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Abstract Over the last 50 years, dengue has been a growing public health chal-
lenge. Half of the World’s population lives in areas of risk; Latin America and the
Caribbean (LAC) are not exceptions. Aedes aegypti, the main vector of dengue in
the Americas, is widely spread, and autochthonous transmission of dengue virus
(DENV) has been documented in all American countries except for Chile and
Uruguay. In 2013, the largest epidemic of dengue in the history of the Americas
accounted for a total of 2.3 million reported cases, 37,898 of them severe, including
1,318 deaths.
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Despite different and enormous efforts, prevention and control programs have
not been effective enough to halt dengue in the LAC region. Difficulties to
implement and accomplish successful dengue control programs lie in diverse
realms. Some of these relate to the biology of DENV: other to social and environ-
mental factors favoring vector density and other to health systems, like the appro-
priate entomology or epidemiologic surveillance systems and access to medical
services to detect and confirm clinical cases. Implementing multisectoral
approaches of vector control has been particularly challenging. Complex dynamics
of all such determinants, within and between countries, lead to the continuous
increase of dengue incidence in the region, resulting in major health and economic
burden.

In this chapter we summarize the epidemiology of dengue in LAC, compare it to
that in other regions, and discuss existing evidence supporting the urgent need for
developing and implementing integrated multisectoral strategies to effectively
control dengue in this region.

Keywords Aedes aegypti » Aedes albopictus « Dengue  Dengue fever « Fever ¢
Dengue hemorrhagic fever ¢« Shock ¢ Dengue serotype

Abbreviations
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LAC Latin America and the Caribbean
PAHO Pan American Health Organization
WHO  World Health Organization

1 Virus, Vector, and Disease

Dengue virus (DENV) is a single-stranded RNA Flavivirus that exists as four
closely related but antigenically different serotypes (DENV 1-4). Besides the
genome, the main components of the virus are a capsid, membrane envelope
glycoproteins, and seven nonstructural proteins: NS1, NS2A, NS2B, NS3, NS4A,
NS4B, and NSS5. These nonstructural proteins are related to viral replication and
pathogenesis (Halstead 2008; World Health Organization 2009; Guzman and Harris
2015).
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Phylogenetic analyses, based on partial or complete genomic sequences, have
defined several DENV genotypes and allowed better understanding of genetic
diversity, mechanisms of pathogenesis, transmission dynamics, and epidemic
potential of the different DENV strains. For instance, some genotypes of DENV
2 and DENV 3 from the Americas are known to be less virulent than Asian
genotypes of the same serotype (Holmes and Twiddy 2003; Weaver and Vasilakis
2009; Halstead 2007). Despite such differences, all serotypes and genotypes of
DENV can produce epidemics and are associated with similar syndromes in
humans, including severe clinical presentations (Halstead 2007; Messina
et al. 2014; Costa et al. 2012; Ramirez et al. 2010). However, complex virus—
vector-human interactions, transmission patterns in varying environments, and
accumulation of human susceptibility underscore the need to continue investigating
to further understand dengue epidemic dynamics, and to inform the design and
implementation of more effective control strategies (Halstead 2008; Carrington and
Simmons 2014; Tapia-Conyer et al. 2012; Tapia-Conyer et al. 2009; San Martin
2014b).

Although mosquitoes of both Aedes aegypti and Aedes albopictus species are
competent vectors of DENV, A. aegypti is the main vector in the Americas (World
Health Organization 2012). After it was imported from Africa or Asia many years
ago, through travel and commerce (Holmes and Twiddy 2003; Halstead 2008;
Brathwaite Dick et al. 2012), the Aedes genus has expanded its global span over
the last 50 years, reaching all continents except the Antarctica. Spread of Aedes in
America has been followed by a 30-fold increase in the incidence of dengue disease
in the region, including large urban outbreaks (Halstead 2008; Tapia-Conyer
et al. 2009; World Health Organization 2009; Gomez-Dantes et al. 2011; World
Health Organization 2012).

Aedes mosquitos are endophilic; thus they feed on human blood and mostly
breed in water containers of diverse sizes and types, in and around homes. Factors
favoring vector breeding are common in most Latin American countries (Quintero
et al. 2014; Halstead 2008; World Health Organization 2009). Aedes has high
vectorial capacity, is well adapted to urban environments, and is mostly active
during daylight hours (Halstead 2008). Increasing urbanization and climate change
have been identified as the main drivers of geographic expansion into wider habitats
and dispersion of the dengue vectors (Morin et al. 2013; Colon-Gonzalez
et al. 2013; Gubler 2011). Prolonged rainy seasons and humidity have been also
implicated as major factors of vector spread into milder climates and higher
altitudes, leading to increased incidence of dengue and its emergence or
reemergence in previously unaffected regions over the last few decades (Halstead
2008; Jansen and Beebe 2010; Lambrechts et al. 2011; Colon-Gonzalez et al. 2013).

Some authors have argued against climate change as a prominent determinant of
dengue dispersion by pointing that increased urbanization, population growth, and
the use of open containers for storing domestic water have promoted proliferation
of Aedes within the immediate environment of humans, as has been documented in
some dry areas in Australia (Jansen and Beebe 2010; Morin et al. 2013). Nonethe-
less, such demographic trends and behaviors may, in turn, be partially stimulated by
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climate change (Alirol et al. 2011; Gubler 2011; Morin et al. 2013; Kyle and Harris
2008).

The clinical spectrum of dengue disease ranges from asymptomatic infection to
dengue fever (DF), severe hemorrhagic fever (DHF), and shock (DSS). Dengue
disease, either mild or severe, resembles other infectious diseases presenting as
febrile exanthema: yellow fever, chikungunya, leptospirosis, and rickettsial infec-
tions, among many others. DHF characterizes by fever, bleeding diathesis, and
plasma leakage; a small proportion of cases can also progress to DSS with increased
probability of fatal outcomes, but the crude estimated case fatality rate (CFR) for
dengue fever is usually much lower than 1 % in most countries (World Health
Organization 2009; Halstead 2008, 2007; Huy et al. 2013).

The risk of DHF increases with sequential infections by different DENV sero-
types (Guzman and Harris 2015; Halstead 2012; Wahala and Silva 2011; Guzman
et al. 1990; Whitehorn and Simmons 2011). Some evidence suggests that hemor-
rhagic risk grows larger after exposure to the second serotype of DENV than it does
after further heterotypic infections beyond the second (Gibbons et al. 2007). None-
theless, viral genetics and specific serotype infection sequences may also play a role
in the pathogenesis of DHF (OhAinle et al. 2011).

An intricate network of cellular, tissular, and systemic processes links dengue
immune response to its pathogenesis (Halstead 2007; Lai et al. 2008; Halstead
et al. 2010; Whitehorn and Simmons 2011; Wahala and Silva 2011; Halstead 2012;
Guzman and Harris 2015). Severity of infection relates to viral biology (Holmes
and Twiddy 2003; Guzman and Harris 2015), host factors (Loke et al. 2001; Perez
et al. 2010; Xavier-Carvalho et al. 2013; Guzman and Harris 2015), or a combina-
tion of both along with specific features of the immune response to subsequent
dengue infections (Guzman and Harris 2015; Halstead 2012; Whitehorn and
Simmons 2011; Wahala and Silva 2011).

Primary dengue infection induces neutralizing antibodies and results in lifelong
protection against subsequent infections with the homologous serotype, but only
transitory protection to heterologous serotypes (Halstead 2007; Whitehorn and
Simmons 2011). Induction of strong cross-reactive non-neutralizing antibodies
can enhance disease during infection by DENV of a different serotype, favoring
the entry of virions into monocytes, macrophages, and immature and mature
dendritic cells. Such enhancement of viral replication results in high viremia and
elevated concentrations of pro-inflammatory and immunomodulatory cytokines
(Halstead et al. 2010; Whitehorn and Simmons 2011; Guzman and Harris 2015).

Modeling studies have suggested that population immunity to each DENV
serotype is shaped even at small geographic scales, such that spaciotemporal
dependence in homotypic individual immunity occurs within large neighborhoods
in dense urban settings (Salje et al. 2012; Rodriguez-Barraquer et al. 2014). Deeper
understanding of the immunological response to dengue at individual and popula-
tion levels is crucial to enlighten dengue vaccine development, estimate disease
risk, and predict transmission dynamics across populations (Rodriguez-Barraquer
et al. 2013).
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Laboratory diagnosis of dengue includes virus isolation, serology, and detection
by molecular testing (Guzman and Harris 2015; Guzman et al. 2010). The sensi-
tivity of each test highly depends on the timing of clinical sample collection after
the onset of fever. No specific antiviral treatment exists so clinical case manage-
ment is mainly supportive. Early recognition of severe disease by monitoring
hemorrhagic and shock development is paramount to reduce fatality in severe
cases (Guzman et al. 2010; World Health Organization 2009).

Since 1975, the World Health Organization (WHO) has convened expert com-
mittees for drafting various technical guidelines on standard practices for laboratory
diagnostics and clinical management. These guidelines, updated in 1986 and 1997,
were used to classify dengue disease in three mutually exclusive sets: DF, DHF, and
DSS. Such discrete classification aimed to help healthcare workers identify severe
cases of disease (World Health Organization 1986). Over time, using these guide-
lines around the world evidenced the challenges of differentiating clinical expres-
sions of intermediate level of severity and led to confusion regarding appropriate
conduct in triage, treatment, and reporting. Most countries adapted the guidelines to
their own needs (Rigau-Pérez 2006; Alexander et al. 2011).

WHO responded by revisiting the Guidelines trying to overcome these classifi-
cation issues and its consequences on both clinical care and public health. A new
version, published in 2009, reorganized signs and symptoms attributed to dengue in
three levels of assumed incremental severity: Dengue, Dengue with Warning Signs,
and Severe Dengue. Several countries have validated this severity-based classifi-
cation and use it to guide standard medical interventions (World Health Organiza-
tion 2009). Whereas some investigators deem the new classification more
appropriate for preventing dengue casualties, others argue that using it may con-
tribute to overwhelming hospitals by admitting mild cases and, therefore, poten-
tially impair the quality of clinical case management (Srikiatkhachorn et al. 2011;
Barniol et al. 2011; Lima et al. 2013; Horstick et al. 2012). Therefore, they suggest
revising the 2009 WHO Case Definition to achieve more accurate identification of
syndromes within the spectrum of dengue disease (Narvaez et al. 2011; Halstead
2013a).

2 Dengue Situation in the Twenty-First-Century Latin
America and Caribbean

The recorded history of introduction, expansion and resultant epidemics of dengue
in the LAC region goes back to seventeenth century. However the lack of etiologic
confirmation and its clinical resemblance to other VBD, such as chikungunya,
Yellow Fever, and other infectious diseases, make it hard to define the actual origin
of dengue in the region (Brathwaite Dick et al. 2012). The initial isolation DENV
occurred in 1943-1944 and the first diagnostic laboratory test was made available
soon after, helping confirmation of endemic and epidemic transmission (Sabin and
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Fig. 1 Total number of cases of dengue (clinical cases) reported to Pan American Health
Organization by Latin America and Caribbean Region, 2005-2013 (Source Adapted from number
of reported cases of dengue and dengue hemorrhagic fever in the Americas, by country, years
2005-2013 (http://www.paho.org/hg/index.php?option=com_topics&view=article&id=1&
Itemid=40734&lang=en) Access 10 Oct 2014)

Schlesinger 1945). As it has been recently described, the history of dengue in LAC
has four distinct phases: (1) DENV introduction, from 1600 to 1946; (2) a plan for
the eradication of Aedes aegypti from 1947 to 1970; (3) reinfestation, from 1971 to
2000; and (4) increased dispersion of Aedes and dengue virus circulation since 2001
(Brathwaite Dick et al. 2012).

After World War II, the Yellow Fever control campaign, jointly implemented by
the Pan American Health Organization (PAHO) and countries in the region,
contributed to substantial reduction of Aedes aegypti populations and significantly
decreased dengue infections in the Americas. Unfortunately, some countries were
unable to eradicate the vector before the campaign was discontinued in early 1970s.
One decade later, dengue incidence was on the rise and reached pre-campaign
numbers by 1995 (Brathwaite Dick et al. 2012), making clear that mosquito density
is a key element of dengue transmission and vector control programs are essential to
mitigate dengue and other diseases sharing the same vector.

Estimating and comparing the burden of dengue infection across countries is
challenged by regional heterogeneity in access to medical care, design and perfor-
mance of surveillance systems, and availability of laboratory infrastructure for
etiologic confirmation, among other issues (Badurdeen et al. 2013; Beatty
et al. 2010). Despite these differences, it has been evident that dengue transmission
increased in almost all countries in the Americas (Tapia-Conyer et al. 2009; San
Martin 2014b) (Fig. 1), and currently, only Uruguay and Continental Chile remain
free of dengue transmission (PanAmerican Health Organization 2014a). Since the
year 2000, outbreaks of significant magnitude been reported: (Fig. 2).
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Several countries in LAC have reported large outbreaks (San Martin 2014a),
supporting the view of progressive rise in dengue incidence due to one or several
serotypes, either emerging or reintroduced: in 2000 Ecuador (DENV 2 and DENV
3) and Paraguay (DENV 1); in 2001 Peru; in 2002 (DENV 1-4) Honduras Vene-
zuela, Colombia, and Brazil (DENV 1-4, mainly DENV-3); in 2005 Costa Rica
(DENV 1 and reintroduction of DENV 2); in 2006 and 2007 Paraguay (DENYV 3); in
2007-2008 Brazil (DENV 1, 2, and 3, mainly DENV 2); in 2009 Bolivia (DENV
1, 2, and 3), Argentina (DENV 1), Mexico (DENV 1 and some DENV 2), and
Nicaragua (DENV 3); and in 2010 Colombia (DEV 1-4 mainly DENV 2), Vene-
zuela, Honduras (DEV 1-4), and Brazil (DENV 1-4, mainly DENV 4). The
Caribbean was the subregion most affected by outbreaks in 2010 such as in
Guadeloupe with incidence of 1,289.99 x 100,000 inhabitants (DEND-1) using
confirmed cases. In 2011, Brazil (DEV-1-4) and Paraguay were highly affected
(DENG-1-3); in 2012, El Salvador (DENV-1-3), Nicaragua (DEV-1-3), Bolivia
(DENV-2), Brazil (DENV-1-4), Mexico (DENV-1 and 2, occasional cases of
DEV-3 and 4), Paraguay (DENV-2 and 4), Dominican Republic (DENV-2), and
Puerto Rico (DENV-1-4); and finally in 2013, Mexico (DENV-1 and 2, occasional
cases of DEV-3 and 4), Costa Rica (DENV-1-3), Nicaragua, Colombia, and Brazil
(DEV-14), French Guiana, Puerto Rico, Dominican Republic, and Paraguay
(DENV-1, 2, and 4) (PanAmerican Health Organization 2014b).

Although countries report transmission of more than one DENV serotype per
year, the relative caseload associated with each one is inconsistently assessed
because some of these serotypes are more prevalent than others even within the
same country, the rate of dispersion varies among serotypes, or their transmission
and predominance is confined to specific areas within countries, perhaps alternating
along successive years (Direccion General de Epidemiologia and Secretaria de
Salud 2014; Dantes et al. 2014; Tumioto et al. 2014; Vazquez-Pichardo
et al. 2011; Gutierrez et al. 2011) (Fig. 4).

The largest epidemic cycle of dengue in the history of the Americas was reported
in 2013, encompassing 2.3 million cases, 37,898 severe, and including 1,318 deaths


http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en
http://www.paho.org/hq/index.php.option=com_topics&view=article&id=1&Itemid=40734&lang=en

210 H. Lopez-Gatell et al.

01 Aguascabentes
02 Baja Califormia N
03 Baja California Sur A
04 Campeches

05 Coahuda

06 Colma

07 Chiapas

08 Chihuahua

00 Dustrito Federal \ L
10 Durango Bh - Mean anual rate per 100,000
11 Guanapsato

12 Guerrero

13 Hidalgo

14 Jalsco

15 México

16 Michoacsn

17 Moreios.

18 MNayarit

19 Nuevo Ledn

20 Qanaca

21 Pusbla

22 Cuerétars

23 Quintana Roo
24 San Luss Potosi
25 Sinaloa

26 Sonora

2T Tabasco

28 Tamaulipas

20 Tlaxcaly

30 Veracruz : 3 ™
31 Yucatin "fi' '9-—'-!.__ o | .

Incidence of suspected dengue cases, 2008 - 2011

S1M-0
85270
Wl 2373045189
Wl 45190 78263
0 W Te2es.20043

32 Zacatecas e

Fig. 3 Differential dengue transmission within geographic areas in Mexico, 2009-2012. Dengue
cases have been reported in 30 of the 32 Mexican states. Georeferenced case reporting is an inter-
operative system between the National Epidemiologic Surveillance Platform and the Geographical
Information System (Dengue-GIS) (Source Hernandez-Avila (2013))

(San Martin 2014b). The four DENV serotypes circulate in the region, with cycling
periods of predominance of one or two serotypes in some countries and sustained
co-circulation in others (San Martin 2014b; Nunes et al. 2014; Messina et al. 2014;
Torres-Galicia 2014; Vazquez-Pichardo et al. 2011; Alvarez et al. 2006). Nonethe-
less, the estimated CFR of dengue has declined in the LAC, being the lowest of any
WHO region (0.055 %) (PanAmerican Health Organization 2014b). Use of the
2009 dengue severity classification and efforts to train physicians on the early
detection and appropriate treatment of severe dengue cases may have contributed
to this outcome. Unfortunately, social and health inequalities, precarious sanitation,
and water scarcity are still present in LAC and counter the potential effectiveness of
dengue control programs (Tapia-Conyer et al. 2012; Gomez-Dantes et al. 2011).

In some countries such as Mexico, dengue transmission in certain geographic
areas is not interrupted along the year, producing focal or regional outbreaks, some
of them very large and prolonged in time, particularly in highly populated urban
areas (e.g., Guadalajara, Jalisco in 2009 and Mérida, Yucatan in 2010-2011).
Furthermore, the estimated incidence in municipalities or states is largely hetero-
geneous even within the same state region in the country (Fig. 3) (Dantes
et al. 2014; Hernandez-Avila et al. 2013; Direcciéon General de Epidemiologia
and Secretaria de Salud 2012).

In the last few decades, countries in the LAC region have strived to develop
dengue surveillance systems, including expanded laboratory capacities, to better
understand the local epidemiology of dengue and to shape up prevention and
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Fig. 4 Proportional distribution of dengue serotypes detected by surveillance in Mexico, 1995—
2011. Dengue virological surveillance in Mexico has been conducted since 1995; however the
special national dengue epidemiological surveillance system with defined proportion of virolog-
ical characterization started in 2008. (Source Dengue Epidemiological Surveillance, 1995-2011)

control interventions. However, several challenges remain in developing effective
dengue surveillance (Horstick and Morrison 2014; PanAmerican Health Organiza-
tion 2014b; Messina et al. 2014; Badurdeen et al. 2013). This task has faced some
challenges such as the need of well-designed and properly implemented surveil-
lance systems, including electronic reporting to speed transference of core data.

A crucial step in establishing a sustainable capacity for prevention and control is
developing, attracting, and retaining competent epidemiologist with advanced skills
in quantitative data analysis and comprehensive training on interpreting primary
surveillance information in context with scientific evidence (Subramanian
et al. 2013). These are the professionals who can feed decision-makers with
integrated knowledge on near real-time trends of dengue epidemics.

Geographic information systems and a solid laboratory network infrastructure
help characterizing and confirming cases (PanAmerican Health Organization
2014b; Hernandez-Avila et al. 2013; Oliveira et al. 2013; Badurdeen et al. 2013).
A successful example of these tools was established in Mexico in 2008. A
web-based, geographically enabled dengue integral surveillance system (Dengue-
GIS) was developed for the nation-wide collection, integration, analysis and
reporting of geo-referenced epidemiologic, entomologic, and control interventions
data (Hernandez-Avila et al. 2013). This system was a joint effort of the National
Institute of Public Health investigators, vector control program personnel and
Epidemiological surveillance programs of the Secretary of Health authorities.
This system provides geographical detail evidence to plan, implement and evaluate
dengue control activities (Figs. 4 and 5).

Estimating the magnitude of disease burden at local and regional scales, describ-
ing spatiotemporal trends of dengue transmission, and assessing the occurrence of
severe disease are key elements of knowledge that would help better design,
planning, and implementation of policies and programs aiming to prevent and
control dengue (Nagao et al. 2008). Unfortunately, many surveillance systems in
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Fig. 5 National epidemiologic surveillance platform and the geographical information system
(Dengue-GIS) application for dengue control program activities. Dengue-GIS screenshot describ-
ing distribution of probable cases and case clusters (high transmission areas) during the CDC
weeks 22-24 2012 in Linares City, Nuevo Leon. Locations of entomological survey activities
(squares) and dengue fever cases accumulation in space and time (ellipses) represent the graphical
output of the cluster detection algorithm. Two areas, one very close to downtown Linares and the
other to the west of the city, show three intersecting ellipses; this indicates that transmission
occurred uninterrupted during the 3-week period shown. Pictures presented here were modified to
translate the text presented to English; the actual Dengue-GIS is an all-Spanish language system.
doi:10.1371/journal.pone.0070231.g004 (SourceHernandez-Avila (2013))

the region currently limit their scope to accounting the caseload and, at most,
describe basic clinical characteristics of suspect or laboratory-confirmed cases.
This reduced approach to surveillance is both uninformative and sensitive to wide
imprecision. Overestimation of the observed number of cases ensues when sensitive
case definitions—such as clinical, probable, or suspected cases—are used, which
can contribute to unnecessarily overwhelming prevention and control interventions.
On the other hand, less sensitive, more specific definitions—such as laboratory
confirmed cases—would lead to the underestimation of disease burden and poten-
tially stimulate dismissal from public health authorities.

Comprehensive public health risk assessment is necessary to attain better pre-
paredness, including predictive modeling of human disease, vector dynamics,
public health interventions and healthcare availability and access. Semiquantitative
risk stratification helps to predict areas of high probabilities for enhanced
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transmission and can guide focal interventions (PanAmerican Health Organization
2014b; Rodriguez-Barraquer et al. 2014; Badurdeen et al. 2013; Brady et al. 2012;
Beatty et al. 2010).

The total annual cost of dengue in the Americas has been estimated at US$2.1
billion with a range of $1—4 billion with temporary variation (Shepard et al. 2011).
In addition, the analysis of DALY's exhibits 36 % lost in Brazil, 28 % in the Andean
region, and 21 % in Central America and Mexico. Another study analyzed cost in
dengue ambulatory and hospitalized patients in Asia and the Americas (Suaya
et al. 2009), and the average illness lasted 11.9 days for ambulatory patients and
11.0 days for hospitalized cases, 5.6 days of lost school for students, and 9.9 work
days per lost work average per dengue episode. These studies did not include costs
of vector control programs.

3 Dengue Control Programs

Aedes density is the main factor driving dengue transmission and vector control
programs are essential to mitigate dengue disease, similar to other VBD. Aedes
Aegypti proliferates in all kinds of toys, bottles, and devices that can hold water,
which are commonly found in patios and other domiciliary environments. Thus, the
successes of Aedes control programs are focused to eliminate vectors and to
implement barriers to house colonization or to contact with humans (bednets)
(Jansen and Beebe 2010; World Health Organization 2009; Ballenger-Browning
and Elder 2009). Steps must be taken to sustain the elimination of mosquito
habitats, such as preventing access of the vector to breeding containers, to eliminate
or control vector young stages (larval), or to kill the adult vector using insecticides
or biological control agents (PanAmerican Health Organization 2014b). Every step
involves different determinants in dynamic complicated interactions: individual,
domestic, and cultural behavior, community participation, economical and social
conditions, climate and local ecology, appropriated and coordinated plan, and
excellent communication at all levels. Aedes control methods (San Martin 2014b;
World Health Organization 2009) must include environmental management to
hamper with the access and breeding of the mosquitos by improving water supply
and storage systems and waste management. This approach must be implemented in
occupied and vacant buildings, public areas—parks, gardens, cemeteries,
schools, etc.

Simultaneously, access and promotion of the use of individual and household
barrier methods, including protective clothing to avoid mosquito biting, repellents,
window and door screens, and bednets, are warranted. Chemical controls with
larvicides or adulticides complement vector abatement (Torres-Estrada and
Rodiles-Cruz Ndel 2013; Tapia-Conyer et al. 2012; World Health Organization
2009). Insecticide-treated materials (curtains and bednets) in combination with
vector control methods have also been proposed as individual protection measures
(Jones et al. 2014; Tapia-Conyer et al. 2012; Ballenger-Browning and Elder 2009;
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Kroeger et al. 2006). A number of entomological indices have been proposed for
entomologic surveillance systems and to lead the monitoring and impact evaluation
of vector control programs (World Health Organization 2009; Ballenger-Browning
and Elder 2009; Gomez-Dantes et al. 2011).

Most public health systems in the LAC region have relied on governmental
action for guide and operate surveillance, vector control and health promotion
activities, but a core quandary is how to boost community participation in a
consistent partnership framework that optimizes the impact of transmission miti-
gation measures (Tapia-Conyer et al. 2012). The theoretical advantages of coordi-
nated interdisciplinary and intergovernmental approaches are encouraging, but
there is need to populate the repertoire of hard evidence on the return on the
investment vis-a-vis vertical and fragmented public health programs (World Health
Organization 2009).

Integrated programs are expensive and complex to manage, as they require
accurate information to focus activities and keep track of progress. Competing
agendas of partners and sponsors may challenge the political and financial sustain-
ability of joint ventures. Therefore vector control programs are mostly driven by
routine entomologic surveillance and disease-specific surveillance programs that
frequently target the most immediate outcomes, such as vector density and fre-
quency of clinical and confirmed cases in specific areas. Disperse control interven-
tions and missing opportunities for collaboration between political authorities
across national boundaries or subnational entities, such as states or municipalities,
are a reminder that infectious disease recognizes no borders (PanAmerican Health
Organization 2014b). Accurate surveillance, transparent data exchange, and con-
certed public health action are the fundamentals of effective preparedness and
response against dengue and most public health challenges (World Health Organi-
zation 2008).

Since 2001, PAHO established a reference frame to develop interdisciplinary
approach for dengue prevention and control. The Integrated Management Strategy
for Dengue Prevention and Control (IMS-dengue), launched in 2003, presents a
model of six components: epidemiology, entomology, healthcare, laboratory, social
communication, and environment (San Martin and Brathwaite-Dick 2007). By the
end of the first decade of twenty-first century, 19 countries in the LAC region had
implemented the IMS—dengue approach (Argentina, Bolivia, Brazil Colombia,
Costa Rica, Chile, Ecuador, El Salvador, Guatemala, Honduras, Mexico, Nicara-
gua, Panama, Paraguay, Peru, Puerto Rico, the Dominican Republic, Uruguay, and
Venezuela). Four subnational IMS—dengue plans have also been established in
Central America, the Andean Sub Region, MERCOSUR, and the Caribbean.

Despite encouraging signs of progress, the LAC region has reported a progres-
sive increasing number of dengue cases. Some of this trend needs to disentangle the
effects of improved surveillance and reporting of all forms of dengue cases, not just
severe dengue (PanAmerican Health Organization 2014b; San Martin 2014b). In
2010, WHO launched the Global Strategy for the Prevention and Control of Dengue
2012-2020, aiming to reduce 50 % of dengue mortality and 25 % of morbidity by
2020 (World Health Organization 2012). The Strategy stems on five technical
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Table 1 Integrated management strategy for the prevention and control of dengue in the
Americas (IMS-Dengue), PAHO/WHO

Components Technical elements

« Diagnosis and case management » Monitoring and evaluation

« Integrated surveillance and outbreak prepared- | Capacity building

ness « Communication for behavioral outcomes
» Sustainable vector control » Advocacy and resources mobilization

« Future vaccine implementation « Partnership, coordination, and

« Basic operational and implementation of collaboration

research

Source Adapted from Pan American Health Organization; State of the Art in the Prevention and
Control of Dengue in the Americas, 2014

components (Table 1): (1) Diagnosis and case management; (2) Integrated surveil-
lance and outbreak preparedness; (3) Sustainable vector control; (4) Future vaccine
implementation; and (5) Basic operational and implementation research. The suc-
cessful implementation of this global strategy requires integrated action, strong
advocacy and effective resource mobilization, vigorous partnerships, effective
coordination and collaboration, transparent communication, sustainable capacity
building, and rigorous monitoring and evaluation.

In May 2014, PAHO analyzed dengue prevention and control in the Americas
(PanAmerican Health Organization 2014b) by reviewing regional experiences in
surveillance, detection, diagnosis, management, treatment, and prevention. Lessons
learned by countries in recent years along with current scientific and operational
evidence and best practices on dengue prevention and control conformed this
comprehensive assessment. The Organization presented a standard set of recom-
mendations to the regional programs for dengue control in the Americas and
pointed at ways to identify research opportunities and fill gaps in the
IMS-Dengue Strategy.

Experts and country representatives concluded that implementation of this
strategy provided with a solid instrument for preventing and controlling dengue,
which can be adapted to the needs and capacities of each country. Mexico
IMS-Dengue include seven components: (1) Health promotion; (2) Social, com-
munity, intra-, and intersectoral participation; (3) Epidemiological and entomolog-
ical surveillance; (4) Laboratory diagnosis by the state public health laboratory;
(5) Patient care; (6) Control of health risks; and (7) Chemical vector control. Brazil
pointed that decentralization of the health system allowed surveillance and vector
control activities to be expanded across the country. Several countries in the
Americas have implemented an outbreak control system that uses risk stratification
and integrated actions to optimize the management of material and human
resources in dengue prevention and control.

Dengue outbreaks are increasing in frequency and are associated with social and
economic disruption and overwhelming of health services, many times with adverse
political consequences due to mass media magnification. Dengue control programs
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need strengthening at different levels. While financial and human resources are in
the need to support program actions, it is also clear that more operational research is
needed to better understand how to mobilize community participation and how to
achieve effective intersectoral and multilevel government control actions. There is
an urgent need to improve early disease and vector surveillance with effective risk
communication and vector control activities.

4 Dengue Vaccines

Due to the continuous increase of dengue cases, the high social and economic costs
associated with its health effects, and the proven difficulty to accomplish success-
fully control programs, developing a dengue vaccine has become a global priority.
Dengue vaccine development needs some particular considerations: first, the vac-
cine needs to protect effectively against the four serotypes simultaneously, and
second, the vaccine needs to be safe and not to enhance severe disease manifesta-
tions associated with antibody-dependent enhancement associated with infection
with a second serotype that may lead to severe disease manifestations, as it happens
with natural dengue infections; thus a vaccine that induces protection in an early
period of time might later increase the risk for enhanced disease, impact of previous
immunity due to primary infections at early ages, among many others (Yauch and
Shresta 2014; del Angel and Reyes-del Valle 2013; Halstead 2013b).

Several DENV vaccines are under development: live-attenuated, inactivated,
recombinant subunit, viral vectored, and DNA vaccines. The most advanced studies
are focused on live-attenuated developments; some of them are in phase II and III
trials (Yauch and Shresta 2014; Thisyakorn and Thisyakorn 2014). Only one
candidate vaccine is reaching phase III clinical trials, a live-attenuated chimeric
containing dengue structural genes inserted into the infectious cDNA backbone of a
yellow fever vaccine virus strain 17D (manufacture by Sanofi-Pasteur). The results
of the phase 2b study of this vaccine showed good immunogenicity for all four
serotypes (Sabchareon et al. 2012). However the global vaccine efficacy was
30.2 % (95 % confidence interval [CI]: 13.4-56.6) with wide differences by
serotype: better for DENV 3 and 4, less for DENV 1, and no efficacy against
DENYV 2. In addition, the vaccine was well tolerated with no safety issues after
2 years of follow-up. The same vaccine has been evaluated in large phase III trials
in Asia and Latin America.

The Asia arm of the study including 10,275 children (Capeding et al. 2014)
estimated 56.6 % (95 % CI: 43.8-66.4) vaccine efficacy against confirmed dengue
and, again, differences between serotypes are found with efficacy of 50 % (95 % CI:
24.6-66.8) for DENV 1, 35 % (95 % CI: —9.2-61.0) for DENV 2, 78.3 % (95 % CI:
52.9-90.8) for DENV 3, and 73.5 % (95 % CI: 54.5-87.0) for DENV 4. Vaccine
efficacy against DENV 2 in this study is still significantly lower than the other
serotypes and the CI is reaching no efficacy, similarly to the 2b trial.
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In this study, the vaccine appears safe and well tolerated in the short term. Some
other results showed that almost two-thirds of subjects in the trial were seropositive
for dengue at baseline by microneutralization assay, and the proportion of seropos-
itivity increased with age. Vaccine efficacy seems to be higher for participants who
were seropositive for dengue than for those who were seronegative. The authors
describe differences in DENV 2 genotypes in the vaccine components in compar-
ison to those circulating during the trial, as a possible explanation of the lack of
vaccine efficacy against this serotype. The increased efficacy observed in the phase
III trial is obviously associated with more diversity of DENV serotypes circulating
in different countries than the predominant DENV 2 cases detected in the 2b trial
performed in only one specific area. In addition, the investigators pointed high
vaccine efficacy against dengue hemorrhagic fever and clinically important reduc-
tions in severe disease and hospital admissions. These findings of vaccine efficacy
on severe disease are encouraging, but we must keep in mind that the numbers for
these conclusions are limited (Capeding et al. 2014).

The Latin American trial enrolled a total of 20,875 children aged 9-16 years
from dengue endemic areas of Brazil, Colombia, Mexico, Honduras, and Puerto
Rico (Villar et al. 2014), and the results demonstrated global vaccine efficacy of
60.8 % (95 % CI: 52.0-68.0). Differences in serotype vaccine efficacy were also
found, with estimated mean values of 50.3 % (95 % CI: 29.1-65.2) for DENV
1,42.3 % (95 % CI: 14.0-61.1) for DENV-2, 74.0 % (95 % CI: 61.9-82.4) for
DENV 3, and 77.7 % (95 % CI: 60.2—88.0) for DENV 4. This study further showed
differential vaccine efficacy for dengue serotypes: it is good for DENV 3 and 4, less
for DENV 1, and significantly lower for DENV 2. In addition, vaccine efficacy
seems to be better in the population previously immune to dengue. The vaccine was
also safe and well tolerated and again vaccine efficacy seems to be higher in those
children with seropositive dengue baseline status.

There is no doubt that the results of this live-attenuated chimeric dengue vaccine
are good news for a first line of dengue vaccine development. Approximately 60 %
global vaccine efficacy with no safety concerns after 25 months follow-up of
disease enhancement is a great achievement for dengue control due to the magni-
tude of the disease transmission. The possibility of 50-60 % reduction of diseases,
and even more on severe cases, would be very beneficial. Because dengue patho-
genesis is mostly associated with subsequent infections (Thomas 2015), it will be
important to define if the safety findings are sustained through longer period of time
than the 25 months follow-up to date and to further characterize waning immunity.
Furthermore -before its population use- more information is needed regarding the
vaccine efficacy to prevent symptomatic and asymptomatic diseases and severe
manifestations of disease associated with secondary infections (Guzman and Harris
2015).

However, other key issues (World Health Organization and Experts and S. A.
G. 0 2012) need to be considered by country public health decisions makers before
introducing a dengue vaccine in the current immunization programs, either with the
current available product or any with any other future development dengue vaccine
program with the current available product or any other vaccine in progress
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(Mahoney 2014; Douglas et al. 2013; Live Dengue Vaccines Technical Consulta-
tion Reporting et al. 2013). As previously discussed, if transmission of one pre-
dominant or combined serotypes often occurred within and among countries and
some of these serotypes may last for several years, then vaccine efficacy may be
different and even lower if DENV 1 and 2 are predominant. There are still gaps in
further understanding specific dynamic introduction and reintroduction and timing
of each or combined serotypes in specific regions.

Some studies have reported cost-effectiveness of dengue vaccination studies
including transmission and a different range of clinical vaccine efficacy (Durham
et al. 2013). Interestingly, the findings exhibited that it is necessary to reach 82 % of
population vaccination to reach herd immunity, and with 70 % vaccine efficacy,
vaccination may be cost-effective with a price up to US $534 (95 % CI: $369-1008)
per vaccinated individual and cost saving up to $204 (95 % CI: $39-678). If the
vaccine efficacy is only 30 %, cost-effectiveness could be achieved to a cost of $237
(95 % CI: $159-512) with savings of $93 (95 % CI: $15-368).

Further cost-effectives studies per different region may include efficacy between
serotypes in addition to mathematical models to address how a partial efficacious
dengue vaccine would be expected to behave in a certain period of time, in different
geographic areas, even within a country (Shepard et al. 2011). In regards of
implementation of dengue vaccination, on one side, there is no question that dengue
is a public health priority, in terms of the magnitude of the disease burden and
associated costs and prevention with vaccine is an excellent option. Vaccine prices
currently not known; in a costing exercise prices for public sector were fixed at US
$15 ($10-20); with these figures, it has been estimated that dengue immunization
programs for Colombia and Brazil’s will require an investment from public sector
of US $2,400 million over 5 years.

As it happens in many of LAC, decision makers will need to analyze and
prioritize use of funds for several public health problems, for example, investing
in environmental improvements like water sanitation to reduce mosquito breeding
sites, or strengthening vector control and surveillance systems, which may produce
a greater benefit at lower cost. The vector control programs cannot be discontinued,
not even think to be decreased, because the time and limit to reach dengue-
vaccinated population proportion to have an impact in dengue transmission is not
known. This is now more relevant when Chikungunya currently emerging in the
Americas, a disease that shares vector and clinical presentation, imposes additional
burden on established vector control programs (San Martin 2014b).

Furthermore, funding for a new vaccine program must carefully consider direct
and indirect costs to assure the extra needs in human resources and infrastructure
(World Health Organization and Experts and S. A. G. O 2012), not only for the
specific new vaccine program but also for the National Vaccine Program of each
country. This is a crucial step of programmatic and budgetary rationale to avoid
jeopardizing global vaccine coverage already accomplished. After dengue vaccine
introduction, epidemiological surveillance, including hospitalized severe cases,
must be extensively improved, not only to further evaluate the global vaccination
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strategy impact but also to assure possible risk for enhanced disease after longer
periods than the so far good safety results of this candidate vaccine.

Other concerns related to the capacity of immunization programs to successfully
introduce any new vaccine is to deliver it over the long term. This will vary from
country to country. However, given the large size of the target population and
number of doses required, this is certainly an important point to consider.

5 Conclusion

The persistence problems related to escalating dengue disease spread in the Latin
America and Caribbean region, vector control problems, absence of specific treat-
ment, and the status of vaccine development impose a need for further development
of research in several aspects of dengue disease: stronger epidemiological and
entomological surveillance systems, basic immunology and virus genetic charac-
terization, pathogenesis, vaccine development, fill the gaps to further understand
specific dynamic introduction, and reintroduction and timing of serotypes per
regions using specific modeling studies, among others.

Current available data suggest caution in the introduction of dengue vaccine;
although disease is recognized as a public health priority, vaccine should be
introduced with appropriate safety controls and economical evaluations for LAC.
More evidence-based actions and integrated commitment are required to reinforce
our battle against dengue.
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