, a previously experienced dengue infection did not necessarily result in an 
intended prompt health care seeking. This is worrying since those with previous dengue antibodies 
are more at risk to develop severe disease from a subsequent heterologous dengue infection 
[47–49]. Efforts should be made to promote prompt doctor attendance for these individuals. Also 
surprisingly, univariate analysis indicated that a higher education level was associated with the 
intended choice for home treatment in the case of fever (p = 0.069), in agreement with a study 
in Thailand [25]. Finally, the place of residence and caring for a child were also associated with 
intended home treatment of suspected dengue. Caña de Azúcar neighbourhood is one of the most 
densely populated areas of Maracay [50]. A recent study showed that people in this neighbourhood 
lived in smaller houses and more crowded conditions (which are surrogate markers of poverty) 
and were at higher risk of acquiring a recent dengue infection than Candelaria and Cooperativa 
neighbourhoods [10]. This may explain the lower health centre attendance in agreement with 
studies on malaria in Africa [51, 52]. We found no other characteristics of the neighbourhood Caña 
de Azúcar that could explain the preference of its inhabitants to treat a dengue infection firstly at 
home.

The fact that individuals who felt at risk of dengue were more likely to search firstly medical help 
has been described earlier [26] and can serve as a focus when promoting timely health centre 
attendance. Several studies show that (ongoing) reports of outbreaks and media coverage can 
increase the awareness and risk perception of a disease [53–55]. An increased risk perception may not 
only encourage immediate health centre attendance, but also influences community participation 
in protective behaviour [15,  26,  54]. Therefore, timely, complete and trustworthy information 
on the dengue and health situation in a country should positively impact the population at risk 
with regards to early health centre attendance and improvement in protective behaviour. These 
messages should 1) promote prompt HC attendance when dengue is suspected (“visit your doctor 
as soon as you think you have dengue”), and 2) stress the importance of attention to warning 
symptoms of dengue when fever recedes (“when fever goes, look for the following warning signs 
in yourself or your sick child: severe abdominal pain, persistent vomiting, etc”).
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Limitations

Due to the political unrest that took place during the study period, data collection was not 
completed for all three neighbourhoods and the majority of the interviewees resided in Candelaria 
neighbourhood. However, this population was considered to be representative of most urban areas 
from Maracay city minimising selection bias. Education, monthly income and socio-economic status 
were significantly lower in the child sample, nonetheless these variables were controlled for in the 
multivariate analysis. The difference in socio-demographic and socio-economic characteristics 
between the adults and parents/guardians of children can be attributed to the fact that almost 
half of the children in Aragua State, Venezuela, are part of a household run by a single mother, who 
have generally a lower degree of education and a lower income [30].

A strength of the study was that data was collected from a well characterised cohort study population 
of which socio-economic and epidemiological data was available. Moreover, contrary to hospital-
based studies, our study design made us able to include people who would avoid attending health 
centres, thus obtaining insight in their intended HSB. Furthermore, people were interviewed at 
home, providing a safe and confident environment. Finally, the analysis was strengthened with the 
conceptualisation that included aspects of the HBM. For future studies, we recommend to apply 
the conceptualisation at the stage of data collection.

Conclusions

In the current study, we were able to describe intended HSB in the case of dengue and fever at 
community level. Our results suggest that for the people who intend to seek medical care in the 
case of a dengue infection, self-diagnosis might be an obstacle. The differences found in HSB 
between fever and dengue imply that fever does not increase the perceptions of susceptibility to 
dengue. As mentioned before, a delay in care-seeking is associated with a higher mortality and 
complications during dengue disease [1, 12]. Therefore, the early intended medical care-seeking 
in the case of a suspected dengue infection shown in this study suggests a possible improvement 
of HSB and prognosis if an algorithm or tool can be designed to diagnose dengue at home. In 
addition, we found that those who previously had a dengue infection were more likely to treat a 
next infection firstly at home. Since this group has a higher chance of developing a severe dengue 
disease, efforts have to be made to promote prompt health centre attendance in this group. In this, 
raising awareness and risk perception of dengue by media coverage and information at health 
centres may improve this favourable behaviour. Comparing the results of the current study (HSB 
intentions) with those of the actual HSB taken by people, such as in health centre-based studies, 
could reveal other possible barriers for achieving the intended HSB. More community and health 
centre-based studies should be performed to achieve a wider view and stronger conclusions on 
HSB for people exposed to dengue in the Americas.
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an = 86 for subjects choosing home treatment in case of fever; n = 30 for subjects choosing home 
treatment in case of dengue; n = 62 for subjects choosing visiting a doctor in case of dengue; b p-value 
corresponds to the comparison between intending to treat at home or visiting a doctor as first 
action for each case: fever or suspected dengue. cn = 87 for subjects choosing home treatment in 
case of fever; n = 62 for subjects choosing visiting a doctor in case of dengue; dFrom the total sample, 
there was one person illiterate; en = 85 for subjects choosing home treatment in case of fever; n = 11 for 
subjects choosing visiting a doctor in case of fever; n = 30 for subjects choosing home treatment in case 
of dengue; n = 61 for subjects choosing visiting a doctor in case of dengue; fFrom the total sample, one 
person was a Jehovah’s witness; gn = 64 for subjects choosing home treatment in case of fever; n = 8 for 
subjects choosing visiting a doctor in case of fever; n = 25 for subjects choosing home treatment in case 
of dengue; n = 45 for subjects choosing visiting a doctor in case of dengue; hn = 76 for subjects choosing 
home treatment in case of fever; n = 10 for subjects choosing visiting a doctor in case of fever; n = 27 
for subjects choosing home treatment in case of dengue; n = 54 for subjects choosing visiting a doctor 
in case of dengue;  in = 86 for subjects choosing home treatment in case of fever; n = 30 for subjects 
choosing home treatment in case of dengue; jn = 87 for subjects choosing home treatment in case of 
fever; n = 30 for subjects choosing home treatment in case of dengue; *Fisher’s exact test. 
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ABSTRACT

Background

 Dengue is a major public health problem in Venezuela. Timely health centre (HC) attendance 
is crucial in reducing mortality and severity from dengue. The healthcare system in Venezuela 
comprises a multifaceted public and private sector. We assessed the intended HC attendance and 
perceived motivations/barriers for access to care in the case of fever and dengue in a high dengue 
transmission urban area.

Methods

A cross-sectional household survey was performed in Maracay, Venezuela. Structured questionnaires 
including open-ended questions were applied to 105 children’s carers (n=51) and adults (n=54). 
Quantitative and qualitative analyses were done.

Results

 In the case of an illness episode, individuals would decide to sequentially attend several different 
HCs until their healthcare needs were met. The most frequent intended first and second HC choices 
for fever (first 78.8%; second 38.5%) and dengue (first 80.8%; second 41.3%) were traditional 
ambulatorios. Tertiary level HCs (private and public hospitals) were mentioned later in the pathways, 
more often in the case of dengue. Individuals choosing a private HC had a higher education level 
(fever/dengue: p=0.018/p=0.008). Qualitative data showed that logistic, economic and quality of 
care aspects influenced the intended preferences: individuals preferred to first attend traditional 
HCs as they trusted the care given there, but perceived barriers were long waiting times and the 
lack of diagnostic and treatment supplies. The private care, which was considered to provide the 
best care, was mainly accessible to those with a health insurance. 

Conclusion

Access to care in Venezuela is currently a complex situation where individuals need to juggle 
between the different available public and private HCs in order to obtain proper and timely care 
and medical supplies. Health centre capacity (treatment supplies and personnel) and barriers for 
access to care should be addressed to reduce inequality in access to healthcare in Venezuela.
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BACKGROUND

Dengue is a rapidly spreading viral vector-borne disease currently present in 128 countries. An 
estimated 3.97 billion people are at risk of becoming infected with dengue [1]. The virus is spread 
by infected Aedes mosquitoes, principally by Ae. aegypti [2]. It is estimated that annually 390 million 
people are infected with one of the four circulating dengue viruses [3], making dengue a global 
health problem of great importance. 

When symptomatic, dengue presents as a flu-like disease with a variety of nonspecific symptoms. 
In a certain proportion, dengue develops into a severe form characterized by plasma leakage and 
possibly shock, sometimes occuring within 3 days after fever onset [2,4,5]. If complicated disease 
ensues, careful intravenous fluid resuscitation is essential for survival and recovery of the patient 
[2]. Early healthcare attendance is thus critical in reducing both the rate of dengue severe disease 
and the mortality of dengue patients [2,6]. Identifying reasons for delay in care seeking is therefore 
essential [7]. Access to care depends on the affordability, physical accessibility and acceptability of 
services and not just on the availability of sufficient supplies [8]. Understanding the behaviours, 
motivation for choice and barriers from a bottom-up approach, addressing the broader socio-
political context is important in developing successful health interventions [9].

Dengue transmission in Venezuela has become perennial and a major public health problem. 
Epidemics of increasing magnitude regularly occur against a background of an established 
endemic situation [10]. The first dengue haemorrhagic fever epidemic was reported in 1989-1990 
[11], followed by several outbreaks in 2000-2010. The most recent epidemic, in 2010, accounted for 
more than 120,000 cases of which almost 10,000 (8%) were severe [10]. 

The healthcare system in Venezuela comprises a public and a private sector under the umbrella 
of the Ministry of Health [12]. The public sector was designed to offer medical care and most 
medications free of charge. It has a network of urban and rural out-patient health centres (HCs) 
at primary and secondary level named “Ambulatorios type I or type II”. Patients that cannot be 
managed as outpatients, are referred to tertiary level HCs (hospitals). The private sector comprises 
private practices and private hospitals where patients need to pay either via their health insurance 
or directly. In 2003, the Venezuelan government launched the Mission Barrio Adentro (‘Barrio 
Adentro’ means ‘inside the slum’) to improve access to care for people with limited resources and 
income [13-15]. The Mission Barrio Adentro (MBA) was set up as a parallel healthcare system, based 
on a cooperation between Venezuela and Cuba, where Venezuelan oil supplies were linked to the 
establishment of HCs run by Cuban doctors [15,16]. 

Although aimed at improving the state of healthcare in the country, there are contradictory 
opinions on its performance [13,15-20]. Research on HC attendance in relation to dengue remains 
scarce, especially in the Americas. Literature on HC attendance in Venezuela focuses mainly on a 
top-down approach, while the attitudes of the community towards the different HCs in Venezuela 
are scarcely described. Therefore, the aim of this study was threefold: (1) to describe the healthcare 
facility preferences of the community in the case of fever and dengue; (2) to understand why 
people choose each particular HC and (3) to identify the barriers for access to care.
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METHODS

Study site

Aragua state witnessed the highest incidence of dengue in Venezuela in 2012, reaching nearly 
7000 reported cases (~430 cases per 100.000 inhabitants) of which 2% were severe [10]. Maracay is 
one of the largest cities of Venezuela and has dengue hyper-endemicity [21,22]. It is the capital of 
Aragua state with an estimated 1.3 million inhabitants [23]. Within Maracay, three neighbourhoods 
called Candelaria, Caña de Azúcar and Cooperativa were selected as our study sites owing to their 
high dengue incidence [24]. All are served by public (traditional and parallel) and private HCs. 
Patients that require further specialised treatment are referred to the main public tertiary level 
hospital: Hospital Central de Maracay, or to private hospitals. 

Study design

A cross-sectional study was carried out to gather quantitative and qualitative data on health 
centre seeking intentions at community level of the general population exposed to dengue. This 
study was performed within one of the annual surveys (September 2013 and February 2014) of a 
running community-based prospective cohort study. A detailed description of the study set up 
was published earlier [24].  Briefly, the cohort study was set up between August 2010 and January 
2011, to assess epidemiological, behavioural, clinical and viral characteristics related with dengue 
disease and transmission. A total of 2014 individuals aged 5-30 years old living in 840 households 
within the three study neighbourhoods were enrolled in the cohort after written informed consent. 
Individuals were followed weekly and through annual surveys [24].  

Study population

This research aimed to understand health seeking behaviour (HSB) [25] and HC choices of adults and 
parents/guardians of children in Maracay, Venezuela. Assuming that around 80% of the individuals 
would seek treatment at a traditional primary/secondary HC in the case of fever (based on data 
from the cohort study and a previous study), with a sample error of 5% and a confidence level of 
95%, a total of 245 participants will be required to estimate the prevalence of people visiting these 
type of HCs. Anticipating on possible missing data, we aimed to enroll 260 individuals. In order 
to interview one individual per household, a random sample of 260 households out of the 840 
households belonging to the cohort study was selected. However, 105 interviewed participants 
were finally interviewed because violence during anti-governmental protests in February and 
March 2014 in the country [26-28] precluded the enrolment of further individuals. One individual 
was interviewed in each household alternating adults and parents/guardians of children (<18 years 
old) who were already participating in the cohort study. In the case of children, we interviewed 
their parents or carers. Adults (≥18 years) were randomly chosen from all the adults included in the 
cohort that were present at the moment the selected household was visited. Informed consent for 
this study had already been obtained as part of the cohort study informed consent.

Data collection

A standardized questionnaire targeting community intended HSB and access to care, hereinafter 
referred to as HSB-questionnaire, was developed [25], including pre-coded and open questions 
on socio-demographic, knowledge on dengue, dengue risk perception, and pathways of health 
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centre attendance in relation to presenting fever and suspicion of dengue infection. Finally, 
individuals were asked to rank the quality of available health centres in their area. Adults were 
interviewed about their own risk perception and healthcare attendance. For parents/guardians, 
these questions were related to the child. From a second questionnaire, we recorded household 
socio-economic variables. The questionnaires were prepared in English, translated to Spanish, pre-
tested and adapted through a pilot study in Maracay. Interviews took place at the participants’ 
home and were performed by trained experienced local interviewers.

Socio-demographic, socio-economic characteristics and knowledge on dengue

From the HSB-questionnaire demographic characteristics of the interviewed person were 
gathered: age, place of residence (neighbourhood), level of education, occupation and religion. 
Additional socio-economic data was gathered with the household questionnaire. Socio-economic 
data was used as proxy markers to estimate socio-economic status of the individuals [25]. Dengue 
knowledge was assessed by open questions regarding dengue transmission and symptoms. The 
knowledge score was derived from the sum of the correct answers on transmission routes (bite of 
a mosquito) and symptoms (fever, headache, eye pain, body pain, face redness/rash, muscle pain, 
abdominal pain, sore throat, vomiting, diarrhoea, malaise, nausea, bleeding, fainting, dizziness, 
itching) in a scale of 0 to 17 [25]. 

Health centre preference pathways

 Behavioural intentions in relation to the pathways people would choose when seeking to attend 
a HC were assessed by the following sequential open questions: ‘what would you do if you/your 
child had fever’; and ‘what would you do if you think that you/your child have/has dengue’. If ‘going 
to the doctor or to a HC’ was mentioned, people were asked when and to which HC they would 
firstly seek medical help. They were then asked, in the case they would not be satisfied with the 
care in the firstly chosen HC, to cite the next HC options (if applicable) in order of preference up to 
a maximum of four HC. HC choices were ranked in chronological order, resulting in a HC preference 
pathway for each participant.

Logistics, affordability and quality of health centres

We asked interviewees to assess the quality of the medical care they would expect to 
receive in each type of HC if they would present with a dengue episode. Individuals were also 
asked whether or not they would attend each HC in case of a suspected dengue infection, 
and to estimate the travel time and costs. From the household questionnaire, the means 
of transport to HCs were obtained. The quality of dengue-related medical care (diagnostic 
and treatment capacity) of each HC was assessed using a 5 point ‘Likert-item’ scale from 1 to 
5, where 1 was defined as very poor, 3 as average and 5 as very good. The assessed HCs were:    
1. The traditional public healthcare system: a) Ambulatorio, a public outpatient primary or secondary 
level HC; b) Hospital, a tertiary level HC;

2. The parallel public healthcare system (‘Misión Barrio Adentro’): a) Barrio Adentro I, hereinafter 
referred to as “MBAI”, a small public outpatient primary HC; b) Diagnostic centres or “Centros de 
Diagnóstico Integral” (CDI), a public outpatient primary or secondary HC, usually equipped with 
diagnostic facilities such as radiology and a laboratory;
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3. The private healthcare system: a) Private practice, a specialised primary 
private outpatient surgery; b) Private hospital, a private tertiary level HC.  
An overview of capabilities of the different local HCs is provided  in S1 Table.

The health insurance system in Venezuela is a complex one. A large proportion of the population 
does not have a health insurance (>68%), especially those having a ‘self-employed’ or informal 
occupation (housewife, domestic or manual-worker, street vendors and the like) or are unemployed. 
These individuals usually attend the public health system or pay out-of-the pocket for private care. 
Individuals employed in governmental or private companies/institutions enjoy a collective health 
insurance. Those with higher income take on private health insurance. However, given the rapid 
inflation in the country, the maximum annual amount insured is rapidly reached when attending 
private care and if needed, individuals may be referred to the public health system. 

Qualitative data

During the interview, individuals gave spontaneous explanations and clarifications about the 
reasons for their choices. In other occasions we asked the individual to explain the reasons for their 
answer(s). Where possible, transcriptions were made in verbatim and in other situations detailed 
notes were taken after the survey interview.

Data Analysis

Information collected in the questionnaires was entered into a database using Epi Info (Epi InfoTM, 
version 3.5.4). Data was checked for consistency and analysed anonymously. The association of 
socio-demographic and socio-economic variables with the intended private versus public HC 
attendance of individuals in the case of fever or suspected dengue was explored through univariate 
analysis. Differences in proportions were analysed using a chi-square test or Fisher’s exact test when 
applicable. Continuous variables were converted into ordered categorical variables when suitable. 
The McNemar’s test was applied to paired nominal data when comparing health centre attendance 
of fever and dengue. The Friedman test was used to analyse differences between >2 continuous 
variables. A multivariate binary logistic regression was performed to describe characteristics of the 
population visiting public and private HCs in the case of fever and suspected dengue. General 
characteristics with a p-value ≤0.2 in the univariate analysis were included in a multivariate model 
to test their influence on HC attendance. Variables with lowest significance were eliminated 
backwards, until all variables in the model showed significance. Significance was determined at the 
5% level. Quantitative data was analysed using SPSS (SPSS Inc., version 20.0, Chicago, Illinois) and 
checked using STATA (Stata Statistical Software: Release 10. College Station, TX,) software. 

Qualitative data (motives and barriers for accessing health centres) from the open questions in 
the survey was analysed using Atlas.ti (Atlas.ti GmbH, Berlin parts copyright by Cincom Systems, 
Inc: version 7.5.4), following the principles of the grounded theory [29]. Data was examined using 
codes, which refer to an issue, topic, idea or opinion evident in the data [29]. In the first analytical 
step, 70 codes were used. In the second step, 12 code families were used. Each of the six HCs were 
analysed with two code families (adding up to a total of 12 code families): 1) motivations related 
to the choice of HCs 2) barriers for accessing HCs. Reasons mentioned by five or more individuals 
in relation to motives or barriers were marked as ‘most reported reasons’, reasons marked as ‘other 
reasons’ were mentioned by up to four individuals. This ranking is not meant for representativeness 
rather as a manner to group and differentiate the responses.
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Ethics statement

The study was approved by the Ethics Review Committee of the Biomedical Research Institute, 
Carabobo University Maracay, Venezuela (Aval Bioetico #CBIIB(UC)-014); the Ethics, Bioethics 
and Biodiversity Committee (CEBioBio) of the National Foundation for Science, Technology and 
Innovation (FONACIT) of the Ministry of Science, Technology and Innovation, Caracas, Venezuela; 
and by the Regional Health authorities of Aragua State (CORPOSALUD Aragua). The study was 
conducted according to the principles expressed in the Declaration of Helsinki [30]. All adult 
participants signed written informed consent.

RESULTS

General characteristics

In total, 105 individuals were interviewed with the HSB-questionnaire where 54 interviews referred 
to adults and 51 to children. In addition, 92 household socio-economic questionnaires were 
applied. Finally, 87 individuals provided information used for the qualitative data analysis. In Table 
1 (total sample column) the general characteristics of the study population are shown. Interviewed 
individuals had a median age of 36 years (range: 18–87 years; Q1-Q3: 25-53 years) and were mainly 
women (Table 1). As in the rest of the country, the majority of the individuals professed a catholic 
religion. The majority of the interviewed individuals (n=72; 68.6%) lived in Candelaria. We were 
unable to complete the planned interviews in the other two neighbourhoods (Cooperativa and 
Caña de Azúcar) because of violence during anti-governmental protests in February and March 
2014 in the country [26-28]. Most interviewed individuals completed secondary school and most 
were housewives, domestic or manual workers.
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Table 1. Univariate analysis of general characteristics by intended private versus public/no HC 
attendance.

Legend table 1: na corresponds to the subjects of the total sample; nb corresponds to the sample used to 
compare between the intention to attend a private HC or not in the case of fever or suspected dengue; c 
p-value derived from the comparison between intending to visit a private health centre or not. dOnly one 
person was illiterate; eOne person was a Jehovah’s witness; fMinimum wages at time of the study were 
VEF 2703 - VEF 3270; gRange knowledge score: 1-9 correct answers; hFisher’s exact test.
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Health centre pathways

Nearly all individuals (n=103; 99%) would decide to seek medical help at some point during 
their HSB sequence if they or their child(ren) had fever or a suspected dengue infection [25]. The 
pathways of intended HC choices are summarized in Figure 1. The figure shows from left to right 
the first, and if applicable the second, third and fourth sequential choices of HCs in case of fever 
and dengue. Overall, HC preferences were similar for both fever and suspected dengue, although 
various HC pathways were observed. As shown in Figure 1 the most frequent first choice of HC was 
an ambulatorio, both in the case of fever (n=82; 78.8%; 95% CI=69.1%-86.2%) and dengue (n=84; 
80.8%; 95% CI=71.5%-88.1%). These were followed, in order of preference, by a CDI (n=10; 9.6%) 
a private practice (n=4; 3.8%), a MBAI (n=2; 1.9%), and a private hospital (n=1; 1.0%) in the case of 
fever, while for dengue people chose a CDI (n=9; 8.7%), the public hospital (n=4; 3.8%), a private 
hospital (n=3; 2.9%), a MBAI (n=2; 1.9%) and a private practice (n=1; 1.0%). The most frequently 
mentioned second choice for HCs were again the ambulatorios, both for fever and dengue. Tertiary 
level HCs (private and public hospitals) were mainly mentioned later in the pathways.  Individuals 
would go to the latter health centres at some point in their pathway more often in case of dengue 
(n=61; 58.7%) than fever (n=46; 44.2%; p=0.001). There were no statistical significant differences 
observed comparing children with adults for their preferred HCs choices
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Figure 1. Intended pathways of healthcare seeking in case of fever and suspected dengue. Legend 
figure 1: The flowcharts in the figure show the health centre attendance pathways that people intended 
to take in the case of fever (left column) or in the case of a suspected dengue infection (right column). 
From left to right, the first to the fourth sequential HC choices are shown. ‘nfc’= no further choice; ‘Amb’= 
Ambulatorio; ‘Hosp’= hospital; ‘MBAI’= Mission Barrio Adentro I; ‘CDI’=Centro de Diagnóstico Integral 
(diagnostic center); ‘PPrac’= Private practice; ‘PHosp’= Private Hospital; NoHC= No attendance to a health 
centre.
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Private healthcare vs. public healthcare/no HC attendance

The reported pathways indicate that some individuals would attend private HCs at a stage during 
their HSB (fever: n=30; 28.8% vs. dengue: n=32; 30.8%; p=0.727), while others solely considered the 
public HCs or would not go to any of the HCs (fever: n= 74; 71.2% vs. dengue: n=72; 69.2%). Univariate 
analysis was performed to identify socio-demographic and socio-economic characteristics 
possibly associated with the choice of private HC (Table 1). People with a higher education and 
those with a non-labour occupation would be more likely to attend a private HC, both in the case 
of fever (p=0.001; p=0.007, respectively) and in the case of suspected dengue (p=0.001; p=0.016, 
respectively). There were no statistically significant differences observed in gender, age, place of 
residence, religion, monthly income, socio-economic status, child vs. adult, knowledge on dengue, 
reporting having had a dengue infection in the past, and dengue risk perception (Table 1). The 
multivariate analysis is presented in Table 2 and shows that the variable those with a university 
(polytechnic) level of education would visit private health care more often in the case of fever 
(OR=5.60; p=0.018)  and suspected dengue  (OR=9.00; p=0.008) compared to those having had  pre 
or primary education or were illiterate. The latter group would visit public health centres in higher 
proportions. The variable occupation was also analysed in the multivariate analysis, but kept out of 
the final model because both in the case of fever and dengue the p-value was >0.05.

Table 2. Final model of factors independently associated with private versus public health centre 
attendance in the case of fever and suspected dengue 

Accessibility and quality of health centres

Table 3 shows the proportion of individuals that would consider attending each of the HC in case of 
a dengue episode and the score given to the quality of care and the logistics involved in accessing 
each HC. Individuals were first asked if they would attend each of the HC and their answers were 
“yes, no or don’t know (DK)”. Most of the individuals would attend the public-traditional HCs, with 
a similar choice for public-parallel and private HCs. The highest quality scores were given to private 
practices (mean = 4.5) and private hospitals (mean = 4.2), followed by the main public hospital, 

OR (95% CI) p-value

Fever

Education 

Illiterate/ pre or primary school 1

Secondary school 0.96 (0.23 – 4.02) 0.949

University/university polytechnic 5.60 (1.35 – 23.23) 0.018 

Suspected dengue 

Education 

Illiterate/ pre or primary school 1

Secondary school 2.20 (0.44 – 10.98) 0.338 

University/university polytechnic 9.00 (1.77 – 45.79) 0.008
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ambulatorios and CDIs, and MBAIs which received the lowest score (p>0.001; Friedman test).  With 
respect to logistics related to access to care, the majority of individuals (n=70; 79.5%) reported 
to walk to their preferred HCs as these were located in the vicinity of their homes. Other means 
of transport were using their own car (n=14; 15.9%), by bus (n=6; 6.8%), by taxi (n=3; 3.4%) or 
their own motorcycle (n=3; 3.4%). The mean expected costs for a return trip to the HC were zero 
Venezuelan Bolívar (VEF)a when walking and 3 VEF when a car or motorcycle was utilised, while the 
costs of using a bus (mean=26 VEF) or taxi (mean= 43 VEF) were reported to be higher. 

Table 3. Perceived quality of dengue care and access to care logistics in relation to HCs

Legend Table 3: The first column shows whether or not people would visit a particular HC in the case of suspected 
dengue (‘yes’, ‘no’ or ‘don’t know’(DK)). Mean and Inter Quartile Range (IQR) scores assigned to the expected medical 
care for dengue disease (scale of 1(very poor) to 5(very good)) are presented under the heading “quality score dengue 
care”. The columns under the headings ‘travel time’ and ‘travel costs’ (right) show the reported estimated travel time 
in minutes and the estimated travel costs in the local currency Venezuelan Bolivar (VEF). DK= number of people that 
answered ‘don’t know’.

Motivations and barriers for HC choice – qualitative aspects

Table 4 shows the motivations to present at a HC as reported by the interviewed 
individuals when ranking the quality of care and/or deciding to attend a specific 
HC or not (Table 3). The perceived barriers to attend a HC are shown in Table 5.  

A positive previous experience was a common reason to attend any of the public healthcare 
institutions (Table 4), while the expectation that a paid care would be better was one of the major 
drives to attend private HCs. Even though the ambulatorios were the most frequently chosen HC 
(Figure 1), their quality of care was not ranked higher than other public healthcare institutions 
(Table 3). Among the reasons to seek medical care at an ambulatorio were the proximity to the 
place of residence, the expectation of receiving a good treatment/medical care and the habit of 
attending this traditional healthcare institution (Table 4).  Most reported barriers against presenting 
to an ambulatorio or that gave these HCs a lower score in the reported quality of care were i) the 
previously experienced long waiting times to obtain medical care and ii) the current absence of 
free medication/ infusions/ needles and other medical materials, which forced people to purchase 
them in pharmacies or from local street vendors. Similar barriers to care were expressed with 
respect to the public hospital, that is the absence of medical materials and the long waiting times, 
including crowded emergency and triage departments as a third major barrier. It was mentioned 
that the absence of medical material in the hospital lead to worse health outcomes of poor people, 
because they could not afford buying medicines out of pocket. 
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The absence of medical material was perceived to be less of a problem in the parallel public 
system (MBAIs and CDIs), compared to the traditional HCs (ambulatorio and hospitals).  However, 
interviewees reported to distrust the medical and paramedical staff working at the parallel system 
and the diagnosis and treatment obtained in these HCs. Individuals mainly attributed their distrust 
to the fact that these HCs were primarily staffed with Cuban doctors. This was also reflected by a 
preference of some individuals to first visit an ambulatorio to obtain a diagnosis of their ailments 
from a Venezuelan doctor, followed by a visit to one of the parallel HCs to obtain the medical 
supplies needed. 

Most reported positive reasons to seek medical attention at the private healthcare system 
(private practices and private hospitals) related to the good care expected at a paid institution which 
should be properly staffed and supplied with medical materials. As stated by the interviewees: 
“if one has to pay for a treatment, then the care given is probably better”. The quality of care of 
private HCs was rated highest (Table 3). Another prominent reason to go to private practices was 
the already present bond of trust with the doctors or because they knew the doctor for a very long 
time. The barriers portrayed against seeking care at these HCs were mainly based on the high costs 
incurred (Table 5). Individuals mentioned that the lack of a sufficiently high insurance policy or the 
ability to pay further care was believed to lead to worse care or a refusal of further treatment.  In 
Venezuela, health insurance companies reimburse a fixed and maximum yearly amount for specific 
medical costs. How much this is, depends on the premium that the person pays to the insurance 
company. Those individuals who would attend the private system indicated that they had a health 
insurance that could cover the medical expenses. However, some were unwilling to spend their 
insurance on dengue treatment, but preferred to keep their insurance for ‘more severe diseases’ 
(Table 5). 
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DISCUSSION

In this study, we aimed to identify the intended health centre preferences in relation to a possible 
episode of fever or dengue, and understand the reasons and perceived barriers in the healthcare 
seeking process of individuals exposed to hyperendemic dengue transmission. To this end, we 
conducted a cross-sectional household study within the third annual survey of a dengue community-
based cohort study in three neighbourhoods in Maracay city, Venezuela [24]. We show that people 
would sequentially visit several different HCs in order to satisfy their healthcare needs. Although 
various HC pathways were observed, the majority of individuals showed similar HC preferences, i.e. 
traditional ambulatorios were the first and second choices for most people. However, tertiary level 
HCs (hospitals) were more often selected in the case of a suspected dengue episode. Several socio-
economic and quality (affordability, accessibility and acceptability) considerations influenced the 
intended health centres choices. 

Patients in Venezuela are currently confronted with an array of different HCs where to seek medical 
help, from the private sector to the traditional and parallel public health systems [12]. Various HC 
pathways were observed in our study showing that individuals would seek help in several different 
HCs until appropriate diagnosis and treatment would be obtained. Similar to our findings, women 
in Cambodia searched different means to find treatment for their dengue affected child shifting 
from one sector to another, from public and private practices, to purchasing over the counter 
medications and/or herbal remedies [7]. In Thailand, where a pluralistic medical system exists, 
individuals switch between alternative treatment seeking pathways until they are satisfied [31]. 

Despite the different pathways observed in our study and of the parallel health system being 
created to improve access to care [17], most individuals would select as their first and second HC 
option the traditional primary/secondary outpatient HC: the ambulatorio. This is in accordance 
with a study in Thailand, where two major treatment seeking pathways were identified based on 
the first treatment alternative [31]. There was also only little difference between the pathways for 
a suspected dengue infection and fever, though in the case of dengue tertiary HCs were more 
frequently chosen at some point during their care seeking process. Considering a previous study 
within the same population, this may be linked to a higher perceived severity of dengue disease 
compared to fever alone [25]. 

Participants of this study expressed different incentives (symptoms, duration and severity of fever) 
to perceive a condition as severe, prompting them to visit a doctor. A suspected dengue infection 
was perceived as a more serious event than ‘fever’, leading to immediate healthcare searching, 
preferably on day one of onset of symptoms. Several determinants for choosing to directly visit 
a doctor instead of first treating at home were identified in this population. These results are 
described in an earlier published study, providing a basis to understand the HC preferences of the 
study population [25].

An important reason to attend an ambulatorio was the trust in the staff and the medical care received 
at these instances. However, barriers mentioned by the interviewees were the long waiting times to 
be seen by a doctor, the shortage of medications, how crowded the healthcare institutions are and 
themedical resources for treatment available in the ambulatorios. This obliged people to purchase 
these from pharmacies or street vendors. The same barriers were reported with regard to the main 
public hospital, based on experiences people had with the care received there. The Venezuelan 
Ministry of Health is in charge of the infrastructure and provision of medical equipment and supplies 
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of both the traditional and parallel health systems. However, a decreased budget and consequently 
a shortage of medical supplies and equipment occurring in the traditional health system during the 
past decade has been stated by health professionals and Venezuelan health policy makers [12,17-
19,26,27,32]. In 2007, the director of the “Coche Hospital” in Caracas, explained the following: ‘‘The 
funds we receive for 1 year of medicines does not cover our costs for three months, and the rest of 
the year we have to ask for loans and request help from the Ministry of Health’’. In the area covered 
by that hospital, 90% of the budget for HCs and hospitals was spent paying the salaries of medical 
staff, which left little to spend on medical supplies and infrastructure [17].

Interestingly, shortages of drugs and medical supplies in the MBAI and CDI were reported less 
prominently. A possible explanation for this is that, in contrast to the financing of the traditional 
public health system, the state budget and distribution of supplies of the parallel public health 
system has been warranted by its linkage to the revenue of the national oil industry [14,15]. Still, in 
our study, the better availability of medical material and medicines was not an incentive to primarily 
choose to seek medical help at the parallel health system. The lower reported intended attendance 
to the parallel system may be caused by the belief that it is meant for the poor [13], while our 
study population originated not only from the poor class, but also from the low-middle and middle 
classes. We could not entirely derive this explanation from our data, however, preferential targeting 
of health services to disadvantaged groups has been previously described [33].

In our study, perceptions about the severity of the disease seemed to play a role as well. Some of the 
interviewed individuals explained that they only visit the parallel system for ‘small pains’, but not to 
be treated for a suspected dengue infection. Another important barrier to attend a parallel system 
HC was the presence of Cuban medical staff who were not trusted by many of our interviewees. 
Indeed, confidence in health care worker has been identified as an important determinant for 
uptake of healthcare, e.g. in the case of malaria [34,35]. Contrary to our results, another study from 
a community around Caracas, Venezuela’s capital city, reported a high confidence in Cuban doctors 
based on the egalitarian physician- patient relationship they had achieved [13]. In the literature, 
differing opinions about the quality of the academic preparation and care given by Cuban doctors 
and Venezuelan “community medical doctors” trained at a short parallel medical program in 
Venezuela are expressed [15, 17, 26]. Some say Cuban health professionals have greater experience 
in primary care [15], others argue that only 10% of the Cuban doctors working in Venezuela 
are properly qualified to practice medicine while the rest are trained as technicians [17]. Based 
on the literature and on our study, different reasons for the distrust of the Venezuelan parallel 
health system by a number of individuals may be considered: a) political reasons, b) perceptions 
that Cuban doctors are not adequately trained [17], c) preferential targeting of health services to 
disadvantaged groups [33]. However, it is important to state that no grounded conclusions can be 
drawn about these opinions regarding Cuban doctors working in Venezuela. Consequently, we 
recommend to put effort in investigating underlying believes leading to the decrease in access to 
care for those distrusting the parallel system.

A previous study in Venezuela had associated a lower socio-economic status and living further 
away from a health centre to delays in healthcare seeking [36]. In our study, those with a higher 
education were independently associated with the intention to visit the private health system [46]. 
No univariate association was observed with monthly income and the socio-economic-score based 
on possessions, while other studies describe that the private HCs are less accessible for the poorer 
population in Venezuela unless they have a health insurance [16,33,37]. In our study, the private 
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practices and private hospitals which cover the whole private system, were generally believed to 
provide the highest quality of care in case of a dengue infection. Nevertheless, due to the lack of 
a health insurance and a low budget, the vast majority did not consider visiting a private HC. This 
left the public hospital as the only option for obtaining tertiary care for many participants despite 
the problems described above. Financial barriers to obtain medical treatment are also likely to 
reduce uptake of proper care in other health conditions, such as malaria [38,39], HIV/AIDS [40,41], 
antenatal care [42,43] and acute and chronic cardiovascular disease [44,45].

In this study, a quantitative research design was complemented with a qualitative part. The 
qualitative data explored the reasons and barriers behind the observed pathways to care 
identified using a quantitative approach. This mix of study methods allowed us to obtain a deeper 
understanding of the HC choices in the case of a fever or dengue infection at community level in 
individuals exposed to hyperendemic dengue transmission. Another strength of this study is that 
it was carried out in a well-characterised study population [24], and  individuals were interviewed 
at home providing a safe and confident environment. Because of the community-based nature 
of the study, we were able to capture a broad scale of opinions including those from individuals 
who may never visit a HC. A weakness of this study is that primarily women around the age of 40 
were included and that the research was conducted mainly in one of the three neighbourhoods 
restricting the originally calculated sample size. A smaller sample size may have decreased the 
power of the quantitative study and should be taken into account. Given the smaller sample 
size, the sample error of the proportion to be estimated was 8.3% (ambulatorio attendance for 
fever) - 8.6% (ambulatorio attendance for dengue), instead of the 5% we estimated initially. Due 
to the sample bias one should be cautious with generalizing these findings for all urban areas of 
Venezuela. We expect that opinions expressed in this study are also representative for a significant 
part of the poor, low-middle and middle class living in the urban areas of Venezuela. However, 
research in other Venezuelan regions and settings should be performed to confirm this. For logistic 
and ethical reasons, recording the conversations was not possible, therefore we had to write and 
summarize patient’s opinions. This mode of data-collection may be less accurate and provide less 
in-depth information than we could have obtained when recording and could be considered as 
a weakness of this study.  On the other hand, recording conversations could have also prevented 
participants to talk freely on the politically loaded topic of this research.

CONCLUSIONS

Access to care in Venezuela is currently a complex situation where individuals need to juggle 
between the different available public and private HCs in order to obtain proper and timely care and 
medical supplies. The preference of most people to visit the traditional system in case of fever and 
dengue points out the importance of improving and maintaining the quality of healthcare given 
at these institutions. The parallel system was created out of the vision that there was a need for 
healthcare transformation [15]. In our study, these HCs did not face the same problems described 
for the traditional HCs. Still people often did not intend to visit the parallel HCs for various reasons. 
Our study shows that higher educated individuals were more likely to attend the better quality-
perceived healthcare (private healthcare) suggesting an inequity in access to care. Barriers in access 
to health care included long waiting times, crowdedness, distrust in staff/diagnoses/treatment of 
doctors having the Cuban nationality and high costs. Moreover, many participants pointed out 
the lack of medical material in the free traditional healthcare system, which forced them to buy 
these materials in pharmacies. Considering this, possibilities for treatment may be limited for those 
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who cannot buy these materials. To decrease inequality in access to health care, policymakers in 
Venezuela should focus on improving health system performance in terms of acceptability of care 
(provided by the parallel health system) and availability of care (presence of (free) medication, 
reduction of waiting times and crowdedness). A study on out-of-pocket expenses in case of 
dengue could give broader insights into the financial burden of dengue in Venezuela. Additional 
research covering more diseases and carried out in other Venezuelan urban areas could broaden 
the insights into the access to care in Venezuela.
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Endnotes

a At the time of the study the official exchange rate was USD 1= VEF 6.30; however, a “parallel” 
market system influenced the country’s economy whereby USD 1 was equivalent to approximately 
VEF 50.
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ABSTRACT

Dengue, a viral mosquito-borne disease currently affects over 2.5 billion people living in endemic 
areas worldwide. In vector control, social mobilisation and community behavioural changes are 
of crucial importance. Here, we identified the factors influencing community dengue preventive 
practices in a high transmission urban area in Venezuela. Between September 2013 and February 
2014, a cross-sectional study at household level was carried out in Maracay city, Venezuela. A 
pre-coded questionnaire was used to obtain information on people’s knowledge, attitudes 
and use of preventive practices in relation to dengue. Concomitantly, entomological data was 
collected from households. In 80% of the 105 included households, 1 to 5 preventive practices 
(e.g. repellents, insecticides) against mosquito bites were used. However, 57% of the examined 
houses had potential Aedes breeding sites indoors and/or outdoors, most of which positive for 
Aedes spp. larvae/pupae. Preventive practices were  associated with a previous dengue infection 
(p=0.030) and a better knowledge on dengue symptoms and transmission route (p=0.020). In turn, 
knowledge was associated with feeling at risk (p<0.001), a previous dengue infection (p=0.010) and 
reported exposure to information sources of dengue (p=0.011). Even though the knowledge level 
of the community over transmission ways was high, and most of the individuals took measures to 
avoid mosquito bites, potential mosquito breeding sites were present in almost two thirds of the 
examined properties. Health promotion activities in Venezuela should aim at raising awareness 
at community level on the importance of combining mosquito bite prevention with removal of 
breeding sites in and around the households.
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INTRODUCTION

Dengue is a viral vector-borne disease spread by the day-biting mosquitos Aedes aegypti and 
Ae. albopictus. The global number of people infected in 2010 was estimated to be 390 million, of 
which around 14% occurred in the Americas.1 Venezuela is one of the countries with the highest 
burden of dengue in the region,2 where severe disease and recurrent epidemics on a background 
of perennial transmission are a major public health problem.3 Maracay city has become one of 
the most important endemic urban areas of the country with the co-circulation of all four dengue 
serotypes.4

No vaccine or specific antiviral treatment against dengue is widely available yet. Therefore, the 
most effective way to prevent and control the spread of dengue continues to be the reduction 
or elimination of human-vector contact.5,6 Effective vector control strategies include community-
based larvae control, adult mosquito management and the use of personal protection.7 Community-
based larvae control consists of environmental management, i.e. alterations in the environment 
to minimize vector breeding, especially in close proximity with humans, and source reduction by 
application of chemical larvicides in possible breeding containers before the dengue season or 
during outbreaks in densely populated areas.6 Adult mosquito management currently comprises 
chemical insecticide spraying in areas where dengue cases are reported, to reduce transmission 
by lowering the adult vector population.8 In addition, the spread of the disease can be reduced by 
using personal protection against mosquito bites, for example insect repellents or adult reduction 
devices, such as mosquito repelling vaporizing tablets. Individual and community contributions to 
dengue control are of importance for the success of dengue control programs; studies show that 
community involvement in environmental management can reduce the Aedes larval infestation 
indices in domestic areas.9,10  

However important, social mobilization in dengue control is often difficult to achieve. It is 
challenging to motivate people to prioritize dengue among other acute health and environmental 
concerns, especially during inter-epidemic periods or when vector breeding continues unabated in 
neighboring households or other sites such as informal dumps.6,11 By revealing characteristics of 
the community knowledge, attitude and practices (KAP), a KAP study can offer valuable information 
for the development of health promotion approaches, and suggest intervention strategies that are 
specific to the socio-cultural context in which they have to take place.12 

Studies on KAP, mosquito breeding sites and possible associations between these components 
related to dengue are not abundant in the Americas. Though most people in Venezuela are aware of 
dengue as a disease, preventive measures to avoid mosquito breeding sites are not always taken.13 
To our knowledge, there are no previous studies published on KAP and mosquito breeding sites for 
dengue in Venezuela. 

 In order to improve dengue control of communities exposed to endemic dengue transmission, 
we aimed to (1) describe Knowledge, Attitudes and Practices (KAP) concerning dengue, and (2) 
investigate determinants of (a) personal protection against mosquitoes and (b) mosquito breeding 
site elimination.
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MATERIALS AND METHODS

Study site

The study was conducted in three neighborhoods in Maracay city, Aragua state, Venezuela: 
Candelaria, Caña de Azúcar and Cooperativa. These neighborhoods were selected owing to their 
high dengue incidences. With a population of 1,300,00014, Maracay is one of the largest cities in 
Venezuela where dengue is hyper-endemic. 4,15

Study design

A cross-sectional study was carried out to gather data on KAP related to dengue at community 
level. This study was performed within one of the annual surveys (September 2013 to February 
2014) of a running community-based prospective cohort study. A detailed description of the study 
set up was published earlier.16 Briefly, in August 2010 a total of 2014 individuals aged 5-30 years 
in 840 randomly selected households within the study sites were enrolled after written informed 
consent through house-to-house visits.16 A subsample of 260 households of the cohort-study was 
randomly selected for the cross-sectional KAP survey that is described here. However, individuals 
from 105 households were finally interviewed because violence during anti-governmental protests 
in February and March 2014 in the country17-19 precluded the enrolment of further individuals.

Study population

In each household, one individual was interviewed. The intention was to interview an equal number 
of adults and parents or guardians of children (<18 years old) who were already participating in 
the cohort study, following the selection criteria described elsewhere20. Briefly, this selection 
was made to investigate health seeking behavior (HSB) of dengue and fever, comparing HSB of 
parents or guardians referring to their children and HSB of adults referring to themselves20. Adults 
(18 years and older) were randomly chosen from all present adults at the moment of visiting the 
selected households. 

Data collection

A structured individual questionnaire was developed containing pre-coded and open questions 
on socio-demographic details, knowledge of dengue symptoms and transmission, and risk 
perception. Data on socio-economic variables and preventive practices were collected from a 
household questionnaire which was applied as part of the annual survey of the overarching cohort 
study. The questionnaires were prepared in English, translated to Spanish, pre-tested and adapted 
in a pilot study.  Data on socio-demographic characteristics included age, place of residence 
(neighborhood), educational level, occupation and religion.  

To assess the level of familiarity with dengue, individuals were asked if they had heard about 
dengue and from which source. In addition, people were asked if they or, if applicable, their child 
had a dengue infection in the past. To measure the general dengue knowledge of the community, 
people were asked about dengue transmission routes and symptoms in open questions. Answers 
were used to calculate a knowledge score, by adding the number of dengue symptoms that 
the individual correctly mentioned. Symptoms marked as correct included fever, headache, eye 
pain, body pain, red face/rash, muscle pain, abdominal pain, vomiting, diarrhea, malaise, nausea, 
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bleeding, itching, sore throat, dizziness and fainting. In addition, one point was added if the 
individual mentioned the correct transmission mode (‘the bite of a mosquito’ or similar utterances).

We assessed the perceived severity of dengue in the community by asking people if they thought 
someone can die when infected with dengue. In addition, people were asked whether or not they 
felt at risk of acquiring dengue, and why. Questions about risk perception referred to a child when 
a parent/guardian was interviewed, and to the individual in question when it concerned the adult 
questionnaire.    

To gain insight in the use of personal protection against dengue in the community, people were 
presented with a list of possible mosquito-bite preventive practices at household level. Individuals 
were asked which of the following preventive measures were used in their household: door and 
window screens, mosquito nets, spraying of insecticides indoors, application of repelling creams or 
oils on the skin, mosquito repelling plants, mosquito repelling oils and herbal infusions. Additional 
preventive methods mentioned spontaneously by the interviewees were recorded under “other” 
and later classified accordingly. A score was developed by counting the number of reported 
preventive measures (Table 1) per household, assigning one point per measure mentioned.  
To obtain an estimate of the degree to which mosquito larvae control measures were taken at 
household level, we examined the indoor and outdoor areas of the residence for the presence of 
potential Aedes breeding sites. Samples of larvae and/or pupae were collected from every breeding 
site available (natural or artificial) in the household and were transported to the laboratory for 
further taxonomic identification.21-23 

Table 1. Number of preventive measures and number of mosquito breeding sites per household.

#
Preventive measures 

takena (n=91)
Mosquito breeding 

sitesb (n=72)

n (%) n (%)

0 17 (18.7) 31 (43.1)

1 34 (37.4) 14 (19.4)

2 16 (17.6) 14 (19.4)

3 16 (17.6) 5 (6.9)

4 4 (4.4) 7 (9.7)

5 4 (4.4) 1 (1.4)
aHouseholds with information on preventive practices. bHouseholds searched for breeding sites. 

Data analysis

Information collected in the questionnaires was entered into a database using the Epi Info (Epi 
InfoTM, version 3.5.4) software. Data was checked for consistency and analyzed anonymously 
using SPSS (SPSS Inc., version 20.0, Chicago, Illinois). Differences in proportions were analyzed 
with Pearson’s Chi-squared test or Fisher’s exact test if appropriate. Continuous variables were 
analyzed using the Student’s t-test if data was normally distributed (in that case the mean and 
standard deviation (SD) were provided), otherwise using the Mann-Whitney U test accompanied 
with median and quartiles (Q1, median, Q3). Associations between continuous variables were 
assessed using the Pearson correlation or the Spearman’s rank correlation coefficient. Socio-
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economic data was analyzed using principal component analysis24,25 to obtain a relative measure 
of socio-economic status. Based on these data, individuals were divided into groups with a low, 
average and high socio-economic status.20 Binary logistic regression analyses were performed 
to examine the effects of several variables on the ‘number of preventive practices’ and ‘presence 
(or not) of mosquito breeding sites’, respectively. Variables with an association of p<0.20 in the 
univariate analyses were included in the multivariate regression analyses. Variables were stepwise 
backward removed until only significant variables (selected using univariate analyses) remained. A 
dichotomized variable was used (cut-off point: median) when analyzing preventive practices in the 
binary logistic regression analyses.

Ethical statement

The study was approved by the Ethics Review Committee of the Biomedical Research Institute, 
Carabobo University (Aval Bioetico #CBIIB(UC)-014), Maracay, Venezuela; the Ethics, Bioethics 
and Biodiversity Committee (CEBioBio) of the National Foundation for Science, Technology and 
Innovation (FONACIT) of the Ministry of Science, Technology and Innovation, Caracas, Venezuela; 
and by the Regional Health authorities of Aragua State (CORPOSALUD Aragua). All participants 
signed a written informed consent at the start of the cohort study.

RESULTS 

In total, 105 individuals participated in this study. Of these, 54 individuals answered questions on risk 
perception and previous experiences of dengue referring to themselves (the adult questionnaire), 
and 51 respondents referred for these questions to their child (the child questionnaire). In addition, 
92 socio-economic questionnaires were applied. The socio-demographic characteristics of the 
study population are fully described in a previous study.20  Briefly, most of the respondents were 
women (n=91, 86.7%), and the median age was 36 years (IQR: 25 – 53 years). More than 80% of the 
people had a secondary school or higher level of education. Half of all respondents were housewives 
or domestic workers (n=52, 49.5%). Most individuals lived in the neighborhood Candelaria (n=72, 
68.6%), followed by Caña de Azúcar (n=22, 21.0%) and Cooperativa (n=11, 10.5%). Seventy six 
socio-economic questionnaires provided information about the household’s monthly income 
resulting in a median of VEF 7500, with an IQR of VEF 5000-10000 (Minimum wages at the time of 
the study ranged between VEF 2703 - VEF 3270).

Community dengue knowledge and past dengue infection

Almost all people had heard of dengue (n=103, 98.1%), the reported information sources are listed 
in Table 2. Participants mentioned up to six different sources of information (mean= 2.5; SD=1.1). 
More than 30% (n=33, 31.4%) referred that they or their child had had dengue in the past. 

The majority of respondents knew dengue is transmitted by the bite of a mosquito (n=100, 95.2%). 
Eight people (7.6%) responded that stagnant water was the source of dengue infections and one 
(1.0%) thought that dengue could be transmitted by kissing an infected person.  With respect to 
the knowledge of dengue symptoms, almost all individuals (97.1%, n= 102) referred to fever as a 
symptom of dengue. Symptoms mentioned by the interviewees are listed in Table 2. Participants 
mentioned up to eight different, correct dengue symptoms (mean: 3.9, SD: 1.7). People achieved 
a mean knowledge score of 4.8 (SD: 1.8) based on their responses to the questions about dengue 
symptoms and transmission routes. We explored the attitudes and socio-demographic factors 
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influencing the knowledge score. Individuals professing a religion (Catholics and other Christians) 
had a higher mean knowledge score (mean=4.9; SD=1.7) than non-religious individuals (mean=2.7; 
SD=1.6; p=0.002). Income was negatively associated with knowledge. People with a lower monthly 
income (<VEF 7000) had on average more knowledge of dengue symptoms and transmission than 
those with a higher income (mean =5.3 vs. 4.3, respectively; p=0.013). Feeling at risk of dengue was 
associated with knowledge (feeling at risk: n=73, mean knowledge score=5.2; SD 1.8 versus not 
feeling at risk: n=30, mean knowledge score=3.7; SD 1.4; p<0.001). People that reported a previous 
dengue infection had more knowledge about dengue (n=33, mean knowledge score=5.5; SD=1.8) 
than people without this experience (n=69, mean knowledge score=4.5; SD=1.7; p=0.010). The 
dengue knowledge score was in turn found to be correlated with the reported number of different 
dengue information sources (Pearson correlation: r=0.247, p=0.011). The other KAP and socio-
demographic characteristics: sex, age, education, occupation, neighborhood and socio-economic 
status, were not significantly associated with dengue knowledge. 

Table 2. Dengue information sources and knowledge on dengue symptoms

Responses on question: Where did you hear about dengue? (n=105)

n (%a) n (%a)

TV 59 (56.2) Radio 11 (10.5)

Health center 46 (43.8) Dengue project 5 (4.8)

Friends/family/neighbors 35 (33.3) Leaflets 5 (4.8)

School/University 34 (32.4) Internet 4 (3.8)

Newspaper 32 (30.5) Otherb 7 (6.7)

Campaigns from the regional 
Ministry of Health

29 (27.6)

Responses on question:  What are the symptoms of dengue?  (n=105)

N (%a) n (%a)

Fever 102 (97.1) Nausea 7 (6.7)

Headache 60 (57.1) Abdominal painc 7 (6.7)

Malaise 41 (39.0) Sneezing/ coughingd 6 (5.7)

Muscle pain 36 (34.3) Sore throat 3 (2.9)

Red face / rash 35 (33.3) Running nosed 3 (2.9)

Vomitingc 31 (29.5) Itching 3 (2.9)

Body pain 24 (22.9) Dizziness 2 (1.9)

Bleedingc 19 (18.1) Fainting 1 (1.0)

Diarrhea 19 (18.1) Othere 6 (5.7)

Eye pain 13 (12.4)
a The percentage corresponds to the number of individuals that mentioned each dengue information source/
symptom. Because most individuals mentioned more than one dengue information source/symptom, the total does 
not add up to 100%. bOther: work, mass media, pharmacy, (personal) experience; c Dengue warning symptoms for 
developing severe dengue; d Not symptoms of dengue (not included in knowledge score); e Low platelets, red eyes, 
flu, heavy eyes, weight loss (all not included in knowledge score)
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Community perceptions of risk and severity  

Almost all participants (n=102; 98.1%) thought a dengue infection is potentially deadly and more 
than 70% (70.9; n=73) of the participants thought they themselves were, or that their child was, 
at risk of contracting dengue. The reasons for people (not) to feel at risk of contracting dengue 
are listed in Table 3. Interestingly, for seven out of twelve people (58.3%) who stated not to feel at 
risk of dengue because there were no breeding sites in and around their households, one or more 
breeding sites were found.   

Table 3. Reasons for (not) feeling at risk for a dengue infection

Reasons for feeling at risk Total n=73 Reasons for not feeling at risk Total n=30

N (%a) n (%a)

Mosquitoes in the household 46 (63.0) No (uncovered/stagnant) water 
around 10 (33.3)

Presence of stagnant/stored 
water 27 (37.0) We protect ourselves against mos-

quitoes 9 (30.0)

Dengue cases in the vicinity 21 (28.8) No rubbish nearbyb 9 (30.0)

Mountains/hills nearby 14 (19.2) No dengue cases nearby 7 (23.3)

Rubbish nearbyb 14 (19.2) No mosquitoes in the household 6 (20.0)

Rain 5 (6.8) No breeding sites around 6 (20.0)

Canal/River nearby 5 (6.8) Otherc 4 (13.3)

Otherb 15 (20.5)
a Proportions within the population who felt (n=73)/ did not feel (n=30) at risk of dengue. 
b Rubbish was perceived as a risk factor for dengue, because mosquitoes might breed in rain water that accumulates 
in e.g. plastic bottles, cups,  or any concave surface that can hold water; c ‘there are mosquitoes at school’, ‘presence 
of dark places’, ‘the necessary measures to fight dengue are not being taken’, ‘children are not bothered by mosquitoes’, 
‘dengue is in the environment’ ; d ‘I am immune to dengue’, ‘I scare mosquitoes’, ‘There are no mountains near’ and ‘I don’t 
have a garden’

Preventive practices against mosquito bites

In 74 (81.3%) out of the 91 households where data on preventive practices was collected, people 
reported to employ at least one measure to avoid contact with mosquitos. Up to five preventive 
measures (median=1; IQR: 1-3) were reported per household (Table 1) and these are presented 
in Table 4. The most frequently mentioned preventive measure was the application of personal 
repellents followed by the use of spray insecticides within the house, the use of a fan, using mosquito 
nets and repellent tablets or insecticide coils.  Although almost 70% (n=62) of the households had 
an air conditioner (mainly in the sleeping rooms), only individuals from 6 households reported this 
as a preventive method against mosquito bites. Plants or other natural elements, such as plant 
or animal oils/herbal infusions, to repel mosquitoes, were reported to be used in eight (8.8 %) 
households.
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Table 4 Measures mentioned by individuals to avoid mosquito-man contact

Measure (households: n=91) n           (%a)

Repellents 44 (48.4)

Insecticides 39 (42.9)

Fan 11 (12.1)

Mosquito nets 11 (12.1)

Mosquito repellent tablets/coil 11 (12.1)

Burning cardboard 7 (7.7)

Air conditioning 6 (6.6)

Door and window screens 5 (5.5)

Repelling plants 5 (5.5)

Herbal infusions/ Repelling oils 3 (3.3)

Otherb 8 (8.8)
a The percentage corresponds to the number of households mentioning the use of the preventive 
measure. Since more than one answer was possible, the total does not add up to 100%.

b Mosquito annihilation lamps; electric racquets; incense; close doors; ‘we lock ourselves in the 
house’. 

Aedes mosquito breeding sites

Seventy-two households in Caña de Azucar and Candelaria were searched in- and outdoors for 
Ae. aegypti or Ae. albopictus breeding sites. In these households, up to five mosquito breeding 
sites were found (median: 1; IQR: 0-2) (Table 1). Breeding sites were identified in 41 (56.9%) of the 
households, and in almost all of these (n=39; 95.1%) at least one of the breeding sites was positive 
for Aedes spp. larvae or pupae. Overall, there were 90 breeding sites found in the 72 households 
(Table 1). Most of these (n=78; 86.7%) were found outdoors (garden, patios) while twelve (13.3%) 
were identified indoors. Sources of mosquito breeding sites found are listed in Figure 1. Almost all 
(93.3%) of the breeding sites were positive for Ae. aegypti or Ae. albopictus larvae and/or pupae. 
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Figure 1. Sources for mosquito breeding sites found . Proportion of breeding sites out of the total 
sample size (n=90). Other breeding sites included: discarded toilet; gutter; puddle, ponds.

Factors related to preventive practices and presence of mosquito breeding sites

Preventive measures taken by people in the community to avoid mosquito-man contact, and 
presence of mosquito breeding sites at participant premises were tested for their relation with 
general characteristics, dengue risk perception and dengue knowledge of the study population 
using univariate analyses (Table 5). A higher knowledge score (p=0.020) and a previous dengue 
infection (p=0.030) were associated with preventive practices (Table 5). Because the variable of 
‘preventive practices’ was not suitable for a linear logistic regression – the residuals did not show 
a normal distribution – this variable was dichotomized based on the median. The individuals 
performing a lower number of preventive practices (0 or 1 preventive practices; n=51) were 
compared with the individuals performing a higher number of preventive practices (2 or more; 
n=40). The final model of the binary logistic regression of the preventive practices showed no 
significant associations with the knowledge score (OR=1.17; 95%CI: 0.91-1.50; p=0.229) or with a 
previous dengue infection (OR=1.83; 95%CI: 0.72-4.70; p=0.207). No variables were (independently) 
associated with the presence of mosquito breeding sites. The significant results of the univariate 
analyses of determinants for knowledge and preventive practices were visualized in a KAP-
framework in Figure 2.
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Table 5. Univariate analyses of preventive practices and presence of mosquito breeding sites

aStatistical tests were performed using a standardized variable. P-values were derived from (1) a comparison of mean 
preventive practices taken, using bKruskal-Wallis test or cMann-Whitney U test or (2) a correlation with the amount of 
preventive practices taken, using a dSpearman’s Rho; eP-values were derived from (1) the comparison of proportions/means 
between presence of mosquito breeding sites or not, using a  fChi-square test or gFisher’s exact test or hStudent’s t-test. iOne 
person was illiterate; jOne person was a Jehovah’s witness; kMinimum wages at the time of the study ranged between VEF 
2703 - VEF 3270;  lRange knowledge score: 1-9 correct answers;
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Figure 2. Factors related to knowledge and preventive practices. This model was drafted based on 
the KAP framework. Associations with P ≤ 0.05 are displayed. All relations are positive relations, based 
on univariate analyses where either ‘knowledge’ or ‘preventive practices’ were considered to be the 
dependent variables. If an arrow has two arrowheads, we assumed that causality could go either way.

DISCUSSION

In an effort to elucidate the determinants of community behavior in relation to mosquito 
preventive practices, we performed a cross-sectional KAP survey in three neighborhoods in 
Maracay City, Aragua State, Venezuela. We found that although one or more preventive practices 
against mosquito bites were reported in 80% of the households, almost 60% of these had potential 
mosquito breeding sites in their premises with most of them positive for Aedes larvae or pupae. 
A higher knowledge on dengue transmission and symptoms and having had a previous dengue 
infection were associated with performing a higher number of preventive practices, based on 
univariate analyses.

The use of preventive measures was widespread in the community with four out of five households 
reporting at least one method to avoid contact with mosquitos. Repellents and insecticide sprays 
were the most popular among the different anti-mosquito methods reported, in agreement with a 
study  in Jamaica26 and Puerto Rico.27 Contrary to our results, studies in Sri Lanka28, Pakistan29 and 
Laos30 found that mosquito nets were a popular method of protection against dengue. However, 
this may not always be effective since mosquito nets are used at night whereas Ae. aegypti  feeds at 
daytime.28 Interestingly, not all preventive measures were recognized as such by the interviewees: 
even though almost every household had an air conditioning in one or more of the rooms, only a 
few stated that staying in the room with air conditioning was a way to avoid mosquito bites. 

Despite that interviewees seemed to put effort in protecting themselves against dengue, more 
than half of the examined households contained potential Aedes spp. breeding sites. This suggests 
that community awareness of the importance of identifying and eliminating breeding sites within 
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their houses (indoors) and gardens/patios (outdoors) may not be high.  No associations were found 
between the number or presence of Aedes breeding sites in people’s households and any of the 
variables studied. Several previous studies found an association between presence of mosquito 
breeding sites and dengue knowledge31,32, while others found no association, like the present 
study.33 It should be noted that the studies differ in their ways of determining knowledge on 
dengue and the methods used to explore the relation between knowledge and practices.34  

Several barriers for mosquito breeding site elimination have been identified among which are 
misconceptions about dengue, invisibility of dengue compared to other (chronic) diseases and 
the lack of acceptance of responsibility for dengue prevention.27 Others found that a lack of self-
efficacy, lack of perceived benefit and a low or unsure perceived susceptibility play a role as barriers 
for dengue larvae control.35 Interviewees who stated to feel at risk because they are convinced that 
the mosquitos come from mountains, hills, rivers or canals nearby (see Table 3), might not see the 
benefit of removing breeding sites from their premises.  The same accounts for those expressing a 
low perceived susceptibility (‘I am immune to dengue’, ‘I scare mosquitos’, see Table 3). In Puerto Rico 
it was found that although most people recognized the need to eliminate breeding sites, some 
perceived it as a useless effort since mosquitos are always present. Instead they used repellents, 
insecticides and screens to protect themselves from dengue.27 In our study, mosquito breeding 
sites were mainly found outdoors with the most frequent being small plastic or metal containers 
and buckets or containers from 10-20L (see Figure 1). Living in a dwelling where water was stored, 
long-lasting deficits in public services such as frequent and prolonged interruptions in water 
supply and electricity, and irregular garbage collection have been associated with higher dengue 
incidence and persistence in Maracay.18,36 Shortage of piped-water supply has worsened in 
recent years in Venezuela, prompting people to store water intradomiciliary maintaining adequate 
breeding conditions for dengue vectors during the dry season and throughout the year.17,18,36,37 
The relationship between irregular water supply, water storage in the community and an increase 
in Ae. aegypti habitats has been described before.38-40

Almost everyone had heard of dengue through on average two different sources. Television and 
information received at health centers were, next to word-of-mouth, the most frequently reported 
dengue information fonts, in agreement with a study in Laos.30 Information received via television 
was also found to be the most prominent source in studies in Jamaica and Sri Lanka28,41, suggesting 
this medium is well suited for informing communities about dengue. Media coverage is important 
to inform the community about dengue prevention. In a focus group study on dengue in Puerto 
Rico, women defined the concept of an “important problem” as a situation that is presented in the 
newspapers and on television news programs. Limited presence in the media might cause people 
to minimize the importance of the disease and its prevention.27  

With regard to the individual’s risk perception of the disease, almost everyone was aware of the 
potential lethality of a dengue infection and the majority (70%) of the people felt that they or 
their child were at risk of acquiring dengue. Apart from risk perception, we attempted to measure 
people’s general dengue knowledge by assessing both knowledge about dengue transmission as 
well as dengue symptoms. The results point out that the interviewees had an average knowledge 
about dengue symptoms but a good understanding about its transmission route. Almost everyone 
knew dengue is transmitted by mosquitos. A few people additionally mentioned that dengue is 
transmitted by stagnant water however, it is likely that in general this was meant as a source of 
mosquitoes rather than the actual source of infection. The good understanding about dengue 
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transmission and the potential risk of infection originated by breeding sites is also reflected in the 
reasons people gave for (not) feeling at risk, such as the alleged absence or presence of uncovered 
stored water in the vicinity. As for the symptoms of dengue, people were able to name on average 
four correct symptoms and almost everyone mentioned the most important symptom of dengue, 
which is fever. Similar levels of dengue knowledge were found in Costa Rica and Cuba.34,42 
However, studies in Jamaica found a much lower symptom knowledge level.41,42 These differences 
and similarities might be explained by variations in dengue endemicity in other geographical areas 
and/or the nature and frequency of national dengue campaigns.

Thus, even though the majority of individuals had heard of dengue and felt at risk, and had a good 
knowledge of dengue transmission and of the risk factors involved, more than half of the examined 
households contained mosquito breeding sites.  This suggests that dengue prevention in Maracay, 
Venezuela is predominantly focused towards avoiding mosquito bites rather than elimination of 
their breeding sites.  In our study, the number of preventive practices related to personal protection 
against mosquitos were associated with a higher level of dengue knowledge, suggesting that a 
gain in knowledge might lead to changing practices. Similar results were found in Laos30 and 
Puerto Rico43, but not in Thailand.32 

Preventive practices were also associated with a previous dengue infection. Concomitantly, we 
found a positive relation between a past dengue episode and dengue knowledge (Figure 2). Other 
studies provide possible explanations for these interrelations. Firstly, people with a previous dengue 
episode might be more inclined towards seeking information about the disease and its prevention, 
as was suggested in a study in Pakistan.44 Secondly, in Costa Rica people with a previous dengue 
infection perceived preventive practices as more important.42 In the same study, interviewees 
considered that education and having had a previous dengue infection were the most effective 
ways to convince others to perform more preventive practices.42  

In our study, we found no association between dengue risk perception and the number of preventive 
practices reported, contrary to a study in Cuba.34 The positive relationship between knowledge 
about dengue and risk perception was previously described in Cuba too.34 In Venezuela, there is 
a high awareness about dengue given the current perennial transmission and the co-circulation 
of the four dengue serotypes, which increases the incidence of severe disease.4 Notwithstanding, 
people tend to expect the Ministry of Health and the government to take actions with respect 
to the elimination of mosquito breeding sites and protective measures against dengue such as 
insecticide fogging of the community.45 Similar attitudes are reported in other countries such as 
Cuba46, Yemen47, Curaçao48, Pakistan29 and Puerto Rico.27 

Due to anti-governmental protests in early 2014 in Venezuela17-19, we were not able to carry out all 
the 260 intended interviews, resulting in a smaller sample size of 105. This reduced the possibility of 
detecting associations that are small or moderate in magnitude. The variable measuring preventive 
practices was not suitable for a linear logistic regression. We therefore decided to perform a 
binary regression with a dichotomized variable. This probably reduced the statistical power and 
could be the reason for not finding independent significant relations in the multivariate analyses. 
Furthermore, the interviewed individuals were mainly women which may have implications for 
the generalizability of our results to the whole population in Maracay. However, it is important 
here to note that in Venezuela mainly women take the responsibility for running the household 
or are actually the household heads, therefore, we assume that they are the main decision-makers 
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with regard to dengue prevention and health care in general. We therefore believe that the results 
of this study are representative of the population of Maracay city, and to a lesser extent also of 
other urban areas of Venezuela. A strength of the study was that the interviews were conducted 
in people’s own homes, providing a safe and familiar environment. Due to the overarching cohort 
study, there was a large amount of data available from the sample used in this particular study, 
which was used to interpret the results. In  the cohort study, spatial analyzes were performed to 
reveal hotspots of dengue transmission.49 The proposed vector control policies can be optimized 
if these are implemented using this geographic information system (GIS) based study site map 
49 Therefore we believe that our study offers valuable insights in the knowledge, attitude and 
practices regarding dengue in this community. 

Clarifying determinants of dengue related practices provides input for developing effective 
community mobilization and communication strategies to promote behavioral change as part of 
routine vector control programming.50 Further research has to identify communities’ knowledge 
on the vector and prevention of dengue, and how this knowledge is put into practice. In addition, 
possible barriers for elimination of potential mosquito breeding sites in this community should be 
identified. This would be valuable in the process of designing evidence-based programs to achieve 
community involvement in the combat against dengue in Venezuela and possibly other similar 
populations in Latin America. 
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ABSTRACT

Dengue is currently the fastest spreading viral vector-borne disease in the world. Dengue viruses 
(DENV) can cause asymptomatic infections while the clinical presentation may vary from mild to 
the difficult to manage severe forms of the disease. However, the acute phase of dengue begins 
with fever and non-specific symptoms that are frequently indistinguishable from the initial phase 
of other febrile illnesses (OFI). Although the WHO proposes a case definition, variability in clinical 
presentation complicates diagnosis and several countries lack resources for laboratory testing. 
Therefore, a reliable and clinically useful tool for early diagnosis is desirable. This may substantially 
decrease fatalities due to timely treatment and avoid overburdening of the health system owing to 
misdiagnosis. The purpose of this study was to identify parameters that could differentiate dengue 
from OFI at the early stage of the disease (≤72h from fever onset) and to design a decision-tree 
algorithm using clinical features and routine laboratory tests. Data was derived from a three-
year health centre-based cohort study that was established in a dengue hyperendemic city in 
Venezuela. We constructed a diagnostic algorithm using white blood cells (WBC) count, rash, mean 
corpuscular haemoglobin (MCH) levels and haemorrhagic manifestations in sequential order that 
distinguished dengue from OFI with a sensitivity of 88% and a specificity of 63%. To our knowledge, 
this is the first decision tree algorithm designed with data from the Americas. Multivariate analysis 
determined that the presence of rash, haemorrhagic manifestations and a decrease of platelet 
counts, WBC count and MCH were independently associated with dengue during the first 3 days 
of the disease. On the other hand, during days 4-7 of the disease, body temperature <39°C, the 
presence of rash, haemorrhagic manifestations and a decrease of platelet counts and WBC count 
were independently associated with dengue cases. Finally, a decrease of cholesterol and an increase 
of albumin were the two biochemical parameters independently associated with dengue at the 
early phase of the illness. The proposed diagnostic algorithm may be a useful instrument to help 
clinicians in the early identification of dengue patients and install adequate and prompt treatment.
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INTRODUCTION

Dengue fever has become the most important viral vector-borne disease of the tropical and 
subtropical areas of the world (Gubler, 2011a). The average number of dengue cases reported by 
the World Health Organization (WHO) has increased considerably in the past decades (Guzman 
et al., 2010). Dengue has also expanded to new areas, autochthonous transmission was recently 
reported in European countries including France, Croatia and Portugal (Tomasello & Schlagenhauf, 
2013).  Cartographic studies have estimated the number of dengue infections that occur annually 
to be as high as 390 million worldwide (Bhatt et al., 2013). There are four distinct serotypes of 
dengue virus (DENV 1-4) (Gould & Solomon, 2008), each of them capable of causing the clinical 
spectrum of the disease (Gibbons & Vaughn, 2002).

The majority of DENV infections are considered to be asymptomatic or inapparent (Kyle and Harris, 
2008) while symptomatic infections present with a wide range of clinical manifestations. According 
to the recent WHO classification, these vary from dengue without or with warning signs to severe 
dengue (defined as severe plasma leakage, severe bleeding or severe organ involvement) (WHO, 
2009). Death can occur when severe cases are not timely and appropriately treated (WHO, 2009). 
To date there are not antiviral treatment modalities for dengue and vaccines are still under study 
(Murray et al., 2013; Thomas & Rothman, 2015). Nevertheless, an early treatment intervention can 
reduce the case fatality from 20% to 1% or less (Guzman et al., 2010, WHO, 2009, Stepherson, 2005). 
This includes carefully monitoring the patient during the first 24-48h after the fever recedes (critical 
phase) to guard against the appearance of warning signs for severe dengue.

 At the onset of the disease, the patient presents with non-specific symptoms such as fever, 
headache, myalgia, arthralgia, retro-ocular pain, nausea, vomiting and rash. These symptoms 
can be easily confused with other febrile illnesses (OFI) such as influenza, leptospirosis, malaria, 
rickettsiosis, typhoid fever, chikungunya or zika, among others (Ellis et al., 2006; Caglioti et al., 
2013; Hasltead 1997, Musso et al., 2015, WHO, 2014). Indeed, suspected dengue patients clinically 
diagnosed during the acute phase present low concordance with laboratory-confirmed cases in 
the American countries (Martinez-Vega et al., 2006, Balmaseda et al., 2006) leading to unnecessary 
hospitalizations. In most countries, serology is the most common laboratory investigation used 
to diagnose dengue, but results are obtained after the acute stage of the disease (Schwartz, et 
al., 2000) and frequently when the patient has been already discharged. Molecular techniques are 
suitable for early DENV detection however, they are expensive and not available at primary health 
care services (Ramos et al., 2009). 

Currently, there are not accepted guidelines for the early recognition of a dengue infection 
(Ho et al., 2013). To avoid fatalities and overburdening of health centers due to misdiagnosis, it 
becomes imperative to develop an algorithm to be used by medical personnel to identify dengue 
patients early in the disease course. The purpose of this study was to ascertain parameters that 
could differentiate dengue from OFI at the early stage of the disease (≤72h from fever onset) and 
to design a decision-tree algorithm using clinical features and routine laboratory tests. Data was 
derived from a three-year health centre-based cohort study that was established in a dengue 
hyperendemic city in Venezuela. We also present multivariate analyses that identified parameters 
that discriminate dengue from OFI before and after day 3 from fever onset. 
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MATERIALS AND METHODS 

Study site

Maracay is the capital of Aragua state and is located in the north-central region of Venezuela. It 
is the fourth largest city of the country with approximately 1 million inhabitants and has become 
highly endemic for dengue transmission and dengue haemorrhagic fever epidemics (Barrera et 
al., 2002; Comach et al., 2009). Three public primary health centres (HCs) located in areas with a 
history of high dengue incidence (Barrera et al., 2000), availability of 24h emergency service and 
laboratory facilities were selected for the study. The HCs “Unidad de Emergencia la Candelaria” and 
the “Instituto Venezolano de los Seguros Sociales (IVSS) El Limón” are located in the north-west area 
of Maracay (Mario Briceño Iragorry municipality), while the “Ambulatorio del Norte” is situate north-
easterly (Girardot municipality). The “Hospital Central de Maracay” is a tertiary level hospital where 
patients with severe manifestations of dengue were referred for hospitalization. This hospital 
covers the whole of Maracay city’s population.

Study design

A health centre-based prospective observational cohort study was established in Maracay, Aragua 
state, Venezuela, to identify clinical and laboratory parameters to differentiate dengue from OFI at 
an early phase of the disease. 

Data collection

Our study was conducted between October 2010 and December 2013. Patients of all ages, 
presenting at the HCs within a maximum of 72 hours after fever onset with clinical signs and 
symptoms suggesting a dengue infection (WHO, 2009) or without any signs of a localised infection 
were identified by trained medical doctors and study nurses. The patient was physically evaluated 
by the treating physician together with the study nurse and enrolled in the study after signing 
an informed consent/assent form. A blood sample was taken on presentation to perform dengue 
diagnosis by Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) (Lanciotti et al., 1992). 
The patient was asked to return daily for medical monitoring and evaluation until he/she was 
afebrile for 48 hours, and again at 21-30 days after fever onset for a follow-up visit. Blood samples 
to perform total blood count and blood biochemistry were obtained at presentation and at 24h, 
48h and 72h during the febrile phase, 48h post-febrile and at 21-30 days (convalescent sample). If 
the patient was hospitalised by the treating physician, study medical personnel obtained two extra 
blood samples on alternate days and continued the monitoring until discharge. A modified IgM 
antibody-capture enzyme-linked immunosorbent assay (MAC-ELISA) (Camacho et al., 2003) was 
performed on blood samples taken on the second to fourth day of the visit to the HC and during 
the convalescence visit.

On presentation, demographic, epidemiological, and clinical data were documented in a structured 
follow-up questionnaire. Demographic data included: the date of birth, sex, address of household 
and place of study or job. Epidemiological data included the history of past dengue infections, 
hospitalisation due to dengue disease and recent travel history. The presence of diseases and/
or treatment that could influence dengue evolution such as diabetes, hypertension, asthma, 
hepatitis, lupus, sickle cell anaemia or neoplasia (Figueiredo et al., 2010; Yakoob et al., 2009; 
Parkash et al.,2010; Moesker et al., 2013) was recorded. Recall bias related to the recollection of 
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past dengue infections was probably small as the awareness on dengue in the population is high. 
Information on clinical findings, laboratory tests, complementary tests and received treatment 
were documented daily in the follow-up questionnaire. Laboratory data included daily full blood 
counts and blood biochemistry: urea, creatinine, triglycerides, cholesterol, hepatic transaminases, 
pancreatic amylase, total proteins, albumin, globulins, total and fractionated bilirubin, alkaline 
phosphatase, lactate dehydrogenase (LDH) and creatine kinase (CK). Blood coagulation indicators 
(prothrombin and thrombin time) and other tests were performed when indicated by the treating 
physician.

Definitions  

Patients with dengue were defined as those with a positive single anti-dengue IgM or anti-
dengue IgM seroconversion and/or a positive RT-PCR test. Patients that fulfilled the inclusion 
criteria but who did not have a laboratory positive test for dengue were defined as OFI. The days 
of the disease were defined as follows: day 0 (<12h); day 1 (12-24h); day 2 (24-48h); and day 3 
(48-72h) after fever onset. The early phase of the disease comprised days 0 to 3. Age was divided 
in two groups: children (patients aged up to 14 years old) and adults (patients over 14 years of 
age). Haemorrhagic manifestations were defined as the presence of at least one of the following 
indicators: a positive tourniquet test, petechiae, epistaxis, gingivorrhagia, melena, bloody stools, 
haematuria, menorrhagia and/or haematemesis. A positive tourniquet test was defined as the 
presence of ≥ 10 petechiae within a diameter of 2 cm after inflating a blood pressure cuff to the midway pressure between the 

systolic and diastolic blood pressure for 3 min (Halsey et al., 2013).

Statistical analysis 

The outcome variable was defined as a laboratory confirmed dengue infection. Two separate 
analysis were performed, one for parameters differentiating dengue vs. OFI at the early stage of 
the illness (≤72h from fever onset) and one comprising days 4-7, or the late disease stage. Data was 
checked for consistency and analysed anonymously. The proportions of clinical signs and symptoms 
per day of illness were analysed using a chi-square test or Fisher’s exact test when applicable. For 
normally distributed quantitative data, means were compared using Student’s t-test, otherwise the 
Mann-Whitney U test was applied. Cut-off point values were calculated according to the means 
in normally distributed quantitative data and on data distribution for non-normally distributed 
data. Cut-off point values reported in the literature were also used. The slopes of continuous 
variables that were normally distributed were estimated for each participant by lineal regression 
analysis. These slopes were calculated at the early and late stages of the disease separately. Slopes 
of variables that equalled zero meant that there was no change in time for that particular variable. 
Data from the first three days of the disease and from 4 to 7 days were collapsed and analysed 
separately. Multivariate logistic regression analysis was used to identify parameters that were 
independently associated with a confirmed dengue infection. All variables found to approach 
significance (p ≤ 0.2) after adjusting for age group, considered as the main confounder, were fitted 
in a logistic regression model. Effect modification was analysed and resulting models compared 
by likelihood ratio test. Final multivariate models included the factors remaining significant (p ≤ 
0.05) after adjusting for all other factors in the model, and the factors which substantially changed 
the OR (>10%) of other variables. Data was analysed using SPSS (SPSS Inc., version 20.0, Chicago, 
Illinois) and STATA (version 11, College Station, TX) software. 

Decision tree algorithm: Parameters independently associated with dengue infection in the final 
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multivariate analysis at the early stage of the disease were used for the decision tree algorithm 
construction. Only cases without missing values were used in the analysis. Based on logistic 
regression models, variables with highest OR and smallest P-values were used for node decision. 
In case of high standard errors and confidence intervals due to small numbers in a branch of the 
tree, Fisher’s exact test was used for node decision. Nodes became end nodes if there were no 
significant variables left or cells with zero patients in the cross tabulation were present. Significance 
was determined at the 5% level.

Ethic statement

The study was approved by the Ethics Review Committee of the Biomedical Research Institute, 
Carabobo University (Aval Bioetico #CBIIB(UC)-014), Maracay, Venezuela, the Ethics, Bioethics 
and Biodiversity Committee (CEBioBio) of the National Foundation for Science, Technology and 
Innovation (FONACIT) of the Ministry of Science, Technology and Innovation, Caracas, Venezuela; 
and by the Regional Health authorities of Aragua State (CORPOSALUD Aragua). The study was 
conducted according to the principles expressed in the Declaration of Helsinki (WMA). All adult 
subjects provided written informed consent, and a parent or guardian of any child participant 
provided written informed consent on their behalf. Children between 8 and 17 years old provided 
written informed assent. All data was analysed anonymously.

RESULTS

General description of the study population.  

Between October 2010 and December 2013, 275 patients met the inclusion criteria and accepted to 
participate in the study. Data from 21 patients was excluded from the analysis as patients were lost 
to follow up. The mean age of the 254 participants included in the analysis was 19.2 years old (range 
11 months-74 years old). Within the total population, 111 (43.7%) were children (≤14 years old) and 
145 (57.1%) were male. Based on the diagnosis criteria described above (see materials and methods, 
section definitions), 112 (44.1%) patients were defined as having an acute dengue infection while 
142 were classified as presenting with an OFI at the moment of recruitment. According to the 1997 
World Health Organization (WHO) criteria (WHO, 1997), 101 (90.2%) participants were classified 
as presenting with dengue fever (DF) and 8 (7.3%) with dengue haemorrhagic fever (DHF), while 
68 (63%) patients were categorised as dengue without warning signs, 34 (31.5%) as dengue with 
warning signs and 6 (5.6%) as severe dengue according to the 2009 WHO criteria (WHO, 2009). The 
four dengue virus serotypes circulated during the study period with a predominance of DENV-
3 (33.0%) followed by DENV-1 (29.5%), DENV-2 (20.5%) and finally DENV-4 (17.0%). The serotype 
most frequently associated with severe cases was DENV-2: 5 out of 6 (83.3%) severe cases carried 
this serotype. DENV-1 was present in 21 out of 55 (38.2%) patients diagnosed with dengue without 
warning signs while DENV-3 was detected in 12 out of 27 (44.4%) cases of dengue with warning 
signs. 

General characteristics of patients with dengue and OFI. 

Approximately 71% of the patients were recruited between the second or third day after fever 
onset. Patients infected with dengue were younger than those with OFI (median age 14.5 years vs 
18.6 years old respectively; P=0.032) however, no gender differences were found. There was also no 
difference in the proportion of enrolled children and adults comparing dengue vs OFI. 
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Figure 1.- Daily frequencies of relevant signs and symptoms in dengue and OFI patients The scale 
of the Y-axis varies per sign/symptom accordingly. The days of the disease were defined as follows: day 
0 (<12h); day 1 (12-24h); day 2 (24-48h); day 3 (48-72h) and day 4 (72-96h) after fever onset. The number 
of individuals presenting the relevant sign/symptom by OFI and dengue is indicated in the figure under 
each day. The daily total sample size for all was: day 0, n=50; day 1, n=138; day 2, n=218; day 3, n=195; day 
4, n=130; day 5, n=82; day 6, n=55; day 7, n=30. *Chi-square test. **Fisher’s exact test.

Daily evolution of relevant clinical and haematological parameters in patients with dengue and 
OFI. 

The frequencies of relevant general signs and symptoms, haemorrhagic manifestations and 
selected haematological parameters in dengue and OFI patients from fever onset until day 7 of the 
illness are presented in Figures 1, 2 and 3 respectively. In general, during the whole 7 day period, a 
higher proportion of patients with dengue compared to those with OFI presented bodily pain, rash, 
nausea and vomiting (Figure 1). The same pattern was found for the presence of petechiae, positive 
tourniquet test and haemorrhagic manifestations, while sore throat was more predominant in 
OFI patients (Figure 2). The levels of platelet counts, white blood cells (WBC) counts and mean 
corpuscular haemoglobin (MCH) were lower in patients with dengue alongside a mild increase of 
haematocrit levels, mainly after day 5 (Figure 3). More than 50% of all patients referred bodily pain 
during the first 4 days of the disease, however a higher proportion of dengue patients (89.3%) than 
OFI (78.7%; P=0.025) ever presented this symptom during the whole 7-day period. The presence of 
rash in dengue patients increased steeply reaching a plateau on day 3 with significant differences 
between days 2-6, while those with OFI showed a low frequency (<20%). Finally, the presence of 
nausea was higher in dengue patients than OFI from day 2 while less than 25% of patients presented 
vomiting on a daily basis (Figure 1).
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Around 15-30% of dengue patients had haemorrhagic manifestations during the 7-day period. 
Haemorrhagic manifestations and, within them petechiae and a positive tourniquet test, were more 
frequent in dengue patients from the first or second day of the disease, but were not present in OFI 
patients after day 4. On the other hand, sore throat was significantly more frequent in patients with 
OFI especially on days 1-3 and on day 5 (P<0.05; Figure 2).  

Figure 2.- Daily frequencies of relevant haemorrhagic manifestations and sore throat in dengue 
and OFI patients. The scale of the Y-axis varies per sign/symptom accordingly. The days of the disease 
were defined as follows: day 0 (<12h); day 1 (12-24h); day 2 (24-48h); day 3 (48-72h) and day 4 (72-96h) 
after fever onset. The number of individuals presenting haemorrhagic manifestation and sore throat by 
OFI and dengue is indicated in the figure under each day. The daily total sample size for petechiae and 
sore throat was: day 0, n=50; day 1, n=138; day 2, n=218; day 3, n=195; day 4, n=130; day 5, n=82; day 6, 
n=55; day 7, n=30. The daily total sample size for haemorrhagic manifestation and positive tourniquet 
was: day 0, n=4; day 1, n=61; day 2=141; day 3=177; day 4, n=124; day 5, n=75; day 6, n=50; day 7, n=27. 
*chi-square test. **Fisher’s exact test.  

In general, a decrease in platelet count, WBC count and MCH levels with a concomitant increase of 
haematocrit levels were observed in patients with dengue (Figure 3). During the first 3 days of the 
disease, the overall mean platelet count of dengue patients (166 x 103 platelet/uL) was significantly 
lower and the 7-day daily levels decreased steeply over time (slope -1.47) in comparison with 
patients with OFI (mean=192 x 103 platelet/uL, P=0.002) where there was little change (slope 
-0.35; P=0.051). WBC decreased in both dengue and OFI patients however, dengue patients had 
significantly lower median WBC counts on days 2-4 of the illness as well as during the first 3 days 
of the disease taken as a whole (dengue= 3.60 x 103 cells/uL vs OFI= 4.88 x 103 cell/uL, P<0.001). 
Although no major changes in haematocrit levels seemed to occur until day 4 of evolution, 
a significant difference was found on days 5 and 6, along with differences in the slopes of this 
haematological parameter between patients with dengue (0.07) and OFI (-0.72) during the first 72 
hours (P=0.027). The mean MCH levels in patients with dengue (27.6 pg) were significantly lower 
than OFI (28.5 pg) during days 0-3 (P=0.015) with a significant difference on days 2 and 3 (Figure 3). 
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Figure 3.- Daily values of selected haematological parameters in dengue and OFI patients. 
The days of the disease were defined as follows: day 0 (<12h); day 1 (12-24h); day 2 (24-48h); day 3 
(48-72h) and day 4 (72-96h) after fever onset. The number of patients with dengue or OFI is placed 
daily under the days of the disease. Shaded boxes represent dengue, while empty boxes represent 
OFI. Middle line, median; upper and lower boundary of the box, 25-75% interquartile range (IQR); 
whiskers, range of value that are outside of the IQR but are close enough not to be considered 
outliers (≤1.5*IQR); empty circles, outliers (◦1.5*IQR); black circles extreme outliers. WBC = with 
blood cells; MCH= mean corpuscular haemoglobin. *P-value ≤0.05.

Biochemical parameters

The arithmetic and geometric means of the biochemical parameters observed during the first 
3 days of the disease in patients with dengue or OFI are presented in Figure 4. Dengue patients 
presented lower cholesterol (geometric mean 108.4 mg/dl) and globulin (mean 2.6 mg/dl) values 
than OFI patients (139.53 mg/dl and 2.97 mg/dl; P=0.002 and P=0.046, respectively). On the other 
hand, albumin (mean 4.01 mg/dl) and creatin kinase (mean 124.7 u/L) values were higher in patients 
with dengue than in those with OFI (3.61 mg/dl and 81.5 u/L; P=0.003 and P=0.012, respectively). 
Cholesterol and albumin were the only two parameters independently associated with dengue in 
multivariate analysis of biochemical variables. Patients with cholesterol levels <140 mg/dl were 8.1 
times more likely to have dengue than OFI (P=0.007) while those with albumin levels >3.6 mg/dl 
were 12.0 times more prone to have dengue than OFI (P=0.001). The association of cholesterol and 
albumin with dengue was independent of age, sex, WBC count (◦4000 cells/uL) or platelets (◦150 x 
103 platelet/uL) (data not shown).
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Figure 4.- Biochemical parameters in patients with dengue and other febrile illnesses at the 
early stage of the disease (≤ 72h after fever onset). **Geometric means. * P≤0.05. AST= aspartate 
aminotransferase , ALT= alanine aminotransferase, LDH= Lactate dehydrogenase. Right axis is used 
for creatinine, total bilirubin, direct bilirubin and indirect bilirubin. 

Clinical and haematological parameters that differentiate dengue from OFI at the early stage 
of the disease. 

A univariate analysis showing the proportions and odds ratios (ORs) adjusted by age group of 
clinical and haematological parameters in patients with dengue and OFI at the early stage of 
the disease (≤72h) are presented in Table 1 and 2. A temperature ≥ 39°C, rash, chills, petechiae, a 
positive tourniquet test and haemorrhagic manifestations were the clinical parameters significantly 
associated with dengue infection during the early stage of the illness. Conversely, presenting a sore 
throat was significantly associated with OFI (Table 1). Platelet count (◦150 x 103 platelet/uL), WBC 
count (◦4000 cells/uL), MCH (<29 pg) and an increase of haematocrit and haemoglobin levels were 
the haematological parameters associated with dengue at the early stage of the disease (Table 
2). Rash (OR=5.4) and haemorrhagic manifestations (OR=3.5) were the two strongest parameters 
associated with dengue. 
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Table 1. Clinical manifestations that differentiate dengue versus OFI at the early stage of the 
disease (n=254)

Total OFI Dengue OR* CI95 P-value

(n=142) (n=112)

N n (%) n (%)

Temperature (≥39°C) 240 87 (66.9) 89 (80.9) 2.1 1.2-3.9 0.014

Paleness 248 51 (37.5) 46 (41.1) 1.2 0.7-2.0 0.501

Anorexia 248 91 (66.9) 83 (74.1) 1.4 0.8-2.5 0.219

Rash 248 26 (19.1) 63 (56.2) 5.4 3.1-9.6 <0.001

Nausea 248 75 (55.1) 74 (66.1) 1.6 0.9-2.7 0.075

Headache 248 123 (90.4) 102 (91.1) 1.1 0.5-2.7 0.793

Retroocular pain 248 105 (77.2) 83 (74.1) 0.9 0.5-1.6 0.697

Bodily pain 248 106 (77.9) 95 (84.8) 1.8 0.9-3.5 0.100

Myalgia/Arthralgia 248 96 (70.6) 84 (75.0) 1.4 0.8-2.5 0.261

Chills 248 115 (84.6) 105 (93.8) 2.7 1.1-6.7 0.027

Petechiae 248 5 (3.7) 14 (12.5) 3.7 1.3-10.6 0.016

Gingivorrhagia 248 6 (4.4) 7 (6.2) 1.5 0.5-4.6 0.476

Epistaxis 248 2 (1.5) 5 (4.5) 3.0 0.6-16.0 0.191

Positive  Tourniquet 225 4 (3.3) 11 (10.8) 3.9 1.2-12.9 0.024

test

Haemorrhagic 229 15 (12.2) 34 (32.1) 3.5 1.8-7.0 <0.001

manifestations

Abdominal Pain 248 29 (21.3) 23 (20.5) 0.9 0.5-1.7 0.804

Hepatomegaly 248 2 (1.5) 1 (0.9) 0.6 0.1-6.3 0.642

Vomiting 248 42 (30.9) 46 (41.1) 1.5 0.9-2.6 0.116

Diarrhoea 248 29 (21.3) 18 (16.1) 0.7 0.4-1.4 0.299

Sore throat 248 56 (41.2) 31 (27.7) 0.6 0.3-0.9 0.033

Cough 248 50 (36.8) 36 (32.1) 0.8 0.5-1.3 0.385
Early stage of the disease was defined as ≤ 72h after fever onset. The symptoms refer to “presence of the symptom”. OFI= 
Other febrile illnesses; Haemorrhagic manifestations= presence of at least one of the following: positive tourniquet 
test, petechiae, epistaxis, gingivorrhagia, melena, bloody stools, haematuria, menorrhagia and/or haematemesis. 
Hepatomegaly was determined through physical examination and/or ultrasound. *OR adjusted by age group.

Among the haemorrhagic manifestations, patients with petechiae or with a positive tourniquet 
test were respectively 3.7 and 3.9 times more prone to have dengue than OFI (P=0.016; P=0.024) 
while those with a sore throat were 40% less likely (P=0.033). Patients with platelet counts ◦150 x 
103 platelet/uL were 2.8 times (P=0.001) and those with WBC counts ◦4000 cells/uL were 5.1 times 
more likely to have dengue than OFI (P◦0.001). A value equal to zero in the slopes of haematocrit, 
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haemoglobin and erythrocyte count means no change in the levels during the first 72 hours. 
Frequently, an increase of haematocrit and haemoglobin levels is an indication of plasma leakage 
(Kalayanarooj et al., 1997). A rise in haematocrit and haemoglobin levels increased the probability 
to have dengue by 2.6 and 2.9 times, respectively. Likewise, patients with MCH levels ◦29 pg as well 
as a mean corpuscular volume <85 fL were more than twice likely to have dengue than OFI. 

Table 2. Haematological parameters that differentiate dengue versus OFI at the early stage of the disease 
(n=254)

Total OFI Dengue OR* CI95 P-value

(n=142) (n=112)

N N (%) N (%)

Platelet count 212 24 (22.2) 45 (43.3) 2.8 1.5-5.2 0.001

(<150 x 103 platelets /uL)

Leukocyte 212 30 (27.8) 69 (66.3) 5.1 2.8-9.2 <0.001

(<4000 cells/uL)

Lymphocyte (>43%) 210 34 32.1 43 41.3 1.5 0.8-2.6 0.187

Haematocrit slope (>0) 145 21 (31.8) 44 (55.7) 2.6 1.3-5.2 0.007

Haemoglobin slope (>0) 141 19 (29.7) 44 (57.1) 2.9 1.4-5.9 0.003

Erythrocyte slope (>0) 90 14 (36.8) 28 (53.8) 1.8 0.8-4.4 0.169

MCH (<29 pg) 182 53 (55.2) 65 (75.6) 2.7 1.3-5.3 0.005

MCV (<85 fL) 178 18 (19.4) 27 (31.8) 2.0 0.9-4.2 0.060

MCHC (˂31 gr/dL) 200 84 (83.2) 88 (88.9) 1.7 0.7-3.8 0.220
Early stage of the disease was defined as ≤ 72h after fever onset. OFI= other febrile illnesses; MCH= mean corpuscular 
haemoglobin; MCV= mean corpuscular volume, MCHC= mean corpuscular haemoglobin concentration. Lymphocyte 
was measured as a proportion of the total leukocyte count. The slopes of haematocrit, haemoglobin and erythrocyte 
were calculated as a change in levels over the first 3 days of the illness. Slopes equal to 0 mean no changes of values. 
*OR adjusted by age group.

Clinical and haematological parameters that differentiate dengue from OFI during days 4-7 of 
the disease.  

Similar clinical parameters were found positively associated with dengue during this later 
phase of the evolution, with some showing a stronger association. Petechiae and haemorrhagic 
manifestations were 9 and 7 times (respectively) more likely to be presented by dengue patients 
than OFI. Contrary to the findings at the early stage, patients with temperatures ≥ 39 °C were 60% 
less likely to have dengue and those presenting cough were 50% more likely to have an OFI (Table 
3). Lower platelet and WBC counts were also strongly related with dengue at this later period (Table 
4). The smaller sample size of patients with OFI after day 4 possibly diminished the power of analysis 
in the case of the haematocrit, haemoglobin and erythrocyte slopes comparisons.
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Table 3.- Clinical manifestations that differentiate dengue versus OFI during 4-7 days of the 
disease  (n=166)

Total OFI Dengue OR* CI95 P-value

(n=63) (n=103)

n n (%) N (%)

Temperature (≥39°C) 154 10 (18.2) 7 (7.1) 0.4 0.1-0.9 0.048

Paleness 154 16 (29.1) 26 (26.3) 1.0 0.4-2.0 0.893

Anorexia 154 23 (41.8) 46 (46.5) 1.3 0.6-2.5 0.508

Rash 154 13 (23.6) 54 (54.5) 3.8 1.8-7.9 <0.001

Nausea 154 14 (25.5) 38 (38.4) 2.0 0.9-4.1 0.074

Headache 154 21 (38.2) 38 (38.4) 1.1 0.5-2.2 0.785

Retroocular pain 154 16 (29.1) 29 (29.3) 1.1 0.5-2.4 0.749

Bodily pain 154 25 (45.5) 47 (47.5) 1.2 0.6-2.4 0.609

Myalgia/Arthralgia 154 19 (34.5) 34 (34.3) 1.1 0.5-2.2 0.862

Chills 154 21 (38.2) 40 (40.4) 1.2 0.6-2.3 0.673

Petechiae 154 1 (1.8) 14 (14.1) 8.9 1.1-69.8 0.037

Gingivorrhagia 154 0 (0.0) 12 (12.1) - - -

Epistaxis 154 1 (1.8) 4 (4.0) 2.3 0.3-21.5 0.457

Positive Tourniquet 146 1 (2.0) 11 (11.6) 6.9 0.9-55.6 0.069

Test

Haemorrhagic 149 3 (5.8) 28 (28.9) 7.0 2.0-24.3 0.002

Manifestations

Abdominal Pain 154 8 (14.5) 14 (14.1) 1.0 0.4-2.5 0.936

Hepatomegaly 154 1 (1.8) 11 (11.1) 6.7 0.8-53.2 0.074

Vomiting 154 6 (10.9) 15 (15.2) 1.4 0.5-3.9 0.505

Diarrhoea 154 5 (9.1) 14 (14.1) 1.6 0.6-4.8 0.376

Sore throat 154 12 (21.8) 19 (19.2) 0.9 0.4-2.0 0.769

Cough 154 23 (41.8) 26 (26.3) 0.5 0.2-0.9 0.043
The symptoms refer to “presence of the symptom”. OFI= other febrile illnesses; Haemorrhagic manifestations= 
presence of at least one of the following: positive tourniquet test, petechiae, epistaxis, gingivorrhagia, melena, 
bloody stools, haematuria, menorrhagia and/or haematemesis. Hepatomegaly was determined through physical 
examination and/or ultrasound. *OR adjusted by age group.
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Table 4.- Haematological parameters that differentiate dengue versus OFI during 4-7 days of 
the disease  (n=166)

Total OFI Dengue OR* CI95 P-value

(n=63) (n=103)

n N (%) n (%)

Platelet count 133 10 (22.2) 56 (63.6) 6.8 2.9-15.9 <0.001

(<150 x 103 platelets /uL)

Leukocyte 133 13 (28.9) 62 (70.5) 5.9 2.7-13.0 <0.001

(<4000 cells/uL)

Lymphocyte (>43%) 132 24 (54.5) 53 (60.2) 1.3 0.6-2.7 0.528

Haematocrit slope (>0) 73 6 (46.2) 22 (36.7) 0.7 0.2-2.3 0.547

Haemoglobin slope (>0) 63 5 (45.5) 23 (44.2) 0.9 0.2-3.4 0.879

Erythrocyte slope (>0) 54 3 (60.0) 19 (38.8) 0.4 0.1-2.7 0.357

MCH (<29 pg) 108 25 (75.8) 57 (76.0) 1.0 0.4-2.8 0.930

MCV (<85 fL) 109 11 (32.4) 24 (32.0) 1.0 0.4-2.4 0.992

MCHC (˂31 gr/dL) 131 31 (70.5) 66 (75.9) 1.3 0.6-3.0 0.504
OFI= other febrile illnesses; MCH= mean corpuscular haemoglobin; MCV= mean corpuscular volume, MCHC= mean 
corpuscular haemoglobin concentration. Lymphocyte was measured as a proportion of the total leukocyte count. The 
slopes of haematocrit, haemoglobin and erythrocyte were calculated as a change in levels over days 4-7 of the illness. 
Slopes equal to 0 mean no changes of values. *OR adjusted by age group.

Final multivariate analysis. 

The final multivariate models of clinical-haematological parameters independently associated with 
dengue during the early stage of the disease and during days 4-7 are presented in Table 5. The 
presence of rash, haemorrhagic manifestations, platelet count <150 x 103 platelets/uL, WBC count 
<4000 cells/uL and MCH levels <29 pg were predictive variables for dengue infection (Table 5; part 
A). Those patients with rash, haemorrhagic manifestations, platelet count ◦150 x 103 platelet/uL, 
WBC count <4000 cells/uL and a temperature < 39°C between 4-7 days of the disease were more 
likely to have dengue (Table 5; part B).
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Table 5.- Multivariate logistic regression models of clinical-haematological parameters that 
differentiate dengue from OFI

Part A.- Final model at the early stage of the disease (n=169)

OR CI95 P-value

Rash 3.40 1.55-7.42 0.002

Haemorrhagic manifestations 3.47 1.33-9.06 0.011

Platelet count (<150 platelets x 103/uL) 2.48 1.12-5.49 0.026

Leukocyte count (<4000 cells/uL) 4.71 2.23-9.94 <0.001

MCH (<29 pg) 2.61 1.16-5.89 0.021

Part B.- Final model during 4-7 days of the disease (n=122)

Temperature (≥39°C) 0.15 0.04-0.61 0.008

Rash 3.71 1.27-10.81 0.017

Haemorrhagic manifestations 6.64 1.27-34.58 0.025

Platelet count (<150 platelets x 103/uL) 5.15 1.58-16.80 0.007

Leukocyte count (<4000 cells/uL) 3.91 1.33-11.44 0.013
Early stage of the disease was defined as ≤ 72h after fever onset. Haemorrhagic manifestations= presence of at least one of the following: positive 

tourniquet test, petechiae, epistaxis, gingivorrhagia, melena, bloody stools, haematuria, menorrhagia and/or haematemesis.

Decision-tree algorithm for dengue during the early stage of the illness. 

Rash, haemorrhagic manifestations, WBC count and MCH levels were the predictive variables used 
for the decision tree algorithm construction (Figure 5) based on the multivariate model described 
above (Table 5A). Even though a platelet count ◦150 x 103 platelet/uL was positively associated 
with dengue in the multivariate analysis, this parameter was excluded from the decision tree 
algorithm as its contribution did not modify the results. The decision tree algorithm had an overall 
sensitivity of 88% and a specificity of 63%. Out of 169 patients included in the analysis, 83 (49.1%) 
were dengue positive. The two parameters that best predicted dengue diagnosis were WBC and 
MCH (node 2b, right). Out of 65 patients with a WBC count ◦4000 cells/uL and MCH ◦29 pg, 50 
(77%) were correctly diagnosed with dengue. Conversely, 44 (84.6%) out of 52 patients with a WBC 
count ≥ 4000 cells/uL, without rash or haemorrhagic manifestations were properly diagnosed with 
OFI (node 3a left). Other predicting algorithms involved lower number of patients: 44% (11/25) of 
patients with a WBC count ≥ 4000 cells/uL and with rash were correctly diagnosed with dengue 
(node 2a, right) while 83.4% (10/12) of patients with a WBC count ◦4000 cells/uL, MCH ≥29 pg, 
without rash or haemorrhagic manifestations were diagnosed with OFI (node 4a, left).  
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Figure 5.- Decision-tree algorithm for prediction of dengue during the first 3 days of the disease. 
The decision tree algorithm was performed on the 169 patients that remained in the multivariate logistic 
regression model (Table 4). The number and percentage of patients with other febrile illnesses (OFI) and 
dengue is presented in each box. Each node is represented by an alphanumeric denomination within 
circles. MCH= mean corpuscular haemoglobin.   

DISCUSSION

Between October 2010 and December 2013, a health centre-based prospective observational 
cohort study was performed in Maracay, Venezuela. The aim of this study was to design a decision-
tree algorithm that, at an early stage, could distinguish dengue from OFI using clinical and 
accessible haematological tests. We constructed a diagnostic algorithm using WBC count, rash, 
MCH levels and haemorrhagic manifestations in sequential order that predicted dengue from OFI 
with a sensitivity of 88% and specificity of 63%. Multivariate analysis determined that the presence 
of rash, haemorrhagic manifestations and the decrease of platelet count, WBC count and MCH were 
positively and independently associated with dengue during the first 3 days of the disease. On 
the other hand, during days 4-7, body temperature <39°C, the presence of rash, haemorrhagic 
manifestations and the decrease of platelet and WBC counts were positively and independently 
associated with dengue cases. Finally, an increase of cholesterol and a decrease of albumin levels 
were the two biochemical parameters independently associated with dengue infection during the 
first 3 days of the disease.

To our knowledge, this is the first decision-tree algorithm designed with data from the Americas that 
differentiates dengue from OFI during the acute phase of the illness. The majority of the published 
algorithms were designed to discriminate dengue from severe dengue (Brasier et al., 2012; Potts 
et al., 2010). One study using a decision tree that differentiated dengue from OFI has, so far, been 
performed in Asia (Tanner et al., 2008). In this study, platelet count (cut-off point 193 platelet/uL), 
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WBC count (cut-off point 6000 cells/uL), lymphocytes, temperature, haematocrit and neutrophils 
were used to identify probable dengue, likely dengue, likely no dengue and probable no dengue 
(Tanner et al., 2008). Our decision tree algorithm used a lower cut-off point for WBC count (4000 
cells/uL) and a new laboratory parameter, MCH (cut-off point 29 pg) along with only two clinical 
predictors, rash and haemorrhagic manifestations. WBC count was the main discriminatory factor 
between dengue and OFI and occupied the first node of the decision-tree. Indeed, the majority of 
dengue patients presented a WBC count ◦4000 cells/uL from the second day of the disease (Figure 
3). The other two strong parameters that enabled the differentiation of dengue from OFI were rash 
and MCH. Although platelet counts were independently associated with dengue in our multivariate 
analysis, this parameter did not rank amongst the most discriminatory predictors when used in 
the decision tree algorithm. The reason may be that platelet counts ◦150 x 103 platelet/uL were 
mainly observed after the third or fourth day of the disease in dengue patients. Our results were in 
accordance with other studies where the drop in WBC counts occurred before thrombocytopenia in 
dengue patients (Binh et al., 2009; Deparis et al., 1998). Thrombocytopenia is useful in the differential 
diagnosis at the later stage of dengue illness (Low et al., 2011). Rash and WBC count (ranging from 
5000 to 3600 cells/uL) have been consistently reported as predictors in the diagnosis of dengue 
(Daumas et al., 2013; Diaz et al., 2006; Biswas et al., 2012). Mild haemorrhagic manifestations, as 
demonstrated by a positive tourniquet test and petechiae, have also been associated with dengue 
at the early stage of the illness (Kalayanarooj et al., 1997; Biswas et al., 2012; Diaz et al., 2006).

Our study shows that the combination of MCH <29 pg and WBC counts <4000 cells/uL predicted 
77% of dengue cases correctly. Patients with a decrease of MCH levels over the first 72 hours were 
2.7 times more likely to be infected with dengue (Table 2). The role of MCH as predictor of dengue 
has not been described before. A possible explanation to this finding is the relation of increased IL-6 
values with lower MCH levels. Increased levels of IL-6 in dengue patients stimulate the production 
of the hormone hepcidin (Fuqua et al., 2012; Cullis, 2011; Nemeth, 2008). This hormone inhibits 
the release of iron into the plasma from macrophages and duodenum enterocytes (Nemeth et al., 
2004). Iron deficiency may decrease MCH levels as well as the mean corpuscular volume (MCV) 
(NIH). Both MCH and MCV were decreased in our dengue patients (Table 2). High levels of IL-6 have 
been mainly associated with dengue haemorrhagic fever (Rachman & Rinaldi, 2006; Chaturvedi 
et al., 1999). However, significantly higher IL-6 levels were found in patients with dengue fever 
compared to OFI from the second day of the illness by Pinto et al. in Brazil (Pinto et al., 1999). 

Although our first goal was to differentiate patients with dengue from OFI at the early stage of the 
illness, we also present clinical and haematological determinants associated with dengue on days 
4-7 of the disease. The variation during the illness evolution of clinical-haematological parameters 
has previously been reported (Deparis et al., 1998; Biswas et al., 2012). This variation makes dengue 
diagnosis challenging. Body temperature <39°C, the presence of rash, haemorrhagic manifestations 
and a decrease of platelet count  (◦150 x 103 platelet/uL ) and WBC count (◦4000 cells/uL) were 
positively and independently associated with dengue cases during days 4-7 of the illness. Although 
the presence of these parameters has been frequently associated with dengue in other studies 
(Deparis et al., 1998; Biswas et al., 2012; Yoon et al., 2013, Diaz et al., 2006) they have not been 
reported as a result of a multivariate analysis that differentiates dengue from OFI after day 4 of the 
disease. 

Few studies have compared biochemical parameters between dengue and OFI patients (Chadwick 
et al., 2006; Villar-Centeno et al., 2008; Kalayanarooj et al., 1997).  Increased levels of hepatic 
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transaminases, amylase, creatine kinase, bilirubin and globulins (Potts et al., 2010; Chhina et al., 
2008; Kalayanarooj et al., 1997; Ray et al., 1999; Villar-Centeno et al, 2008; Uddin et al., 2008; Roy 
et al., 2013) and decreased cholesterol, triglyceride and albumin levels have been associated with 
severe dengue (van Gorp et al., 2002; Chhina et al., 2008; Roy et al, 2013). In our study, a significant 
decrease of cholesterol and globulin levels and an increase in albumin and creatine kinase levels 
were found in patients with dengue compared to those with OFI. Cholesterol and albumin were 
the biochemical parameters significantly and independently associated with dengue during the 
first 3 days of the illness. Inconsistent associations and/or patterns have been reported for albumin 
levels. In concordance with our results, Chadwick et al. (Chadwick et al., 2006) reported an increase 
of albumin levels in dengue patients compared to OFI while others have reported a decrease 
(Villar-Centeno et al., 2008; Kalayanarooj et al., 1997). A non-significant decrease of cholesterol and 
creatine kinase levels in dengue patients compared with OFI were reported in a study in Colombia 
(Villar-Centeno et al., 2008). Differences in globulin levels have not been previously described.   

A strength of the study was the patients’ compliance with the clinical and laboratory study protocol 
since most patients (92%) completed monitoring up to the convalescent visit (21-30 days post fever 
onset). This allowed the comparison of the daily evolution of clinical-haematological parameters 
between dengue and OFI patients. It was possible to design a decision-tree algorithm to diagnose 
dengue patients during the first 3 days of the disease and to identify determinants associated 
with dengue from day 4 of the illness. The majority of the patients were recruited on day 2 or 3 
after fever onset. A limitation of the study was that patients with OFI tended to stop follow-up 
after day 4, therefore the statistical power to compare the slopes of haematological parameters 
was probably too small to obtain significant results. Secondly, the small sample size of patients 
with biochemical parameters limited their inclusion in the final multivariate model and had to be 
analysed separately. Recall bias was probably minimal as there is a high awareness about dengue in 
the general population. Finally, a number of patients with dengue severe disease presented to the 
HCs after 72 hours of fever onset and was therefore not enrolled in the study.

CONCLUSION

We propose a decision tree algorithm that differentiates dengue from OFI at the early stage of 
the disease using clinical and reliable haematological parameters. In this decision tree, WBC count, 
rash, MCH levels and haemorrhagic manifestations in sequential order distinguished dengue from 
OFI with a sensitivity of 88% and specificity of 63%. With the identification of patients at the early 
stage of the disease fatalities due to misdiagnosis as well as overburdening of health centres can be 
avoided. We recommend the validation of the decision tree algorithm in a bigger and independent 
population.

ACKNOWLEDGEMENTS 

The authors are indebted with the patients and health personnel of our study primary health 
centers: Unidad de Emergencia la Candelaria, the Instituto Venezolano de los Seguros Sociales 
(IVSS) El Limón , the Ambulatorio del Norte, and the main tertiary Hospital Central de Maracay. We 
express our gratitude to the late Prof. Francisco Triana, ex-Director of BIOMED-UC, to Dr. Guillermo 
Comach and to all members of this institute for their support, in special to the members of the 
Laboratory for dengue and other viral diseases. Our thanks go to Dr. Matilde Jimenez, Lic. Maritza 
Cabello de Quintana and other staff at the Laboratorio Regional de Diagnóstico e Investigación del 
Dengue y otras Enfermedades Virales (LARDIDEV) for epidemiological information on dengue in 



 Decision Tree Algorithm that Differentiates Dengue from OFI

245

10

Aragua State and the performance of the IgM serology. We also thank Dr. Angel Melchor Director 
of the Regional Ministry of Health (CORPOSALUD-ARAGUA); Dr. José Pauletti for his invaluable 
technical and logistical support. Masja Schmidt for improving the manuscript. We finally would like 
to thank all nurses and technicians that participated in the study.

Listing of financial support: This study received financial support from Shell de Venezuela, 
Venezolanas de Iluminacion IVISA, Ferretería Hermanos Fridegotto, PC Actual Valencia, in 
accordance with the Organic Law of Science, Technology and Innovation (LOCTI), certification No 
DGCAFIDCTI/204-214-10, and approved by the Coordinación de Aplicación de Fondos e Incentivos 
para el Desarrollo de Planes de Ciencia, Tecnología e Innovación; and through the Fondo Nacional 
de Ciencia y Tecnología e Innovación (FONACIT) Project number 2011000303 contract number 
201100129, Venezuelan Ministry of Science, Technology and Innovation, Venezuela. The project 
was also partly financed by the Vollmer Foundation of Venezuela and the Department of Medical 
Microbiology, Molecular Virology Section, University of Groningen, University Medical Center 
Groningen, Groningen, The Netherlands. The funders had no role in study design, data collection 
and analysis, decision to publish, or preparation of the manuscript. 

REFERENCES

- Balmaseda A, Hammond S, Pérez L, Tellez Y, Saboria S, Mercado J, et al. 2006. Serotype-specific differences 
in clinical manifestations of dengue. Am J Trop Med Hyg 74: 449–456.

- Barrera R, Delgado N, Jimenez M, Valero S, 2002. Eco-epidemiological factors associated with hyperendemic 
dengue haemorrhagic fever in Maracay city, Venezuela. Dengue Bull 26: 84-94. 

- Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, Moyes CL, et al. 2013. The global distribution and 
burden of dengue. Nature. 496: 504-507.

- Binh PT, Matheus S, Huong VT, Deparis X, Marechal V, 2009. Early clinical and biological features of severe 
clinical manifestations of dengue in Vietnamese adults. J Clin Virol. 45(4): 276–280.

- Brasier AR, Garcia J, Wiktorowicz JE, Spratt HM, Comach G, Sierra G,  et al. 2012. A three-component 
biomarker panel for prediction of dengue hemorrhagic fever. Am J Trop Med Hyg. 86(2): 341–348.

- Biswas HH, Ortega O, Gordon A, Standish K, Balmaseda A, Kuan G, et al. 2012. Early clinical features of 
dengue virus infection in Nicaraguan children: a longitudinal analysis. PLoS Negl Trop Dis 6: e1562. doi: 
10.1371/journal.pntd.0001562.

- Caglioti C, Lalle E, Castilletti C, Carletti F, Capobianchi MR, Bordi L, 2013. Chikungunya virus infection: an 
overview. New Microbiologica 36: 211-227.

- Camacho DE, Álvarez M, Rodríguez-Henríquez F, Quintana M, Soler M, Chiarello A, et al. 2003. Laboratory 
diagnosis of dengue virus infections in Aragua State, Venezuela: October 1997-December 1998. Investi 
Clín 44: 91-103.

- Chadwick D, Arch B, Wilder-Smith A, Paton N, 2006. Distinguishing dengue fever from other infections on 
the basis of simple clinical and laboratory features: application of logistic regression analysis. J Clin Virol. 
35: 147–153. 



Chapter 10

246

10

- Chanama S, Anantapreecha S, An A, Sa-gnasang A, Kurane I, Sawanpanyalert P, 2004. Analysis of specific 
IgM responses in secondary dengue virus infections: levels and positive rates in comparison with primary 
infections. J Clin Virol. 13: 185-189.

- Chaturvedi UC, Elbishbishi EA, Agarwal R, Raghupathy R, Nagar R, Tandon R, et al., 1999. Sequential 
production of cytokines by dengue virus-infected human peripheral blood leukocyte cultures. J Med Virol. 
59(3): 335-40.

- Chhina RS, Goyal O, Chhina DK, Goyal P, Kumar R, Puri S, 2008. Liver function tests in patients with dengue 
viral infection. Dengue Bull. 32: 110–7.

- Comach G, Blair PJ, Sierra G, Guzman D, Soler M, de Quintana MC, Bracho-Labadie M, Camacho D, Russell KL, 
Olson JG, Kochel TJ, 2009. Dengue virus infections in a cohort of schoolchildren from Maracay, Venezuela: A 
2-year prospective study. Vector Borne Zoonotic Dis 9: 87-92.

- Cullis JO, 2011. Diagnosis and management of anaemia of chronic disease: current status. Br J Haematol. 
154(3): 289-300.

- Daumas RP, Passos SR, Oliveira RV, Nogueira RM, Georg I, Marzochi KBF, et al., 2013. Clinical and laboratory 
features that discriminate dengue from other febrile illnesses: a diagnostic accuracy study in Rio de Janeiro, 
Brazil. BMC Infect Dis 8: 13–77. 

- Deparis X, Murgue B, Roche C, Cassar O, Chungue E, 1998. Changing clinical and biological manifestations 
of dengue during the dengue-2 epidemic in French Polynesia in 1996/97–description and analysis in a 
prospective study. Trop Med Int Health. 3: 859–865.

- Diaz FA, Martinez RA, Villar LA,  2006. Clinical criteria to diagnose dengue in its

- early stages. Biomedica: revista del Instituto Nacional de Salud, 26: 22–30.

- Ellis RD, Fukuda MM, McDaniel P, Welch K, Nisalak A, Murray CK, et al. 2006. Causes of fever in adults on the 
Thai-Myanmar border. Am J Trop Med Hyg. 74: 108-113.

- Figueiredo MAA, Rodrigues LC, Barreto ML, Lima JWO, Costa MCN, Morato V, et al., 2010. Allergies and 
Diabetes as Risk Factors for Dengue Hemorrhagic Fever: Results of a Case Control Study. PLoS Negl Trop Dis 
4(6): e699. doi:10.1371/journal.pntd.0000699.

- Fuqua BK, Vulpe CD, Anderson GJ, 2012. Intestinal iron absorption. J Trace Elem Med Biol. 26(2-3): 115-119. 

- Gibbons RV, Vaughn DW, 2002. Dengue: an escalating problem. BMJ. 324(7353): 1563-1566.

- Gould EA, Solomon T, 2008. Pathogenic flaviviruses. Lancet 371: 500–509.

- Gubler DJ, 1989. Aedes aegypti and Aedes aegypti-borne disease control in the 1990s: top down or bottom 
up. Charles Franklin Craig Lecture. Am J Trop Med Hyg. 40(6): 571–578.

- Gubler DJ, 1996. Serologic diagnosis of dengue/dengue haemorrhagic fever. Dengue Bul  20: 20–23.

- Gubler DJ, 1998. Dengue and Dengue Hemorrhagic Fever. Clin Microbiol Rev. 11(3): 480-496.



 Decision Tree Algorithm that Differentiates Dengue from OFI

247

10

- Gubler DJ, 2011a. Dengue, Urbanization and Globalization: The Unholy Trinity of the 21(st) Century. Trop 
Med Health. 39(Suppl 4): 3–11.

- Guha-Sapir D, Schimmer B. Dengue fever: new paradigms for a changing epidemiology. Emerg Themes 
Epidemiol 2005 Mar 2;2(1):1. 

- Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, Gubler DJ, et al. 2010. Dengue: a continuing global 
threat. Nature Rev Microbiol. 6: S7–S16. doi: 10.1038/nrmicro2460.

- Guzman MG, KourÍ G, 2002. Dengue: an update. Lancet Infect Dis. 2: 33–42.

- Halsey ES, Williams M, Laguna-Torres VA, Vilcarromero S, Ocaña V, Kochel TJ, Marks MA, 2014. Occurrence 
and correlates of symptom persistence following acute dengue fever in Peru. Am J Trop Med Hyg. 90(3): 
449-56. 

- Halsey ES, Vilcarromero S, Forshey BM, Rocha C, Bazan I, Stoddard ST, et al. 2013. Performance of 
the tourniquet test for diagnosing dengue in Peru. Am J Trop Med Hyg. 89(1): 99-104. doi: 10.4269/
ajtmh.13-0103.

- Halstead SB, 1997. Epidemiology of dengue and dengue hemorrhagic fever. In: Gubler DJ, Kuno G, eds. 
Dengue and dengue hemorrhagic fever. Wallingford, Oxon, UK. pp. 23–44.

- Ho TS, Wang SM, Lin YS, Liu CC, 2013. Clinical and laboratory predictive markers for acute dengue infection. 
J Biomed Sci 20:75 doi:10.1186/1423-0127-20-75

- Instituto Nacional de Meteorologia (INAMEH). Available at: http://www.inameh.gob.ve/pestadistico.php. 
Accessed June 2012. 

- Kalayanarooj S, Vaughn DW, Nimmannitya S, Green S, Suntayakorn S, Kunentrasai N, et al., 1997. Early 
clinical and laboratory indicators of acute dengue illness. J Infect Dis. 176: 313–21.

- Kampen H, Kronefeld M, Zielke D, Werner D, 2013. Further specimens of the Asian tiger mosquito Aedes 
albopictus (Diptera, Culicidae) trapped in southwest Germany. Parasitol Res. 112(2): 905-907. 

- Kyle JL, Harris E, 2008. Global persistence and spread of dengue. Annu Rev Microbiol. 62: 71-92.

- Lanciotti RS, Calisher CH, Gubler DJ, Chang GJ, Vorndam AV, 1992. Rapid detection and typing of dengue 
viruses from clinical samples by using reverse transcriptase-polymerase chain reaction. J Clin Microbiol 30: 
545-551.

- Martinez-Vega RA, Diaz-Quijano FA, Villar-Centeno LA, 2006. Low concordance between early clinical 
suspicion of dengue and its serological confirmation. Rev Med Chil 134: 1153-1160.

- Moesker FM, Muskiet FD, Koeijers JJ, Fraaij PLA, Gerstenbluth I, van Gorp ECM, et al. 2013. Fatal Dengue in 
Patients with Sickle Cell Disease or Sickle Cell Anemia in Curacao: Two Case Reports. PLoS Negl Trop Dis 
7(8): e2203. doi:10.1371/journal.pntd.0002203. 

- Nemeth E, 2008. Iron regulation and erythropoiesis. Curr Opin Hematol. 15: 169-175.



Chapter 10

248

10

- Nemeth E, Tuttle MS, Powelson J, Vaughn MB, Donovan A, Ward DM, et al., 2004. Hepcidin regulates cellular 
iron efflux by binding to ferroportin and inducing its internalization. Science. 306: 2090–2093.

- National Institute of Health (NIH). Anemia. Available at: http://www.nhlbi.nih.gov/health/health-topics/
topics/anemia/ Accessed 07/2014.

- Musso D, Cao-Lormeau VM, Gubler DJ, 2015. Zika virus: Following the path of dengue and chikungunya? 
Lancet 386(9990):243-244. doi: 10.1016/S0140-6736(15)61273-9.

- Parkash O, Almas A, Jafri SW, Hamid S, Akhtar J, Alishah H, 2010. Severity of acute hepatitis and its outcome 
in patients with dengue fever in a tertiary care hospital Karachi, Pakistan (South Asia) BMC Gastroenterology 
10: 43 doi:10.1186/1471-230X-10-43. Available at:  http://www.biomedcentral.com/content/pdf/1471-
230x-10-43.pdf. Accessed on September 2013

- Pinto LM, Oliveira SA, Braga EL, Nogueira RM, Kubelka CF, 1999. Increased pro-inflammatory cytokines 
(Tnf-alpha and Il-6) and antiinflammatory compounds (Stnfrp55 and Stnfrp75) in Brazilian patients during 
exanthematic dengue fever. Mem Inst Oswaldo Cruz. 94(3): 387-94.

- Potts JA, Thomas SJ, Srikiatkhachorn A, Supradish PO, Li W, Nisalak A, 2010. Classification of dengue illness 
based on readily available laboratory data. Am J Trop Med Hyg. 83: 781–788.

- Rachman A, Rinaldi I, 2006. Coagulopathy in dengue infection and the role of interleukin-6. Acta Med 
Indones. 38: 105–108.

- Ramos MM, Tomashek KM, Arguello DF, Luxemburger C, Quinones L, Lang J, et al. 2009. Early clinical 
features of dengue infection in Puerto Rico. Trans R Soc Trop Med Hyg. 10: 878-884. doi: 10.1016/j.
trstmh.2008.11.009.

- Ray G, Kumar V, Kapoor AK, Dutta AK, Batra S, 1999. Status of antioxidants and other biochemical 
abnormalities in children with dengue fever. J Trop Pediatr 45: 4–7.

- Rigau-Perez JG, Clark GG, Gubler DJ, Reiter P, Sanders EJ, Vorndam AV, et al. 1998. Dengue and dengue 
haemorrhagic fever. Lancet. 352: 971-977.

- Roy A, Sarkar D, Chakraborty S, Chaudhuri J, Ghosh P, Chakraborty S, 2013. Profile of hepatic involvement 
by dengue virus in dengue infected children. N Am J Med Sci 5: 480–510. 

- Schwartz E, Mileguir F, Grossman Z, Mendelson E, 2000. Evaluation of ELISA-based sero-diagnosis of 
dengue fever in travelers. J Clin Virol, 19:169-173

- Scott TW, Takken W, 2012. Feeding strategies of anthropophilic mosquitoes result in increased risk of 
pathogen transmission. Trends parasitol. 28: 114–121.

- Stephenson JR, 2005. The problem with dengue. Trans R Soc Trop Med Hyg 99 (9): 643–646. 

- Tanner L, Schreiber M, Low JGH, Ong A, Tolfvenstam T, Lai YL, et al. 2008. Decision Tree Algorithms Predict 
the Diagnosis and Outcome of Dengue Fever in the Early Phase of Illness. PLoS Negl Trop Dis 2(3): e196. 
doi: 10.1371/journal.pntd.0000196 



 Decision Tree Algorithm that Differentiates Dengue from OFI

249

10

- Thomas SJ, Rothman AL. 2015. Trials and tribulations on the path to 
developing a dengue vaccine. Vaccine. Jun 27. pii: S0264-410X(15)00779-3.  
doi: 10.1016/j.vaccine.2015.05.095

- Tomasello D, Schlagenhauf P, 2013. Chikungunya and dengue autochthonous cases in Europe, 2007-2012. 
Travel Med Infect Dis. 11(5): 274-284. doi: 10.1016/j.tmaid.2013.07.006. 

- Uddin K, Musa A, Haque W, Sarker R, Ahmed A, 2008. A Follow Up on Biochemical Parameters in Dengue 
Patients Attending BIRDEM Hospital. Ibrahim Med. Coll. J. 2(1): 25-27

- van Gorp EC, Suharti C, Mairuhu AT, Dolmans WM, van Der Ven J, Demacker PNM, et al. (2002) Changes in 
the plasma lipid profile as a potential predictor of clinical outcome in dengue hemorrhagic fever. Clin Infect 
Dis 34: 1150–1153

- Villar-Centeno LA, Diaz-Quijano FA, Martinez-Vega RA, 2008. Biochemical alterations as markers of dengue 
hemorrhagic fever. Am J Trop Med Hyg 78: 370–374

- Westaway EG, Blok J, 1997. Taxonomy and evolutionary relationships of flaviviruses, p. 147–173. In Gubler 
DJ, Kuno G. (ed.), Dengue and dengue hemorrhagic fever. CAB International, London, United Kingdom.

- WMA. Declaration of Helsinki - Ethical principles for medical research involving human subjects. Available 
at: http://www.wma.net/en/30publications/10policies/b3/. Accessed April 2013. 

World Health Organization (WHO), 2012. Global Strategy for Dengue Prevention and Control, 2012–2020. 
Geneva: WHO. Available at: http://apps.who.int/iris/bitstream/10665/75303/1/9789241504034_eng.
pdf?ua=1 Accessed Jun 2014

- World Health Organization (WHO), 2009. Dengue, Guidelines for Diagnosis, Treatment and Control. New 
ed. World Health Organization, Geneva.

- World Health Organization. Dengue control. Available at http://www.who.int/denguecontrol/arbo-viral/
other_arboviral_chikungunya/en/ Accessed March 2014

- Yakoob J, Jafri W, Siddiqui S, Riaz M, 2009. Dengue fever with hepatitis E and hepatitis A infection. J Pak Med 
Assoc 59(3): 176-177. Available at: http://ecommons.aku.edu/pakistan_fhs_mc_med_gastroenterol/17. 
Accessed on September 2013

- Yoon IK, Srikiatkhachorn A, Hermann L, Buddhari D, Scott TW, Jarman RG, et al. 2013. Characteristics of mild 
dengue virus infection in Thai children. Am J Trop Med Hyg. 89(6): 1081-7.





11
Summarizing Discussion



Chapter 11

252

11

DISCUSSION

During the past 5 years, the (re-)emergence and explosive spread of new and known arbovirosis 
have shown the potential of these vector-borne diseases (VBD) to newly appear and expand [1,2,3]. 
The epidemics of chikungunya and Zika galvanized the world’s attention given their unexpected 
impact on the population and on the health systems of the Americas [4,5,6]. On the other hand, the 
difficulties in controlling dengue, a virus that shares the same mosquito vector with chikungunya 
and Zika, and its relentless but fast spread exposes the threat that (unprepared) health systems face 
of new arboviral diseases becoming easily established after their initial introduction. Venezuela 
does not escape from this reality. In effect, the country is witnessing a surge in dengue and other 
VBD especially during the last decade [7]. Therefore, it is necessary to develop new approaches 
for arboviral diseases surveillance and control, that include risk stratification at different spatial 
(household, block, neighborhood, city, state) and temporal levels (daily, weekly, monthly, annual), 
in order to concentrate practical and sustained efforts in areas at high risk of transmission. 

In the light of this, the research described in this thesis focuses on the heterogeneous dynamics 
and epidemiology of DENV and CHIKV in highly dengue-endemic regions of northern Venezuela. 
Spatially, we found that at small geographical scales dengue exhibited high disease focal 
aggregation and that half of identified hotspots at household level were constituted entirely by 
cases of inapparent infections (Chapters 2,3). At higher spatial scales (civil parishes, regions) we 
found significant space and space-time clusters (P < 0.05) and high values of dengue persistence 
primarily concentrated in the main large central urban areas of each region. Dengue persistence 
was associated with increased population density where factors that favor the maintenance of 
the constant transmission of dengue are present (Chapter 4). Temporally, in Chapter 5, we show 
that ENSO is a regional climatic driver of long-term dengue periodicity through local changes in 
temperature and rainfall.  Finally, our results suggest that the epidemic of chikungunya followed 
a particular geographical pathway determined by the abundance/dispersion of the vector and 
modulated by human movement (Chapter 6). Furthermore, and as a complement, other factors 
influencing dengue disease control where characterized. Individuals with a suspected dengue 
infection showed a tendency to seek prompt medical care in comparison with those which had 
fever; and in the case of an illness episode, individuals would decide to sequentially attend several 
different HCs until their healthcare needs were met.  Our Knowledge, Attitudes and Preventive 
Practices (KAP) study showed that although the community’s knowledge on dengue transmission 
was high, and most of the individuals took measures to avoid mosquito bites, potential mosquito 
breeding sites were present in almost two thirds of the examined properties (Chapter 7, 8,9). 
Finally, we constructed a diagnostic algorithm that distinguished dengue from OFI with a sensitivity 
of 88% and a specificity of 63% using laboratory and clinical parameters (Chapter 10). 

Dengue stratification at local scale: Individual, household, neighborhood

The incidence of dengue has risen markedly in the last decades affecting more than half of the 
world’s population and generating a major burden due its high morbitidy rates within tropical 
and subtropical regions [8,9,10]. In Venezuela, dengue has become persistent and showing a 
continuous increase of dengue cases especially since 2001. The cases reported by the Venezuelan 
Ministry of Health are obtained from passive surveillance reports, which comprise the tip of the 
iceberg. There is not estimation of inapparent dengue cases since this group does not seek medical 
care, hence, becoming important contributors of new dengue cases that go undetected by the 
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regular surveillance systems [11,12], reducing the effectivity of programs for disease management 
and control.  Additionally, the pattern of dengue occurrence shows a high degree of heterogeneity 
and persistence among localities at different spatial levels, due to the variability of the dynamics of 
the vector and host, and features of the environment and urban landscape. 

In this book, Chapters 2 and 3 comprise a community-based prospective cohort study that 
was set up in 2010 in the dengue hyperendemic city of Maracay. Data from approximately 2000 
consenting individuals was collected in three neighborhoods through 4 annual cross-sectional 
sero-epidemiologic surveys performed between 2010-2013. A high seroprevalence of past dengue 
infection was found across all neighborhoods (>70%) in 2010, while recent dengue seroprevalence 
maps depicted a greater spatial heterogeneity. Significant hot spots at household and block level 
were identified, being one neighborhood, Caña de Azúcar, the area with higher risk of dengue 
transmission. Proxy markers of poverty or lower socio-economic status were strongly associated 
with these hot spot households and blocks (Chapter 2).  Accordingly, epidemiological and 
seroprevalence data were used in Chapter 3 to estimate the proportion of inapparent dengue 
infections and identify hot spots of recent dengue virus (DENV) transmission in space and time 
(years 2011,2012 and 2013), within the high dengue incidence neighborhoods previously explored 
in Chapter 2. The average of recent dengue seroprevalence was 10.06% (range= 2.78-14.34%) of 
which, 66% were defined as inapparent infections, with an overall inapparent-symptomatic ratio 
(I:S) of 2:1, in agreement with other studies [12,13,14]. 

Significant hot spots at household and block levels were identified for recent dengue seroprevalence 
in all survey years. These hot spots (Chapter 2) were associated with occupation and poorer living 
conditions such as crowding [15,16,17] as well as with the presence of potential mosquito breeding 
sites (stored water in containers, used tires and litter outdoors) in agreement with some [18] but 
not others [19]. In agreement with other studies [20], we report that dengue hotspots occurrence 
was found to be highly focal ranging from a radius of 20 to 110 meters, suggesting that at this 
small spatial scale, the necessary conditions for oviposition, growth, feeding and reproduction 
of the mosquito vector exist [21,22,23]. The space-time results shown in Chapter 3 agree with 
the findings in Chapter 2, showing that Caña de Azucar neighborhood is a persistent risk area 
for dengue, most likely due to a sustained maintenance of the risk factors that facilitate the 
transmission of DENV [16,24,25,26]. Growing unplanned urbanization enhancing precarious living 
circumstances characterized by the lack of proper public services (piped water supply, electricity, 
garbage collection, sewage) is one of the main risk factors favoring the continued transmission of 
dengue [24,25,27]. The identification of dengue hot spots at household and block levels reveals 
important aspects of the local dynamic of the disease, since these organizational spatial entities 
(houses, blocks or neighborhoods) may contribute in a disproportionate way to the local spread of 
the disease [28]. Given our findings, we propose to improve the Venezuelan Aedes-borne disease 
prevention and control programs through the following: 1) Active surveillance of both vector and 
dengue cases through seroprevalence surveys is performed regularly 2) Vector control measures 
are not applied randomly but rather focusing firstly on risky areas (hot spots); and 3) the application 
of control measures take into account the presence of hot spots of inapparent dengue cases. These 
recommendations aim for a reduction of these dengue high risk areas and the overall reduction of 
disease morbidity.
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Dengue stratification at higher spatial levels: civil parishes and states

Dengue dynamics reflect different patterns at different spatial scales. In chapter 2 and chapter 3, 
we described the spatial heterogeneity of dengue seroprevalence at the local level (households 
and blocks in specific neighborhoods). In chapter 4, we aimed to identify dengue disease clusters, 
the pattern of dengue persistence and inferred potential mechanisms of disease movement and 
spread at parish level over a period of 7 years in two of the most populated and dengue endemic 
regions of northern Venezuela, Carabobo and Aragua States. 

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 (P < 0.05). Higher dengue persistence was found in the same highly populated areas. 
Population density and its heterogeneous pattern within a state, municipality or civil parish is an 
important driver of disease transmission, since it may enhance disease persistence (with no fade 
out of transmission) in large populated areas, while in less densely populated areas the disease 
would tend to a seasonal extinction and subsequent recovery after the recruitment of infectious 
cases coming from denser areas [29]. In Venezuela, high population density is related to crowding, 
unreliable access to public services, risk factors for mosquito breeding sites, and other markers 
of lower socio-economic status that have proven to bolster dengue transmission [25,26,30,31,32]. 

Temporally, the cluster occurrence differed between Aragua and Carabobo. While Aragua showed 
a homogeneous time span (second half of the year) of cluster occurrence for all regions, Carabobo 
exhibited a heterogeneous temporal extent of disease clusters (Coast: first trimester of the year, 
Center: second half of the year). According with phase analysis, the central area is more likely to go 
ahead at the beginning of the seasonal cycle of dengue compared with the coast.  Such variability 
in temporal disease occurrence between the coast and center in Carabobo may be related with 
the differences in precipitation onsets between these two areas [33] and the internal travel from/
to the center to coastal regions during working days and holidays, which may increase the risk of 
disease spread beyond this region. In our study, the central regions (and coast of Carabobo) are 
well connected by a range of different traffic routes, suggesting that dengue heterogeneity may 
also likely be related to the movement of infected hosts as well as the movement of the infected 
mosquito vectors which have a more restricted flight range (e.g., <100 meters, [21,34].

The identification of vulnerable areas for disease transmission is a key aspect for a better planning 
of disease control and prevention. The concepts here described (Chapter 4) together with those 
discussed in Chapter 2 and 3 reflect the importance of the implementation of a step-wise dengue 
control program approach, targeting first the local scales such as neighborhoods that contribute to 
a disproportionate and persistent transmission of dengue, to further scale up control measures to 
higher spatial levels, accounting for the heterogeneous disease patterns of occurrence.

Temporal dynamics of dengue and its relation with climate

Dengue transmission dynamics can be highly variable due to the complex interactions among virus 
serotypes, vector, and host. Previously, in Chapter 4, we suggest a relation of the temporal changes 
in dengue incidence to precipitation variation, the major driver of transmission at the annual scale. 
In Chapter 5, we evaluated the relationship of climate variability (precipitation, temperature and 
El Niño Southern Oscillation “ENSO”) with the temporal changes of disease. Furthermore, we 
quantified the periodicity of dengue incidence to search for seasonal and interannual periods of 
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disease occurrence, in two of the northern states of Venezuela. 

The main results showed significant cycles of dengue incidence at 3-4-years and 1-year scale. Local 
rainfall and temperature exhibited strong significant power at a 1-year scale (seasonal) and at inter-
annual cycles of 3–6-years and 6-years. ENSO exhibited inter-annual variability at 2-3 and 5-years 
cycles during the time period of our study. We determined that dengue cycles corresponded with 
local climate and with the El Niño Southern Oscillation (ENSO) variation at both seasonal and inter-
annual scales (every 2-3 years) and that dengue incidence peaks were more prevalent during the 
warmer and dryer years of El Niño. These findings are in agreement with previous studies which 
indicate that dengue has seasonal and inter-annual patterns of occurrence [35,36]. The main 
factors driving these temporal changes are the fluctuations in rainfall and temperature, factors 
closely related to the ecology of Aedes mosquitoes and the virus. 

A plausible mechanism to explain the influence of ENSO on dengue is related to the fluctuations 
of local climate conditions during an El Niño event [37,38,39]. In our results, precipitation exhibited 
a strong coherence with dengue at 1-year cycle, showing to be a major driver of dengue seasonal 
cycles, while temperature showed high coherence at both seasonal and interannual cycles, and 
then related with peaks of dengue beyond the seasonal cycle.  Precipitation has a crucial influence 
on mosquito development because it provides a suitable habitat for the stages of the mosquito 
life cycle that are water-dependent [40,41,42]. On the other hand, higher temperatures affect 
the growth rate of Aedes mosquitoes and accelerate the rate of viral replication within the vector 
[40] increasing the risk of major inter-annual dengue outbreaks. Other studies have shown that 
increased temperatures have the effect of diminishing the time of the extrinsic incubation period 
(EIP) of DENV in Ae. aegypti [43,44,45]. 

In this study, we presented evidence suggesting that ENSO, through its related local climatic 
changes, has been an important driver of seasonal and interannual cycles of dengue in the northern 
part of Venezuela during the last 16-years. Once the relationship between climate and the changes 
in the occurrence of dengue have been demonstrated for Venezuela and other similar endemic 
settings, preparedness programs-for seasons/years with an expected increase of dengue-based 
on climate forecast can be established as part of a stepwise control and prevention program of 
dengue and other Aedes-related diseases. 

The reemergence of chikungunya virus in a naïve population: spatial and temporal dynamics

 Chikungunya, a reemerging mosquito-borne viral infection, is responsible for one of the most 
explosive epidemics in the Western hemisphere in recent years. Since its introduction in the 
Caribbean region at the end of 2013, chikungunya virus (CHIKV) rapidly expanded within a year 
to most countries of South, Central and later North America [46,47]. In Venezuela, chikungunya 
quickly spread causing a large national epidemic affecting the most populated urban areas of 
northern Venezuela where dengue transmission is highly persistent. In Chapter 6, we described and 
quantified the spatial and temporal events after the introduction and propagation of chikungunya 
into an immunological naïve population from the urban north-central region of Venezuela during 
2014. 

A high chikungunya basic reproductive number (R0=3.7) was estimated indicating high CHIKV 
transmissibility during the exponential phase of the epidemic. The main epidemic curve developed 
within 90 days, with CHIKV spreading mainly towards the south-west and northern part of 
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Valencia capital city, overlapping with the main populated centers of the region and the main 
traffic routes. A total of 75 space-time clusters of cases were identified. The area with most spatio-
temporal aggregations, the southern part of Valencia city, was characterized by densely populated 
neighborhoods, with lower socio-economic status and crowded living conditions. These results 
agree with previous CHIKV introductions into naïve populations [48,49,50]  and with the 2014 
predicted values for mid-latitude countries (R0 = 4-7) of the Americas [51]. This sequential spatial 
epidemiological pattern is similar to that of dengue where transmission within neighborhoods 
is likely attributable to mosquito-driven spread or short-distance mobility of viremic hosts (focal 
transmission, Chapter 2 and 3, [26,52,53,54]) while long-distance propagation of infection 
is likely generated by human-mobility patterns through main roads and motorways on both 
individual and collective levels, as suggested for dengue in Chapter 4. Dispersal movements of 
the human host and vector have a powerful impact on disease transmission [54,55,56]. The area 
with most spatio-temporal aggregations, the southern part of Valencia city, was characterized by 
densely populated neighborhoods, lower socio-economic status and crowded living conditions 
(Chapter 4). Population density modulates the chance of vector-host contact [51,57]. In Venezuela, 
inadequacies such as unreliable pipped water service and deficits in public services have obliged 
residents to store water intradomiciliary, thus maintaining adequate breeding conditions for Aedes 
vectors during the dry season and throughout the year [25,59]. 

The results here discussed may be useful to predict the speed and directionality of epidemic 
waves of vector-borne infections in order to quickly define intervention areas, predict disease 
spread patterns and improve the preparedness for outbreak response. In addition, the explosive 
CHIKV epidemic highlights the need for a different approach to the management and control of 
the Aedes-borne diseases. It is necessary to evaluate which are the most vulnerable zones that 
contribute to an intense transmission of dengue, chikungunya and Zika, and then seek for a spatial 
overlap, aiming to successfully control these hotpots of Aedes-borne diseases. 

 

Addendum: Additional Research

Behavior towards disease awareness 

Timely health centre (HC) attendance and early diagnosis and treatment strongly determines the 
outcome of dengue illness.  We aimed to evaluate the patterns of health seeking behavior (HSB) 
(Chapter 7) and intended health care (HC) attendance (Chapter 8) in individuals exposed to high 
dengue incidence in order to explore and understand the limitations of individual’s access to 
healthcare in the difficult situation of Venezuela [60]. Between September 2013 and February 2014, 
a cross-sectional household survey was performed in Maracay, Venezuela, within the community 
cohort study previously described (Chapters 2 and 3). 

Intended pathways to care differed for suspected dengue compared to fever, and between children 
and adults. In the case of suspected fever, most individuals would firstly treat at home before 
seeking medical care, while the contrary was reported in case of suspected dengue, resulting in that 
suspected dengue would prompt people to search medical help earlier than for fever (p<0.001). 
Dengue risk perception was high with a relative good general dengue knowledge. It is conceivable 
that a timely care-seeking may be achieved when people are able to self-diagnose dengue. In self-
diagnosis, recognition of symptoms plays an important role. In our study, participants showed 
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medium to good knowledge about dengue, where knowledge on dengue transmission tended to 
be broader than knowledge related to the symptoms of the disease. The presence of mosquitoes 
in the living environment was the main reason for individuals to feel they or their children were at 
risk (Chapter 7). In the case of an illness episode, individuals would decide to sequentially attend 
several different HCs until their healthcare needs were met. The most frequent intended first and 
second health care choices for fever (first 78.8%; second 38.5%) and dengue (first 80.8%; second 
41.3%) were traditional ambulatories (Chapter 8). Tertiary level HCs (private and public hospitals) 
were mentioned later in the pathways, more often in the case of dengue. The latter may be linked 
to a higher perceived severity of dengue disease compared to fever alone (Chapters 7,8) [61]. 
Improving the knowledge and awareness of dengue symptoms may enhance early attendance to 
medical care of affected populations. Furthermore, health centre capacity (treatment supplies and 
personnel) and barriers for access to care should be addressed to reduce inequality in access to 
healthcare in Venezuela.

Knowledge, Attitudes and Preventive Practices regarding Dengue

In vector control, social mobilisation and community behavioural changes are of crucial importance. 
By revealing characteristics of the community knowledge, attitude and practices (KAP), a KAP study 
can offer valuable information for the development of health promotion approaches, and suggest 
intervention strategies [62] . In order to improve dengue control of communities exposed to endemic 
dengue transmission, in Chapter 9 we aimed to (1) describe KAP concerning dengue, and (2) 
investigate determinants of (a) personal protection against mosquitoes and (b) mosquito breeding 
site elimination. Between September 2013 and February 2014, a cross-sectional household survey 
was performed in Maracay, Venezuela, within the community cohort study previously described 
(Chapters 2 and 3). We found that almost all participants knew dengue was transmitted by the bite 
of a mosquito. The use of preventive measures was widespread in the community with four out of 
five households reporting at least one method to avoid contact with mosquitos. The number of 
preventive practices were associated with a higher level of dengue knowledge similar to Laos [63] 
and Puerto Rico [64], but not Thailand [65].

Despite that interviewees seemed to put effort in protecting themselves against dengue, more 
than half of the examined households contained potential Aedes spp. breeding sites. This suggests 
that community awareness of the importance of identifying and eliminating breeding sites within 
their houses (indoors) and gardens/patios (outdoors) may not be high. A higher knowledge on 
dengue transmission and symptoms and having had a previous dengue infection were associated 
with performing a higher number of preventive practices, based on univariate analyses. Clarifying 
determinants of dengue related practices provides input for developing effective community 
mobilization and communication strategies to promote behavioral change as part of routine 
vector control programming.

Early clinical manifestations between dengue and other febrile illnesses 

Dengue viruses can cause asymptomatic infections while the clinical presentation may vary from 
mild to the difficult to manage severe forms of the disease. However, the acute phase of dengue 
begins with fever and non-specific symptoms that are frequently indistinguishable from the initial 
phase of other febrile illnesses (OFI). The purpose of Chapter 10 was to identify parameters that 
could differentiate dengue from OFI at the early stage of the disease (≤72h from fever onset) and to 
design a decision-tree algorithm using clinical features and routine laboratory tests. 
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A health center-based prospective observational cohort study was established in Maracay, Aragua 
state, Venezuela, to identify clinical and laboratory parameters to differentiate dengue from OFI 
at an early phase of the disease. We constructed a diagnostic algorithm using white blood cells 
(WBC) count, rash, mean corpuscular hemoglobin (MCH) levels and hemorrhagic manifestations 
in sequential order that distinguished dengue from OFI with a sensitivity of 88% and a specificity 
of 63%. Multivariate analysis determined that the presence of rash, hemorrhagic manifestations 
and a decrease of platelet counts, WBC count and MCH were independently associated with 
dengue during the first 3 days of the disease. Rash and WBC count (ranging from 5000 to 3600 
cells/uL) have been consistently reported as predictors in the diagnosis of dengue [66,67,68]. 
Mild haemorrhagic manifestations, as demonstrated by a positive tourniquet test and petechiae, 
have also been associated with dengue at the early stage of the illness [67,68,69]. The proposed 
diagnostic algorithm may be a useful instrument to help clinicians in the early identification of 
dengue patients and install adequate and prompt treatment, aiming to reduce disease morbidity 
and mortality.

 

Final remarks and recommendations

This thesis investigated several aspects related to the epidemiology of dengue in the north of 
Venezuela. The results obtained here provide important information that may be used for the 
elaboration of a combined program of prevention, surveillance and control of dengue and other 
viral infections transmitted by Aedes mosquitoes such as chikungunya and Zika.  As has been 
mentioned previously, the current vector control and dengue surveillance strategies have been 
ineffective and have not generated a substantial reduction in the morbidity and mortality rates 
caused by these VBD, hence a new approach towards an integrated management of dengue and 
other Aedes-borne diseases in endemic countries is necessary [70]. At present, the need of changing 
the current dengue control strategies is being discussed. Some of the key points that are addressed 
as weaknesses in the existing fight against dengue are: 1) a deficient vector control program 2) a 
marked level of inequalities in providing public services to the population 3) lack of funding and 
political will to improve both disease and vector control programs 4) scarce education programs 
towards disease prevention and awareness [71,72,73]. Therefore, dengue and other VBD will need 
extraordinary coordination efforts and a multidisciplinary approach to prevent these diseases, with 
substantial political will and community engagement at all levels [70,74,75,76]. Taking the above 
into account, Figure 1 illustrates the elements of a proposed integrated approach of surveillance 
and control, that aims to reduce the incidence, morbidity and mortality of dengue in Venezuela, in 
accordance with the goals proposed by WHO to be achieved by the year 2020 [77]. This framework 
can be also applied in regions with similar conditions. 

One of the most important aspects regarding the prevention and control of any disease, is the 
maintenance of these activities through time in order to observe a decrease in the incidence 
of diseases. This, therefore, requires a continuous political, social, institutional and financial 
commitment. The financial contributions for strengthening the infrastructure and disease control 
programs should be within the annual budgets of the country, and not as an extraordinary 
donation. In the context of the Venezuelan situation, the proposed integrated approach of 
prevention, surveillance and control of dengue and other Aedes-diseases (Figure 1), may seem 
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utopic. However, within this proposed approach, there are key parts that could be implemented. 
The following recommendations aim to decrease the burden of dengue and other Aedes-borne 
diseases in Venezuela: 

1) Since the lack of access to running water, electricity and gas, facilitates the emergence 
of multiple diseases, this is a key point on the agenda of the public health and public 
services governmental offices, that need to be urgently addressed. 

2) Strengthening the epidemiology and vector control units

3) Re-enable the weekly circulation of epidemiological bulletins to allow clinicians and 
public health practitioners to be up to date with the current circulating diseases. 

4) Establish a sustainable community and intersectoral participation program.

5) Prioritization of resources for vector control.

6) Empower research and education at all levels

Future research will be focused on the development of predictive models of future epidemics and 
a more refine assessment on the influence of a changing climate in dengue dynamics in Venezuela. 
Furthermore, research on behavioural and social aspects as well as genetics will be further designed.
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Cohort study: Informed consent and Survey instruments 

Adult Informed Consent

FORMULARIO DE CONSENTIMIENTO INFORMADO DEL ADULTO

Personas de 18 años de edad o mayores

Consentimiento para Participar en un Estudio de Investigación - ESTUDIO DE COHORTE

TÍTULO DEL PROYECTO:     DENVEN

DENGUE EN VENEZUELA: Epidemiología, factores de riesgo, diversidad genética y determinantes de 
enfermedad severa hacia prueba de vacuna contra el dengue

Laboratorio Regional del Diagnóstico e Investigación del Dengue y otras Enfermedades Virales 
(LARDIDEV-CORPOSALUD), Centro de Investigaciones Biomédicas de la Universidad de Carabobo, 
Maracay, Venezuela (BIOMED-UC) y Centro Médico Universitario Groningen (UMCG), Groningen, Holanda.

PARTICIPANTE NÚMERO: UCUG __ __ __ __     CÓDIGO VIVIENDA: VIV- __ __ __ __  

¿POR QUÉ HACEMOS ESTE ESTUDIO?

El Dengue es una enfermedad causada por un virus que es transmitido a las personas por la picadura 
de un mosquito, comúnmente llamado “patas blancas”. Las personas que se infectan con dengue 
generalmente tienen fiebre y síntomas leves pero algunas pueden desarrollar dengue severo con 
hemorragias o sangramientos. Aún no se sabe por qué a veces el dengue se transforma en severo,

El propósito de este estudio es determinar cómo se extiende el dengue en la comunidad, cuáles son 
las cepas circulantes (diversidad genética), cómo el virus dengue enferma a las personas y qué factores 
pueden predecir que alguien está a mayor riesgo de tener enfermedad de dengue severa, como 
anticuerpos especiales o citoquinas. Los resultados de este estudio servirán para mejorar el manejo 
médico de pacientes con dengue.

Nos gustaría solicitarle que participe en este proyecto de investigación que incluirá aproximadamente 
2000 personas de diferentes sectores de la ciudad de Maracay seleccionados por su alta incidencia a 
dengue. Su participación en el estudio será de 2 años. Si usted está de acuerdo en participar, se le pedirá 
firmar este formulario de consentimiento informado. A continuación le explicaremos en qué consistirá 
su participación si decide aceptarla.

PROCEDIMIENTOS

Si acepta participar en el estudio, usted estaría de acuerdo en acudir durante los próximos 2 años a la 
Unidad de Emergencia la Candelaria o al IVSS El Limón (Caña de Azúcar) o al Ambulatorio del Norte 
(Barrio la Cooperativa) cada vez que presente fiebre u otros síntomas. Es muy importante que acuda 
al centro de salud inmediatamente que presente fiebre, pues de esta forma se le podrá dar atención 
médica inmediata y podremos confirmar por pruebas de laboratorio si usted tiene dengue. En caso de 
tener dengue, deberá permanecer residenciado en Maracay durante los 30 días de seguimiento.  En 
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la primera visita a su casa tomaremos sus datos personales y le haremos preguntas sobre su vivienda 
además de tomar las coordenadas de su casa con un dispositivo especial (un GPS) que le mostraremos. 
Las coordenadas nos servirán para ver en un mapa cómo se distribuyen geográficamente los casos 
de dengue en su comunidad. Tomará aproximadamente 10 minutos contestar todas las preguntas. 
Luego de firmar el consentimiento informado, una enfermera especializada del proyecto tomará una 
muestra de sangre de su brazo (10ml). La muestra de sangre será utilizada para determinar los valores 
sanguíneos de rutina (hematología) y determinar si ha tenido dengue en el pasado mediante estudio 
serológico. Posteriormente se le entregará un carnet que lo acreditará como participante del proyecto de 
investigación, el cual deberá mostrar en los centros asistenciales cuando acuda por presentar síntomas. 

Visitas semanales

Semanalmente enfermeras del estudio visitarán su casa para preguntar si presenta o ha presentado 
fiebre. En caso positivo y de tener síntomas compatibles con dengue, la enfermera lo remitirá a la Unidad 
de Emergencia la Candelaria, al IVSS El Limón o Ambulatorio del Norte (según aplique) con su 
carnet. Adicionalmente, un(a) Reportero(a) Comunitario(a) de su comunidad también lo visitará durante 
la semana para preguntar por su salud. En caso de que usted le manifieste que se siente enfermo, él se 
comunicará con la enfermera del proyecto en el Ambulatorio y le hará saber que usted se dirige al lugar 
para ser atendido.

 En caso de sospecha de dengue:

Cuando usted presente fiebre u otros síntomas deberá acudir con su carnet al centro asistencial asignado 
al proyecto ya sea por iniciativa propia o al ser referido por la enfermera que lo visita semanalmente. Una 
vez allí será atendido por la enfermera del proyecto y evaluado por el médico del centro asistencial. Si el 
médico determina que tiene criterios clínicos para dengue, se le tomará una muestra de sangre de 10ml 
para realizar hematología y otras pruebas relacionadas con el dengue. 

En este caso, deberá asistir diariamente al mismo centro de salud, con su carnet, mientras tenga 
fiebre y luego en determinados días para hacerle seguimiento clínico. Se le solicitarán un máximo de 
cinco muestras de sangre de 10ml cada una que serán tomadas a las 24, 48 y 72 horas después de 
colectada la primera muestra mientras dure la fiebre,  24 a 48 horas después de finalizada la fiebre y 21 
a 30 días después de la muestra inicial. La finalidad de estas tomas de sangre es monitorear cambios 
hematológicos (hematología, plaquetas y otros en su sangre) y correlacionarlos con sus síntomas. Una 
parte de estas muestras se utilizará para estudiar factores predictivos de enfermedad severa de dengue 
(anticuerpos y citoquinas). Todas estas pruebas se realizarán de manera gratuita. El personal médico 
del centro de salud se encargará de indicarle tratamiento y monitoreará su salud. Durante cada visita 
mientras se sienta enfermo, la enfermera del proyecto le hará unas preguntas sobre cómo se siente, le 
tomará la temperatura y signos vitales y le hará la prueba del torniquete. La prueba del torniquete se 
utiliza para buscar trastornos hemorrágicos y consiste en aplicar presión en la parte superior de su brazo 
utilizando el brazalete para tomar la presión arterial durante menos de un minuto.

En caso de desarrollar dengue severo:

Si usted desarrolla la enfermedad severa, los médicos del centro asistencial decidirán hospitalizarlo en el 
mismo centro de salud o lo referirán al Hospital Central de Maracay para que sea hospitalizado y tratado 
por personal médico especializado. Durante su hospitalización será monitoreado por personal médico y 
de enfermería del centro de salud y del proyecto y se le tomarán dos muestras de sangre adicionales de 
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10ml cada una en días alternos. Estas muestras servirán para estudiar factores predictivos de enfermedad 
severa de dengue. Una vez salga del hospital, se le pedirá una última muestra de sangre a los 21-30 días 
del inicio de su enfermedad.

Visitas anuales

Una vez al año volveremos a su casa para tomar una muestra de sangre igual a la primera (10ml) la cual 
servirá para determinar si su hematología ha variado con respecto al año anterior y verificar si usted tuvo 
dengue sin presentar síntomas. También le haremos algunas preguntas sobre su salud y su residencia. 

¿CUÁLES SON LOS RIESGOS O INCOMODIDADES EN EL ESTUDIO?

La sangre le será extraída de su antebrazo con una aguja por un(a) enfermero(a) con experiencia o un(a) 
médico(a). Todo el material utilizado para la toma de muestra de sangre es estéril y descartable luego 
de su uso. El riesgo de que pueda salir lastimado durante la colecta de la sangre es mínimo, pero es 
posible que sienta algún dolor o incomodidad cuando le extraigan la sangre de su antebrazo; después 
puede presentarse algún moretón o hinchazón, y con muy poca probabilidad, infección en el sitio donde 
se extrajo la sangre. Puede sentir desfallecimiento cuando se le esté tomando la muestra, pero esto 
es poco común y la sensación pasará rápidamente.  Para minimizar cualquier riesgo, toda muestra de 
sangre será tomada por personal experimentado. La prueba del torniquete para dengue puede causar 
dolor en el brazo en algunas personas mientras se infla el dispositivo de la presión sanguínea.  El dolor 
desaparece cuando el dispositivo se desinfla. Cuando este dispositivo se infla la piel de su brazo y de 
su mano debajo de este dispositivo puede cambiar de color (rojo, azul, púrpura). Este color cambiará 
luego de que el dispositivo se desinfle. Puede desarrollar una erupción en su antebrazo bajo la forma de 
pequeños puntos rojos.  Esta erupción desaparecerá luego de unos cuantos días.

¿CUÁLES SON LOS BENEFICIOS COMO PARTICIPANTE DE ESTE ESTUDIO?

Con su participación en el estudio, el personal médico y de enfermería del Ministerio de Salud y del 
proyecto tendrán un mejor conocimiento de la transmisión y características clínicas del dengue en 
Venezuela. Además, el personal del estudio espera determinar factores que ayuden a predecir si 
alguien desarrollará dengue severo.  Si usted es sospechoso de presentar dengue, tendrá resultados de 
laboratorio de manera gratuita y temprana que permitirán hacer un seguimiento de la evolución de su 
enfermedad de manera adecuada y oportuna minimizando así la aparición de la enfermedad severa. 

CUIDADOS MEDICOS POR LESIONES RELACIONADAS CON LA INVESTIGACION: 

Si usted es lastimado como resultado directo de formar parte de este proyecto de investigación, 
recibirá atención médica para esa lesión. La atención médica se le proporcionará sin costo alguno. 
Usted  recibirá la atención médica  necesaria pero no una compensación monetaria por la lesión que el 
procedimiento de extracción de sangre le pueda ocasionar.

CONFIDENCIALIDAD DE SU INFORMACION: Toda la información relacionada con este proyecto será 
confidencial. Los documentos de esta investigación serán mantenidos en las oficinas del LARDIDEV/
BIOMED-UC en Maracay, Venezuela, y en la oficina UMCG, Holanda. Nosotros mantendremos los 
documentos en privado hasta donde sea legalmente posible. Como usted será identificado con un 
número de código, su nombre no será utilizado para ningún análisis de datos (el cual será realizado de 
manera anónima) y no aparecerá en las publicaciones que se produzca del estudio. Solo la enfermera y 
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el médico que lo atienda y el personal del laboratorio de diagnóstico de dengue conocerán su nombre.

PARTICIPACION VOLUNTARIA: Usted puede decidir no formar parte del estudio, la decisión es solo 
suya así como también puede dejar este estudio en cualquier momento sin consecuencias para usted 
y sin que cambien sus beneficios actuales. Usted puede decidir en cualquier momento del estudio 
negarse a que le tomen muestras de sangre para este proyecto de investigación, sin que esto tenga 
ninguna consecuencia para usted.  Si no desea continuar participando en el estudio, se le agradece que 
lo notifique a la enfermera en su próxima visita o a la co-responsable del proyecto a Dra. Gloria Sierra 
al 0414-450.7827 El personal del estudio puede retirarle del estudio en cualquier momento, incluso 
si todavía desea participar. Esto podría pasar si: Usted se muda del área de estudio, Usted no sigue 
instrucciones acerca del estudio, La investigación es finalizada por cualquier razón.

¿A QUIEN PUEDE CONTACTAR SI TIENE ALGUNA PREGUNTA O PROBLEMAS?

Si usted quiere conversar con alguien sobre este estudio, o si ha resultado lastimado por haber formado 
parte de este estudio, por favor contacte a la a Dra. Gloria Sierra en el LARDIDEV/BIOMED-UC al 0414-
450.7827.

CONSENTIMIENTO DEL ADULTO

Su firma en este formulario indica que se le ha explicado y ha entendido el estudio, y que ha decidido 
formar parte del mismo sin costo alguno para usted. Adicionalmente, su firma indica que ha tenido la 
oportunidad de hacer  preguntas. Usted debe saber que cualquier pregunta que pueda formular en el 
futuro le será respondida por uno de los investigadores del estudio. A usted se le proporcionará una 
copia de este consentimiento para que disponga de esta información.

Es posible que después de que completemos las pruebas de laboratorio con sus muestras de sangre, 
quede un remanente de las mismas. ¿Qué desea Ud. que hagamos con los remanentes de sus muestras 
de sangre? Coloque sus iniciales en una sola una opción:

_______

Iniciales

Después de completar el estudio, destruyan todas las muestras restantes

_______

Iniciales

Después de completar el estudio, las muestras restantes pueden ser utilizadas para 
cualquier propósito científico siempre que este propósito científico sea aprobado por 
la Comisión Bioética y que mi muestra no sea  identificada con mi nombre sino sólo con 
un número.  También entiendo que no habrá compensación por el uso futuro de mi(s) 
muestra(s).
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Si cambia de opinión, en cualquier momento, y desea que se destruyan las muestras de sangre 
remanentes contacte a la a Dra. Gloria Sierra en el LARDIDEV/BIOMED-UC al 0414-450.7827

1. NOMBRE DEL  PARTICIPANTE: 

______________________ ______________________ ______________________ _____________________

 Primer nombre Segundo Nombre Primer apellido Segundo Apellido
   

FECHA DE NACIMIENTO DEL PARTICIPANTE: DÍA __ __ MES __ __ AÑO __ __ __ __

FIRMA DEL  PARTICIPANTE: ____________________________________   FECHA  DIA_____MES_____AÑO___

SI EL PARTICIPANTE ES ANALFABETO O TIENE IMPEDIMENTOS FÍSICOS PARA FIRMAR, DEBE COLOCAR SU HUELLA 
DIGITAL EN EL SITIO DE LA FIRMA Y SE REQUERIRÁ PREFERIBLEMENTE DE UN FAMILIAR O VECINO COMO TESTIGO. 

2. NOMBRE DEL TESTIGO: 

______________________ ______________________ ______________________ _____________________

 Primer nombre Segundo Nombre Primer apellido Segundo Apellido

FECHA DE NACIMIENTO DEL TESTIGO: DÍA __ __ MES __ __ AÑO __ __ __ __

FIRMA DEL TESTIGO ____________________________________  FECHA:  DIA_____MES_____AÑO___

3. NOMBRE DEL INVESTIGADOR: _____________________________________  

FIRMA DEL  INVESTIGADOR _________________________________  FECHA:  DIA_____MES_____AÑO___

NOTA: COPIAS FIRMADAS DE ESTE FORMULARIO DE CONSENTIMIENTO SERÁN: A) GUARDADAS EN UN ARCHIVO 
DEL INVESTIGADOR PRINCIPAL, B) ENTREGADAS AL PARTICIPANTE, C) INCLUIDAS EN EL REGISTRO MÉDICO DEL 
PACIENTE (CUANDO CORRESPONDA).
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Child Informed Assent

FORMULARIO DE ASENTIMIENTO INFORMADO PARA NIÑOS 

PARA NIÑOS DE 8 A 11 AÑOS DE EDAD

ASENTIMIENTO PARA PARTICIPAR EN UN ESTUDIO DE INVESTIGACIÓN - ESTUDIO DE COHORTE

TÍTULO DEL PROYECTO:   DENVEN

DENGUE EN VENEZUELA: EPIDEMIOLOGÍA, FACTORES DE RIESGO, DIVERSIDAD GENÉTICA Y 
DETERMINANTES DE ENFERMEDAD SEVERA HACIA PRUEBA DE VACUNA CONTRA EL DENGUE

PARTICIPANTE NÚMERO: UCUG __ __ __ __                  CÓDIGO VIVIENDA: VIV- __ __ __ __

Médicos e investigadores del Laboratorio Regional del Diagnóstico e Investigación del Dengue y 
otras Enfermedades Virales (LARDIDEV-CORPOSALUD), del Centro de Investigaciones Biomédicas 
de la Universidad de Carabobo, Maracay, Venezuela (BIOMED-UC) y del Centro Médico Universitario 
Groningen, Holanda, están haciendo un estudio en tu comunidad sobre cómo se extiende el dengue en 
la comunidad, cómo el virus dengue enferma a las personas y qué factores pueden predecir la severidad 
de la enfermedad producida por el virus dengue. Quisiéramos invitarte a participar en el estudio durante 
dos años junto a otras 2000 personas de ésta y otras comunidades. 

Si aceptas participar te visitaremos en tu casa una vez al año para hacerte unas preguntas sobre tu 
salud y un(a) enfermero(a) te tomará una muestra de sangre (10ml) para ver si has tenido dengue sin 
que lo notaras. Si durante estos 2 años te enfermas y pareciera que tuvieras dengue, se te tomará una 
muestra de sangre en la Unidad de Emergencia la Candelaria, IVSS El Limon o Ambulatorio del Norte 
(según aplique) y un máximo de 5 muestras serán tomadas a las 24, 48, 72 horas durante tu enfermedad, 
24 a 48 horas después de finalizada la fiebre y 21 a 30 días después de la muestra inicial. Si te da dengue 
hemorrágico, te pediremos 2 muestras de sangre adicionales. Estas muestras servirán para que tu médico 
tratante vea cómo evoluciona tu enfermedad e indicarte tratamiento, además servirán para investigar 
qué factores nos puedan indicar con anticipación si la enfermedad evolucionará a un dengue severo o 
no. 

Las muestras de sangre serán tomadas de tu antebrazo por un(a) médico(a) o enfermero(a) especializado 
del estudio, para ello utilizará, una inyectadota y una aguja. La muestra es igual a otras que te has 
tomado anteriormente. En muy pocos casos la aguja podría lastimarte por pocos segundos y puede que 
te deje un moretón en el antebrazo. También se te hará una prueba llamada prueba del torniquete la cual 
consiste en hacer presión en el brazo con el aparato para tomar la presión arterial, con esta prueba solo 
sentirás presión en tu brazo y puede que te deje un pequeño morado que se te quitará a los pocos días. 
Esta prueba es muy importante ya que le dirá al doctor que tan enfermo estás.

Tu participación en este estudio es de manera voluntaria, si no quieres participar no hay problema y si 
quieres participar y luego retirarte no te preocupes ya que tendrás la misma atención en el centro de 
salud. Puedes hacer todas las preguntas que quieras en cualquier momento. Una copia de este formulario 
se te será entregado e irá junto al consentimiento del Padre, Madre o Representante.
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Si estas de acuerdo en participar, por favor firma a continuación:

NOMBRE DEL/LA NIÑO/A: 

______________________ ______________________ ______________________ _____________________

 Primer nombre Segundo Nombre Primer apellido Segundo Apellido

FECHA DE NACIMIENTO DEL NIÑO/A:  DÍA __ __ MES __ __ AÑO __ __ __ __

FIRMA _____________ ____________________________________  FECHA:  DÍA_____MES_____AÑO___

NOMBRE DEL INVESTIGADOR: _____________________________________  

FIRMA DEL  INVESTIGADOR _________________________________  FECHA: DÍA_____MES_____AÑO___
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Parent/Guardian Informed Consent

FORMULARIO DE CONSENTIMIENTO INFORMADO DEL PADRE/REPRESENTANTE 

PARA NIÑOS DE 5 A 17 AÑOS DE EDAD

CONSENTIMIENTO PARA PARTICIPAR EN UN ESTUDIO DE INVESTIGACIÓN - ESTUDIO DE COHORTE

TÍTULO DEL PROYECTO:   DENVEN

DENGUE EN VENEZUELA: Epidemiología, factores de riesgo, diversidad genética y determinantes de 
enfermedad severa hacia prueba de vacuna contra el dengue

Laboratorio Regional del Diagnóstico e Investigación del Dengue y otras Enfermedades Virales 
(LARDIDEV-CORPOSALUD), Centro de Investigaciones Biomédicas de la Universidad de Carabobo, 
Maracay, Venezuela (BIOMED-UC) y Centro Médico Universitario Groningen (UMCG), Groningen, Holanda.

¿POR QUÉ HACEMOS ESTE ESTUDIO?

El Dengue es una enfermedad causada por un virus que es transmitido a las personas por la picadura 
de un mosquito, comúnmente llamado “patas blancas”. Las personas que se infectan con dengue 
generalmente tienen fiebre y síntomas leves pero algunas pueden desarrollar dengue severo con 
hemorragias o sangramientos. Aún no se sabe por qué a veces el dengue se transforma en severo.

El propósito de este estudio es determinar cómo se extiende el dengue en la comunidad, cuáles son 
las cepas circulantes (diversidad genética), cómo el virus dengue enferma a las personas y qué factores 
pueden predecir que alguien está a mayor riesgo de tener enfermedad de dengue severa, como 
anticuerpos especiales o citoquinas. Los resultados de este estudio servirán para mejorar el manejo 
médico de pacientes con dengue.

Nos gustaría solicitarle que su(s) hijo(a)(s) participe(n) en este proyecto de investigación que incluirá 
aproximadamente 3000 personas de diferentes sectores de la ciudad de Maracay seleccionados por su 
alta incidencia a dengue. La participación de su(s) hijo(a)(s) en el estudio será de 2,5 años. Si usted está de 
acuerdo en que su(s) hijo(a)(s) participe(n), se le pedirá a usted firmar este formulario de consentimiento 
informado. A continuación le explicaremos en qué consistirá la participación de su(s) hijo(a)(s) si decide 
aceptarla.

PROCEDIMIENTOS

Si acepta que su(s) hijo(a)(s) participe(n) en el estudio, usted estaría de acuerdo en llevarlo(a)(s) durante 
los próximos 2 años a la Unidad de Emergencia la Candelaria o al IVSS El Limón (Caña de Azúcar) 
o al Ambulatorio del Norte (Barrio la Cooperativa) cada vez que su(s) hijo(a)(s) presente(n) fiebre u 
otros síntomas. Es muy importante que acuda(n) al centro de salud inmediatamente que presente(n) 
fiebre, pues de esta forma se le(s) podrá dar atención médica inmediata y podremos confirmar por 
pruebas de laboratorio si su(s) hijo(a)(s) tiene(n) dengue. En caso de tener dengue, deberán permanecer 
residenciados en Maracay durante los 30 días de seguimiento. En la primera visita a su casa tomaremos 
los datos personales de su(s) hijo(a)(s) y le haremos a usted preguntas sobre su vivienda además de 
tomar las coordenadas de su casa con un dispositivo especial (un GPS) que le mostraremos. Tomará 
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aproximadamente 10 minutos contestar todas las preguntas. Luego de firmar el consentimiento 
informado, una enfermera especializada del proyecto tomará una muestra de sangre del brazo (10ml) 
de su(s) hijo(a)(s). La muestra de sangre será utilizada para determinar los valores sanguíneos de 
rutina (hematología) y determinar si ha(n) tenido dengue en el pasado mediante estudio serológico. 
Posteriormente se le(s) entregará un carnet que lo(s) acreditará como participante(s) del proyecto de 
investigación, el cual deberá(n) mostrar en los centros asistenciales cuando acuda(n) por presentar 
síntomas. 

VISITAS SEMANALES

Semanalmente enfermeras del estudio visitarán su casa para preguntar si su(s) hijo(a)(s) presenta(n) o 
ha(n) presentado fiebre. En caso positivo y de tener síntomas compatibles con dengue, la enfermera lo(a)
(s) remitirá a la Unidad de Emergencia la Candelaria, al IVSS El Limón o Ambulatorio del Norte (según 
aplique) con su(s) carnet(s). Adicionalmente, un Reportero Comunitario de su comunidad también lo(s) 
visitará durante la semana para preguntar por la salud de su(s) hijo(a)(s). En caso de que su(s) hijo(a)(s) se 
sienta(n) enfermo(a)(s), el/la Reportero(a) Comunitario(a) se comunicará con la enfermera del proyecto 
en el Ambulatorio y le hará saber que usted con su(s) hijo(a)(s) se dirige(n) al lugar para ser atendido(s).

EN CASO DE SOSPECHA DE DENGUE:

Cuando su(s) hijo(a)(s) presente(n) fiebre u otros síntomas deberá(n) acudir con el carnet al centro 
asistencial asignado al proyecto ya sea por iniciativa propia o al ser referido(a)(s) por la enfermera que 
lo visita semanalmente. Una vez allí será(n) atendido(s) por la enfermera del proyecto y evaluado(s) por 
el médico del centro asistencial. Si el médico determina que su(s) hijo(a)(s) tiene(n) criterios clínicos 
para dengue, se le(s) tomará una muestra de sangre de 10ml para realizar hematología y otras pruebas 
relacionadas con el dengue. 

 En este caso, deberá(n) asistir diariamente al mismo centro de salud, con el carnet, mientras tenga(n) 
fiebre y luego en determinados días para hacerle(s) seguimiento clínico. Se le(s) solicitará(n) un máximo 
de cinco muestras de sangre de 10ml cada una que serán tomadas a las 24, 48 y 72 horas después de 
colectada la primera muestra mientras dure la fiebre,  24 a 48 horas después de finalizada la fiebre y 21 
a 30 días después de la muestra inicial. La finalidad de estas tomas de sangre es monitorear cambios 
hematológicos (hematología, plaquetas y otros en su sangre) y correlacionarlos con los síntomas. Una 
parte de estas muestras se utilizará para estudiar factores predictivos de enfermedad severa de dengue 
(anticuerpos y citoquinas). Todas estas pruebas se realizarán de manera gratuita. El personal médico 
del centro de salud se encargará de indicarle(s) tratamiento y monitoreará la salud de su(s) hijo(a)(s). 
Durante cada visita mientras se sienta(n) enfermo(s), la enfermera del proyecto le(s) hará unas preguntas 
sobre cómo se siente(n) su(s) hijo(a)(s), le(s) tomará la temperatura y signos vitales y le(s) hará la prueba 
del torniquete. La prueba del torniquete se utiliza para buscar trastornos hemorrágicos y consiste en 
aplicar presión en la parte superior de su brazo utilizando el brazalete para tomar la presión arterial 
durante menos de un minuto.

EN CASO DE DESARROLLAR DENGUE SEVERO:

Si su(s) hijo(a)(s) desarrolla(n) la enfermedad severa, los médicos del centro asistencial decidirán 
hospitalizarlo(s) en el mismo centro de salud o lo(a)(s) referirá(n) al Hospital Central de Maracay para 
que sea(n) hospitalizado(s) y tratado(s) por personal médico especializado. Durante la hospitalización 
será(n) monitoreado(s) por personal médico y de enfermería del centro de salud y del proyecto y se le(s) 
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tomará(n) dos muestras de sangre adicionales de 10ml cada una en días alternos. Estas muestras servirán 
para estudiar factores predictivos de enfermedad severa de dengue. Una vez salga(n) del hospital, se 
le(s) pedirá(n) una última muestra de sangre a los 21-30 días del inicio de su enfermedad.

VISITAS ANUALES

Una vez al año volveremos a su casa para tomar una muestra de sangre igual a la primera (10ml) la 
cual servirá para determinar si la hematología de su(s) hijo(a)(s) ha variado con respecto al año anterior 
y verificar si tuvo(tuvieron) dengue sin presentar síntomas. También le(s) haremos algunas preguntas 
sobre la salud de su(s) hijo(a)(s) y su residencia. 

¿CUÁLES SON LOS RIESGOS O INCOMODIDADES EN EL ESTUDIO?

La sangre le(s) será extraída a su(s) hijo(a)(s) del antebrazo con una aguja por un(a) enfermero(a) con 
experiencia o un(a) médico(a). Todo el material utilizado para la toma de muestra de sangre es estéril 
y descartable luego de su uso. El riesgo de que pueda(n) salir lastimado(s) durante la colecta de la 
sangre es mínimo, pero es posible que sienta(n) algún dolor o incomodidad cuando le(s) extraigan 
la sangre del antebrazo; después puede presentarse algún moretón o hinchazón, y con muy poca 
probabilidad, infección en el sitio donde se extrajo la sangre. Puede(n) sentir desfallecimiento cuando 
se le(s) esté tomando la muestra, pero esto es poco común y la sensación pasará rápidamente.  Para 
minimizar cualquier riesgo, toda muestra de sangre será tomada por personal experimentado. La prueba 
del torniquete para dengue puede causar dolor en el brazo en algunas personas mientras se infla el 
dispositivo de la presión sanguínea.  El dolor desaparece cuando el dispositivo se desinfla. Cuando este 
dispositivo se infla la piel del brazo y mano debajo de este dispositivo puede cambiar de color (rojo, azul, 
púrpura). Este color cambiará luego de que el dispositivo se desinfle. Puede(n) desarrollar una erupción 
en el antebrazo bajo la forma de pequeños puntos rojos.  Esta erupción desaparecerá luego de unos 
cuantos días.

¿CUÁLES SON LOS BENEFICIOS COMO PARTICIPANTE(S) DE ESTE ESTUDIO?

Con la participación su(s) hijo (a)(s) en el estudio, el personal médico y de enfermería del Ministerio 
de Salud y del proyecto tendrán un mejor conocimiento de la transmisión y características clínicas del 
dengue en Venezuela. Además, el personal del estudio espera determinar factores que ayuden a predecir 
si alguien desarrollará dengue severo.  Si su(s) hijo(a)(s) es/son sospechoso(s) de presentar dengue, 
tendrá(n) resultados de laboratorio de manera gratuita y temprana que permitirán hacer un seguimiento 
de la evolución de la enfermedad de manera adecuada y oportuna minimizando así la aparición de la 
enfermedad severa. 

CUIDADOS MÉDICOS POR LESIONES RELACIONADAS CON LA INVESTIGACION: 

Si su(s) hijo(a)(s) es/son lastimado(a)(s) como resultado directo de formar parte de este proyecto de 
investigación, recibirá(n) atención médica para esa lesión. La atención médica se le(s) proporcionará 
sin costo alguno. Su(s) hijo(a)(s) recibirá(n) la atención médica  necesaria pero no una compensación 
monetaria por la lesión que el procedimiento de extracción de sangre le(s) pueda ocasionar.

CONFIDENCIALIDAD DE LA INFORMACION:

Toda la información relacionada con este proyecto será confidencial. Los documentos de esta 
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investigación serán mantenidos en las oficinas del LARDIDEV/BIOMED-UC en Maracay, Venezuela, 
y en la oficina UMCG, Holanda. Nosotros mantendremos los documentos en privado hasta donde 
sea legalmente posible. Como su(s) hijo(a)(s) será(n) identificado(s) con un número de código, el/los 
nombre(s) no será(n) utilizado(s) para ningún análisis de datos (el cual será realizado de manera anónima) 
y no aparecerá(n) en las publicaciones que se produzca del estudio. Solo la enfermera y el médico que 
lo atienda y el personal del laboratorio de diagnóstico de dengue conocerán el/los nombre(s) de su(s) 
hijo(a)(s).

PARTICIPACION VOLUNTARIA: Su(s) hijo(a)(s) puede(n) decidir no formar parte del estudio, la 
decisión es solo de él/ella/ellos así como también puede(n) dejar este estudio en cualquier momento 
sin consecuencias para él/ella/ellos y sin que cambien su(s) beneficios actuales. Su(s) hijo(a)(s) puede(n) 
decidir en cualquier momento del estudio negarse a que le(s) tomen muestras de sangre para este 
proyecto de investigación, sin que esto tenga ninguna consecuencia para su(s) hijo(a)(s).  Si su(s) hijo(a)
(s) no desea(n) continuar participando en el estudio, se  agradece que usted lo notifique a la enfermera 
en su próxima visita o a la co-responsable del proyecto Dra. Gloria Sierra al 0414-450.7827.

El personal del estudio puede retirar a su(s) hijo(a)(s) del estudio en cualquier momento, incluso si 
todavía desea(n) participar. Esto podría pasar si: 

· Su(s) hijo(a)(s) se muda(n) del área de estudio

· Su(s) hijo(a)(s) no sigue(n) instrucciones acerca del estudio

· La investigación es finalizada por cualquier razón.

¿A QUIEN PUEDE(N) CONTACTAR SI TIENE(N) ALGUNA PREGUNTA O PROBLEMAS?

Si usted o su(s) hijo(a)(s) quiere(n) conversar con alguien sobre este estudio, o si su(s) hijo(a)(s) ha(n) 
resultado lastimado(s) por haber formado parte de este estudio, por favor contacte a Dra. Gloria Sierra 
en el LARDIDEV/BIOMED-UC al 0414-450.7827.

CONSENTIMIENTO DEL PADRE O REPRESENTANTE

Su firma en este formulario indica que este estudio se le ha explicado a usted y a su(s) hijo(a)(s) y que 
ha(n) entendido el estudio, y que ha decidido que su(s) hijo(a)(s) forme(n) parte del mismo sin costo 
alguno para usted ni su(s) hijo(a)(s). Adicionalmente, su firma indica que ha(n) tenido la oportunidad de 
hacer  preguntas. Usted debe saber que cualquier pregunta que usted o su(s) hijo(a)(s) pueda(n) formular 
en el futuro le(s) será respondida por uno de los investigadores del estudio. A usted se le proporcionará 
una copia de este consentimiento para que disponga de esta información.

Es posible que después de que completemos las pruebas de laboratorio con las muestras de sangre, 
quede un remanente de las mismas. ¿Qué desea Ud. que hagamos con los remanentes de las muestras 
de sangre de su(s) hijo(a)(s)? Coloque sus iniciales en una sola una opción:
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_______

Iniciales

Después de completar el estudio, destruyan todas las muestras restantes

_______

Iniciales

Después de completar el estudio, las muestras restantes pueden ser utilizadas para 
cualquier propósito científico siempre que este propósito científico sea aprobado por 
la Comisión Bioética y que las muestras no sean  identificadas con el nombre de mi(s) 
hijo(a)(s) sino sólo con un número.  También entiendo que no habrá compensación por 
el uso futuro de las muestra(s).

Si su(s) hijo(a)(s) cambia(n) de opinión, en cualquier momento, y desea que se destruyan las muestras de 
sangre remanentes contacte a la Dra. Gloria Sierra en el LARDIDEV/BIOMED-UC al 0414-450.7827.

1. NOMBRE DEL  PADRE/REPRESENTANTE: 

______________________ ______________________ ______________________ _____________________

 Primer nombre Segundo Nombre Primer apellido Segundo Apellido
   

FECHA DE NACIMIENTO DEL PADRE/REPRESENTANTE: DÍA __ __ MES __ __ AÑO __ __ __ __

PARTICIPANTE NÚMERO CÓDIGO: UCUG __ __ __ __ (SI APLICA)

Si el Padre/Representante es analfabeto o tiene impedimentos físicos para firmar, debe colocar su huella digital en el 
sitio de la firma y se requerirá preferiblemente de un familiar o vecino como testigo..

2. NOMBRE DEL TESTIGO: 

______________________ ______________________ ______________________ _____________________

 Primer nombre Segundo Nombre Primer apellido Segundo Apellido

FECHA DE NACIMIENTO DEL TESTIGO: DÍA __ __ MES __ __ AÑO __ __ __ __

FIRMA DEL TESTIGO ____________________________________  FECHA  DÍA_____MES_____AÑO___

3. NOMBRE DEL  PARTICIPANTE (1): 

______________________ ______________________ ______________________ ____________________

 Primer nombre Segundo Nombre Primer apellido Segundo Apellido
   

FECHA DE NACIMIENTO DEL PARTICIPANTE (1): DÍA __ __ MES __ __ AÑO __ __ __ __

PARTICIPANTE (1) NÚMERO CÓDIGO: UCUG __ __ __ __
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FIRMA DEL PADRE/REPRESENTANTE: ___________________________________  FECHA  DÍA_____MES_____
AÑO___

NOMBRE DEL  PARTICIPANTE (2): 

______________________ ______________________ ______________________ _____________________

 Primer nombre Segundo Nombre Primer apellido Segundo Apellido
   

FECHA DE NACIMIENTO DEL PARTICIPANTE (2): DÍA __ __ MES __ __ AÑO __ __ __ __

PARTICIPANTE (2) NÚMERO CÓDIGO: UCUG __ __ __ __

FIRMA DEL PADRE/REPRESENTANTE: ___________________________________   FECHA  DÍA_____MES_____
AÑO___

NOMBRE DEL  PARTICIPANTE (3): 

______________________ ______________________ ______________________ _____________________

 Primer nombre Segundo Nombre Primer apellido Segundo Apellido
   

FECHA DE NACIMIENTO DEL PARTICIPANTE (3): DÍA __ __ MES __ __ AÑO __ __ __ __

PARTICIPANTE (3) NÚMERO CÓDIGO: UCUG __ __ __ __

FIRMA DEL PADRE/REPRESENTANTE: ___________________________________   FECHA  DÍA_____MES_____
AÑO___

4. NOMBRE DEL INVESTIGADOR: _____________________________________  

FIRMA DEL  INVESTIGADOR _________________________________  FECHA  DÍA_____MES_____AÑO___
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Individual Questionaire 
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Household Survey
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Entomological Survey 
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Health Seeking Behaviour-Adult Form
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Health Seeking Behaviour-Child Form
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Nederlandse Samenvatting

Dengue, of knokkelkoorts, is een van de snelst verspreidende arbovirale infectieziekte wereldwijd. 
Het wordt gevonden in meer dan 120 landen, en is een zware last op getroffen populaties. In 
Venezuela, is het bestrijden van deze infectie en haar vectormug (Aedes aegypti) lastig gebleken 
door een groeiende bevolkingsdichtheid, onbetrouwbare watertoevoer, en langdurige problemen 
met publieke diensten. Momenteel bestaat het bestrijden van dengue, voornamelijk uit vector 
bestrijding, maar dat is tot nu toe grotendeels onsuccesvol gebleken. Er is een wereldwijde roep 
om verandering in de manier waarop surveillance en bestrijding van dengue en andere Aedes 
overdraagbare infectieziekten (zoals chikungunya en Zika) uitgevoerd worden, aangezien de 
klassieke aanpak niet voldoende blijkt om de morbiditeit en mortaliteit te verminderen bij deze 
ziekten. De huidige geïntegreerde aanpak voor de preventie en controle van arbovirussen verbindt 
verschillende disciplines (ecologie, entomologie, sociologie, genetica, psychologie, onderwijs, 
economie) om samen tot een beter inzicht te komen met betrekking tot deze ziekten, met als doel 
om de bestrijding van arbovirussen te verbeteren. 

Het onderzoek in deze dissertatie is gefocust op het identificeren en karakteriseren van de 
bepalende tijdruimtelijke factoren van de transmissie van het dengue virus (DNV) en het 
chikungunya virus (CKV).  Er wordt extra aandacht gegeven aan surveillance en controle van 
de ziekten, met een bijzondere nadruk op controle i) de ruimtelijke en tijdruimtelijke patronen 
van prevalentie/incidentie en de bepalende factor hiervan (Hoofdstuk 2, 3 & 4), ii) de invloed 
van klimaatfluctuaties op de tijdspatronen van dengue (Hoofdstuk 5) en iii) het effect van de 
verplaatsing van de menselijke bevolking als een belangrijke drijfveer voor de verspreiding van 
chikungunya en dengue (Hoofdstuk 4 & 6). Bovendien worden er, in het addendum, andere 
factoren die de controle van dengue beïnvloeden gekarakteriseerd, zoals de voorkeur van de 
gezondheids-zoekend gedrag van de desbetreffende patient en de keuze van gezondheidscentra, 
en de kennis, opvattingen en praktijken (KAP in het Engels) betreffende dengue (Hoofdstuk 7, 8 
and 9), het verschil tussen dengue en andere koortsachtige infectieziekten, om de vroegtijdige 
diagnose en differentiatie van dengue van de andere infectieziekten te bevorderen (Hoofdstuk 
10).  

Hoofdstukken 2 en 3: tijdruimtelijke stratificatie van dengue op een kleine lokale schaal

Een cohortstudie gebaseerd op de gemeenschap is in 2010 opgezet in de hyperendemische stad 
Maracay in Venezuela om de epidemiologische, gedragsmatige, klinische, en virale karakteristieken 
gerelateerd aan dengue en de transmissie daarvan te beoordelen. Data van ongeveer 2000 
instemmende individuen werd verzameld in drie wijken door middel van vier cross-sectional 
sero-epidemiologische enquêtes, die jaarlijks aan dezelfde personen werd voorgelegd tussen 
2010 en 2013 (Baseline, enquête 1, enquête 2 en enquête 3). Tijdens huisbezoeken werden 
uitgebreide individuale en huishoudens enquêtes afgenomen, bloedmonsters verzameld, en 
werd de geografische locatie van elk huis gemeten aan de hand van een draagbare GPS. In deze 
twee hoofdstukken hebben we onderzocht of gevallen van dengue (gedefinieerd als serologisch 
positieve individuen) ruimtelijk en temporaal clusteren (hot spots), en of deze clustering beïnvloed 
worden door sociaaleconomische en gedragsmatige factoren. Ruimtelijke analyses werden 
uitgevoerd op huishoudniveau en blokniveau. Lokale ruimtelijke statistiek identificeerde clusters 
van dengue seroprevalentie op beide ruimtelijke schalen in alle wijken. Ruimtelijke clustering van 
infectie werd gedetecteerd op een erg kleine schaal (20-110m), wat suggereert dat er sprake is van 
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een hoge focale aggregatie van de ziekte (Hoofdstuk 2). In een wijk werden er tijdens elke survey 
hotspots van infectie gevonden op beide ruimtelijke schalen, dichtbij de hotspots die ook gevonden 
werden tijdens de baseline survey, dit wijst op persistentie van dengue transmissie en van factoren 
die de transmissie mogelijk maken (Hoofdstuk 3). Factoren geassocieerd met het wonen in een 
dengue hotspot huishouden/blok zijn een lagere socio-economische status, beroep, het faciliteren 
van broedplekken van vectoren, en maatregelen van muggen bestrijding (Hoofdstuk 2). Onder 
de seropositieve individuen werden er 66% in survey 1 & 3 gedefinieerd als een latente dengue 
geval, terwijl de helft van de huishoudens in een hot spot compleet (100%) bestonden uit clusters 
van latente dengue gevallen, wat belangrijke vragen oproept over de effectiviteit van de huidige 
aanpak van vector bestrijding die alleen ingezet wordt bij symptomatische dengue gevallen 
(Hoofdstuk 3). Huizen in hot spots tonen een aantal risicofactoren die transmissie van dengue 
bevorderen. Dus als een huishouden in een hot spot alleen last heeft van latente dengue gevallen 
wordt dit huis niet opgepikt door publieke gezondheidsdiensten, en blijft het huishouden een 
gunstige broedplek voor Aedes aegypti en zal transmissie van dengue ongehinderd verder gaan. 

Hoofdstuk 4: tijdruimtelijke stratificatie van dengue bij hogere ruimtelijke niveaus

In Hoofdstuk 4 wordt geprobeerd dengue clusters te identificeren, en wordt er onderzocht wat het 
patroon is van de volharding van dengue en daaraan gerelateerde factoren. Dit wordt gedaan op 
civiel parochieniveau  van 2008 tot 2014 in twee hoog dengue endemische regionen in noordelijk 
Venezuela (Carabobo en Aragua). Ruimtelijke en tijdruimtelijke clusters zijn voornamelijk gevonden 
in grote stedelijke centrale gebieden in beide regionen, maar ook in kleinere maar dichtbevolkte 
parochies in het kustgebied van Carabobo (P < 0.05). Dezelfde geografische distributie werd 
gevonden voor dengue persistentie, waar de hoogste waarden werden gevonden op dezelfde 
clusterlocaties die ook geassocieerd was met bevolkingsdichtheid. Ondanks het feit dat de twee 
onderzochte regionen naast elkaar lagen, zagen we meer dengue gevallen en dengue persistentie 
in Aragua dan in Carabobo, en was er al één maand een toename van dengue gevallen in Arague 
te zien, voordat er een toename gezien werd in Carabobo. Ten slotte zien we dat de clustering van 
dengue gevallen in het kustgebied van Carabobo een maand achter loopt op die in de centrale regio, 
wat suggereert dat de verspreiding van dengue vanuit de centrale regio naar de kust verloopt, via 
het belangrijke wegennetwerk tussen deze twee gebieden. De gevonden gebieden van dengue 
clustering bestaan uit regionen van hoge bevolkingsdichtheid als een marker voor verbevolking, 
met onbetrouwbare toegang tot publieke diensten, met factoren gerelateerd aan broedplaatsen 
voor muggen, en andere markers van lagere socio-economische status waarvan is bewezen dat deze 
dengue transmissie bevorderen. De gevonden clustering en hoge aantallen van persitentie in het 
kustgebied van Carabobo zijn zorgelijk. In deze regio ligt een van de belangrijkste transportroutes 
die de grootste haven van het land, een stedelijk industrieterrein, en toeristenattracties verbindt 
met de rest van het land. Daarnaast komt de constante verplaatsing van arbeiders, bezoekers, en 
toeristen in deze regio, en het feit dat de regio geen betrouwbaar vector bestrijdingsprogramma 
en andere denguemaatregelen heeft bij kijken. Het laatste heeft zorgelijke implicaties voor dengue 
bestrijding, omdat dit kustgebied een belangrijke rol kan spelen in de disseminatie van dengue 
op lokaal en regionaal niveau. De resultaten leverden belangrijk bewijs voor heterogeniteit van 
dengue en bieden een belangrijk inzicht in de geografische mate van dengue transmissie, en de 
risicofactoren gerelateerd aan deze ruimtelijke variabiliteit. We benadrukken het belang van deze 
heterogene patronen analyse van dengue, omdat dit ons in staat stelt om kwetsbare gebieden in 
termen van dengue transmissie aan te tonen, en zo de beperkte bestrijdingsmiddelen beter en 
efficiënter te verdelen. 
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Hoofdstuk 5: Temporale dynamieken van dengue en de relatie met het klimaat

Er is een zorgelijke opwaartse trend van dengue gevallen in Venezuela, en een toename van 
de frequentie en grootte dengue epidemieën in de laatste decennia. Het is aannemelijk dat 
de variabiliteit van het klimaat een relevante invloed heeft op deze veranderingen, en daarom 
hebben we de periodiciteit van dengue gekwantificeerd om te zoeken naar seizoensgebonden en 
meerjaarlijkse periodes van ziekte, in twee noordelijke staten van Venezuela. Daarna hebben we de 
associatie tussen jaarlijkse en en meerjaarlijkse dengue cycli met klimaatvariabelen (minimum- en 
maximumtemperatuur en neerslag), en met de El Niño zuidelijke oscillatie (ENSO in het Engels). 
De resultaten lieten significante cycli zien van dengue incidentie in een tijdsperiode van 3-4 jaar 
en 1 jaar. We hebben vastgesteld dat deze dengue cycli corresponderen met een lokaal klimaat en 
met ENSO variatie op seizoens- en meerjaarlijks niveau (elke 2-3 jaar). Bovendien is aangetoond 
dat pieken in dengue incidentie vaker voorkomen tijdens de warmere en drogere jaren van El 
Niño. Onze resultaten laten zien dat neerslag een sterke samenhang heeft met dengue in een 
1-jarige cyclus, wat de seizoensgebonden dengue cycli sterk beïnvloedt. De temperatuur hangt 
sterk samen met seizoensgebonden en meerjarige cycli, en deze meerjarige cycli was gerelateerd 
aan pieken in dengue incidentie. We laten zien dat ENSO een regionale klimaataandrijver is van 
lange-termijn periodiciteit van dengue door lokale veranderingen in regen en temperatuur. 
Paraatheidsprogrammas kunnen worden opgezet gebaseerd op klimaatvoorspellingen als 
onderdeel van een stapsgewijs controle- en preventieprogramma van dengue en andere Aedes-
gedragen ziekten.

Hoofstuk 6: ruimtelijke en temporale dynamieken van chikungunya epidemieën

In 2014 veroorzaakte chikungunya een van de meest explosieve epidemieën ooit gerapporteerd 
in Venezuela en de rest van Amerika. In dit hoofdstuk (Hoofdstuk 6) omschrijven en kwantificeren 
we de temporale en ruimtelijke gebeurtenissen na de introductie en propagatie van chikungunya 
in een immuun naïeve populatie in de stedelijke noord-centrale regio van Venezuela in 2014. 
Het (basis-)reproductiegetal van chikungunya werd hoog ingeschat (R0=3.7), wat aangeeft dat 
de overdraagbaarheid hoog was tijdens de exponentiële fase van de epidemie. De voornaamste 
epidemische curve ontwikkelde zich in 90 dagen, waarin het chikungunya virus (CHIKV) 
zich hoofdzakelijk verspreidde richting het zuidwestelijk en noordelijk deel van Valencia, de 
hoofdstad van Carabobo, waar het overlapte met de belangrijkste bevolkte centra van de regio 
en de belangrijkste verkeersroutes. De radiale afstand van de verspreiding was 9.4 km met een 
gemiddelde snelheid van 82.9 m/dag. In totaal zijn 75 tijdruimtelijke clusters van dengue gevallen 
geïdentificeerd. Het gebied met de meeste tijdruimtelijke aggregatie is het zuidelijk deel van 
de stad Valencia, deze regio werd gekenmerkt door dichtbevolkte buurten, een lagere sociaal 
economische status, en drukke leefomstandigheden (Hoofdstuk 4). Onze resultaten suggereren 
dat de chikungunya epidemie een bepaald geografisch pad volgde, die werd bepaald door de 
overvloed/verspreiding van de vector en gemoduleerd door menselijke verplaatsing. De explosieve 
aard van deze epidemie benadrukt het belang van paraatheid in kwetsbare bevolkingsgroepen. 
We verwachten dat de aanbevelingen in deze studie ook toepasbaar zijn op verschillende andere 
getroffen gebieden of op gebieden die mogelijk getroffen kunnen worden door een soortgelijke 
opkomende of her-opkomende arbovirussen. 
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Hoofdstuk 7, 8, 9 en 10: Addendum

De sectie Addendum omvat hoofdstukken waarin factoren verkend worden die dengue bestrijding 
beïnvloeden. In Hoofdstuk 7 en Hoofdstuk 8 proberen we de patronen van gezondheid-zoekend 
gedrag (HSB in het Engels) en Intentie om gebruik te maken van gezonheidscentrum te evalueren 
bij individuen die blootgesteld zijn aan een hoge dengue incidentie, om zo de keuzes en limitaties 
te verkennen en begrijpen van iemands toegang tot gezondheidszorg in het huidige moeilijke 
sociaal-politieke klimaat van Venezuela. In het geval van koorts kiezen de meeste individuen 
ervoor om deze eerst thuis te behandelen voordat medische zorg wordt gezocht, terwijl het 
tegenovergestelde werd gezien in mogelijke gevallen van dengue (p<0.001). In het geval van een 
ziekteperiode beslissen de meeste individuen om meerdere verschillende gezondheidscentra te 
bezoeken tot hun gezondheidsbehoeftes voldaan zijn. De meest voorkomende keuze voor primaire 
en secundaire gezondheidszorg zijn zogeheten ‘ambulatories’. Het verbeteren van de kennis en 
het bewustzijn van dengue symptomen kan vroege gebruik van medische zorg te verbeteren 
verbeteren bij getroffen populaties. Hoofdstuk 9 omschrijft de kennis, opvattingen en praktijken 
betreffende dengue, en onderzoekt de factoren van (A) persoonlijke bescherming tegen muggen, 
en (B) eliminatie van broedplekken van muggen. We laten zien dat 80% van de huishoudens een 
of meerdere preventieve maatregelen tegen muggenbeten heeft gemeld, maar dat 60% van deze 
alsnog een potentiele broedplek voor muggen op hun kavel, waarvan het merendeel positief 
is voor Aedes larven of poppen. Het verhogen van awareness op gemeenschapsniveau van het 
belang van de combinatie van muggenbeetpreventie met het verwijderen van broedplekken in 
en om het huishouden is cruciaal voor de controle van dengue en andere Aedes-gedragen ziekten. 

In Hoofdstuk 10 proberen we de parameters die dengue kunnen onderscheiden van andere 
koortsachtige ziekten in een vroeg stadium van ziekte (≤72h vanaf het begin van de ziekte). 
Daarnaast proberen we om een beslissingsalgoritme te ontwerpen die gebruik maakt van klinische 
eigenschappen en routinematige laboratoriumtests. We hebben een algoritme gemaakt aan de 
hand van het aantal witte bloedlichaampjes, uitslag, mediaan corpusculair hemoglobineniveau 
en de manifestatie van bloedingen, die dengue kan onderscheiden van andere koortsachtige 
ziekten met een sensitiviteit van 83% en een specificiteit van 63%. Het voorgestelde diagnostische 
algoritme kan een nuttig middel zijn om clinici te helpen bij vroege identificatie van dengue 
patiënten en de juiste behandeling te starten, om zo de progressie van dengue severiteit bij 
patiënten te vermijden.  

Als laatste presenteert Hoofdstuk 11 een opsommende discussie over de resultaten van deze 
these. Al het onderzoek dat is uitgevoerd in deze these is goedgekeurd door het Venezolaanse 
ministerie van gezondheidszorg, en twee lokale bio-ethische comités. 

Conclusies

De resultaten in deze these bieden belangrijk bewijs en kennis over dengue en chikungunya 
patronen over de ruimte en tijd in Venezuela. Het benadrukt ook de relevantie die geografische 
informatiesystemen en ruimtelijke analyses hebben op de surveillance en bestrijding van VBD 
zoals dengue virus (DENV) and CHIKV. De impact van DENV en CHIKV epidemieën benadrukken 
de noodzaak voor een verandering in de benadering van de management en bestrijding van deze 
arbovirale infecties. Het uitbreiden van een gecombineerd programma van preventie, surveillance 
en bestrijding van Aedes-gedragen ziekten, inclusief de temporale en ruimtelijke analyses van 
de patronen van transmissie van ziekte, zal helpen om de meest kwetsbare risicogebieden voor 
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transmissie te identificeren. Dit programma zal ervoor zorgen dat arbovirale hotspots doelgericht 
kunnen worden aangepakt om morbiditeit, mortaliteit, en de ziektelast van deze ziekten op de 
bevolking en gezondheidscentra. Uitgebreide onderwijsprogramma’s en onderzoek zijn cruciaal 
om deze ziekten succesvol en doelgericht aan te pakken. Met het oog hierop is er een urgente 
noodzaak om de ziektebestrijdingsprogramma’s te versterken, om te voorkomen dat VBD en 
andere infectieziekten toenemen in aantal en zich verder verspreiden.
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Thesis Summary

Dengue is one of the fastest spreading vector-borne diseases worldwide, affecting more than 120 
countries and posing an important burden on concerned populations. In Venezuela, control of 
this infection and of its mosquito vector (Aedes aegypti) has proven challenging due to growing 
population density, increasingly crowded living conditions, unreliable water supply, and enduring 
problems in public services. Currently, dengue control methods rely mostly on vector reduction; 
however, these activities have proven largely unsuccessful. Globally, there is an increasing call for 
action to change how surveillance and control of dengue and other Aedes-borne diseases (such as 
chikungunya and Zika) are currently performed, since the classical approach seems not sufficient 
to effectively reduce the morbidity and mortality caused by these diseases. The current integrated 
approach for the prevention and control of vector-borne diseases (VBD), joins different disciplines 
(ecology, entomology, sociology, genetics, psychology, education, economics) that contribute to 
a better insight of these diseases, aiming towards an improvement of the management of VBD. 
Considering the above, the research described in this dissertation is focused on the identification 
and characterization of the spatial and temporal determinants of dengue virus (DENV) and 
chikungunya virus (CHIKV) transmission, relevant for surveillance and control with special 
emphasis on i) the spatial and spatio-temporal patterns of disease prevalence/incidence and their 
determinants (Chapter 2,3 & 4), ii) the influence of climate fluctuations on the temporal patterns 
of dengue (Chapter 5) and iii) the effect of human population movement as an important driver of 
chikungunya and dengue dispersion (Chapter 4 & 6). Moreover, in the addendum section, other 
factors influencing dengue disease control where characterized such as patient’s preferences 
towards health seeking and health care centers and the Knowledge, Attitudes and Practices (KAP) 
concerning dengue (Chapter 7, 8 and 9) and the differences between dengue and other febrile 
illnesses to improve early dengue disease differentiation from other febrile illnesses (Chapter 10).  

Chapters 2 and 3: Temporo-spatial dengue stratification at a small local scale

A community-based prospective cohort study was set up in 2010 in the dengue hyperendemic city of 
Maracay, Venezuela to assess epidemiological, behavioural, clinical and viral characteristics related 
with dengue disease and transmission. Data from approximately 2000 consenting individuals 
was collected in three neighborhoods through 4 annual cross-sectional sero-epidemiologic 
surveys performed on the same individuals between 2010-2013 (Baseline, Survey1, Survey2 and 
Survey3). Comprehensive individual and household questionnaires and blood sample collections 
were performed through house-to-house visits and the geographical location of each house was 
obtained using a hand-held GPS. In these two chapters, we investigated if dengue cases (defined 
as serologically positive individuals) were spatially and temporally aggregated (hot spots) and if 
there were socio-economic and behavioral factors determining this clustering. Spatial analyses 
were conducted at household- and block-level. Local spatial statistics identified clusters of recent 
dengue seroprevalence at both spatial scales in all neighborhoods. Spatial clustering of infection 
was detected at a very small scale (20-110m) suggesting a high disease focal aggregation (Chapter 
2). In one neighborhood, hot spots at both spatial scales were found in every survey close to those 
found in the baseline study, indicating persistence of dengue transmission and of its determining 
factors (Chapter 3). Factors associated with living in a DENV hot spot household/block were lower 
socio-economic status, occupation, promoting potential vector breeding sites and mosquito 
preventive measures. (Chapter 2). Among seropositive individuals, 66% in both survey 1 & 3 were 
defined as inapparent dengue cases while half of the hot spot households were constituted entirely 
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(100%) by clusters of inapparent dengue cases, raising important questions about the effectiveness 
of the current approach of vector control which focuses on symptomatic cases only (Chapter 3). 
Hot spot houses exhibit a series of risk factors that enhance dengue transmission. Thus, when a hot 
spot household is solely constituted by inapparent dengue cases, this house goes undetected by 
the public health services and therefore, keeps providing sufficient conditions for Aedes aegypti to 
breed and for transmission to continue.

Chapter 4: Temporo-spatial dengue stratification at higher spatial levels

In chapter 4, we aimed to identify dengue disease clusters, the pattern of dengue persistence 
and possible related factors, at civil parish level between the years 2008 to 2014, in two high 
dengue endemic regions of northern Venezuela (Carabobo and Aragua States). Space and space-
time clusters were found 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 
(P < 0.05). The same geographical distribution was obtained for dengue persistence, were the 
highest values were located on the same areas of clustering and it was associated with increased 
population density. Despite that the two studied regions are next to each other, Aragua State 
had a higher number of dengue cases, incidence and dengue persistence values than Carabobo, 
displaying a rise in dengue incidence 1 month ahead of Carabobo State. Finally, we found that 
the cluster of dengue incidence in the coast of Carabobo lags behind the one found in the central 
region, suggesting a possible spread from the center to the coast via the important road network 
between these two areas. The areas of disease clustering and persistence, comprise regions of 
high population density as a marker for crowding, with unreliable access to public services, factors 
related to mosquito breeding sites, and other markers of lower socio-economic status that have 
proved to favor dengue transmission. The clustering and high values of persistence of dengue in 
the coast of Carabobo state causes concern. This region is crossed by one of the main transportation 
routes linking the main country trading harbor, urban-industrial complex and tourist attractions to 
the rest of the country with the constant movement of workers and visitors on holidays, yet, the 
region lacks a reliable vector control program and other dengue target control measures. The latter 
has important implications for dengue control since this coastal region may play an important 
role in dengue dissemination at the local and regional level. The results here provided important 
evidence of dengue disease heterogeneity and give important insights about the geographical 
extent of the transmission of dengue and the related risk factors to this spatial variability. We 
stress the importance of the analysis of the heterogeneous patterns of dengue since it allows the 
identification of vulnerable areas for disease transmission, allowing a better allocation of resources 
for disease prevention and control.

Chapter 5: Temporal dynamics of dengue and its relation with climate

In Venezuela, a general upward trend in dengue cases and a tendency of dengue epidemics to 
increase in size and frequency in the last decades are of concern. Assuming that climate variability 
has a relevant influence on these changes in time, we quantified the periodicity of dengue incidence 
to search for seasonal and interannual periods of disease occurrence, in two of the northern 
States of Venezuela. Then, we analyzed the association between annual and inter-annual cycles 
of dengue with climate variables (minimum and maximum temperatures and precipitation) and 
with the El Niño Southern Oscillation (ENSO). The main results showed significant cycles of dengue 
incidence at 3-4-years and 1-year scale. We determined that dengue cycles corresponded with local 
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climate and with ENSO variation at both seasonal and inter-annual scales (every 2-3 years) and 
that dengue incidence peaks were more prevalent during the warmer and dryer years of El Niño. 
In our results, precipitation exhibited a strong coherence with dengue at 1-year cycle, strongly 
influencing dengue seasonal cycles, while temperature showed high coherence at both seasonal 
and interannual cycles and was related with peaks of dengue beyond the seasonal cycle. We show 
that ENSO is a regional climatic driver of long-term dengue periodicity through local changes in 
temperature and rainfall. Preparedness programs based on climate forecast can be established as 
part of a stepwise control and prevention program of dengue and other Aedes-borne diseases.

Chapter 6: Spatial and temporal dynamics of chikungunya epidemic

In 2014, chikungunya caused one of the most explosive epidemics ever reported in Venezuela and 
the Americas.  In this chapter (Chapter 6), we described and quantified the spatial and temporal 
events after the introduction and propagation of chikungunya into an immunological naïve 
population from the urban north-central region of Venezuela during 2014.   A high chikungunya 
basic reproductive number (R0=3.7) was estimated indicating high chikungunya virus (CHIKV) 
transmissibility during the exponential phase of the epidemic. The main epidemic curve developed 
within 90 days, with CHIKV spreading mainly towards the south-west and northern part of Valencia 
capital city, overlapping with the main populated centers of the region and the main traffic routes. 
The radial spread traveled distance was 9.4 Km at a mean velocity of 82.9 m/day. A total of 75 
space-time clusters of cases were identified. The area with most spatio-temporal aggregations, 
the southern part of Valencia city, was characterized by densely populated neighborhoods, with 
lower socio-economic status and crowded living conditions (Chapter 4). Our results suggest that 
the epidemic of chikungunya followed a particular geographical pathway determined by the 
abundance/dispersion of the vector and modulated by human movement. The explosive nature 
of this epidemic highlights even further the importance of epidemic preparedness in vulnerable 
populations. We expect that the results and recommendations from our study may also be 
applicable to several other areas currently affected or potentially subject to similar emergent or 
re-emergent arboviruses.

Chapter 7, 8, 9 and 10: Addendum

The Addendum section encompasses chapters that explore factors influencing dengue disease 
control. In chapter 7 and 8, we aimed to evaluate the patterns of health seeking behavior (HSB) 
and intended health center (HC) attendance in individuals exposed to high dengue incidence in 
order to explore and understand the choices and limitations of individual’s access to healthcare in 
the current difficult socio-political situation in Venezuela. In case of fever, most individuals would 
choose to firstly treat at home before seeking medical care, while the contrary was reported in 
case of suspected dengue (p<0.001). In the case of an illness episode, individuals would decide to 
sequentially attend several different HCs until their healthcare needs were met. The most frequent 
intended first and second health care choices for fever and dengue were traditional ambulatories. 
Improving the knowledge and awareness of dengue symptoms may enhance early attendance to 
medical care of affected populations. Chapter 9 described the Knowledge, Attitudes and Practices 
(KAP) concerning dengue, and investigated determinants of (a) personal protection against 
mosquitoes and (b) mosquito breeding site elimination. We showed that 80% of the households 
reported one or more preventive practices against mosquito bites however, almost 60% of these 
had potential mosquito breeding sites in their premises, most of them positive for Aedes larvae 
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or pupae. To raise awareness at community level on the importance of combining mosquito bite 
prevention with removal of breeding sites in and around the households is key for the control of 
dengue and other Aedes-borne diseases. In chapter 10, we aimed to identify parameters that could 
differentiate dengue from other febrile illnesses (OFI) at the early stage of the disease (≤72h from 
fever onset) and to design a decision-tree algorithm using clinical features and routine laboratory 
tests. We constructed a diagnostic algorithm using white blood cells count, rash, mean corpuscular 
hemoglobin levels and hemorrhagic manifestations in sequential order that distinguished dengue 
from OFI with a sensitivity of 88% and a specificity of 63%. The proposed diagnostic algorithm may 
be a useful instrument to help clinicians in the early identification of dengue patients and install 
prompt treatment, to avoid the progression of patients to severe dengue disease.

Finally, Chapter 11, presents the summarizing discussion of the results of this thesis. All the research 
that was performed in this thesis, was approved by the Venezuelan ministry of health authorities 
and two local bioethics committees.  

Conclusions

The results obtained in this thesis provide important evidence and knowledge about the dengue 
and chikungunya spatial and temporal patterns in Venezuela. It also highpoints the relevance 
that Geographical Information Systems GIS and spatial analysis have on the surveillance and 
control of VBD such as DENV and CHIKV.  The impact of DENV and CHIKV epidemics highlight 
the need for a different approach to the management and control of these arboviral infections. 
The elaboration of a combined program of prevention, surveillance and control of Aedes-borne 
diseases which includes the spatial and temporal analysis of the patterns of disease transmission 
will help to identify the most vulnerable and high-risk zones for transmission. This program will 
allow the targeting and successful control of arboviral hotspots to reduce morbidity, mortality 
and the burden of these diseases on the population and health care centres. Extensive education 
programmes and research are key to successfully target these diseases. In the light of this, there 
is an urgent call to strengthen the disease control programs in Venezuela, to avoid that VBD and 
other infectious diseases continue to increase and expand.
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Resumen de la Tesis

El dengue es una de las enfermedades transmitidas por vectores de propagación más rápida 
en todo el mundo, la cual afecta a más de 120 países y representa una carga importante para 
las poblaciones afectadas. En Venezuela, el control de esta infección y de su mosquito vector 
(Aedes aegypti) ha demostrado ser desafiante debido a la creciente densidad de la población, las 
condiciones de vida cada vez más hacinadas, suministro de agua poco confiable y problemas 
persistentes relacionados a los servicios públicos. Actualmente, los métodos de control del dengue 
se basan principalmente en la disminución del mosquito vector, sin embargo, estas actividades han 
resultado ser ineficientes. A nivel mundial, existe un creciente llamado a la acción para modificar 
los métodos de vigilancia y control del dengue y otras enfermedades transmitidas por el Aedes 
(como chikungunya y Zika), ya que el enfoque clásico no muestra una alta efectividad para reducir 
la morbilidad y mortalidad causadas por estas enfermedades.  El enfoque integrado actual para la 
prevención y el control de las enfermedades transmitidas por vectores (ETV), conecta a diferentes 
disciplinas (ecología, entomología, sociología, genética, psicología, educación, economía, etc.) 
que contribuyen a una mejor comprensión de estas enfermedades, con el objetivo de mejorar la 
gestión de ETV. Considerando lo anterior, la investigación descrita en esta tesis se enfoca en la 
identificación y caracterización de los determinantes espaciales y temporales de la transmisión del 
virus del dengue (DENV) y del virus chikungunya (CHIKV), relevantes para la vigilancia y control con 
especial énfasis en i) los patrones  espaciales y espaciotemporales de la prevalencia e incidencia 
del dengue y sus determinantes (Capítulos 2, 3 y 4), ii) la influencia de las fluctuaciones climáticas 
en los patrones temporales del dengue (Capítulo 5) y iii) el efecto del movimiento de la población 
humana como un promotor importante de la dispersión de chikungunya y dengue (Capítulos 4 
y 6). Adicionalmente, en la sección de addendum, otros factores que influyen en el control del 
dengue fueron caracterizados, tal como las preferencias del paciente hacia la selección de los 
centros de salud, la búsqueda de atención de salud (HSB en inglés), los Conocimientos, Actitudes y 
Prácticas (KAP en inglés) sobre el dengue (Capítulo 7, 8 y 9) y las diferencias entre dengue y otras 
enfermedades febriles para mejorar la diferenciación temprana del dengue de otras enfermedades 
febriles (Capítulo 10).

Capítulos 2 y 3: Estratificación del dengue temporoespacial a escala local

En el año 2010 se estableció un estudio de cohorte prospectivo basado en la comunidad en la ciudad 
hiperendémica en dengue de Maracay, Venezuela, para evaluar las características epidemiológicas, 
de comportamiento, clínicas y virales relacionadas con la enfermedad y la transmisión del dengue. 
Los datos de aproximadamente 2000 individuos previa firma de consentimiento informado, se 
recogieron en tres vecindarios a través de 4 Survey seroepidemiológicos de corte transversal 
anuales realizados en las mismas personas entre 2010-2013 (Baseline, Survey 1, Survey 2 y 
Survey 3). A través de visitas casa por casa, se aplicaron cuestionarios exhaustivos individuales y 
a nivel de hogares, y se procedió a la toma de muestras de sangre. Adicionalmente, se obtuvo 
la ubicación geográfica de cada domicilio mediante un sistema de posicionamiento global (GPS 
en inglés) de mano. En estos dos capítulos, se investigó si los casos de dengue (definidos como 
individuos serológicamente positivos) se agregaban espacialmente y temporalmente (focos 
calientes) y si había factores socioeconómicos y de comportamiento que pudieran determinar este 
agrupamiento. Los análisis espaciales se realizaron a nivel de hogar y de cuadra. Las estadísticas 
espaciales locales identificaron focos calientes de seroprevalencia reciente de dengue en ambas 
escalas espaciales en todos los vecindarios. La agrupación espacial de la infección se detectó a 
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una escala muy pequeña (20-110 m), lo que sugiere una alta agregación focal de la enfermedad 
(Capítulo 2). En uno de los vecindarios utilizados como objeto de estudio se encontró que los focos 
calientes aparecían en todos los Survey realizados anualmente con resultados similares observados 
en el estudio de base, indicando así, la persistencia en el tiempo de la transmisión del dengue y 
de sus factores determinantes en esta área específica (Capítulo 3). Los factores asociados a vivir 
en un foco caliente a nivel de hogar/cuadra de DENV fueron: bajo estatus socioeconómico, tipo 
de ocupación, promoción de posibles criaderos de mosquitos y las medidas preventivas tomadas 
contra mosquitos (Capitulo 2). Entre los individuos seropositivos, mas del 66% en ambos Survey 1 
y 3 se definieron como casos inaparentes de dengue, mientras que la mitad de los focos calientes a 
nivel de hogares estaban constituidos por completo (100%) por casos de dengue inaparente, lo que 
plantea importantes interrogantes sobre la efectividad del enfoque actual de control de vectores, 
el cual se centra solo en casos sintomáticos (Capítulo 3). Las casas focos calientes exhiben una 
serie de factores de riesgo que facilitan la transmisión del dengue. Por lo tanto, cuando una casa 
es un foco caliente y además está constituida únicamente por casos de dengue inaparentes, esta 
casa no es detectada por los servicios de salud pública y, por lo tanto, sigue brindando condiciones 
suficientes para que Aedes aegypti se reproduzca y continúe la transmisión de dengue.

Capítulo 4: Estratificación temporoespacial del dengue a niveles espaciales superiores

En el capítulo 4, buscamos identificar agrupamiento de casos de dengue (“clusters” en inglés), el 
patrón de persistencia de esta enfermedad y los posibles factores relacionados, a nivel de parroquia 
civil entre los años 2008 y 2014, en dos regiones endémicas de dengue en el norte de Venezuela 
(Estados Carabobo y Aragua). Los agrupamientos espaciales y espacio-temporales se encontraron 
mayoritariamente concentrados en las principales áreas centrales urbanas de cada región, pero 
también en las parroquias más pequeñas y densamente pobladas de la zona costera del estado 
de Carabobo (P <0.05). Resultados similares se obtuvieron para la persistencia del dengue, donde 
los valores más altos se ubicaron en las mismas áreas de agrupamiento espaciales y se asoció con 
una mayor densidad de la población. A pesar de que las dos regiones estudiadas están una al lado 
de la otra, el estado Aragua mostró un mayor número de casos de dengue, incidencia y valores de 
persistencia del dengue que Carabobo, revelando un aumento en la incidencia del dengue 1 mes 
antes que en el estado Carabobo. Finalmente, encontramos que el agrupamiento de incidencia del 
dengue en la costa de Carabobo está rezagado con respecto al encontrado en la región central, lo 
que sugiere una posible diseminación del centro hacia la costa a través de la importante red vial 
entre estas dos áreas. Las áreas de agrupamiento y persistencia de enfermedades comprenden 
regiones de alta densidad de población como marcador de hacinamiento, con acceso no confiable 
a servicios públicos, factores relacionados con criaderos de mosquitos y otros marcadores de menor 
estatus socioeconómico que han demostrado favorecer la transmisión del dengue. La continua 
agrupación de incidencia y de altos valores de persistencia del dengue en la costa del estado de 
Carabobo son motivo de preocupación. Esta región está atravesada por una de las principales rutas 
de transporte que unen el principal puerto comercial de Venezuela, el complejo urbano industrial y 
las atracciones turísticas con el resto del país, con constante movimiento de trabajadores y visitantes 
durante las vacaciones; sin embargo, la región carece de un confiable programa de control de 
vectores y otras medidas de control del dengue. Esto último tiene implicaciones importantes para 
el control de esta enfermedad, ya que esta región costera puede desempeñar un papel importante 
en la diseminación del dengue a nivel local y regional. Los resultados aquí mostrados proporcionan 
evidencia importante de la heterogeneidad espacial del dengue y brindan información importante 
sobre la extensión geográfica de la transmisión del dengue y los factores de riesgo relacionados 
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a esta variabilidad espacial. Hacemos hincapié en la importancia del análisis de los patrones 
heterogéneos del dengue, ya que permite la identificación de áreas vulnerables para la transmisión 
de enfermedades, lo que permite una mejor asignación de recursos para la prevención y control 
de estas enfermedades.

Capítulo 5: Dinámica temporal del dengue y su relación con el clima

En Venezuela, el incremento en los casos de dengue y el aumento en el tamaño y frecuencia de 
las epidemias de dengue en las últimas décadas son motivo de preocupación. Asumiendo que la 
variabilidad climática tiene una influencia relevante sobre los cambios temporales de la ocurrencia 
del dengue, en este capitulo (Capítulo 6) primero cuantificamos la periodicidad de la incidencia 
del dengue para buscar períodos estacionales e interanuales de ocurrencia de la enfermedad, 
en dos de los estados del norte de Venezuela. Posteriormente, analizamos la asociación entre 
los ciclos anual e interanual del dengue con las variables climáticas (temperaturas mínimas y 
máximas y precipitación) y con el fenómeno conocido como El Niño-Oscilación Sur o ENSO (en 
inglés). Los principales resultados mostraron ciclos significativos de incidencia de dengue cada 
1 y cada 3-4 años. Determinamos que los ciclos del dengue se correspondían con el clima local 
y con la variación del ENSO en escalas estacionales e interanuales (cada 2-3 años) y que los picos 
de incidencia del dengue eran más prevalentes durante los años más cálidos y secos de ENSO. En 
nuestros resultados, la precipitación mostró una fuerte coherencia con el dengue en el ciclo de 1 
año, influyendo fuertemente en los ciclos estacionales del dengue, mientras que la temperatura 
mostró alta coherencia en ciclos estacionales e interanuales. Estos ciclos interanuales de 
temperaturas se relacionaron con picos de dengue más allá del ciclo estacional (epidemias). En este 
estudio. mostramos que ENSO es un promotor climático regional de la periodicidad del dengue 
a largo plazo (ciclos interanuales), que opera a través de los cambios locales en la temperatura 
y la precipitación. Los programas de preparación basados   en el pronóstico del clima se pueden 
establecer como parte de un programa gradual de control y prevención del dengue y otras 
enfermedades transmitidas por el Aedes.

Capítulo 6: Dinámica espacial y temporal de la epidemia de chikungunya

En 2014, chikungunya causó una de las epidemias más explosivas jamás reportadas en Venezuela 
y las Américas. En este capítulo, describimos y cuantificamos los eventos espaciales y temporales 
después de la introducción y propagación de chikungunya en una población vulnerable de la 
región urbana al norte de Venezuela durante 2014. Se estimó un número reproductivo básico de 
chikungunya (R0 = 3.7) indicando que la transmisibilidad del virus del chikungunya (CHIKV) fue 
alto durante la fase exponencial de la epidemia. La curva epidémica principal se desarrolló en 90 
días, con CHIKV extendiéndose principalmente hacia la parte suroeste y norte de la ciudad capital 
de Valencia, superponiéndose con los principales centros poblados de la región y las principales 
rutas de tráfico. La distancia de la onda de propagación radial recorrida fue de 9.4 Km a una 
velocidad promedio de 82.9 m / día. Se identificaron un total de 75 agrupaciones (clusters) espacio-
temporales de casos de CHIKV. El área con la mayoría de las agregaciones espacio-temporales, la 
parte sur de la ciudad de Valencia, se caracterizó por barrios densamente poblados, con un estatus 
socioeconómico más bajo y condiciones de vida hacinadas (Capítulo 4). Nuestros resultados 
sugieren que la epidemia de chikungunya siguió una ruta geográfica particular determinada 
por la abundancia / dispersión del vector y modulada por el movimiento humano. La naturaleza 
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explosiva de esta epidemia resalta aún más la importancia de la preparación para epidemias en 
poblaciones vulnerables. Esperamos que los resultados y las recomendaciones de nuestro estudio 
también puedan aplicarse a otras muchas áreas actualmente afectadas o potencialmente sujetas a 
arbovirus emergentes o reemergentes similares.

Capítulo 7, 8, 9 y 10: Addendum 

La sección Addendum abarca capítulos que exploran los factores que influyen en el control de 
la enfermedad del dengue. En los capítulos 7 y 8, nuestro objetivo fue evaluar los patrones de 
comportamiento de búsqueda de salud (en inglés “Health seeking behavior”-HSB) y la asistencia a 
centros de salud (en inglés “Healthcare Centers”-HC) en individuos expuestos a una alta incidencia 
de dengue para explorar y comprender las opciones y limitaciones del acceso individual a la 
atención médica en la difícil situación sociopolítica actual en Venezuela. En caso de fiebre, la 
mayoría de las personas elegiría primero tratar en casa antes de buscar atención médica, mientras 
que se obtuvo lo contrario en caso de sospecha de dengue (p <0,001). En el caso de un episodio 
de enfermedad, las personas deciden asistir secuencialmente a varios HC diferentes hasta que 
logran satisfacer sus necesidades de atención médica. Las primeras y segundas opciones de HC 
más frecuentes para la fiebre y el dengue fueron los ambulatorios tradicionales. Un aumento 
del conocimiento y concientización de los síntomas del dengue podría optimizar la asistencia 
temprana a la atención médica de las poblaciones afectadas por el dengue. El Capítulo 9 describió 
los Conocimientos, Actitudes y Prácticas (en inglés “Knowledge, Attitudes and Practices”-KAP) 
concernientes al dengue, y se investigó los determinantes de (a) la protección personal contra los 
mosquitos y (b) la eliminación de criaderos de mosquito. El 80% de los hogares informaron una 
o más prácticas preventivas contra las picaduras de mosquitos, sin embargo, casi el 60% de los 
hogares encuestados tenían potenciales criaderos de mosquitos en sus instalaciones, la mayoría 
de ellos positivos para larvas o pupas de Aedes. Crear conciencia a nivel de la comunidad sobre 
la importancia de combinar la prevención de la picadura de mosquitos con la eliminación de 
criaderos en y alrededor de los hogares es clave para el control del dengue y otras enfermedades 
transmitidas por el Aedes. En el capítulo 10, intentamos identificar los parámetros que podrían 
diferenciar el dengue de otras enfermedades febriles (OFI) en la etapa temprana de la enfermedad 
(≤72 h desde el inicio de la fiebre) y diseñar un algoritmo de decisiones que utilice características 
clínicas y pruebas de laboratorio de rutina. Se construyó un algoritmo de diagnóstico utilizando 
recuento de glóbulos blancos, erupción cutánea, niveles medios de hemoglobina corpuscular y 
manifestaciones hemorrágicas en orden secuencial, que distinguieron el dengue de los OFI con una 
sensibilidad del 88% y una especificidad del 63%. El algoritmo de diagnóstico propuesto puede ser 
un instrumento útil para ayudar a los médicos en la identificación temprana de los pacientes con 
dengue e instalar un tratamiento rápido para evitar la progresión de los pacientes a la enfermedad 
severa del dengue.

Finalmente, el Capítulo 11 presenta la discusión resumida de los resultados de esta tesis. Toda la 
investigación que se realizó en esta tesis, fue aprobada por el Ministerio Venezolano de Salud y por 
dos comités locales de bioética.

Conclusiones

Los resultados obtenidos en esta tesis proporcionan evidencia y conocimiento importante sobre 
los patrones espaciales y temporales del dengue y chikungunya en Venezuela. También destaca 
la relevancia que los Sistemas de Información Geográfica (SIG) y el análisis espacial tienen en la 
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vigilancia y control de las ETV como DENV y CHIKV. El impacto de las epidemias de DENV y CHIKV 
destaca la necesidad de un enfoque diferente para la gestión y el control de estas infecciones 
arbovirales. La elaboración de un programa combinado de prevención, vigilancia y control de 
las enfermedades transmitidas por el Aedes, que incluya el análisis espacial y temporal de los 
patrones de transmisión de la enfermedad, ayudará a identificar las zonas de transmisión más 
vulnerables y de mayor riesgo. Dicho programa permitirá focalizar y controlar con éxito los focos 
calientes de enfermedades arbovirales para reducir la morbilidad, la mortalidad y la carga que estas 
enfermedades representan para la población y los centros de salud. Igualmente, los programas de 
educación y la investigación son clave para abordar con éxito estas enfermedades. Dado lo anterior, 
existe un llamado urgente para fortalecer y mejorar los programas control de enfermedades en 
Venezuela, para evitar el aumento y expansión de las ETV y otras enfermedades infecciosas.
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