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Public health aspects of Dengue virus infection

relevant to Australia
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Dengue is endemic in over 100 countries. The disease is
not endemic in Australia currently, although the mosquito
vector and imported cases cause sporadic outbreaks, pre-
dominantly in Queensland. The illness dengue fever causes
a spectrum of disease from asymptomatic or a minor febrile
illness through to a fatal disease caused by shock from
plasma leakage or haemorrhage. There is currently no
specific treatment for dengue. Dengue is mainly diagnosed
using serology, antigen detection and PCR. Serological di-
agnosis of dengue can be difficult because of cross reactions
with other flaviviruses. A vaccine is available and registered
in Australia, however the overall efficacy is just over 50%.
Surveillance, disease recognition, outbreak control and
prevention of exposure are strategies used to combat den-
gue in Australia.

Epidemiology

Dengue is a viral, mosquito borne disease. It is caused by one of four
serotypes of the Dengue virus (DENV), with a fifth type described
from the forests of Malaysia in 2013 thought to be mainly enzootic'.
Itis a member of the Flavivirus genus along with Zika virus (ZIKV),
yellow fever and Japanese encephalitis virus (JEV). DENV is trans-
mitted through bites from infected Aedes aegypti and Aedes albo-
pictus mosquitos® (Figure 1)°. There is no documented direct
person to person transmission for DENV, however transmission
can occur through organ transplant, blood transfusions and verti-
cally from mother to fetus®. In contrast, direct transmission has
been recorded for ZIKV through sexual contact.’

Dengue is widespread throughout the tropics. The disease is
endemic in over 100 countries, with the Americas, South-East Asia
and Western Pacific regions the most seriously affected. It is
estimated that 50-100 million people develop disease due to
Dengue every year, including 500000 severe infections, and
22000 deaths, mostly among children®. Risk factors for epidemics
include: (1) environmental factors such as rainfall, temperature
and humidity; (2) increased urbanisation as Aedes aegypti, the main
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mosquito vector, favours the urban setting®; and (3) changes in
exposure with land clearing. This year has seen several outbreaks of
dengue. Sri Lanka reported 80732 dengue cases, including 215
deaths, from January to July 2017. This is 4.3-fold higher than
normal rate’. Vietnam has seen 90 626 cases in 2017 as of August,
including 24 deaths. This is an increase by 67% compared to 2016°,
Dengue is on the World Health Organization’s (WHO) list of
Neglected Tropical Diseases (NTDs), although the appropriateness
of this has been questioned by some. The characteristics of NTDs
include being poverty related and lacking in public health attention.
Dengue does not only affect poor and marginalised groups, and
has become a high-profile disease with significant research funding
in some countries’.

Clinical features and diagnostic issues

Typically, the illness Dengue fever manifests with fever, headache,
retro-orbital pain, myalgia and rash after an incubation period
ranging from 3-14 days (usually 5-7 days). In 2009, WHO reclassi-
fied dengue into levels of severity. The disease ranges from a mild

Figure 1. A female Aedes mosquito taking a blood meal. Photo from
CDC Public Health Image Library®.
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febrile illness (most common) to severe dengue, the latter being
more common in children and in secondary dengue infection.
Severe dengue includes dengue haemorrhagic fever and dengue
shock syndrome consisting of severe bleeding, shock and/or organ
failure'’. Dengue disease consists of three phases. The first phase is
the febrile illness, typically lasting 2—7 days. Next comes the critical
phase where the fever settles and transudation occurs from leaky
capillaries. Finally, there is the recovery phase where transudation
stops and reabsorption starts. The patients’ vital signs stabilise and
the characteristic convalescent rash appears’. The overall mortality
rate of dengue is less than 1%. Severe dengue, when left untreated,
has a mortality rate up to 50%”. There is no specific treatment for
dengue, only supportive care.

Dengue is diagnosed using serology, antigen detection and nucleic
acid testing, predominantly PCR. All flaviviruses are serologically
related. Flavivirus serology is complicated by cross reactivity within
the genus and infection with a second flavivirus (ZIKV, JEV, Yellow
fever virus) can cause a misleading rise in antibody titre of the
previously encountered flavivirus (immune recall or original anti-
genicsin). This is caused by cross-reactive epitopes on the flavivirus
E protein'’. IgG is of little value in the diagnosis of recent infection
unless paired sera are tested. A positive IgG can mean a previous
infection with a flavivirus or previous vaccination against a flavivirus
(YFV or JEV). Testing of convalescent serum is recommended to
determine which species caused the infection. However, dengue
IgM in a patient with classical dengue symptoms who have been to
an endemic area in the last 10 days is sufficient for diagnosis'*. IgM
appears within a few days in primary infection and lasts for weeks
to months but can be absent in secondary infection. Like I1gG, IgM
can cross react between the flaviviruses. Neutralisation assays are
more discriminating (but cross reactions still occur) and measures
the ability of the patient’s serum to prevent growth of different
flaviviruses. The neutralisation titre to the infecting virus should be
at least 4-fold higher than to the other flaviviruses.

RT-PCR can also be used with several commercial assays now
available. The advantages are rapid turnaround time and rapid and
reliable serotyping from the onset of the illness. RT-PCR can be used
for both primary and secondary disease, but the viraemia is shorter
and viral load lower in secondary infection compared to primary™.
The sensitivity of RT-PCR varies with time from onset of illness, with
75% on day 1, 92.9% on day 3 and falling to 50% by day 5**.

The antigen test for dengue detects the dengue non-structural
protein 1 (NS1) that is secreted from infected cells. It is detectable
early in the disease in both primary (from disease onset until day 9
or longer) and secondary infection (but antigenaemia is shorter in
secondary infection and sensitivity is lower). It does not distinguish
between the different serotypes'’. The commercial development
of the NSlantigen detection has improved dengue diagnosis. The
assay allows early diagnosis, is simple and quick and has high
sensitivity (90% during febrile phase in primary disease, 60-80%
in secondary infection)'® and specificity (over 98%)". Differenti-
ation between ZIKV and DENV virus is important both for epide-
miological mapping and to counsel individual patients. This is
especially problematic in Brazil since 2015, where ZIKV infections
occur on a background of endemic DENV. It is recommended to do

serology plus NS1 antigen to improve diagnostic accuracy, and
reduce misdiagnosis of ZIKV and DENV'",

Dengue in Australia

The Aedes aegypti mosquito is present in North Queensland and
most commonly found around Townsville and Cairns. DENV is not
endemic in Queensland, although problems may arise when a
traveller arrives viraemic with DENV from an endemic area. The
local mosquitos can bite the affected person and transfer to other
people resulting in local transmission which can result in limited
local spread, and periodic epidemics. In the past 12 years, out-
breaks due to all four serotypes have been documented in North
Queensland. Dengue is notifiable to Public Health Units (PHU) in
Australia. When a laboratory confirms dengue infection, they
inform their local PHU. The priority is urgent if the patient is in
a dengue receptive area where there is potential for ongoing
transmission, and routine (within 48 hours) in other areas'®. The
PHU investigates to establish if the patient acquired the virus
overseas or locally, with PHU directed active case finding. In
2016 there were 2129 cases of dengue confirmed in Australia,
553 in WA, Victoria 461 and NSW 450", As of 29 August there were
723 laboratory confirmed cases reported in Australia this year (see
Figure 2)®. Since 2005, the most common countries of acquisition
for imported DENV to Australia were Indonesia (35%), Thailand
(17%), the Philippines (6%) and Papua New Guinea (6%)*.

The national surveillance of dengue in Australia is primarily through
disease notification by medical practitioners and laboratories, and
vector surveillance programs at major seaports and airports with
intensive vector control of outbreaks in dengue receptive areas
(Queensland Dengue Management Plan). The response includes
mosquito elimination, as these may have fed on the viraemic patient
while the DENV is still incubating in the mosquito™. The World
Mosquito Program (formerly known as The Eliminate Dengue (ED)
Program) is using Wolbachia-infected mosquitos to reduce dengue
transmission via rendering them resistant to DENV infection. Field
trials have been done in several countries including Australia,
showing that the Wolbachia infected mosquitos can be successfully
introduced into wild mosquito populations®'.

Vaccination and future direction

Dengvaxia (CYD-TDV, Sanofi Pasteur) is a live attenuated tetrava-
lent dengue vaccine. It was first registered in Mexico in 2015 for use
in 945 year olds living in endemic areas**. It is now registered in 18
countries including Australia (licenced by the TGA in July 2017)%.
A systematic review of the vaccine showed overall efficacy was 54%
with serotype specific efficacy ranging from 77% for DENV4 to
34% for DENV2. It is given as a 3-dose series on a 0/6/12 month
schedule. It is currently licenced for people living in dengue
endemic areas, and not for short term travellers to these regions>?.
Other vaccines under development include Takeda’s tetravalent
dengue vaccine which are in phase II clinical trial aimed at children
from 2—17 years of age””. The Dengvaxia is available, but it is not yet
as effective as one would hope. There are some very early steps
towards treatment, but supportive care is the mainstay of current
care. A new and exciting development is that Sofosbuvir, a drug
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Figure 2. Number of reported laboratory-confirmed dengue cases per month, 2012-2017. Department of Health, Australia®.

active against the RNA hepacivirus Hepatitis C Virus, is showing
some activity against DENV iz vitro”°. Surveillance, disease recog-
nition, and outbreak control will remain key elements to com-
batting dengue in Australia, along with increased public awareness
on avoiding exposure.
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