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Dengue fever in China: an emerging problem

demands attention
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Dear Editor,

From 423 cases on 22 August to 42358 on 31 October 2014, the
blinding speed at which dengue fever increased in Guangdong
province made it a household name in China. In fact, China has
experienced the worst dengue outbreak in the past two decades.’
Figure 1 illustrates the cumulative reported cases of dengue fever in
association with the average rainfall and temperature from 2004 to
2013 in China (left panel) and the logarithmic increase in reported
dengue fever cases in 2014 in Guangdong province alone, with
approximately 1000 more cases discovered each week since
September of 2014"* (right panel, colored area). The exact cause of
this large outbreak of dengue fever in China is not yet clear. It could be
due to the frequent exchange of travelers between China and countries
in Southeast Asia or to the large migrant worker population from
Africa where mosquito-borne infectious diseases are rampant. It could
also be a simple case of an increased mosquito density due to the
elevated rainfall between May to July that preceded the dengue fever
outbreaks in August. The international community has long recog-
nized the danger that dengue fever poses on global health,” and thus,
China must take action against this reemerging infection with concer-
ted efforts.

Dengue fever is caused by dengue virus (DENV) infection, which is
transmitted by Aedes aegypti or Aedes albopictus mosquitoes that carry
one of the four serologically distinct but genetically related DENV
serotypes (DENV-1, 2, 3 and 4). There are an estimated 390 million
new infections per year in tropical and subtropical regions.* The detec-
tion of a fifth DENV serotype has further increased its complexity.” In
China, although sporadic cases have been reported in various regions,
dengue outbreaks have been traditionally confined to southern coastal
regions, including Hainan, Fujian, Guangdong and Guangxi pro-
vinces, where hot and humid weather provides an ideal environment
for mosquito breeding and the transmission of DENV.

Clinically, fever, rash, lethargy and joint pain are the most common
presentations of DENV infection. In severe cases, which are referred to
collectively as dengue hemorrhagic fever and dengue shock syndrome,
patients may also have pleural effusion, ascites, gallbladder wall thic-
kening, bleeding and shock. Laboratory testing can reveal a range of
abnormalities such as leucopenia, thrombocytopenia, hypoalbumine-
mia, elevated aminotransferase and creatinine levels, and proteinuria.
After it is clinically suspected, laboratory confirmation of dengue
infection is usually performed using an enzyme-linked immunosor-
bent assay to detect DENV envelop protein (E) or non-structural

protein 1-specific IgM and IgG antibody levels, or reverse transcriptase
polymerase chain reaction to measure dengue-specific nucleic acids. A
polymerase chain reaction-based assay is also used to differentiate the
DENV serotypes.® Because dengue viremia only lasts for 4-5 days in
the majority of cases and sequential infection with distinct dengue
serotypes is thought to affect the prognosis,” improved techniques
for serotype differentiation must be developed.

Certain risk factors are thought to contribute to the clinical mani-
festation of dengue infection. Epidemiological studies have suggested
that dengue hemorrhagic fever and dengue shock syndrome occur
more often in individuals with secondary heterotypic DENV infec-
tions and in primary infection of infants born to dengue-immune
mothers. It has been hypothesized that during heterotypic secondary
DENYV infections, pre-existing cross-reactive antibodies enhance viral
entry into host cells by forming virus—antibody complexes and bind-
ing to Fcy receptor-bearing cells, resulting in an increase in viremia
and more severe disease.” Immunological studies have shown that in
addition to antibody responses, increased T-cell activation and the
production of pro-inflammatory and vasoactive factors may have
led to severe disease by increasing vascular permeability, resulting in
plasma leakage. Furthermore, complement activation, autoimmunity
and host genetics have also been associated with increased disease
severity and case fatalities.® Alternatively, DENV serotypes and geno-
types may also affect clinical outcomes;® however, large virological
studies conducted on a population basis are lacking.

Current treatment strategies are mostly geared towards the alle-
viation of symptoms and the prevention of shock by fluid resuscitation
with colloid or crystalloid solutions.” Further investigations of the
specific mechanisms that lead to the development of plasma leakage
and shock may provide insight into novel clinical management stra-
tegies. Antiviral drugs that target different steps of the DENV viral life
cycle are under development, but none of them are yet available in the
clinic.?

Mosquitoes carrying dengue viruses mainly breed in water contain-
ers in the house and on the patio. Control of this dengue vector can be
accomplished by source reduction, such as covering, emptying and
cleaning the water storage containers regularly and eliminating con-
tainers or solid waste that may accumulate water for mosquito breed-
ing. Alternatively, killing the mosquito vector directly is another
effective strategy to control the spread of DENV. Traditional methods
of spraying with the insecticide dichlorodiphenyltrichloroethane have
been very effective for killing the mosquito vectors of DENV and
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Figure 1 Cumulative dengue case numbers in the past 10 years reported by Chinese CDC (left) and reported cases in 2014 according to the Guangdong CDC (right,
colored area). The association between the case number and temperature and rainfall amount is also illustrated.

malaria. However, due to the potential impact of dichlorodiphenyltri-
chloroethane on human health and the environment, this chemical
was banned by the Stockholm Convention on Persistent Organic
Pollutants in 2004.'° In the absence of a more potent chemical mos-
quito killer, preventative measures such as the use of mosquito repel-
lents and mosquito nets can reduce human infection to some extent.
The application of knowledge regarding the flavivirus life cycle in
mosquito vectors can provide more environmentally friendly me-
thods, such as the infection of mosquitoes with Wolbachia bacteria
or the genetic modification of mosquitoes carrying a dominant lethal
gene, which have been implemented as novel strategies to block DENV
transmission.' !> Whether such methods can be deployed widely in
the field remains to be demonstrated.

Similar to dealing with other infectious diseases at the population
level, a preventative dengue vaccine is considered to be the most cost-
effective measure to control DENV infection and the subsequent
development of dengue fever. Multiple vaccine strategies have been
attempted, including an inactivated whole virion vaccine, a live atte-
nuated vaccine (traditional or chimeric), a recombinant subunit vac-
cine and a DNA vaccine. The major dengue vaccine research efforts
during the prior 20 years have been focused on the development of live
attenuated vaccines, among which the most notable is the YF17D/
DENV chimeric vaccine (CYD) developed by Sanofi Pasteur. Recent
phase II and III clinical trials investigating the CYD vaccine have
demonstrated that despite eliciting tetravalent neutralizing antibodies,
the vaccine did not provide adequate protection against the most
endemic DENV-2.'>14Thus, even if the CYD vaccine could be licensed
for use in some countries, a more efficacious next-generation dengue
vaccine is still needed. Furthermore, these large clinical vaccine trials
have also revealed our ignorance regarding the correlates of protection
against DENV infection in humans. The limitations of a live attenu-
ated vaccine in achieving balanced immune responses and effective
protection against the four DENV serotypes have provided opportun-
ities for the development of other vaccine modalities such as a recom-
binant subunit vaccine and a DNA vaccine that encodes DENV prM
and E proteins. Both types of vaccines have demonstrated promising
results in preclinical studies.® Recombinant subunit vaccines have
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notable advantages over traditional vaccines in terms of the associated
safety and ease of making dose adjustment to elicit more balanced
immune responses. Vector vaccines and viral-like particle vaccine
platforms are also worthy of further exploration.

Dengue fever is known to have afflicted humans for over a century.
Much is known about the life cycle of the DENV virus and the host
immunity elicited during natural dengue viral infection. A promising
dengue vaccine, although it is not perfect, is now in advanced stages of
clinical testing. However, additional concerted efforts are still needed,
including more basic research on the pathogenesis of dengue hemor-
rhagic fever and a better understanding of the immune correlates of
protection. Additional translational research investigating improved
methods for discriminating DENV serotypes, the development of effi-
cacious dengue vaccines and prospective clinical studies of novel
therapeutic strategies are needed to improve the clinical outcome of
DENV infection. It is hoped that through the use of well-designed
targeted research programs accompanied by an improvement in
environmental hygiene, human suffering from dengue viral infection
can be reduced to a minimum.
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