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SUMMARY

Dengue represents a major, growing public health problem, with an
estimated of 2.5 billion people at risk of infection and about 50 million
cases. Vector control is the only way of controlling dengue transmis-
sion; however, in spite of efforts, an expanded geographic extension of
the vector and viruses is observed. Consequently, there is an urgent
need for a safe and effective dengue vaccine. Currently, there is no
licensed vaccine available, although there are several candidates in dif-
ferent stages of development, a few highly promising. Strategies that
have been followed include inactivated viruses, conventional live atten-
uated vaccines, chimeric live attenuated vaccines, DNA, subunit and
vectored vaccines. Advances and challenges of dengue vaccine devel-
opment are updated here.

INTRODUCTION

A global pandemic of dengue, a mosquito-borne viral disease, start-
ed during World War Il intensifying during the 1970s (1-3). Since then,
the prevalence of dengue fever (DF), as well as the life-threatening
dengue hemorrhagic fever/dengue shock syndrome (DHF/DSS), has
increased exponentially, with approximately 2.5 billion people at risk,
about 50 million cases and 250,000-500,000 severe cases occur-
ring annually (4). The dengue case fatality rate is estimated at 1-5%
and the estimated number of disability-adjusted life years (DALYs)
lost to dengue in 2001 was 528 (5). A recent study by the Pediatric
Dengue Vaccine Initiative (PDVI) reported figures of 3.61 billion, or
half the world's population, at risk for dengue infection, 500 million
people infected and 2.1 million severe cases occurring annually (6).

Dengue viruses (DENVs) are transmitted to humans by infected
mosquitoes, mainly Aedes aegypti and Aedes albopictus. Infection by
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each of the four dengue serotypes can lead to a broad spectrum of
outcomes, from asymptomatic and very mild infections to DF and
the severe form, DHF/DSS (7).

The disease is reported in Southeast Asia, the Western Pacific, the
Caribbean and Latin America, the Middle East and Africa, with more
than 70% of the disease burden in the first two regions. The causes
of the global emergence and reemergence of dengue, associated
with more frequent and larger epidemics, a greater number of
severe cases and the co-circulation of several serotypes are not well
understood. Unprecedented population growth, unplanned urban-
ization, deficient water supply, lack of vector control measures, large
movement of people towards urban areas and climatic change are
some factors that have contributed to the emergence of dengue. The
epidemiologic situation in the American region well exemplifies the
emergence of this disease (2, 8-11).

In the last 40 years a dramatic spread of DENVs within American
countries has been observed, with an increased number of epi-
demics, shorter intervals among them and increased reports of
DHF/DSS cases (10). The total number of reported cases has
increased from 1 million in the 1980s to more than 6 million in the
current decade. From around 60 DHF/DSS cases reported by 6
countries in the 1980s, these figures have increased to more than 30
countries with more than 165,000 DHF/DSS cases. By September
2010, more than 1,400,000 dengue cases, including 30,820
DHF/DSS cases and 710 fatalities, were reported
(http://new.paho.org/hg/index.php?lang=es). Figure 1 shows the
increased number of total reported cases in the American region by
decade.

Recent reports of dengue in travellers returning from Africa suggest
that there was a substantial increase in epidemic dengue activity in
this continent during the 1980s (12-14). In the current decade, major
DENV outbreaks have been reported in some African countries, sug-
gesting a change in the dengue epidemiology in this region (15, 16).

Currently, vector control is the only way for controlling dengue trans-
mission; however, in spite of efforts, an expanded geographic exten-
sion of the vector and viruses, and consequently an increased trend
in dengue transmission, the number of countries and regions report-
ing dengue epidemics, DHF/DSS cases and the cocirculation of sev-
eral DENVs are observed. In recent years, an increased report of
dengue infection in travellers returning from dengue endemic coun-
tries, the concurrent coinfection of dengue with other infectious
agents and the risk of transmission through transfusion of blood
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Figure 1. Total reported dengue cases in the American region by decades
(period 1980 to February 2010) (http//new.paho.org).

from asymptomatic viremic individuals have been documented (17-
22). The report of dengue transmission in Florida, the detection of
autochthonous dengue cases in France (23, 24), the rapidly expand-
ing range of A. albopictus in Europe and the possibility of dengue
transmission in this region, particularly if A. aegypti is reintroduced
(25), pose a serious concern at the global level.

Because of the increased severity of the global situation, a vaccine
against dengue is urgently needed (26, 27). A substantial amount of
research has been undertaken over the years to develop a dengue
vaccine. Advances and challenges of its development are updated
here.

DENGUE VIRUSES

Dengue viruses belong to the family Flaviviridae, genus Flavivirus.
Dengue complex consists of four antigenically closely related
serotypes (DENV-1 to -4) (28). They are positive-strand RNA viruses
with a genome of about 11 kb encoding three structural proteins (C,
capsid protein; prM, membrane precursor of membrane protein; E,
envelope protein) and seven nonstructural proteins (NS1, NS2A,
NS2B, NS3, NS4A, NS4B, NS5) (29).

The viral nucleocapsid consists of the genome surrounded by the
capsid protein. The viral envelope consists of a lipid bilayer in which
the E and M proteins are embedded (28). In immature virions, prM
forms a heterodimer with E protein. It is believed that prM protein
serves as a chaperone for proper E folding and assembly. The matu-
ration event of prM to M is necessary to expose the E receptor bind-
ing domain, and thus for virus infectivity (30-33).

The E glycoprotein, comprised of 495 amino acid residues, is respon-
sible for viral attachment and entry, elicits protective neutralizing
antibodies in the infected host and plays an important role in virus
virulence (32). In the mature virion, E exists as homodimers. Each
monomer of the dimer has an elongated shape with three domains
(I, I'and 1), the central N-terminal domain |, followed by the dimer-
ization domain Il and the C-terminal Ig-like domain Ill (34). Domain
Il contains the hydrophobic fusion peptide (residues 98-110) essen-
tial for virus—cell fusion (35-37), while domain Il functions as the
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binding site for cellular receptors (38, 39). Under a low pH environ-
ment, E protein undergoes trimerization to expose the fusion pep-
tide.

The NS3 protein is involved in the cleavage of the translated viral
polyprotein and plays a role in viral RNA replication through the
nucleotide triphosphatase and helicase activities (40, 41). NS5 func-
tions as the viral RNA-dependent RNA polymerase. Also, NS5 has
methyltransferase activity (42, 43). NS1is required for virus replica-
tion. This protein has secreted and cell-associated forms, the latter
associated with the level of viremia (44). NS1is an important target
for humoral immunity and plays a role in disease pathogenesis,
while NS3 is an important target for T-cell epitopes (45, 46).

Nucleotide sequence analysis has allowed classifying DENVs into
genotypes, with three to five genotypes depending on the serotype.
Studies have suggested that specific viral structures may contribute
to increased replication in human cells and to increased transmis-
sion by the vector (47). For instance, the replacement of 5'- and 3'-
untranslated regions and amino acid E-390 among Asian and
American DENV-2 genotypes significantly reduced virus replication
in dendritic cells (48). In addition, some studies support that the
Asian DENV-2 genotype produces a more efficient infection and dis-
semination in mosquitoes (49).

Serious DENV disease can result from infection with any of the four
serotypes, although some genotypes and specific strains of DENV-2
and DENV-3 have been particularly associated with DHF/DSS epi-
demics (9, 50-56). Examples of this association include the Cuban
DHF/DSS epidemic of 1981, as well as the DHF/DSS epidemics
reported in the American region after the 1980s, caused by Asian
genotypes of DENV-2 and DENV-3 (52, 55, 57-61). The increased
movement of viruses among countries and increased virus transmis-
sion have resulted in an increased rate of evolution, with a rise in
viruses with greater epidemic potential and a major impact on their
virulence for humans (47, 62). Relatively recent, intramolecular
recombination has been documented for the four serotypes,
although up to now, the epidemiologic and clinical implications of
this phenomenon have not been documented (63-67). Also, the pos-
sible virus evolution over the course of a dengue epidemic, as well as
the potential appearance of neutralizing escape mutants, have been
reported (50, 51, 68). In addition, several studies suggest the pres-
ence of quasispecies in both humans and mosquitoes (69, 70); how-
ever, we still do not know if these populations differ in important
phenotypic properties. All these observations suggest that viruses
with an expanded range of pathogenic properties could be observed
in the future (67).

Besides the urban dengue cycle, transmission cycles involving mon-
keys and forest-dwelling Aedes mosquitoes (A. luteocephalus, A. fur-
cifer, A. taylori and A. niveus, among others) have been identified in
Asia and West Africa (71-74). Sylvatic viral strains from several
serotypes have been isolated (47, 75). A documented outbreak of syl-
vatic DENV-2 in humans was reported in Nigeria during the 1960s
(76). In addition, a DENV-2 from a sylvatic lineage was isolated from
a DHF case in Malaysia (77). In spite of this evidence, the role of the
sylvatic cycle is under discussion, but the suggestion that sylvatic
DENV poses a risk for human health and that these viruses may
eventually emerge in humans deserves careful study (66, 78).
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THE CLINICAL MANIFESTATIONS OF DENGUE

Dengue infection has a wide clinical range that includes very mild ill-
ness, mainly in young children. In older children and adults, the classic
fever-arthralgia-rash syndrome with fever, myalgia, arthralgia, retro-
orbital pain and lymphadenopathy is observed. Minor bleeding, such
as petechiae, leukopenia and mild thrombocytopenia, is also common.
DHF/DSS is characterized by increased vascular permeability and
plasma leakage, with thrombocytopenia and bleeding. An increase in
hematocrit, effusions and edema are the expression of plasma leak-
age. Depending on the severity of plasma leakage, patients can evolve
to shock (79, 80). The World Health Organization (WHO) dengue clini-
cal classification has been in use since the 1970s. According to this clas-
sification, a DHF/DSS case must fulfill four criteria: fever, bleeding,
hemoconcentration and thrombocytopenia of < 100,000/mm?.
Dengue clinical cases represent the peak of the iceberg.

With the globalization of dengue to different tropical areas and age
groups, variations in the clinical manifestations of the original descrip-
tion have been reported (81-83). A recent multicountry revision of the
1975 WHO clinical classification was performed and a new one based
on the disease severity (dengue and severe dengue) has been proposed
(84). The new classification calls attention to the clinical warning signs
as a predictive early sign of severity (Table I). At present, some countries
have introduced the new classification. In addition, some multicountry
studies are ongoing for further validation.

DENGUE PATHOGENESIS

DHF/DSS occurs in children and adults who become infected with a
second DENV of different serotype and in infants with a primary DENV

Table I. New WHO dengue case classification (84).
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infection born from DENV-immune mothers (85-88). Secondary infec-
tion has been significantly associated with DHF/DSS, with an estimat-
ed 2-4% of cases with a secondary infection developing DHF/DSS.
Although secondary infection is considered the main risk factor for
DHF/DSS (89-97), other host factors, such as age (higher risk in chil-
dren), ethnicity (whites have a higher risk of severity compared to black
individuals), chronic diseases (bronchial asthma, diabetes, sickle cell
anemia) and host genetic factors (polymorphism of HLA, Fc receptors,
vitamin D receptor, DC-SICN), are also a risk (54, 57, 98-106). Some
viral sequence of infections, the longer time interval among primary
and secondary infections, the serotype and the virus genotype are
associated with a higher risk of DHF/DSS (96, 107-111). Table Il shows
some host risk factors for DHF/DSS.

Earlier studies by Sabin in 1952 demonstrated a short cross-protective
immunity among serotypes (around 1-2 months), while other studies
suggest that homologous specific immunity is long-lasting (112-116).
Neutralizing antibodies can reduce viremia levels, whereas cross-reac-
tive non-neutralizing antibodies may increase viremia (91).

Antibody-dependent enhancement (ADE) was proposed early on to
explain DHF/DSS. Complexes containing enhancing immunoglobu-
lin (IgG; from a primary infection) and virus attach to Fc receptor-
bearing cells, enhancing the efficiency of virus binding and increas-
ing the number of infected cells (91, 117). The ADE hypothesis postu-
lates that non-neutralizing cross-reactive antibodies from a primary
infection could mediate an increased uptake of virus into monocytes
via the Fc receptor, leading to an increase in viral replication and
immune activation with mediator release (118). Consequently, a
higher viral load, plasma leakage and increased severity are expect-
ed. Several studies support a higher viral load in secondary DHF/

Dengue with or without warning signs

Severe dengue

Probable dengue

Warning signs

Criteria for severe dengue

Live in/travel to dengue endemic countries

a) Abdominal pain or tenderness

Severe plasma leakage:

Fever and two of the following criteria: b) Persistent vomiting a) Signs of shock

a) Nausea/vomiting ¢) Clinical fluid accumulation b) Fluid accumulation with respiratory
b) Rash d) Mucosal bleed distress

¢) Aches and pain e) Lethargy, restlessness Severe bleeding as evaluated by clinician
d) Tourniquet test positive f) Liver enlargement > 2 cm Severe organ involvement

e) Leukopenia g) Laboratory increase in hematocrit a) Liver: AST or ALT >1,000

f) Any warning sign

in platelet count

concurrent with rapid decrease

b) CNS: impaired consciousness
c) Heart and other organs

Table Il. Some identified host risk factors for dengue hemorrhagic fever.

Risk factors

Age Higher risk in children (86, 92, 106)

Nutritional status
Ethnicity

Chronic diseases
Secondary infection

Good (92)

Higher risk in white individuals (57, 98, 100, 101)
Bronchial asthma, diabetes, sickle cell anemia (57, 100, 339)
Sequence of infection, serotype and genotype of the second virus, interval between

infections (92, 96, 97, 107, 109)

Host genetics

HLA class |, Il ll, FcyR, vitamin D receptor, DC-SIGN1-336, others (99, 104, 105, 340)
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DSS cases (119, 120). A detailed analysis of dengue outbreaks in
Cuba in 1977 (DENV-1), 1981 (DENV-2), 1997 (DENV-2) and 2001
(DENV-3) supports the role of ADE as an important risk factor for
disease severity (95, 97, 121-125). In these epidemics, DHF/DSS
cases were significantly associated with secondary infection. A
recent study published by Cummings et al. shows that ADE may pro-
vide a competitive advantage to any serotype that undergoes
enhancement and that this advantage increases with increasing
numbers of co-circulating DENVs (126). These results suggest that
there is a dynamic fitness landscape for DENV by using enhance-
ment.

E and prM proteins are involved both in neutralization and ADE.
E glycoprotein contains the main epitopes recognized by neutraliz-
ing antibodies (virus-specific and cross-reactive epitopes) and is
considered the primary antigen inducing protective immunity, but
also ADE (127-129). On the other hand, infection enhancement and
lack of potent neutralization are common properties of anti-prM
antibodies, suggesting that prM constitutes another target for infec-
tion-enhancing antibodies. Recently, Rodenhuis-Zybert et al. pub-
lished data demonstrating that antibodies to prM may be involved in
ADE (130). These observations were supported by Dejnirattisai et al.
(131), who observed that antibodies to prM are highly cross-reactive
among the four serotypes, with potent ADE activity and low neutral-
ization capacity (132).

A different but complementary theory of immunopathology involves
the reactivation of memory T cells. Serotype-specific and serotype-
cross-reactive T cells have been detected in peripheral blood
mononuclear cells (PBMCs) of individuals with acute dengue infec-
tion (45, 133-136). It has been suggested that the low avidity of
serotype cross-reactive T cells raised to the first infecting virus pre-
dominates during the secondary infection (original antigenic sin
phenomenon), with a low capacity for infected cell clearance (137,
138). A role for T-cell activation has been proposed (134, 139-141).
Concentrations of cytokines, mediators and soluble receptors are
significantly increased during infection, some associated more with
disease severity (142-147). Endothelial permeability and conse-
quently plasma leakage characterize DHF/DSS, although damage
to endothelial cells does not appear to be responsible for the
increase in permeability. Plasma leakage appears to be the result of
transient endothelial permeability caused by one or more soluble
mediators released by the endothelium or by immune cells (142,
148-150).

Both mechanisms (ADE and T-cell response) could be involved in the
increase in plasma levels of numerous soluble mediators and
cytokines, and consequently the increase in plasma leakage; how-
ever, DHF/DSS in infants with primary dengue infection cannot be
well explained by the T-cell activation (86, 151).

Recently, Sierra et al. reported the results of an ex vivo study. PBMCs
from dengue-immune individuals were challenged with homolo-
gous and heterologous DENVs. Homologous rechallenge triggered
the expression of regulatory cytokines, while heterologous challenge
triggered a dominant inflammatory response. The authors suggest
that the equilibrium between inflammatory and regulatory patterns
of the immune response is important for a balanced and effective
control of dengue infection. The uncontrollable inflammatory
response (IFN-y/TNF-a) in the absence of an adequate regulatory
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control (TGF-B/IL-10) could explain the enhanced risk of DHF/DSS
after a heterologous reinfection in individuals exposed to DENV long
before (152).

Vascular damage can also be induced by cross-reactive antibodies.
It has been documented that an antibody to NS1 protein can cross-
react with antigens on the surface of endothelial cells and induce
apoptosis, as well as the secretion of proinflammatory cytokines and
chemokines involved in the increased vascular permeability (153-
156). In addition, anti-NST antibodies have also been shown to cross-
react with human and mouse platelets and were able to cause tran-
sient thrombocytopenia and hemorrhage in mice (157, 158).
Cross-reactivity of antibodies against E protein with plasminogen
has been associated with bleeding in acute DF infection (159-161).

Complement activation is another important observation during
DHF/DSS. Levels of C3a and C5a, complement activation products,
correlate with disease severity. It is assumed that complement is
activated by various mechanisms, such as the circulating immune
complexes observed during DHF/DSS, the possible immune com-
plexes among the secreted NST protein and pre-existing cross-reac-
tive antibody, among others (135, 162-164).

In summary, the mechanisms that have been considered to be asso-
ciated with the pathogenesis of DHF/DSS include non-neutralizing
enhancing antibodies in secondary dengue infections with heterolo-
gous serotypes, memory T-cell-mediated pathogenesis, antibodies
cross-reacting with vascular endothelium, complement activation,
cytokine and mediator production, selection of virulent strains, as
well as host characteristics (54, 57, 92, 156, 165-167).

DENGUE VACCINES
Objectives and challenges

A dengue vaccine should simultaneously generate long-lasting
immunity to the four serotypes. A safe vaccine must address the ADE
phenomenon and particularly the immune potentiation of the illness
during a second dengue infection. Consequently, the vaccine must
be tetravalent. Other challenges for a dengue vaccine include the
lack of an animal model to reproduce the main clinical features of
DHF/DSS, the incapacity to predict the efficacy of the vaccine candi-
date, the need for a better understanding of the correlates of protec-
tion, the viral interference observed in attenuated live vaccines, the
possibility of vaccine sensitization to DHF/DSS in time and the num-
ber of doses for an adequate immunization. In addition, phase Il and
particularly phase Ill trials, as well as the implementation of vaccina-
tion, are also challenges for a dengue vaccine (154, 168-173). A
dengue vaccine requires a long follow-up, and also must be tested
both in Asia and the Americas. Table Il shows some issues and chal-
lenges associated with the development of a dengue vaccine.

Correlates of protection

The mechanism of protective dengue immunity is not well under-
stood. Neutralizing antibodies to viruses serve as the most common-
ly used correlate of protection (174). Although several data support
the role of neutralizing antibodies as the main effector of protection
against dengue infection, the characteristics of these antibodies, the
neutralization mechanism, as well as the neutralizing epitopes, are
not well defined (170, 171).
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Table Ill. Challenges facing vaccine developers.
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a

)
b)

Needs to be tetravalent

The vaccine should induce long-lasting immune protection against the four viruses

) Antibody-dependent enhancement must be avoided in the short and long term after vaccination

d
e

Interference with attenuated live vaccines must be avoided

)
)

No animal model useful for vaccine evaluation or pathogenesis studies are available

Mice and monkeys are used for vaccine evaluation but results do not always predict the usefulness of a vaccine candidate
f) Improved laboratory tests need to be developed to determine protective immune correlates
g) Clinical trials need to be performed in dengue endemic areas with different patterns of dengue transmission

h) Logistics of vaccine implementation
Cost and cost-effectiveness, vaccination strategy

Antibodies produced during an infection provide lifelong protection
to the homologous virus but short-lived protection against the other
three serotypes (112, 115). Most neutralizing antibodies recognize
E protein, although some recognition has been reported for prM/M
proteins (175, 176). Based on epitope mapping data, many type-spe-
cific neutralizing antibodies localize at domain Ill, whereas cross-
reactive epitopes localize mostly at domain Il of E protein (177-181).
Recent studies identified two structurally distinct neutralizing epi-
topes on domain Il of DENV-2: a type-specific and a subcomplex-
specific epitope (182). The mechanisms of neutralization include
interference in the virus entry pathway, including attachment, inter-
nalization and fusion (128).

At present there is interest in developing patterns or “signatures”
that correlate with protective immune status, including the cellular
immune response. Some data suggest the usefulness of incorporat-
ing specific cellular immunity design features into vaccine candi-
dates, particularly to improve antiviral T-cell responses such as
cytolysis and IFN-y secretion with high avidity to variant epitopes to
the four serotypes. These responses may improve viral clearance, as
well as anamnestic neutralizing antibody response (183, 184). A
T-cell response to the four serotypes was studied in volunteers vac-
cinated with a tetravalent dengue vaccine candidate. In vitro prolif-
eration response, IFN-y production and cytolytic response were
observed in all individuals, but responses to the four viruses were not
equal. Proliferation responses were associated with the induction of
neutralizing antibodies to the homologous virus (185). These data
suggest that a live attenuated tetravalent vaccine can induce CD4
and CD8 T-cell responses to several serotypes, although more
research is needed to improve our understanding of dengue patho-
genesis and guide the development, testing and evaluation of
dengue vaccines (46, 186, 187).

The role of cell-mediated immunity (CMI) for both protection and
pathogenesis, as well as the practical aspects of CMI analysis in clin-
ical trials, were analyzed during the scientific consultation on CMI
organized by the Initiative for Vaccine Research (IVR) at the WHO
(188). Additional studies are needed to better understand the mech-
anisms of protection and pathogenesis and the role of antibodies,
innate immunity and CMI.

Main strategies for dengue vaccine development
Currently, there is no licensed dengue vaccine available, although

there are several vaccine candidates in different stages of develop-
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ment, with a few highly promising. Strategies that have been fol-
lowed include inactivated viruses, conventional live attenuated vac-
cines, chimeric live attenuated vaccines, DNA vaccines, subunit and
vectored vaccines. Each of these strategies has advantages and dis-
advantages.

Inactivated vaccines

Putnak et al. reported that mice and monkeys immunized with inac-
tivated DENV-2 grown in certified Vero cells for vaccine production
were protected from virus challenge; however, the use of inactivated
vaccine requires booster doses (189). Very recently, psoralen was
used for DENV-1 inactivation. An anti-DENV-1 neutralizing antibody
was detected in mice immunized with psoralen-inactivated DENV-1
(190). Also, GlaxoSmithKline entered into a joint venture with
Oswaldo Cruz Foundation (Fiocruz) to develop a vaccine
(http://www.gsk.com/responsibility/access/technology-transfersn-
joint-ventures.htm, http://www.gsk.com/media/pressreleases/
2009/2009_pressrelease_10085.htm).

Inactivated whole virus vaccines have two advantages when com-
pared to live vaccines: they cannot revert to a more pathogenic phe-
notype and do not interfere (no replication competition) with each
other in combination. However, the possibility that incomplete pro-
tection with the risk of enhancement of the infection requiring boost-
er doses, as well as the low virus replication efficiency in certified
cells, represent challenges for this strategy (184, 191-193).

Live attenuated vaccines

Early research on dengue vaccines was based on DENV-1 and -2
propagation in mouse brain. This work was followed by a field effica-
cy trial in Puerto Rico in 1962, in which partial protection was
observed in vaccinated individuals (112, 194-196). During the 1980s,
four vaccine candidates were produced in tissue cultures (primary
dog kidney [PDK] cells), tested in nonhuman primates and then
administered to small numbers of volunteers (194, 197-202). Under-
and overattenuation of vaccine candidates were observed, suggest-
ing that biological markers such as temperature sensitivity and
plague morphology were insufficient to predict DENV attenuation
for humans (194, 203). After several trials, the safety and immuno-
genicity of 16 formulations allowed the selection of some tetravalent
candidates (204-206). A new study with tetravalent candidates first
demonstrated the feasibility of repeated doses and the increasing
levels of trivalent or tetravalent neutralizing antibodies (194, 205).
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Recently, one of these combinations achieved overall seroconversion
of 69%, 100%, 81% and 94%, respectively, to DENV-1, -2, -3 and -4
in all volunteers after two doses (207). This tetravalent formulation
was also safe and induced tetravalent neutralizing antibodies in Thai
children (208). An important observation of these vaccine candi-
dates developed by the Walter Reed Army Institute of Research
(WRAIR) was the low dissemination rates of attenuated viruses in A.
aegypti and A. albopictus (209). The vaccine has been licensed by
GlaxoSmithKline and has been evaluated in a phase Il clinical trial in
Thailand and Puerto Rico. Data confirmed that two doses of vaccine
are needed over a duration of at least 6 months to elicit acceptable
neutralizing antibody titers.

Another tetravalent vaccine candidate was developed at Mahidol
University, Bangkok, Thailand (210). The vaccine viruses were also
derived by serial passage of wild-type strains in PDK cells. Initial
human trials suggested the DENV vaccine to be safe and immuno-
genic in adults and well tolerated in children (210-213). The vaccine
was licensed by Aventis Pasteur. Although phase Il testing was com-
pleted in children, with tetravalent seroconversion in all recipients
after three doses of vaccine, further development of this candidate
was stopped due to reactogenicity and formulation issues with the
DENV-3 component (214-216).

Because attenuated vaccines consist of replicating agents, they can
induce humoral and cellularimmune responses. They may also immu-
nize with only one dose and they may be produced at relatively low
cost (212). However, they also have some disadvantages, such as
potential reactogenicity in vaccinees, interference among vaccine com-
ponents, genetic instability leading to reversion to virulence and heat
lability that requires maintenance of a cold chain for a hydrated vac-
cine preparation, as well as the potential risk of transmission through
mosquitoes of the vaccine virus (193). There is also the potential risk of
enhanced disease following dengue vaccination. In addition,
enhanced reactogenicity is possible in subjects with pre-existing anti-
Flavivirus antibody (184). Finally, the theoretically potential risk of
recombination between the vaccine viruses and other wild-type virus-
es, resulting in recombinants with novel properties, has been suggest-
ed; however, according to some reports this is unlikely (217, 218). Most
of these risks have not been seen in current clinical trials.

Infectious clone-based vaccines

Infectious, genome-length cDNA clones allowed the efficient, direct-
ed genetic engineering of mutations in the viral genome and analysis
of phenotypic effects of mutations in the clone-derived viruses (193).
This technology has been successfully applied and a number of infec-
tious clones derived from several DENVs, as well as from the yellow
fever (YF) 17D virus and other flaviviruses, have been developed (219-
222). Among these, ChimeriVax™, the tetravalent dengue vaccine
based on the YF 17D vaccine wherein the prM and E genes are replaced
by the corresponding genes of each dengue serotype, is at present the
most promising vaccine candidate. Preclinical evaluation suggested
that the vaccine candidates were replication-competent and geneti-
cally stable, do not become more neurovirulent after several passages
in Vero cells and are significantly less neurovirulent in mice and mon-
keys than YF 17D vaccine.

The protective efficacy of the vaccine was demonstrated in a monkey
challenge model (223-226). In addition, the tetravalent vaccine
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infects mosquitoes poorly, suggesting that it is unlikely that a mos-
quito feeding on a viremic vaccinee would become infected with the
chimeric viruses (227). Furthermore, the substitution of wild-type YF
Asibi sequences for 17D vaccine sequences in ChimeriVax™-DEN4
did not enhance A. aegypti mosquito infection (228). ChimeriVax™-
DEN1-4 replicated at a lower level than YF 17D virus in hepatic cells,
suggesting that these viruses may be less hepatotropic than the YF-
vaccine (229). A phase | evaluation of the DENV-2 monovalent vac-
cine showed the vaccine to be safe and immunogenic regardless of
pre-existing YF immune status. High levels of neutralizing antibod-
ies against DENV-2 were observed after a single dose of
ChimeriVax™-DEN2. In YF-immune individuals, neutralizing anti-
bodies to the other three dengue serotypes were observed. These
cross-reactive antibodies lasted up to 1year (230). The tetravalent
vaccine induced Th1and CD8 responses, with an IFN-y/TNF-a ratio
favoring IFN-y both in Flavivirus-immune and -naive individuals
(187).

Reactogenicity, viremia induction and antibody responses of the
tetravalent vaccine were investigated in three phase | trials in the
U.S., Mexico and the Philippines as a 2- or 3-dose regimen over a 12-
month period. Adverse events were mild and viremia was transient
and low. All volunteers who received the three doses seroconverted
to the four dengue serotypes. Geometric mean values and the per-
centage of seroconverted participants increased after each vaccina-
tion. In addition, Flavivirus preimmunity had a positive impact on
dengue immunogenicity (231-233).

Currently, phase Il clinical trials are being conducted on several con-
tinents to assess the safety and immunogenicity of the tetravalent
vaccine in children, adolescents and adults. Also, proof of concept in
Thai children is under way. These children are being vaccinated with
three doses and will be followed to assess safety and efficacy.
Results are expected in 2012. This vaccine has been licensed by
Aventis Pasteur (now Sanofi Pasteur). Phase Il trials in Asia and
Latin America are in preparation (231), and based on a press release,
a phase Il clinical trial has started in Australia.

In another approach, the intertypic chimeric DENVs were developed
early. In particular, an infectious clone of DENV-4 814669 was
employed as the genetic background to express the structural genes
of the other three serotypes (234-237). Preclinical studies in mon-
keys immunized with a bivalent formulation of DENV-4/DENV-1and
DENV-4/DENV-2 viruses elicited homologous neutralizing antibody
titers to both DENV-1and -2, suggesting that chimeric viruses based
on the genetic background of DENV-4 were suitable for dengue vac-
cine following DENV-4 attenuation (238). Several mutations on the
genome of the wild-type DENV-4 814669 have been developed
(239, 240). From these, the recombinant DENV-4 mutant bearing a
30-nucleotide deletion (A30) introduced into its 3'-untranslated
region was found to be attenuated for rhesus monkeys (240), was
not transmitted to A. albopictus mosquitoes that fed on infected vol-
unteers treated with the vaccine candidate (241), and caused a low
level of reactogenicity and a high degree of immunogenicity in vol-
unteers (242-244). A similar nucleotide deletion in the 3'-untrans-
lated region of DENV-1 was also highly attenuated and immuno-
genic in monkeys (245) and well tolerated and immunogenic in
humans (246-248). However, the introduction of the A30 into
DENV-2 and -3 failed to attenuate the resulting viruses (249, 250).
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To solve this situation, chimeric viruses were generated by replace-
ment of M and E structural proteins of the attenuated rDENV-4/A30
vaccine candidate with those from DENV-2 and -3 (2571), being atten-
uated in the monkey model. The rDENV-2/4/A30 vaccine virus was
tested in humans and appeared to be safe, infectious and immuno-
genic (247). All these studies suggest that the introduction of an
attenuating A30 into the 3’-untranslated region of DENV-1 and -4
and on the chimerization of DENV-2 and -3 with rDENV-4/A30 will
be useful for a tetravalent vaccine if low reactogenicity is achieved
(252). Phase | evaluation of DENV-3/4/A30 has shown the vaccine
candidate to be safe but to have an unacceptably low level of infec-
tivity. For that reason, additional approaches for developing attenu-
ated DENV-3 in which the 3'-UTR contains two deletion mutations
(A30/31) or in which the entire 3'-UTR has been replaced with that
derived from DENV-4/A30 were prepared. A phase | evaluation of
the tetravalent vaccine combinations has been initiated (Whitehead,
personal communication) (253).

Chimeric viruses based on the attenuated genetic background of
Mahidol DENV-2 PDK53 vaccine virus, and expressing the prM/E
gene region of heterologous DENV-1, -3 and -4 were prepared (254-
256). Much work has been dedicated to investigating the genetic
stability of the attenuation loci of the DENV-2 PDK53 virus. These
viruses were shown to be immunogenic and protective in the mouse
model (256). Inviragen announced that the company has launched
phase | trials of its tetravalent live attenuated vaccine, DENVax, at
St. Louis University, St. Louis, MO, U.S., and will soon launch a par-
allel study in Medellin, Colombia (257).

Results reported by Caufour et al. and Galler et al. using a recombi-
nant YF-DENV-2 vaccine candidate support the immunogenicity of
this vaccine in a monkey model (258, 259). Finally, Suzuki et al.
applied the RepliVAX strategy to dengue vaccine development.
Specifically, they designed a chimeric RepliVAX that expresses the
prM/E genes of DENV-2 in place of the WNV gene. Good results in
terms of immunogenicity and protection in the mouse model were
observed (260). This strategy, based on the development of a single-
cycle flavivirus can be used as a safe and effective vaccine as the vac-
cine virus does not replicate.

Naked DNA vaccine

DNA vaccine technology, in which plasmids expressing appropriate
viral antigens can induce an immune response against different
viruses, is an alternative for developing effective dengue vaccines.
One of the potential advantages of applying these vaccines is the
expression of viral proteins in situ after DNA immunization, leading
to proper folding of the protein (261). Several approaches have been
followed for a DNA dengue vaccine. A candidate DNA vaccine
expressing DENV-T prM and E proteins was able to induce complete
to partial protection in immunized monkeys after viral challenge
(262-265). Previous studies by the same group have shown that a
DENV-2 DNA vaccine containing the same genes induced a neutral-
izing antibody response and a higher survival rate in mice after virus
challenge (266, 267).

More recently, DNA shuffling and screening technologies were
employed to produce a chimeric tetravalent DNA vaccine expressing
antigens that shared epitopes of the four serotypes. Results
obtained in immunized monkeys support the usefulness of DNA
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shuffling as an alternative tool to create tetravalent chimeric dengue
DNA vaccines (268, 269). In a different approach, Konishi et al.
developed a dengue tetravalent DNA vaccine consisting of a plas-
mid expressing prM and E genes of the four serotypes. This vaccine
candidate was able to induce neutralizing antibodies against the
four viruses in a mouse model. In addition, they also demonstrated
the increased immunogenicity of the vaccine in mice by co-immu-
nization with DENV-2 subviral particles or inactivated Japanese
encephalitis vaccine (JE-VAX) (270, 271). These results support that
co-immunization with a protein vaccine can increase the efficacy of
the dengue tetravalent DNA vaccine.

Considering that domain Il of E protein plays a role in dengue
immunity, a consensus domain Ill from all serotypes was cloned and
expressed as a DNA vaccine (DNA SynCon™). This vaccine candi-
date provided tetravalent immunity in the mouse model (272).
Similarly, tetravalent immunity was established in nonhuman pri-
mates. Previously, Mota el al. observed protective dengue antibod-
ies by the tetravalent DNA immunization of mice with domain IlI
(273). Others groups have selected NS1 as a target in a DNA vaccine
as a way to avoid the possible risk of ADE. Wu et al. and, more
recently, Costa et al. have evaluated a DNA plasmid encoding the
NST gene, suggesting the potential value of an NS1-DNA vaccine
against dengue infection (274-276). Very recently, a DENV-2 plasmid
containing sequences encoding portions of E and NST proteins was
constructed. The immunogenicity of this plasmid was evaluated in
mice in a prime-boost strategy priming with this plasmid and boost-
ing with recombinant full-length GST-E and GST-NST1 fusion pro-
teins. Antibodies to both E and NST proteins were detected by ELISA,
with neutralizing antibodies observed in some animals (277).

DNA vaccines overcome the concerns of interference with combined
use, since these vaccines are not infectious. DNA vaccines are also
suitable for use in endemic areas due to the low cost of production
and the long-term duration of the immune response (278, 279).
However, while DNA approaches offer unique advantages, no
human vaccine against infectious diseases has yet been commer-
cialized. This approach also carries unique risks (184), such as the
theoretical risk of DNA integration into the host chromosomal DNA
(280, 287).

Recombinant subunit vaccines

Structural and nonstructural dengue proteins have been targets for
developing subunit vaccines in different expression systems, such as
Escherichia coli, yeast and baculovirus (168, 193, 282-284). Recently,
domain lll of E protein has been identified as a critical region for vac-
cine development. Choosing only domain Ill as a vaccine candidate
instead of the whole E protein has a low potential for inducing cross-
reactive antibodies to heterologous dengue serotypes, which could
be implicated in the pathogenesis of severe disease (285). Thus, in
the last years, much research has been directed to domain Ill (286,
287). One of these approaches consists of recombinant fusion pro-
teins of domain B fused to maltose-binding protein of E. coli (288,
289). Monovalent and tetravalent vaccines, as well as combinations
of DENV-2 DNA and recombinant subunit vaccines, have been eval-
uated in mice with the production of neutralizing antibodies (285,
289). A different approach was the creation of a DENV-2 and -4
bivalent antigen composed of linked domains of both serotypes. This
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candidate was able to raise neutralizing antibodies in immunized
mice (290). A consensus dengue domain Ill was developed by align-
ment of amino acid sequences from different isolates of the four
serotypes. Neutralizing antibodies against the four viruses and
anamnestic neutralizing antibody responses following viral chal-
lenge were observed in immunized mice, supporting the possibility
of a vaccine candidate using this strategy (291).

As domain Ill has emerged as a promising dengue vaccine candi-
date, the optimization of protein expression in both E. coli and Pichia
pastoris, as well as the conditions for protein secretion and improv-
ing the immunogenicity using different adjuvants, are of importance
(292, 293). Probably one of the most complete investigations on this
topic was that related to the expression of domain Il of the four
dengue serotypes fused to p64K of Neisseria meningitidis and
expressed in E. coli. Monovalent recombinant proteins of each
serotype induced neutralizing antibodies and protection after viral
challenge in mice. DENV-1 and DENV-2 vaccine candidates were
immunogenic and induced total or partial protection in monkeys
(294-301). Finally, as proof of concept, the immune response
induced by the recombinant protein in both mice and monkeys was
highly serotype-specific (299).

In another approach, the consensus domain lll, deduced from the
alignment of the amino acid sequences of the four serotypes, was
fused with a lipoprotein from N. meningitidis. The resulting lipo-
immunogen induced a strong neutralizing antibody response, sug-
gesting the usefulness of lipo-immunogens for novel vaccine devel-
opment (302).

A recombinant tetravalent vaccine comprising the N-terminal 80%
of E and prM proteins expressed in a Drosophila S2 cell expression
system was evaluated in mice and monkeys (303). Low doses of the
vaccine induced adequate neutralizing antibodies against the four
serotypes and protection against challenge with two tested viruses.
The DENV-1 vaccine candidate (licensed by Merck) is currently in
phase | clinical trials (304).

Recombinant subunit vaccines offer the advantage of low reacto-
genicity and low cost; however, similar to other vaccine candidates,
the risk of enhanced disease upon exposure to wild-type viruses
post-vaccination needs to be evaluated. In addition, the need for
adjuvants is a disadvantage (184). Attempts to overcome ADE by
using nonstructural proteins such as NS1 and NS3 as subunit
dengue vaccines are associated with concerns as to the lack of
knowledge about the mode of protection of these proteins (305).
Recently, anti-NS1 antibodies have been associated with disease
severity (306). Particularly, immune-mediated pathogenesis caus-
ing endothelial cell damage, thrombocytopenia and hemorrhage
needs to be considered, taking into account the molecular mimicry
between platelet/endothelial cells and NST1 (154).

Virus-like particles (VLPs) are inert, empty viral capsids with no DNA or
RNA from the virus itself, but with the structure of a virus particle. VLPs
based on envelope, membrane or nucleocapsid microbial proteins are
able to stimulate mucosal, as well as systemic, immunity (307). A
recombinant DENV-2 envelope fused to hepatitis B surface antigen
was expressed in P. pastoris. This hybrid protein has the potential to
aggregate into entities similar to VLPs. Sera from immunized mice
contained antibodies directed against both DENV-2 and hepatitis B
antigen, supporting that this protein can act as a bivalent immunogen
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(308). In another approach, VLPs of parvovirus B19 that carry DENV-2
epitopes of domain Il were able to elicit a strong humoral immune
response in immunized mice (309). Recently, VLPs from the recombi-
nant DENV-2 capsid protein, as well as a chimeric protein comprising
domain Il and the capsid of the same serotype, were obtained.
Evaluation of both vaccine candidates in immunized mice showed sig-
nificant protection after viral challenge, as well as a strong cellular
immune response (310-312).

A new project (still at the murine stage) includes the production of a
conjugate dengue vaccine following the strategy used by Spohn et al.
for West Nile virus (a conjugate vaccine consisting of recombinantly
expressed domain lll chemically cross-linked to VLPs derived from the
recently discovered bacteriophage AP205) (313).

Expression vector-based vaccines

Early investigations studied replication-deficient modified vaccinia
Ankara (MVA)-vectored recombinants expressing E protein of DENV-2
and -4. Partial protection was observed in immunized monkeys, sug-
gesting that this could be a strategy for a tetravalent dengue vaccine
(314).

Measles virus vaccine, live, attenuated, is an attractive candidate vac-
cination vector that could provide safe and effective immunity against
measles, as well as against other infectious diseases such as dengue.
Measles virus vector has been shown to stably express additional for-
eign genetic materials (315). Brandler et al. inserted into the measles
virus vector a sequence encoding a minimal combined dengue antigen
composed of domain Ill fused to ectodomain of M protein from DENV-
1. Neutralizing antibodies to DENV-1 were observed in immunized
mice. In addition, the presence of ectoM was critical to the immuno-
genicity of inserted domain Ill (316). Recently, a recombinant measles
vector expressing domain Il of the four serotypes fused with the
ectodomain of the membrane protein was evaluated in mice (317). This
strategy could provide a recombinant vaccine that might simultane-
ously protect children from measles and dengue.

Another approach includes the use of replication-defective recombi-
nant adenovirus vectors as vaccines. These vectors have the capacity to
express antigens at a high level, being ideal for inducing potent
immune responses. Using a complex adenovirus platform, Holman et
al. were able to express both prM and E antigens of the four serotypes
in symmetrical ends of each vector’'s genome, resulting in a pair of vec-
tors that each expresses the prM and E genes of two different
serotypes. The vaccine induced both humoral and cellular immune
responses to DENV in immunized mice (318, 319). In a similar
approach, a chimeric tetravalent antigen of domain Ill of the four
serotypes was expressed using a replication-defective recombinant
human adenovirus type 5 (rAdV5) vaccine vector. Humoral and cellu-
lar immune responses to the four serotypes were observed in immu-
nized mice (320, 321).

Altogether, these strategies represent an alternative approach to
developing a dengue vaccine, although pre-existing vector immunity
could negatively influence the efficacy of these approaches (322).

DISCUSSION

An effective dengue vaccine is highly feasible. Viral replication is
controlled after a short period of viremia and individuals who
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recover from a DENV infection are immune to rechallenge to the
homologous virus (133). In addition, dengue vaccines seem to be
economically viable. Shepard et al. estimated a price per dose to
the public sector of US $0.50 and to the private sector of $10; the
average cost of vaccinating 1 child would be $7.58 and the gross
cost per 1,000 population of the vaccination program would be
$144 (323) in order to be cost-effective.

A huge advance in dengue vaccine development has been
observed in the last decade. At present, there are several vaccine
candidates at the advanced clinical and preclinical stage of devel-
opment. Live attenuated dengue viruses, while immunogenic,
have been associated with some reactogenicity. In addition, a com-
bination of infectious vaccines may cause interference among the
four DENVs in terms of virus propagation in vaccinated hosts. Such
interference is an important concern for dengue vaccines, since
imbalanced immune responses may cause increased disease
severity when the vaccinated host acquires an infection with one of
the four DENVs to which induction of immunity is insufficient (271).
Ways to diminish or avoid interference have been reported (324).
Inactivated DENVs have less immunogenicity and recombinant
dengue proteins have failed to protect nonhuman primates from
homologous dengue virus challenge (325). However, the use of
adjuvants, as well as different strategies of immunization, can
revert this situation.

A prime-boost strategy is a prominent approach to enhancing
DNA and recombinant subunit vaccines. In addition, it could be
applied to a live, attenuated vaccine, allowing a decrease in the
number of doses and consequently reactogenicity. Chen et al.
immunized monkeys with two doses of a DNA-DENV-1vaccine and
a third dose of a Venezuelan equine encephalitis virus replicon
particle. Best results in terms of immunogenicity and viremia pro-
tection were observed in prime-boost animals compared to con-
trols (326). Recent reports by Valdes et al. and Simmons et al. sup-
port the usefulness of the prime—boost vaccination strategy (327,
328). The former assumed the replicative virus as a model of
attenuated virus to prove the concept in monkeys of a prime—boost
strategy in combination with a subunit vaccine candidate (recom-
binant chimeric protein based on domain Il from DENV-2, fused to
the C-terminus of the carrier protein P64k of N. meningitidis). The
second evaluated this vaccination strategy in rhesus monkeys by
priming with tetravalent inactivated virus or tetravalent plasmid
DNA vaccines expressing the prmE gene region, then boosting 2
months later with a tetravalent, live, attenuated virus. An
anamnestic antibody response to the virus challenge was
observed in both studies. Taken together, these data indicate ways
to elicit robust immunity, as well as suggesting the potential utili-
ty of the prime-boost vaccination regimen in the development of
dengue vaccines. However, one of the difficulties of this strategy is
the implementation of the vaccination schedule using two differ-
ent vaccines.

A dengue vaccine also implies operational challenges. The vaccine
needs to be evaluated against changing patterns of transmission
intensity and circulating serotypes, including other flaviviruses.
Consequently, the vaccine needs to be evaluated both in Asia and
the Americas. In addition, the implementation of the vaccination
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needs to be carefully considered taking into account the character-
istics of the vaccine, as well as the dengue epidemiology (170). It is
expected that a dengue vaccine will have a complex vaccination
schedule, and will probably have to be given from the second year
of life, at a time when few other vaccines are given routinely. Catch-
up vaccination of older age groups will probably be necessary (329,
330). Immunization of older children and young adults will require
new mechanisms that will need to be created or strengthened to
reach these populations, using approaches such as school-based
programs, immunization campaigns and clinic-based programs
(329).

Given the fact of dengue emergence and re-emergence, several
international initiatives are ongoing to bring dengue to worldwide
attention. PDVI, based at the International Vaccine Institute in
Seoul, Korea, has worked to estimate the disease burden and cal-
culations of the social and economic cost of dengue, the establish-
ment of several phase lll vaccine trial sites in endemic areas and
the building capacity in endemic countries (331, 332). The guide-
lines for the evaluation of dengue vaccines in populations exposed
to natural infections were prepared and published by the WHO
(333, 334). These guidelines emphasize the need for a strong reg-
ulatory infrastructure, as well as defined clinical trial and laborato-
ry endpoints, among other aspects of importance. As part of the
work developed by IVR/WHO, the analysis of important issues
(immunological correlates of protection, CMI in dengue and
dengue vaccine development, harmonization of the plaque reduc-
tion neutralization test for neutralizing antibody determination,
dengue vaccine modeling) related to dengue vaccine have been
performed (188, 304, 335-337). On the other hand, the Special
Programme for Research and Training in Tropical Diseases
(TDR/WHO) includes dengue in its portfolio and considers dengue
vaccine development one of the main research priorities for dengue
control (4, 27).

Dengue vaccines have been under development since the 1940s,
and in recent years development has accelerated dramatically.
Today, the dengue vaccine pipeline appears to be sufficiently
advanced and diverse (170, 171). It is expected that at least one
dengue vaccine may be licensed by 2014 (329). While live attenu-
ated vaccines, and particularly the ChimeriVax™ vaccine, are the
most advanced, it is expected that novel subunit protein, DNA and
vectored vaccines, as well as novel adjuvants and prime-boost
strategies will be evaluated (338). However, a better understanding
of dengue immunity and pathogenesis is still required, as well as a
better comprehension of dengue epidemiology and disease and
economic burden.

ACKNOWLEDGMENTS

The author is very grateful to Dr. Joachim Hombach (IVR/WHO) and
Dr. Gerardo Guillen (Center for Genetic Engineering and
Biotechnology, Havana, Cuba) for their critical reading and useful
comments in the revision of the manuscript.

DISCLOSURES

The author states no conflicts of interest.

53



DENGUE VACCINES: NEW DEVELOPMENTS

REFERENCES

1.

10.

1

=

1.

13.

19.

20.

21

=

54

Gubler, D.J. The global emergence/resurgence of arboviral diseases as
public health problems. Arch Med Res 2002, 33(4): 330-42.

. Guzman, M.C., Kouri, G. Dengue: An update. Lancet Infect Dis 2002,

2(1): 33-42.

. Guzman, M.C., Halstead, S.B., Artsob, H. et al. Dengue: A continuing

global threat. Nat Rev Microbiol 2010, S7-16.

. WHO. Report of the Scientific Working Group meeting on Dengue. WHO:

Geneva, Switzerland, 2006, 74-85.

. Meltzer, M.l,, Rigau Perez, J.G., Clark, G.G., Reiter, P, Gubler, D.J. Using

disability-adjusted life years to assess the economic impact of dengue in
Puerto Rico: 1984-1994. Am J Trop Med Hyg 1998, 59(2): 265-71.

. Beatty, M.E., Stone, A., Fitzsimons D.W. et al., for the Asia-Pacific and

Americas Dengue Prevention Boards. Best practices in dengue surveil-
lance: A report from the Asia-Pacific and Americas Dengue Prevention
Boards. PLoS Negl Trop Dis 2010, 4(11): €890.

. PAHO. Dengue and dengue hemorrhagic fever in the Americas: Guidelines

for prevention and control. Scientific Publication, Pan American Health
Organization 1994, 548.

. Gubler, D.J. The changing epidemiology of yellow fever and dengue, 1900

to 2003: Full circle? Comp Immunol Microbiol Infect Dis 2004, 27(5):
319-30.

. Guzman, M.G., Kouri, G. Dengue and dengue hemorrhagic fever in the

Americas: Lessons and challenges. J Clin Virol 2003, 27(1): 1-13.

San Martin, J.L., Brathwaite, O., Zambrano, B., Solérzano, J.O.,,
Bouckenooghe, A., Dayan, G.H., Guzman, M.G. The epidemiology of
dengue in the americas over the last three decades: A worrisome reality.
Am J Trop Med Hyg 2010, 82(1): 128-35.

. Gubler, D. The emergence of epidemic dengue fever and dengue hemor-

rhagic fever in the Americas: A case of failed public health policy. Rev
Panam Salud Publica 2005, 17(4): 221-4.

Vainio, K., Noraas, S., Holmberg, M., Fremstad, H., Wahlstrgm, M,
Anestad, C., Dudman, S. Fatal and primary dengue virus infections
imported to Norway from Africa and south-east Asia, 2008-2010. Euro
Surveill 2010, 15(38): pii 19666.

Gubler, D.J., Sather, G.E., Kuno, G., Cabral, J.R. Dengue 3 virus transmis-
sion in Africa. Am J Trop Med Hyg 1986, 35(6): 1280-4.

. WHO. Dengue. Guidelines for diagnosis, treatment, prevention and con-

trol. New edition. Geneva: World Health Organization, 2009.

. WHO. Dengue in Africa: Emergence of DENV-3, Cote divoire, 2008.

Weekly epidemiological record 2009, (11/12): 85-7.

. Franco, L., Di Caro, A., Carletti, F., Vapalahti, O., Zeller, H., Tenorio, A.

Recent expansion of dengue virus serotype 3 in West Africa. Euro Surveill
2010, 15(7): pii 19490.

. Teo, D., Ng, L.C., Lam, S. Is dengue a threat to the blood supply? Transfus

Med 2009, 19(2): 66-77.

. Wilder-Smith, A., Chen, L.H., Massad, E., Wilson, M.E. Threat of dengue

to blood safety in dengue-endemic countries. Emerg Infect Dis 2009,
15(1): 8-11.

Carme, B., Matheus, S., Donutil, G. et al. Concurrent dengue and malar-
ia in Cayenne hospital, French Guiana. Emerg Infect Dis 2009, 15(4):
668-71.

Wilder-Smith, A., Gubler, D.J. Geographic expansion of dengue: The
impact of international travel. Med Clin North Am 2008, 92(6): 1377-90.

Wilder-Smith, A., Deen, J.L. Dengue vaccines for travelers. Expert Rev
Vaccines 2008, 7(5): 569-78.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

M.G. Guzmdn

Linnen, J.M., Vinelli, E., Sabino, E.C. et al. Dengue viremia in blood
donors from Honduras, Brazil, and Australia. Transfusion 2008, 48(7):
1355-62.

La Ruche, G., Souares, Y., Armengaud, A. et al. First two autochthonous
dengue virus infections in metropolitan France, September 2010.
Eurosurveillance 2010, 15(39): 1-5.

Anonymous. Locally acquired dengue-Key West Florida, 2009-2010.
MMWR 2010, 59(19): 577-81.

Reiter, P. Yellow fever and dengue: A threat to Europe? Euro Surveill 2010,
15(10): 19509.

TDR/WHO. Report on dengue. TDR/Scientific Working Group: Geneva,
Switzerland, 2006.

Farrar, J., Focks, D., Gubler, D. et al. Towards a global dengue research
agenda. Trop Med Int Health 2007, 12(6): 695-9.

Henchal, E.A., Putnak, J.R. The dengue viruses. Clin Microbiol Rev 1990,
3(4): 376-96.

Rice, C.M. Flaviviridae: The viruses and their replication. In: Virology.
Fields, B.M. (Ed.). Lippincott-Raven: Philadelphia/New York, 1996,
931-60.

Guirakhoo, F., Bolin, R.A., Roehrig, JT. The Murray Valley encephalitis
virus prM protein confers acid resistance to virus particles and alters the
expression of epitopes within the R2 domain of E glycoprotein. Virology
1992,191(2): 921-31.

Heinz, F.X., Allison, S.L. Flavivirus structure and membrane fusion. Adv
Virus Res 2003, 59: 63-97.

Clyde, K., Kyle, J.L., Harris, E. Recent advances in deciphering viral and
host determinants of dengue virus replication and pathogenesis. J Virol
2006, 80(23): 11418-31.

Harris, E., Holden, K.L., Edgil, D., Polacek, C., Clyde, K. Molecular biolo-
gy of flaviviruses. Novartis Found Symp 2006, 277: 23-39; discussion 40,
71-3, 251-3.

Kuhn, R.J., Zhang, W., Rossmann, M.G. et al. Structure of dengue virus:

Implications for flavivirus organization, maturation, and fusion. Cell
2002, 108(5): 717-25.

Allison, S.L., Schalich, J., Stiasny, K., Mandl, C.W., Heinz, F.X. Mutational
evidence for an internal fusion peptide in flavivirus envelope protein E. J
Virol 2001, 75(9): 4268-75.

Zhang, VY., Corver, J., Chipman, P.R. et al. Structures of immature fla-
vivirus particles. EMBO J 2003, 22(11): 2604-13.

Zhang, W., Chipman, P.R., Corver, J. et al. Visualization of membrane
protein domains by cryo-electron microscopy of dengue virus. Nat Struct
Biol 2003, 10(11): 907-12.

Rey, F.A., Heinz, F.X., Mandl, C., Kunz, C., Harrison, S.C. The envelope
glycoprotein from tick-borne encephalitis virus at 2 A resolution. Nature
1995, 375(6529): 291-8.

Zhang, Y., Zhang, W., Ogata, S. et al. Conformational changes of the fla-
vivirus e glycoprotein. Structure (Camb) 2004, 12(9): 1607-18.

Chua, J.J., Ng, M.M., Chow, V.T. The non-structural 3 (NS3) protein of
dengue virus type 2 interacts with human nuclear receptor binding protein
and is associated with alterations in membrane structure. Virus Res
2004, 102(2): 151-63.

Li, H., Clum, S., You, S., Ebner, K.E., Padmanabhan, R. The serine pro-
tease and RNA-stimulated nucleoside triphosphatase and RNA helicase
functional domains of dengue virus type 2 NS3 converge within a region
of 20 amino acids. J Virol 1999, 73(4): 3108-16.

Nomaguchi, M., Ackermann, M., Yon, C. et al. De novo synthesis of neg-
ative-strand RNA by dengue virus RNA-dependent RNA polymerase in

THOMSON REUTERS - Drugs of the Future 2011, 36(1)



M.G. Guzmdn

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

vitro: Nucleotide, primer, and template parameters. J Virol 2003, 77(16):
8831-42.

Tan, B.H., Fu, J., Sugrue, R.J. et al. Recombinant dengue type 1virus NS5
protein expressed in Escherichia coli exhibits RNA-dependent RNA poly-
merase activity. Virology 1996, 216(2): 317-25.

Lindenbach, B.D., Rice, C.M. Molecular biology of flaviviruses. Adv Virus
Res 2003, 59: 23-61.

Rothman, A.L. Immunology and immunopathogenesis of dengue dis-
ease. Adv Virus Res 2003, 60: 397-419.

Rothman, A.L. Cellular immunology of sequential dengue virus infection
and its role in disease pathogenesis. Curr Top Microbiol Immunol 2010,
338:83-98.

Rico-Hesse, R. Microevolution and virulence of dengue viruses. Adv Virus
Res 2003, 59: 315-41.

Cologna, R., Rico-Hesse, R. American genotype structures decrease
dengue virus output from human monocytes and dendritic cells. J Virol
2003, 77(7): 3929-38.

Armstrong, P.M., Rico-Hesse, R. Differential susceptibility of Aedes
aegypti to infection by the American and Southeast Asian genotypes of
dengue type 2 virus. Vector Borne Zoonotic Dis 2001, 1(2): 159-68.

Rodriguez-Roche, R., Alvarez, M., Gritsun, T. et al. Virus evolution during
a severe dengue epidemic in Cuba, 1997. Virology 2005, 334(2): 154-9.

Rodriguez-Roche, R., Alvarez, M., Gritsun, T. et al. Dengue virus type 2 in
Cuba, 1997: Conservation of E gene sequence in isolates obtained at dif-
ferent times during the epidemic. Arch Virol 2005, 150(3): 415-25.

Guzman, M.G., Deubel, V., Pelegrino, J.L. et al. Partial nucleotide and
amino acid sequences of the envelope and the envelope/nonstructural
protein-1 gene junction of four dengue-2 virus strains isolated during the
1981 Cuban epidemic. Am J Trop Med Hyg 1995, 52(3): 241-6.

Guzman, M.G., Vazquez, S., Martinez, E. et al. Dengue in Nicaragua,
1994: Reintroduction of serotype 3 in the Americas. Rev Panam Salud
Publica 1997, 1(3): 193-9.

Guzman, M.G., Kouri, G. Dengue haemorrhagic fever integral hypothesis:
Confirming observations, 1987-2007. Trans R Soc Trop Med Hyg 2008,
102(6): 522-3.

Messer, W.B., Gubler, D.J., Harris, E., Sivananthan, K., de Silva, A.M.
Emergence and global spread of a dengue serotype 3, subtype Il virus.
Emerg Infect Dis 2003, 9(7): 800-9.

Rico-Hesse, R., Harrison, L.M., Salas, R.A. et al. Origins of dengue type 2
viruses associated with increased pathogenicity in the Americas. Virology
1997, 230(2): 244-51.

Kouri, G.P., Guzman, M.G., Bravo, J.R. Why dengue haemorrhagic fever in
Cuba? 2. An integral analysis. Trans R Soc Trop Med Hyg 1987, 81(5):
821-3.

Alvarez, M., Guzman, M.G., Rosario, D. et al. Secuenciacion directa de un
producto amplificado de una muestra de suero. [Direct sequencing of an
amplified product from a serum sample]. Rev Cubana Med Trop 1996,
48(1): 53-5.

Sariol, C.A., Pelegrino, J.L., Martinez, A. et al. Detection and genetic rela-
tionship of dengue virus sequences in seventeen-year-old paraffin-embed-
ded samples from Cuba. Am J Trop Med Hyg 1999, 61(6): 994-1000.

Diaz, F.J., Black, W.Ct., Farfan-Ale , J.A. et al. Dengue virus circulation
and evolution in Mexico: A phylogenetic perspective. Arch Med Res 2006,
37(6): 760-73.

Guzman, M.C., Vazquez, S., Martinez, E. et al. Dengue en Nicaragua,
1994: Reintroduccion del serotipo 3 en las Americas. [Dengue in
Nicaragua, 1994: Reintroduction of serotype 3 in the Americas]. Bol
Oficina Sanit Panam 1996, 121(2): 102-10.

THOMSON REUTERS - Drugs of the Future 2011, 36(1)

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.
85.

DENGUE VACCINES: NEW DEVELOPMENTS

Bennett, S.N., Holmes, E.C., Chirivella, M. et al. Selection-driven evolu-
tion of emergent dengue virus. Mol Biol Evol 2003, 20(10): 1650-8.

Perez-Ramirez, G., Diaz-Badillo, A., Camacho-Nuez, M., Cisneros, A.,
Munoz Mde, L. Multiple recombinants in two dengue virus, serotype-2 iso-
lates from patients from Oaxaca, Mexico. BMC Microbiol 2009, 9: 260.

Twiddy, S.S., Holmes, E.C. The extent of homologous recombination in
members of the genus Flavivirus. J Gen Virol 2003, 84(Pt. 2): 429-40.

Twiddy, S.S., Holmes, E.C., Rambaut, A. Inferring the rate and time-scale
of dengue virus evolution. Mol Biol Evol 2003, 20(1): 122-9.

Holmes, E.C., Twiddy, S.S. The origin, emergence and evolutionary genet-
ics of dengue virus. Infect Genet Evol 2003, 3(1): 19-28.

Holmes, E.C., Burch, S.S. The causes and consequences of genetic varia-
tion in dengue virus. Trends Microbiol 2000, 8(2): 74-7.

Guzman, M.G., Kouri, G., Halstead, S.B. Do escape mutants explain rapid
increases in dengue case-fatality rates within epidemics? Lancet 2000,
355(9218): 1902-3.

Wang, W.K,, Lin, S.R., Lee, C.M,, King, C.C., Chang, S.C. Dengue type 3
virus in plasma is a population of closely related genomes: Quasispecies. J
Virol 2002, 76(9): 4662-5.

Wittke, V., Robb, T., Thu, H. et al. Extinction and rapid emergence of
strains of dengue 3 virus during an interepidemic period. Virology 2002,
301(7): 148-56.

Rudnick, A., Marchette, N.J., Garcia, R. Possible jungle dengue—Recent
studies and hypotheses. Jpn J Med Sci Biol 1967, 20(Suppl.): 69-74.
Rodhain, F. The role of monkeys in the biology of dengue and yellow fever.
Comp Immunol Microbiol Infect Dis 1997, 14(1): 9-19.

Wolfe, N.D., Kilbourn, A.M., Karesh, W.B. et al. Sylvatic transmission of
arboviruses among Bornean orangutans. Am J Trop Med Hyg 2007,
64(5-6): 310-6.

Rudnick, A. Ecology of dengue virus. Asian J Infect Dis 1978, 2: 156-60.
Wang, E., Ni, H., Xu, R. et al. Evolutionary relationships of endemic/epi-
demic and sylvatic dengue viruses. J Virol 2000, 74(7): 3227-34.
Vasilakis, N., Tesh, R.B., Weaver, S.C. Sylvatic dengue virus type 2 activi-
ty in humans, Nigeria, 1966. Emerg Infect Dis 2008, 14(3): 502-4.
Cardosa, J., Ooi, M.H., Tio, P.H. et al. Dengue virus serotype 2 from a syl-
vatic lineage isolated from a patient with dengue hemorrhagic fever. PLoS
Negl Trop Dis 2009, 3(4): e423.

Vasilakis, N., Cardosa, J., Diallo, M., Holmes, E.C., Hanley, K.A., Weaver,
S.C. Sylvatic dengue viruses share the pathogenic potential of
urban/endemic dengue viruses. J Virol 2010, 84(7): 3726-8.

WHO. Dengue hemorrhagic fever. Diagnosis, treatment, prevention and
control. Geneva, 1997, 1-84.

Gould, E.A., Solomon, T. Pathogenic flaviviruses. The Lancet 2008, 371:
500-9.

Rigau-Perez, J.G. Severe dengue: The need for new case definitions.
Lancet Infect Dis 2006, 6(5): 297-302.

Deen, J.L., Harris, E., Wills, B. et al. The WHO dengue classification and case
definitions: Time for a reassessment. Lancet 2006, 368(9530): 170-3.
Bandyopadhyay, S., Lum, L.C., Kroeger, A. Classifying dengue: A review
of the difficulties in using the WHO case classification for dengue haemor-
rhagic fever. Trop Med Int Health 2006, 11(8): 1238-55.

WHO. Clinical dengue classification. WHO Dengue Guidelines, 2010.
Halstead, S.B. Observations related to pathogenesis of dengue hemor-

rhagic fever. VI. Hypotheses and discussion. Yale J Biol Med 1970, 42(5):
350-62.

55



DEN

86

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

56

GUE VACCINES: NEW DEVELOPMENTS

. Halstead, S.B., Lan, N.T., Myint, T.T. et al. Dengue hemorrhagic fever in
infants: Research opportunities ignored. Emerg Infect Dis 2002, 8(12):
1474-9.

Halstead, S. Overview and history. In: Dengue. Scott, B.H. (Ed.). Imperial
College Press: Singapore, 2008, 19.

Libraty, D.H., Acosta, L.P, Tallo, V. A prospective nested case-control
study of dengue in infants: Rethinking and refining the antibody-depend-
ent enhancement dengue hemorrhagic fever model. PLoS Med 2010,
6(10): 1-11.

Halstead, S.B., Udomsakdi, S., Scanlon, J.E., Rohitayodhin, S. Dengue
and chikungunya virus infection in man in Thailand, 1962-1964. V.
Epidemiologic observations outside Bangkok. Am J Trop Med Hyg 1969,
18(6): 1022-33.

Halstead, S.B. Antibodies determine virulence in dengue. Ann N'Y Acad
Sci 2009, 1171(Suppl. 1): E48-56.

Halstead, S.B. Neutralization and antibody-dependent enhancement of
dengue viruses. Adv Virus Res 2003, 60: 421-67.

Halstead, S. Pathophysiology. In: Dengue. Scott, B.H. (Ed.). Imperial
College Press: London, 2008, 285-326.

Burke, D.S., Nisalak, A., Johnson, D.E., Scott, R.M. A prospective study
of dengue infections in Bangkok. Am J Trop Med Hyg 1988, 38(1):
172-80.

Graham, R.R., Juffrie, M., Tan, R. et al. A prospective seroepidemiologic
study on dengue in children four to nine years of age in Yogyakarta,
Indonesia |I. Studies in 1995-1996. Am J Trop Med Hyg 1999, 61(3):
412-9.

Guzman, M.G., Kouri, G.P., Bravo, J. et al. Dengue hemorrhagic fever in
Cuba, 1981: A retrospective seroepidemiologic study. Am J Trop Med Hyg
1990, 42(2): 179-84.

Fried, J.R., Gibbons, R\V., Kalayanarooj, S. et al. Serotype-specific differ-
ences in the risk of dengue hemorrhagic fever: An analysis of data col-
lected in Bangkok, Thailand from 1994 to 2006. PLoS Negl Trop Dis
2010, 4(3): e617.

Guzman, M.G., Kouri, G., Valdes, L. et al. Epidemiologic studies on
dengue in Santiago de Cuba, 1997. Am J Epidemiol 2000, 152(9): 793-
9; discussion 804.

Sierra, B., Kouri, G., Guzman, M.G. Race: A risk factor for dengue hem-
orrhagic fever. Arch Virol 2007, 152(3): 533-42.

Sierra, B., Alegre, R., Perez, A.B. et al. HLA-A, -B, -C, and -DRBI allele
frequencies in Cuban individuals with antecedents of dengue 2 disease:
Advantages of the Cuban population for HLA studies of dengue virus
infection. Hum Immunol 2007, 68(6): 531-40.

Bravo, J.R., Guzman, M.G., Kouri, G.P. Why dengue haemorrhagic fever
in Cuba? 1. Individual risk factors for dengue haemorrhagic fever/dengue
shock syndrome (DHF/DSS). Trans R Soc Trop Med Hyg 1987, 81(5):
816-20.

Halstead, S.B., Streit, T.G., Lafontant, J.G. et al. Haiti: Absence of
dengue hemorrhagic fever despite hyperendemic dengue virus transmis-
sion. Am J Trop Med Hyg 2001, 65(3): 180-3.

Loke, H., Bethell, D., Phuong, C.X. et al. Susceptibility to dengue hem-
orrhagic fever in Vietnam: Evidence of an association with variation in
the vitamin d receptor and Fc gamma receptor lla genes. Am J Trop Med
Hyg 2002, 67(1): 102-6.

Sakuntabhai, A., Turbpaiboon, C., Casademont, I. et al. A variant in the
CD209 promoter is associated with severity of dengue disease. Nat
Genet 2005, 37(5): 507-13.

104.

105.

106.

107.

108.

109.

110.

.

2.

113.

4.

5.

Te.

7.

8.
9.

120.

121.
122.

123.

124.

125.

M.G. Guzmdn

Garcia, G., Sierra, B., Perez, A.B. et al. Asymptomatic dengue infection
in a Cuban population confirms the protective role of the RR variant of
the FcyRlla polymorphism. Am J Trop Med Hyg 2010, 82(6): 1153-6.

Chaturvedi, U., Nagar, R., Shrivastava, R. Dengue and dengue haemor-
rhagic fever: Implications of host genetics. FEMS Immunol Med
Microbiol 2006, 47(2): 155-66.

Guzman, M.G., Kouri, G., Bravo, J. et al. Effect of age on outcome of sec-
ondary dengue 2 infections. Int J Infect Dis 2002, 6(2): 118-24.

Guzman, M.G., Kouri, G., Valdes, L. et al. Enhanced severity of second-
ary dengue-2 infections: Death rates in 1981 and 1997 Cuban outbreaks.
Rev Panam Salud Publica 2002, 11(4): 223-7.

Alvarez, M., Rodriguez-Roche, R., Bernardo, L. et al. Dengue hemor-
rhagic fever caused by sequential dengue 1-3 virus infections over a long
time interval: Havana epidemic, 2001-2002. Am J Trop Med Hyg 2006,
75(6): 1M3-7.

Rico-Hesse, R. Dengue virus evolution and virulence models. Clin Infect
Dis 2007, 44(11): 1462-6.

Rico-Hesse, R. Dengue virus markers of virulence and pathogenicity. Fut
Virol 2009, 4(6): 581.

Leitmeyer, K.C., Vaughn, D.W., Watts, D.M. et al. Dengue virus structural
differences that correlate with pathogenesis. J Virol 1999, 73(6): 4738-47.

Sabin, A.B. Research on dengue during World War Il. Am J Trop Med Hyg
1952, 1(1): 30-50.
Guzman, M.G., Alvarez, M., Rodriguez-Roche, R. et al. Neutralizing anti-

bodies after infection with dengue 1 virus. Emerg Infect Dis 2007, 13(2):
282-6.

Sierra, B., Garcia, C., Perez, A.B. et al. Long-term memory cellular
immune response to dengue virus after a natural primary infection. Int J
Infect Dis 2002, 6(2): 125-8.

Halstead, S.B. Etiologies of the experimental dengue of Siler and
Simmons. Am J Trop Med Hyg 1974, 23(5): 974-82.

Okuno, Y., Fukunaga, T., Tadano, M. et al. Serological studies on volun-
teers inoculated experimentally with a dengue virus strain in 1943. Biken J
1983, 26(4): 161-3.

Halstead, S.B. Immune enhancement of viral infection. Prog Allergy
1982, 31: 301-64.

Halstead, S.B. Dengue. Lancet 2007, 370(9599): 1644-52.

Libraty, D.H., Endy, T.P., Houng, H.S. et al. Differing influences of virus
burden and immune activation on disease severity in secondary dengue-3
virus infections. J Infect Dis 2002, 185(9): 1213-21.

Vaughn, D.W., Green, S., Kalayanarooj, S. et al. Dengue viremia titer,
antibody response pattern, and virus serotype correlate with disease sever-
ity. J Infect Dis 2000, 181(1): 2-9.

Mas, P. Dengue fever in Cuba in 1977. PAHO 1978, 375: 40-3.

Kouri, G., Guzman, M.G., Valdes, L. et al. Reemergence of dengue in
Cuba: A 1997 epidemic in Santiago de Cuba. Emerg Infect Dis 1998, 4(1):
89-92.

Kouri, G.P., Guzman, M.G., Bravo, J.R., Triana, C. Dengue haemorrhagic
fever/dengue shock syndrome: Lessons from the Cuban epidemic, 1981.
Bull World Health Organ 1989, 67(4): 375-80.

Valdes, L., Guzman, M.C., Kouri, G. et al. La epidemiologia del dengue y
del dengue hemorragico en Santiago de Cuba, 1997. [Epidemiology of
dengue and hemorrhagic dengue in Santiago, Cuba 1997]. Rev Panam
Salud Publica 1999, 6(1): 16-25.

Pelaez, O., Guzman, M.G., Kouri, G. et al. Dengue 3 epidemic in Havana,
2001. Emerg Infect Dis 2004, 10(4): 219-22.

THOMSON REUTERS - Drugs of the Future 2011, 36(1)



M.G. Guzmdn

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Cummings, D.AT., Schwartz, 1.B., Billings, L., Shaw, L.B., Burke, D.S.
Dynamic effects of antibody-dependent enhancement on the fitness of
viruses. Proc Natl Acad Sci U S A 2005, 102(42): 15259-64.

Henchal, E.A., McCown, J.M., Burke, D.S., Seguin, M.C., Brandt, W.E.
Epitopic analysis of antigenic determinants on the surface of dengue-2
virions using monoclonal antibodies. Am J Trop Med Hyg 1985, 34(1):
162-9.

Pierson, T.C., Diamond, M.S. Molecular mechanisms of antibody-
mediated neutralisation of flavivirus infection. Expert Rev Mol Med 2008,
10: el2.

King, N.J., Getts, D.R., Getts, M.T. et al. Immunopathology of flavivirus
infections. Immunol Cell Biol 2007, 85(1): 33-42.

Rodenhuis-Zybert, I.A., van der Schaar, H.M., da Silva Voorham, J.M. et
al. Immature dengue virus: A veiled pathogen? PLoS Pathog 2010, 6(1):
e1000718.

Dejnirattisai, W., Jumnainsong, A., Onsirisakul, N. et al. Cross-reacting
antibodies enhance dengue virus infection in humans. Science 2010,
328(5979): 745-8.

Guzman, M.G., Vazquez, S. The complexity of antibody dependent
enhancement of dengue virus infection. Viruses 2010, 2: 2649-62.

Rothman, A.L. Dengue: Defining protective versus pathologic immunity. J
Clin Invest 2004, 113(7): 946-51.

Rothman, A.L., Ennis, F.A. Immunopathogenesis of dengue hemorrhagic
fever. Virology 1999, 257(1): 1-6.

Kurane, |. Dengue hemorrhagic fever with special emphasis on
immunopathogenesis. Comp Immunol Microbiol Infect Dis 2007, 30(5-
6): 329-40.

Green, S., Rothman, A. Immunopathological mechanisms in dengue and
dengue hemorrhagic fever. Curr Opin Infect Dis 2006, 19(5): 429-36.

Mongkolsapaya, J., Dejnirattisai, W., Xu, X.N. et al. Original antigenic sin
and apoptosis in the pathogenesis of dengue hemorrhagic fever. Nat Med
2003, 9(7): 921-7.

Mongkolsapaya, J., Duangchinda, T., Dejnirattisai, W. et al. T cell
responses in dengue hemorrhagic Fever: Are cross-reactive T cells subop-
timal? J Immunol 2006, 176(6): 3821-9.

Green, S., Vaughn, D.W., Kalayanarooj, S. et al. Early immune activation
in acute dengue illness is related to development of plasma leakage and
disease severity. J Infect Dis 1999, 179(4): 755-62.

Duangchinda, T., Dejnirattisai, W., Vasanawathana, S. et al.
Immunodominant T-cell responses to dengue virus NS3 are associated
with DHF. Proc Natl Acad Sci U S A 2010, 107(39): 16922-7.

Beaunier, C.M., Rothman, A.C. Cross-reactive memory CD4+ T cells alter
the CD8+T cell response to heterologous secondary dengue virus infec-
tions in mice in a sequence-specific manner. Viral Immunol 2009, 22(3):
215-9.

Fink, J., Gu, F., Vasudevan, S.G. Role of T cells, cytokines and antibody in
dengue fever and dengue haemorrhagic fever. Rev Med Virol 2006, 16(4):
263-75.

Perez, A.B., Garcia, G., Sierra, B. et al. IL-10 levels in Dengue patients:
Some findings from the exceptional epidemiological conditions in Cuba. J
Med Virol 2004, 73(2): 230-4.

Lee, Y.R., Liu, MT,, Lei, HY. et al. MCP-1, a highly expressed chemokine in
dengue haemorrhagic fever/dengue shock syndrome patients, may cause
permeability change, possibly through reduced tight junctions of vascular
endothelium cells. J Gen Virol 2006, 87(Pt. 12): 3623-30.

Avila-Aguero, M.L., Avila-Aguero, C.R., Um, S.L. et al. Systemic host
inflammatory and coagulation response in the dengue virus primo-infec-
tion. Cytokine 2004, 27(6): 173-9.

THOMSON REUTERS - Drugs of the Future 2011, 36(1)

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

DENGUE VACCINES: NEW DEVELOPMENTS

Mustafa, A.S., Elbishbishi, E.A., Agarwal, R., Chaturvedi, U.C. Elevated
levels of interleukin-13 and IL-18 in patients with dengue hemorrhagic fever.
FEMS Immunol Med Microbiol 2001, 30(3): 229-33.

Perez, A.B., Sierra, B., Garcia, G. et al. Tumor necrosis factor-alpha trans-
forming growth factor-1, and interleukin-1 gene polymorphisms:
Implication in protection or susceptibility to dengue hemorrhagic fever.
Hum Immunol 2010, 71(11): 1135-40.

Huang, Y.H., Lei, HY., Liu, H.S. et al. Tissue plasminogen activator
induced by dengue virus infection of human endothelial cells. J Med Virol
2003, 70(4): 610-6.

Warke, RV., Xhaja, K., Martin, K.J. et al. Dengue virus induces novel
changes in gene expression of human umbilical vein endothelial cells. J
Virol 2003, 77(21): 11822-32.

Jessie, K., Fong, MY., Devi, S., Lam, SK., Wong, KT. Localization of
dengue virus in naturally infected human tissues, by immunohistochem-
istry and in situ hybridization. J Infect Dis 2004, 189(8): 1411-8.

Jain, A., Chaturvedi, U.C. Dengue in infants: An overview. FEMS Immunol
Med Microbiol 2010, 59(2): 119-30.

Sierra, B., Perez, A.B., Vogt, K. et al. Secondary heterologous dengue
infection risk: Disequilibrium between immune regulation and inflamma-
tion. Cell Immunol 2010, 262(2): 134-40.

Falconar, A.K. The dengue virus nonstructural-1 protein (NS1) generates
antibodies to common epitopes on human blood clotting,
integrin/adhesin proteins and binds to human endothelial cells: Potential
implications in haemorrhagic fever pathogenesis. Arch Virol 1997, 142(5):
897-916.

Lei, HY., Yeh, T.M., Liu, H.S. et al. Immunopathogenesis of dengue virus
infection. J Biomed Sci 2001, 8(5): 377-88.

Lin, C.F, Lei, HY.,, Shiau, A.L. et al. Antibodies from dengue patient sera
cross-react with endothelial cells and induce damage. J Med Virol 2003,
69(1): 82-90.

Lin, C.F.,, Wan, SW., Cheng, H.J., Lei, HY., Lin, Y.S. Autoimmune patho-
genesis in dengue virus infection. Viral Immunol 2006, 19(2): 127-32.

Lin, C.F., Wan, SW., Chen, M.C. et al. Liver injury caused by antibodies
against dengue virus nonstructural protein 1in a murine model. Lab Invest
2008, 88(10): 1079-89.

Sun, D.S., King, C.C., Huang, H.S. et al. Antiplatelet autoantibodies elicit-

ed by dengue virus non-structural protein 1 cause thrombocytopenia and
mortality in mice. J Thromb Haemost 2007, 5(11): 2291-9.

Chungue, E., Poli, L., Roche, C. et al. Correlation between detection of
plasminogen cross-reactive antibodies and hemorrhage in dengue virus
infection. J Infect Dis 1994, 170(5): 1304-7.

Huang, Y.H., Chang, B.I., Lei, HY. et al. Antibodies against dengue virus E
protein peptide bind to human plasminogen and inhibit plasmin activity.
Clin Exp Immunol 1997, 110(1): 35-40.

Markoff, L.J., Innis, B.L., Houghten, R., Henchal, L.S. Development of
cross-reactive antibodies to plasminogen during the immune response to
dengue virus infection. J Infect Dis 1991, 164(2): 294-301.

Malasit, P. Complement and dengue haemorrhagic fever/shock syn-
drome. Southeast Asian J Trop Med Public Health 1987, 18(3): 316-20.
Avirutnan, P., Mehlhop, E., Diamond, M.S. Complement and its role in
protection and pathogenesis of flavivirus infections. Vaccine 2008,
26(Suppl. 8): 1100-7.

Avirutnan, P., Punyadee, N., Noisakran, S. et al. Vascular leakage in

severe dengue virus infections: A potential role for the nonstructural viral
protein NST and complement. J Infect Dis 2006, 193(8): 1078-88.

57



DENGUE VACCINES: NEW DEVELOPMENTS

165.

166.

167.

168.

169.

170.

7.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

58

Cologna, R., Armstrong, P.M., Rico-Hesse, R. Selection for virulent
dengue viruses occurs in humans and mosquitoes. J Virol 2005, 79(2):
853-9.

Nielsen, D.G. The relationship of interacting immunological components
in dengue pathogenesis. Virol J 2009, 6: 211.

Chaturvedi, U.C., Agarwal, R., Elbishbishi, E.A., Mustafa, A.S. Cytokine
cascade in dengue hemorrhagic fever: Implications for pathogenesis.
FEMS Immunol Med Microbiol 2000, 28(3): 183-8.

Guzman, M.G., Mune, M., Kouri, G. Dengue vaccine: Priorities and
progress. Expert Rev Anti Infect Ther 2004, 2(6): 895-911.

Simmons, C.P,, Farrar, J. Changing patterns of dengue epidemiology and
implications for clinical management and vaccines. PLoS Med 2009,
6(9): €1000129.

Hombach, J. Vaccines against dengue: A review of current candidate vac-
cines at advanced development stages. Rev Panam Salud Publica 2007,
21(4): 254-60.

Hombach, J., Barrett, A.D., Cardosa, M.J. et al. Review on flavivirus vac-
cine development. Proceedings of a meeting jointly organised by the World
Health Organization and the Thai Ministry of Public Health, 26-27 April
2004, Bangkok, Thailand. Vaccine 2005, 23(21): 2689-95.

Stephenson, J.R. Understanding dengue pathogenesis: Implications for
vaccine design. Bull World Health Organ 2005, 83(4): 308-14.

Bente, D.A., Rico-Hesse, R. Models of dengue virus infection. Drug
Discov Today Dis Models 2006, 3(1): 97-103.

Plotkin, S.A. Immunologic correlates of protection induced by vaccina-
tion. Pediatr Infect Dis J 2001, 20(1): 63-75.

Falconar, A.K. Identification of an epitope on the dengue virus mem-
brane (M) protein defined by cross-protective monoclonal antibodies:
Design of an improved epitope sequence based on common determi-
nants present in both envelope (E and M) proteins. Arch Virol 1999,
144(12): 2313-30.

Vazquez, S., Guzman, M.G., Guillen, G. et al. Immune response to
synthetic peptides of dengue prM protein. Vaccine 2002, 20(13-14):
1823-30.

Crill, W.D., Roehrig, J.T. Monoclonal antibodies that bind to domain Ill of
dengue virus E glycoprotein are the most efficient blockers of virus
adsorption to Vero cells. J Virol 2001, 75(16): 7769-73.

Crill, W.D., Chang, G.J. Localization and characterization of flavivirus
envelope glycoprotein cross-reactive epitopes. J Virol 2004, 78(24):
13975-86.

Goncalvez, A.P.,, Men, R., Wernly, C., Purcell, R.H., Lai, C.J. Chimpanzee
Fab fragments and a derived humanized immunoglobulin G1 antibody
that efficiently cross-neutralize dengue type 1 and type 2 viruses. J Virol
2004, 78(23): 12910-8.

Goncalvez, A.P., Purcell, R.H., Lai, C.J. Epitope determinants of a chim-
panzee Fab antibody that efficiently cross-neutralizes dengue type 1
and type 2 viruses map to inside and in close proximity to fusion loop of
the dengue type 2 virus envelope glycoprotein. J Virol 2004, 78(23):
12919-28.

Roehrig, J.T., Bolin, R.A., Kelly, R.G. Monoclonal antibody mapping of
the envelope glycoprotein of the dengue 2 virus, Jamaica. Virology 1998,
246(2): 317-28.

Sukupolvi-Petty, S., Austin, S.K., Purtha, W.E. et al. Type- and subcom-
plex-specific neutralizing antibodies against domain Il of dengue virus
type 2 envelope protein recognize adjacent epitopes. J Virol 2007, 81(23):
12816-26.

Hatch, S., Mathew, A., Rothman, A. Dengue vaccine: Opportunities and
challenges. IDrugs 2008, 11(1): 42-5.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

202.

202.

203.

M.G. Guzmdn

Vaughn, D.W., Scherer, J.M., Sun, W. Resistance to infection. In: Dengue.
Halstead, S.B. (Ed.). Imperial College Press: London, 2008, 123-69.

Rothman, A.L., Kanesa thasan, N., West, K. et al. Induction of T lympho-
cyte responses to dengue virus by a candidate tetravalent live attenuated
dengue virus vaccine. Vaccine 2001, 19(32): 4694-9.

Mathew, A., Rothman, A. Understanding the contribution of cellular
immunity to dengue disease pathogenesis. Immunol Rev 2008, 225:
300-13.

Guy, B. Immunogenicity of Sanofi Pasteur tetravalent dengue vaccine. J
Clin Virol 2009, 46(Suppl. 2): S16-9.

Thomas, S.J., Hombach, J., Barrett, A. Scientific consultation on cell
mediated immunity (CMI) in dengue and dengue vaccine development.
Vaccine 2009, 27(3): 355-68.

Putnak, R., Barvir, D.A., Burrous, J.M. et al. Development of a purified,
inactivated, dengue-2 virus vaccine prototype in Vero cells:
Immunogenicity and protection in mice and rhesus monkeys. J Infect Dis
1996, 174(6): 1176-84.

Maves, R.C., Castillo Ore, R.M., Porter, K.R., Kochel, T.J.
Immunogenicity of a psoralen-inactivated dengue virus type 1 vaccine
candidate in mice. Clin Vaccine Immunol 2010, 17(2): 304-6.

Putnak, R.J., Coller, B.A., Voss, G. et al. An evaluation of dengue type-2
inactivated, recombinant subunit, and live-attenuated vaccine candi-
dates in the rhesus macaque model. Vaccine 2005, 23(35): 4442-52.

Brandt, W.E.; from the World Health Organization. Current approaches
to the development of dengue vaccines and related aspects of the molec-
ular biology of flaviviruses. J Infect Dis 1988, 157(5): 1105-11.

Kinney, R.M., Huang, CY. Development of new vaccines against dengue
fever and Japanese encephalitis. Intervirology 2001, 44(2-3): 176-97.

Innis, B.L., Eckels, K.H. Progress in development of a live-attenuated,
tetravalent dengue virus vaccine by the United States Army Medical
Research and Materiel Command. Am J Trop Med Hyg 2003, 69(6,
Suppl.): 1-4.

Wisseman, C.L. Jr., Sweet, B.H., Rosenzweig, E.C., Eylar, O.R. Attenuated
living type 1dengue vaccines. Am J Trop Med Hyg 1963, 12: 620-3.

Sabin, A.B., Schlesinger, R.W. Production of immunity to dengue with
virus modified by propagation in mice. Science 1945, 101(2634): 640-2.

Innis, B.L., Eckels, K.H., Kraiselburd, E. et al. Virulence of a live dengue
virus vaccine candidate: A possible new marker of dengue virus attenua-
tion. J Infect Dis 1988, 158(4): 876-80.

Eckels, K.H., Brandt, W.E., Harrison, V.R., McCown, J.M., Russell, P.X.
Isolation of a temperature-sensitive dengue-2 virus under conditions suit-
able for vaccine development. Infect Immun 1976, 14(5): 1221-7.

Eckels, K.H., Harrison, V.R., Summers, P.L., Russell, P.K. Dengue-2 vac-
cine: Preparation from a small-plaque virus clone. Infect Immun 1980,
27(1):175-80.

Bancroft, W.H., Top, F.H. Jr, Eckels, K.H. et al. Dengue-2 vaccine:
Virological, immunological, and clinical responses of six yellow fever-
immune recipients. Infect Immun 1981, 31(2): 698-703.

Scott, R.M., Nisalak, A., Eckels, K.H. et al. Dengue-2 vaccine: Viremia and
immune responses in rhesus monkeys. Infect Immun 1980, 27(1): 181-6.
Scott, R.M., Eckels, K.H., Bancroft, W.H. et al. Dengue 2 vaccine: Dose
response in volunteers in relation to yellow fever immune status. J Infect
Dis 1983, 148(6): 1055-60.

Halstead, S.B., Marchette, N.J. Biologic properties of dengue viruses fol-
lowing serial passage in primary dog kidney cells: Studies at the University
of Hawaii. Am J Trop Med Hyg 2003, 69(6, Suppl.): 5-11.

THOMSON REUTERS - Drugs of the Future 2011, 36(1)



M.G. Guzmdn

204.

205.

206.

207.

208.

209.

210.

2.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

Sun, W., Edelman, R., Kanesa-Thasan, N. et al. Vaccination of human
volunteers with monovalent and tetravalent live-attenuated dengue vac-
cine candidates. Am J Trop Med Hyg 2003, 69(6, Suppl.): 24-31.

Edelman, R., Wasserman, S.S., Bodison, S.A. et al. Phase | trial of 16 for-
mulations of a tetravalent live-attenuated dengue vaccine. Am J Trop Med
Hyg 2003, 69(6, Suppl.): 48-60.

Kanesa-Thasan, N., Edelman, R., Tacket, C.O. et al. Phase T studies of
Walter Reed Army Institute of Research candidate attenuated dengue vac-
cines: Selection of safe and immunogenic monovalent vaccines. Am J Trop
Med Hyg 2003, 69(6, Suppl.): 17-23.

Sun, W., Cunningham, D., Wasserman, S.S. et al. Phase 2 clinical trial of
three formulations of tetravalent live-attenuated dengue vaccine in fla-
vivirus-naive adults. Hum Vaccin 2009, 5(1): 33-40.

Simasathien, S., Thomas, S.J., Watanaveeradej, V. et al. Safety and
immunogenicity of a tetravalent live-attenuated dengue vaccine in fla-
vivirus naive children. Am J Trop Med Hyg 2008, 78(3): 426-33.

Sardelis, M.R., Edelman, R., Klein, T.A. et al. Limited potential for trans-
mission of live dengue virus vaccine candidates by Aedes aegypti and
Aedes albopictus. Am J Trop Med Hyg 2000, 62(6): 698-701.

Bhamarapravati, N., Sutee, Y. Live attenuated tetravalent dengue vaccine.
Vaccine 2000, 18(Suppl. 2): 44-7.

Bhamarapravati, N., Yoksan, S., Chayaniyayothin, T., Angsubphakorn, S.,
Bunyaratvej, A. Immunization with a live attenuated dengue-2-virus can-
didate vaccine (16681-PDK 53): Clinical, immunological and biological
responses in adult volunteers. Bull World Health Organ 1987, 65(2): 189-
95.

Kanesa-thasan, N., Sun, W., Kim-Ahn, G. et al. Safety and immunogenic-
ity of attenuated dengue virus vaccines (Aventis Pasteur) in human volun-
teers. Vaccine 2001, 19(23-24): 3179-88.

Sabchareon, A., Lang, J., Chanthavanich, P. et al. Safety and immuno-
genicity of tetravalent live-attenuated dengue vaccines in Thai adult vol-
unteers: Role of serotype concentration, ratio, and multiple doses. Am J
Trop Med Hyg 2002, 66(3): 264-72.

Kitchener, S., Nissen, M., Nasveld, P. et al. Immunogenicity and safety of
two live-attenuated tetravalent dengue vaccine formulations in healthy
Australian adults. Vaccine 2006, 24(9): 1238-41.

Sanchez, V., Gimenez, S., Tomlinson, B. et al. Innate and adaptive cellu-
lar immunity in flavivirus-naive human recipients of a live-attenuated
dengue serotype 3 vaccine produced in Vero cells (VDV3). Vaccine 2006,
24(23): 4914-26.

Sabchareon, A., Lang, J., Chanthavanich, P. et al. Safety and immuno-
genicity of a three dose regimen of two tetravalent live-attenuated dengue
vaccines in five- to twelve-year-old Thai children. Pediatr Infect Dis J
2004, 23(2): 99-109.

Seligman, S.J., Gould, E.A. Safety concerns with regard to live attenuated
flavivirus vaccines. J Infect Dis 2008, 198(5): 794-5.

Monath, T.P,, Kanesa-Thasan, N., Guirakhoo, F. et al. Recombination and
flavivirus vaccines: A commentary. Vaccine 2005, 23(23): 2956-8.

Butrapet, S., Huang, CY., Pierro, D.J. et al. Attenuation markers of a can-
didate dengue type 2 vaccine virus, strain 16681 (PDK-53), are defined by
mutations in the 5" noncoding region and nonstructural proteins Tand 3.
JVirol 2000, 74(7): 3011-9.

Rice, C.M., Grakoui, A., Galler, R., Chambers, T.J. Transcription of infec-
tious yellow fever RNA from full-length cDNA templates produced by in
vitro ligation. New Biol 1989, 1(3): 285-96.

Lai, C.J., Zhao, B.T.,, Hori, H., Bray, M. Infectious RNA transcribed from

stably cloned full-length cDNA of dengue type 4 virus. Proc Natl Acad Sci
U S A1991, 88(12): 5139-43.

THOMSON REUTERS - Drugs of the Future 2011, 36(1)

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

DENGUE VACCINES: NEW DEVELOPMENTS

Puri, B., Polo, S., Hayes, C.G., Falgout, B. Construction of a full length
infectious clone for dengue 1 virus Western Pacific, 74 strain. Virus Genes
2000, 20: 57-63.

Guirakhoo, F., Arroyo, J., Pugachev, K\V. et al. Construction, safety and
immunogenicity in nonhuman primates of a chimeric yellow fever-dengue
virus tetravalent vaccine. J Virol 2001, 75(16): 7290-304.

Guirakhoo, F., Pugachev, K., Arroyo, J. et al. Viremia and immunogenici-
ty in nonhuman primates of a tetravalent yellow fever-dengue chimeric
vaccine: Genetic reconstructions, dose adjustment, and antibody respons-
es against wild-type dengue virus isolates. Virology 2002, 298(1): 146-59.

Guirakhoo, F., Pugachev, K., Zhang, Z. et al. Safety and efficacy of
chimeric yellow fever-dengue virus tetravalent vaccine formulations in
nonhuman primates. J Virol 2004, 78(9): 4761-75.

Monath, T.P,, Myers, C.A., Beck, R.A. et al. Safety testing for neuroviru-
lence of novel live, attenuated flavivirus vaccines: Infant mice provide an
accurate surrogate for the test in monkeys. Biologicals 2005, 33(3): 131-
44,

Johnson, BW., Chambers, TV., Crabtree, M.B. et al. Analysis of the repli-
cation kinetics of the ChimeriVax-DEN 1, 2, 3, 4 tetravalent virus mixture in
Aedes aegypti by real-time reverse transcriptase-polymerase chain reac-
tion. Am J Trop Med Hyg 2004, 70(1): 89-97.

McGee, C.E., Tsetsarkin, K., Vanlandingham, D.L. et al. Substitution of
mild-type yellow fever Asibi sequences for 17D vaccine sequences in
ChimeriVax-dengue 4 does hot enhance infection of Aedes aegypti mos-
quitoes. J Infect Dis 2008, 197(5): 686-92.

Brandler, S., Brown, N., Ermak, T.H. et al. Replication of chimeric yellow
fever virus-dengue serotype 1-4 virus vaccine strains in dendritic and
hepatic cells. Am J Trop Med Hyg 2005, 72(1): 74-81.

Guirakhoo, F,, Kitchener, S., Morrison, D. et al. Live attenuated chimeric
yellow fever dengue type 2 (ChimeriVax-DENZ) vaccine: Phase | clinical
trial for safety and immunogenicity: Effect of yellow fever pre-immunity in
induction of cross neutralizing antibody responses to all 4 dengue
serotypes. Hum Vaccin 2006, 2(2): 60-7.

Guy, B., Saville, M., Lang, J. Development of Sanofi Pasteur tetravalent
dengue vaccine. Hum Vaccin 2010, 6(9): 696-705.

Morrison, D., Legg, T.J., Billings, CW. et al. A novel tetravalent dengue
vaccine is well tolerated and immunogenic against all 4 serotypes in fla-
vivirus-naive adults. J Infect Dis 2010, 201(3): 370-7.

Poo, M.D., Galan, F,, Forrat, R., Zambrano, B., Lang, J., Dayan, G.H. Live-
attenuated tetravalent dengue vaccine in dengue-naive children, adoles-
cents and adults in Mexico city. Pediatr Infect Dis J 2010, 30(1): 1-9.

Bray, M., Lai, C.J. Construction of intertypic chimeric dengue viruses by
substitution of structural protein genes. Proc Natl Acad Sci U S A 1991,
88(22): 10342-6.

Bray, M., Lai, C.J. Dengue virus premembrane and membrane proteins
elicit a protective immune response. Virology 1991, 185(1): 505-8.

Bray, M., Men, R., Lai, C.J. Monkeys immunized with intertypic chimeric
dengue viruses are protected against wild-type virus challenge. J Virol
1996, 70(6): 4162-6.

Chen, W., Kawano, H., Men, R., Clark, D., Lai, C.J. Construction of inter-
typic chimeric dengue viruses exhibiting type 3 antigenicity and neurovir-
ulence for mice. J Virol 1995, 69(8): 5186-90.

Lai, C.J., Bray, M., Men, R. et al. Evaluation of molecular strategies to
develop a live dengue vaccine. Clin Diagn Virol 1998, 10(2-3): 173-9.
Cahour, A., Pletnev, A,, Vazielle Falcoz, M., Rosen, L., Lai, C.J. Growth-
restricted dengue virus mutants containing deletions in the 5 noncoding
region of the RNA genome. Virology 1995, 207(1): 68-76.

59



DENGUE VACCINES: NEW DEVELOPMENTS

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251

252.

253.

254.

60

Men, R., Bray, M., Clark, D., Chanock, R.M., Lai, C.J. Dengue type 4 virus
mutants containing deletions in the 3’ noncoding region of the RNA
genome: Analysis of growth restriction in cell culture and altered viremia
pattern and immunogenicity in rhesus monkeys. J Virol 1996, 70(6):
3930-7.

Troyer, J.M., Hanley, K.A., Whitehead, S.S. et al. A live attenuated recom-
binant dengue-4 virus vaccine candidate with restricted capacity for dis-
semination in mosquitoes and lack of transmission from vaccinees to
mosquitoes. Am J Trop Med Hyg 2001, 65(5): 414-9.

Durbin, A.P., Karron, R.A., Sun, W. et al. Attenuation and immunogenic-
ity in humans of a live dengue virus type-4 vaccine candidate with a 30
nucleotide deletion in its 3’-untranslated region. Am J Trop Med Hyg
2001, 65(5): 405-13.

Durbin, A.P., Whitehead, S.S., McArthur, J. et al. rDEN4 Delta 30, a live
attenuated dengue virus type 4 vaccine candidate, is safe, immunogenic,
and highly infectious in healthy adult volunteers. J Infect Dis 2005, 191(5):
710-8.

Wright, P.F., Durbin, A.P.,, Whitehead, S.S. et al. Phase 1 trial of the
dengue virus type 4 vaccine candidate rDEN430-4995 in healthy adult
volunteers. Am J Trop Med Hyg 2009, 81(5): 834-41.

Whitehead, S.S., Falgout, B., Hanley, K.A. et al. A live, attenuated dengue
virus type 1 vaccine candidate with a 30-nucleotide deletion in the 3’
untranslated region is highly attenuated and immunogenic in monkeys. J
Virol 2003, 77(2): 1653-7.

Durbin, A.P., McArthur, J., Marron, J.A. et al. The live attenuated dengue
serotype 1 vaccine rDENTDelta30 is safe and highly immunogenic in
healthy adult volunteers. Hum Vaccin 2006, 2(4): 167-73.

Durbin, A.P., McArthur, J.H., Marron, J.A. et al. rDEN2/4Delta30(ME), a
live attenuated chimeric dengue serotype 2 vaccine is safe and highly
immunogenic in healthy dengue-naive adults. Hum Vaccin 2006, 2(6):
255-60.

Blaney, J.E. Jr, Sathe, N.S., Hanson, C.T. et al. Vaccine candidates for
dengue virus type 1 (DEN1) generated by replacement of the structural
genes of rDEN4 and rDEN4Delta30 with those of DENI. Virol J 2007,
4: 23.

Blaney, J.R. Jr,, Hanson, C.T., Hanley, K.A., Murphy, B.R., Whitehead, S.S.
Vaccine candidates derived from a novel infections cDNA clone of an
American genotype dengue virus type 2. BMC Infect Dis 2004, 4: 39.

Blaney, J.E. Jr,, Hanson, C.T., Firestone, CY., Hanley, K.A., Murphy, B.R.,
Whitehead, S.S. Genetically modified live attenuated dengue virus type 3
vaccine candidates. Am J Trop Med Hyg 2004, 71(6): 811-21.

Whitehead, S.S., Hanley, K.A., Blaney, J.E. et al. Substitution of the struc-
tural genes of dengue virus type 4 with those of type 2 results in chimeric
vaccine candidates which are attenuated for mosquitoes, mice, and rhesus
monkeys. Vaccine 2003, 21(27-28): 4307-16.

Blaney, J.E. Jr.,, Matro, J.M., Murphy, B.R., Whitehead, S.S. Recombinant,
live-attenuated tetravalent dengue virus vaccine formulations induce a
balanced, broad, and protective neutralizing antibody response against
each of the four serotypes in rhesus monkeys. J Virol 2005, 79(9): 5516-
28.

Blaney, J.E. Jr,, Sathe, N.S., Goddard, L. et al. Dengue virus type 3 vaccine
candidates generated by introduction of deletions in the 3" untranslated
region (3'-UTR) or by exchange of the DENV-3 3"-UTR with that of DENV-
4. Vaccine 2008, 26(6): 817-28.

Kinney, R.M., Butrapet, S., Chang, G.J. et al. Construction of infectious

cDNA clones for dengue 2 virus: Strain 16681 and its attenuated vaccine
derivative, strain PDK-53. Virology 1997, 230(2): 300-8.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

M.G. Guzmdn

Huang, CY., Butrapet, S., Pierro, D.J. et al. Chimeric dengue type 2 (vac-
cine strain PDK-53)/dengue type 1 virus as a potential candidate dengue
type 1virus vaccine. J Virol 2000, 74(7): 3020-8.

Huang, CY., Butrapet, S., Tsuchiya, K.R. et al. Dengue 2 PDK-53 virus as
a chimeric carrier for tetravalent dengue vaccine development. J Virol
2003, 77(21): 1436-47.

Anonymous. WHO convenes meeting on dengue modeling. PDVI News
2010, 8: 1-2.

Caufour, P.S., Motta, M.C., Yamamura, A.M. et al. Construction, charac-
terization and immunogenicity of recombinant yellow fever 17D-dengue
type 2 viruses. Virus Res 2001, 79(1-2): 1-14.

Galler, R., Marchevsky, R.S., Caride, E. et al. Attenuation and immuno-
genicity of recombinant yellow fever 1/D-dengue type 2 virus for rhesus
monkeys. Braz J Med Biol Res 2005, 38(12): 1835-46.

Suzuki, R., Winkelmann, E.R., Mason, PW. Construction and characteri-
zation of a single-cycle chimeric flavivirus vaccine candidate that protects
mice against lethal challenge with dengue virus type 2. J Virol 2009,
83(4): 1870-80.

Costa, S.M., Paes, M\V., Barreto, D.F. et al. Protection against dengue
type 2 virus induced in mice immunized with a DNA plasmid encoding the
non-structural 1 (NST) gene fused to the tissue plasminogen activator sig-
nal sequence. Vaccine 2006, 24(2): 195-205.

Raviprakash, K., Kochel, T.J., Ewing, D. et al. Immunogenicity of dengue
virus type 1 DNA vaccines expressing truncated and full length envelope
protein. Vaccine 2000, 18(22): 2426-34.

Raviprakash, K., Porter, K.R., Kochel, T.J. et al. Dengue virus type T DNA
vaccine induces protective immune responses in rhesus macaques. J Gen
Virol 2000, 81(Pt. 7): 1659-67.

Raviprakash, K., Ewing, D., Simmons, M. et al. Needle-free Biojector
injection of a dengue virus type 1 DNA vaccine with human immunostim-
ulatory sequences and the GM-CSF gene increases immunogenicity and
protection from virus challenge in Aotus monkeys. Virology 2003, 315(2):
345-52.

Kochel, T.J., Raviprakash, K., Hayes, C.C. et al. A dengue virus serotype-1
DNA vaccine induces virus neutralizing antibodies and provides protection
from viral challenge in Aotus monkeys. Vaccine 2000, 18(27): 3166-73.

Kochel, T., Wu, S.J., Raviprakash, K. et al. Inoculation of plasmids
expressing the dengue-2 envelope gene elicit neutralizing antibodies in
mice. Vaccine 1997, 15(5): 547-52.

Porter, K.R., Kochel, T.J., Wu, S.J. et al. Protective efficacy of a dengue 2
DNA vaccine in mice and the effect of CpG immuno-stimulatory motifs on
antibody responses. Arch Virol 1998, 143(5): 997-1003.

Raviprakash, K., Apt, D., Brinkman, A. et al. A chimeric tetravalent
dengue DNA vaccine elicits neutralizing antibody to all four virus serotypes
in rhesus macaques. Virology 2006, 353(1): 166-73.

Apt, D., Raviprakash, K., Brinkman, A. et al. Tetravalent neutralizing anti-
body response against four dengue serotypes by a single chimeric dengue
envelope antigen. Vaccine 2006, 24(3): 335-44.

Konishi, E., Kosugi, S., Imoto, J. Dengue tetravalent DNA vaccine induc-
ing neutralizing antibody and anamnestic responses to four serotypes in
mice. Vaccine 2006, 24(12): 2200-7.

Imoto, J., Konishi, E. Dengue tetravalent DNA vaccine increases its
immunogenicity in mice when mixed with a dengue type 2 subunit vaccine
or an inactivated Japanese encephalitis vaccine. Vaccine 2007, 25(6):
1076-84.

Ramanathan, M.P., Kuo, Y.C., Selling, B.H. et al. Development of a novel
DNA SynCon tetravalent dengue vaccine that elicits immune responses
against four serotypes. Vaccine 2009, 27(46): 6444-53.

THOMSON REUTERS - Drugs of the Future 2011, 36(1)



M.G. Guzmdn

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

Mota, J., Acosta, M., Argotte, R. et al. Induction of protective antibodies
against dengue virus by tetravalent DNA immunization of mice with
domain Ill of the envelope protein. Vaccine 2005, 23(26): 3469-76.

Wu, S.F,, Liao, C.L., Lin, Y.L. et al. Evaluation of protective efficacy and
immune mechanisms of using a non-structural protein NSTin DNA vac-
cine against dengue 2 virus in mice. Vaccine 2003, 21(25-26):
3919-29..

Costa, S.M., Azevedo, A.S., Paes, M\V. et al. DNA vaccines against
dengue virus based on the nsl gene: The influence of different signal
sequences on the protein expression and its correlation to the immune
response elicited in mice. Virology 2007, 358(2): 413-23.

Costa, S.M,, Freire, M.S., Alves, A.M. DNA vaccine against the non-struc-
tural 1 protein (NS1) of dengue 2 virus. Vaccine 2006, 24(21): 4562-4.

Mellado-Sanchez, G., Garcia-Machorro, J., Sandoval-Montes, C. et al. A
plasmid encoding parts of the dengue virus E and NST proteins induces an
immune response in a mouse model. Arch Virol 2010, 155(6): 847-56.

Mota-Sanchez. Vacunas de ADN: Induccidn de la respuesta inmunitaria.
Salud Publica Mex 2009, 51: S463-9.

Restifo, N.P,, Ying, H., Huang, L., Leitner, W.W. The promise of nuclei acid
vaccines. Gene Ther 2000, 7(2): 89-92.

Gurunathan, S., Klinman, D.M., Seder, R.A. DNA vaccines: Immunology,
application and optimization. Annu Rev Immunol 2000, 18: 927-74.

Jechlinger, W. Optimization and delivery of plasmid DNA for vacination.
Expert Rev Vaccines 2006, 5(6): 803-25.

Guzman, M.G., Rodriguez, R., Hermida, L. et al. Induction of neutralizing
antibodies and partial protection from viral challenge in Macaca fascicu-
laris immunized with recombinant dengue 4 virus envelope glycoprotein
expressed in Pichia pastoris. Am J Trop Med Hyg 2003, 69(2): 129-34.

Mune, M., Rodriguez, R., Ramirez, R. et al. Carboxy-terminally truncated
Dengue 4 virus envelope glycoprotein expressed in Pichia pastoris induced
neutralizing antibodies and resistance to dengue 4 virus challenge in mice.
Arch Virol 2003, 148(11): 2267-73.

Wei, H., Jiang, L., Xue, Y., Fang, D., Guo, H. Secreted expression of dengue
virus type 2 full-length envelope glycoprotein in Pichia pastoris. J Virol
Methods 2003, 109(1): 17-23.

Simmons, M., Murphy, G.S., Hayes, C.G. Short report: Antibody respons-
es of mice immunized with a tetravalent dengue recombinant protein sub-
unit vaccine. Am J Trop Med Hyg 2001, 65(2): 159-61.

Saejung, W., Puttikhunt, C., Prommool, T. et al. Enhancement of recom-
binant soluble dengue virus 2 envelope domain Ill protein production in
Escherichia coli trxB and gor double mutant. J Biosci Bioeng 2006,
102(4): 333-9.

Guzman, M.G., Hermida, L., Bernardo, L., Ramirez, R., Guillen, G.
Domain Il of the envelope protein as a dengue vacine target. Expert Rev
Vaccines 2010, 9(9): 87-97.

Simmons, M., Porter, K.R., Escamilla, J. et al. Evaluation of recombinant
dengue viral envelope B domain protein antigens for the detection of
dengue complex-specific antibodies. Am J Trop Med Hyg 1998, 58(2):
144-51.

Simmons, M., Murphy, G.S., Kochel, T., Raviprakash, K., Hayes, C.C.
Characterization of antibody responses to combinations of a dengue-2
DNA and dengue-2 recombinant subunit vaccine. Am J Trop Med Hyg
2001, 65(5): 420-6.

Khanam, S., Etemad, B., Khanna, N., Swaminathan, S. Induction of neu-
tralizing antibodies specific to dengue virus serotypes 2 and 4 by a biva-
lent antigen composed of linked envelope domains iii of these two
serotypes. Am J Trop Med Hyg 2006, 74(2): 266-77.

THOMSON REUTERS - Drugs of the Future 2011, 36(1)

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

DENGUE VACCINES: NEW DEVELOPMENTS

Leng, C.H., Liu, S.J., Tsai, J.P. et al. A novel dengue vaccine candidate that
induces cross-neutralizing antibodies and memory immunity. Microbes
Infect 2009, 11(2): 288-95.

Zhang, Z.S., Yan, Y.S., Weng, Y.W. et al. High-level expression of recombi-
nant dengue virus type 2 envelope domain Il protein and induction of
neutralizing antibodies in BALB/C mice. J Virol Methods 2007, 143(2):
125-31.

Batra, G., Talha, S.M., Nemani, S.K. et al. Expression, purification and
characterization of in vivo biotinylated dengue virus envelope domain Il
based tetravalent antigen. Protein Expr Purif 2010, 4(1): 99-105.

Bernardo, L., Izquierdo, A., Alvarez, M. et al. Immunogenicity and protec-
tive efficacy of a recombinant fusion protein containing the domain Ill of
the dengue 1 envelope protein in non-human primates. Antiviral Res
2008, 80(2): 194-9.

Bernardo, L., Fleitas, O., Pavon, A. et al. Antibodies induced by dengue
virus type 1 and 2 envelope domain Il recombinant proteins in monkeys
neutralize strains with different genotypes. Clin Vaccine Immunol 2009,
16(12): 1829-31.

Hermida, L., Rodriguez, R., Lazo, L. et al. A dengue-2 envelope fragment
inserted within the structure of the P64k meningococcal protein carrier
enables a functional immune response against the virus in mice. J Virol
Methods 2004, 115(1): 41-9.

Hermida, L., Rodriguez, R., Lazo, L. et al. A fragment of the envelope pro-
tein from dengue-1 virus, fused in two different sites of the meningococcal
P64k protein carrier, induces a functional immune response in mice.
Biotechnol Appl Biochem 2004, 39(Pt. 1): 107-14.

Hermida, L., Bernardo, L., Martin, J. et al. A recombinant fusion protein
containing the domain Ill of the dengue-2 envelope protein is immuno-
genic and protective in nonhuman primates. Vaccine 2006, 24(16):
3165-71.

Izquierdo, A., Bernardo, L., Martin, J. et al. Serotype-specificity of recom-
binant fusion proteins containing domain Ill of dengue virus. Virus Res
2008, 138(1-2): 135-8.

Valdes, I., Hermida, L., Martin, J. et al. Immunological evaluation in non-
human primates of formulations based on the chimeric protein P64k-
domain Il of dengue 2 and two components of Neisseria meningitidis.
Vaccine 2009, 27(7): 995-1001.

Lazo, L., Zulueta, A., Hermida, L. et al. Dengue-4 envelope domain Ill
fused twice within the meningococcal P64k protein carrier induces partial
protection in mice. Biotechnol Appl Biochem 2009, 52(Pt. 4): 265-71.

Chen, HW.,, Liu, S.J., Liu, H.H. et al. A novel technology for the production
of a heterologous lipoprotein immunogen in high yield has implications
for the field of vaccine design. Vaccine 2009, 27(9): 1400-9.

Clements, D.E., Coller, B.A., Lieberman, M.M. et al. Development of a
recombinant tetravalent dengue virus vaccine: Immunogenicity and effi-
cacy studies in mice and monkeys. Vaccine 2010, 28(15): 2705-15.

Anonymous. Progress in dengue vaccine development. PDVI News 2010,
(8): 7.

Raviprakash, K., Defang, C., Burgess, T., Porter, K. Advances in dengue
vaccine development. Hum Vaccin 2009, 5(8): 520-8.

Alcon, S., Talarmin, A., Debruyne, M. et al. Enzyme-linked immunosor-
bent assay specific to dengue virus type 1 nonstructural protein NST reveals
circulation of the antigen in the blood during the acute phase of disease in
patients experiencing primary or secondary infections. J Clin Microbiol
2002, 40(2): 376-81.

Guillen, G., Aguilar, J.C., Duenas, S. et al. Virus-like particles as vaccine
antigens and adjuvants: Application to chronic disease, cancer
immunotherapy and infectious disease preventive strategies. Procedia
Vaccinology 2010, 2: 128-33.

61



DENGUE VACCINES: NEW DEVELOPMENTS

308.

309.

310.

3M.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

62

Bisht, H., Chugh, D.A., Raje, M., Swaminathan, S.S., Khanna, N.
Recombinant dengue virus type 2 envelope/hepatitis B surface antigen
hybrid protein expressed in Pichia pastoris can function as a bivalent
immunogen. J Biotechnol 2002, 99(2): 97-110.

Amexis, G., Young, N.S. Parvovirus B19 empty capsids as antigen carriers
for presentation of antigenic determinants of dengue 2 virus. J Infect Dis
2006, 194(6): 790-4.

Gil, L., Lopez, C., Lazo, L. et al. Recombinant nucleocapsid-like particles
from dengue-2 virus induce protective CD4+ and CD8+ cells against viral
encephalitis in mice. Int Immunol 2009, 21(10): 1175-83.

Valdes, I., Bernardo, L., Gil, L. et al. A novel fusion protein domain IlI-
capsid from dengue-2, in a highly aggregated form, induces a function-
al immune response and protection in mice. Virology 2009, 394(2):
249-58.

Lazo, L., Hermida, L., Zulueta, A. et al. A recombinant capsid protein
from dengue-2 induces protection in mice against homologous virus.
Vaccine 2007, 25(6): 1064-70.

Spohn, G., Jennings, G.T., Martina, B.E. et al. A VLP-based vaccine tar-
geting domain Il of the West Nile virus E protein protects from lethal
infection in mice. Virol J 2010, 7: 146.

Men, R., Wyatt, L., Tokimatsu, I. et al. Immunization of rhesus monkeys
with a recombinant of modified vaccinia virus Ankara expressing a trun-
cated envelope glycoprotein of dengue type 2 virus induced resistance to
dengue type 2 virus challenge. Vaccine 2000, 18(27): 3113-22.

Despres, P., Combredet, C., Frenkiel, M.P. et al. Live measles vaccine
expressing the secreted form of the West Nile virus envelope glycoprotein
protects against West Nile virus encephalitis. J Infect Dis 2005, 191(2):
207-14.

Brandler, S., Lucas-Hourani, M., Moris, A. et al. Pediatric measles vac-
cine expressing a dengue antigen induces durable serotype-specific neu-
tralizing antibodies to dengue virus. PLoS Negl Trop Dis 2007, 1(3): e96.

Brandler, S., Ruffie, C., Najburg, V., Frenkiel, M.P., Bedouelle, H.,
Despres, P., Tangy, F. Pediatric measles vaccine expressing a dengue
tetravalent antigen elicits neutralizing antibodies against all four dengue
viruses. Vaccine 2010, 28(41): 6730-9.

Holman, D.H., Wang, D., Raviprakash, K. et al. Two complex, aden-
ovirus-based vaccines that together induce immune responses to all four
dengue virus serotypes. Clin Vaccine Immunol 2007, 14(2): 182-9.

Raja, N.U., Holman, D.H., Wang, D. et al. Induction of bivalent immune
responses by expression of dengue virus type T and type 2 antigens from
a single complex adenoviral vector. Am J Trop Med Hyg 2007, 76(4):
743-51.

Khanam, S., Pilankatta, R., Khanna, N., Swaminathan, S. An aden-
ovirus type 5 (AdV5) vector encoding an envelope domain Ill-based
tetravalent antigen elicits immune responses against all four dengue
viruses in the presence of prior AdV5 immunity. Vaccine 2009, 27(43):
601-21.

Khanam, S., Rajendra, P, Khanna, N., Swaminathan, S. An adenovirus
prime/plasmid boost strategy for induction of equipotent immune
responses to two dengue virus serotypes. BMC Biotechnol 2007, 7: 10.

Lin, J., Calcedo, R., Vandenberghe, L.H., Figueredo, J.M., Wilson, J.M.
Impact of preexisting vector immunity on the efficacy of adeno-associat-
ed virus-based HIV-1 Gag vaccines. Hum Gene Ther 2008, 19(7): 663-9.

323.

324.

325.

326.

327.

328.

329.

330.

331

332.

333.

334.

335.

336.

337.

338.

339.

340.

M.G. Guzmdn

Shepard, D.S., Suaya, J.A., Halstead, S.B. et al. Cost-effectiveness of a
pediatric dengue vaccine. Vaccine 2004, 22(9-10): 1275-80.

Guy, B., Barban, V., Mantel, N. et al. Evaluation of interferences between
dengue vaccine serotypes in a monkey model. Am J Trop Med Hyg 2009,
80(2): 302-11.

Raviprakash, K., Defang, G., Burgess, T., Porter, K. Advances in dengue
vaccine development. Hum Vaccin 2009, 5(8): 520-8.

Chen, L., Ewing, D., Subramanian, H. et al. A heterologous DNA prime-
Venezuelan equine encephalitis virus replicon particle boost dengue vac-
cine regimen affords complete protection from virus challenge in
cynomolgus macaques. J Virol 2007, 81(21): 11634-9.

Valdes, I., Hermida, L., Gil, L. et al. Heterologous prime-boost strategy in
non-human primates combining the infective dengue virus and a recom-
binant protein in a formulation suitable for human use. Int J Infect Dis
2009, 14(5): e377-83.

Simmons, M., Burgess, T, Lynch, J., Putnak, R. Protection against
dengue virus by non-replicating and live attenuated vaccines used togeth-
er in a prime boost vaccination strategy. Virology 2010, 396(2): 280-8.

Mahoney, RT. Dengue vaccine adoption in developing countries: Some
cost and financing issues. PDVI Occasional paper 1 (July), 2010, 1-8.

Hanna, J. Dengue vaccines: Introduction and delivery issues. PDVI
Occasional paper 2 (September), 2010, 1-23.

Almond, J., Clemens, J., Engers, H. et al. Accelerating the development
and introduction of a dengue vaccine for poor children, 5-8 December
2001, Ho Chi Minh City, VietNam. Vaccine 2002, 20(25-26): 3043.

Halstead, S.B., Deen, J. The future of dengue vaccines. Lancet 2002,
360(9341): 1243-5.

Hombach, J. Guidelines for clinical trials of dengue vaccine in endemic
areas. J Clin Virol 2009, 46(Suppl. 2): S7-9.

Edelman, R., Hombach, J. “Guidelines for the clinical evaluation of
dengue vaccines in endemic areas”: Summary of a World Health
Organization Technical Consultation. Vaccine 2008, 26(33): 4113-9.

Hombach, J., Cardosa, M.J., Sabchareon, A., Vaughn, D.W., Barrett, A.D.
Scientific consultation on immunological correlates of protection induced
by dengue vaccines report from a meeting held at the World Health
Organization 17-18 November 2005. Vaccine 2007, 25(21): 4130-9.

Roehrig, J.T., Hombach, J., Barrett, A.D. Cuidelines for plaque-reduction
neutralization testing of human antibodies to dengue viruses. Viral
Immunol 2008, 21(2): 123-32.

WHO. State of the art of new vaccine research and development.
WHO/IVB/06.01, 2006.

Durbin, A.P., Whitehead, S.S. Dengue vaccine candidates in develop-
ment. Curr Top Microbiol Immunol 2010, 338: 129-43.

Gonzalez, D., Castro, O., Perez, J. et al. Classical dengue hemorrhagic
fever resulting from two dengue infections spaced 20 years or more
apart: Havana, Dengue 3 epidemic, 2001-2002. Int J Infect Dis 2005,
9(5): 280-5.

Loke, H., Bethell, D.B., Phuong, C.X. et al. Strong HLA class |—restricted
T cell responses in dengue hemorrhagic fever: A double-edged sword? J
Infect Dis 2001, 184(11): 1369-73

THOMSON REUTERS - Drugs of the Future 2011, 36(1)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


