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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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