Arboviral diseases and malaria in Australia, 2012-13

Annual report

Annual report

ARBOVIRAL DISEASES AND MALARIA IN AUSTRALIA,
2012-13: ANNUAL REPORT OF THE NATIONAL
ARBOVIRUS AND MALARIA ADVISORY COMMITTEE

Katrina E Knope, Nina Kurucz, Stephen L Doggett, Mike Muller, Cheryl A Johansen, Rebecca Feldman, Michaela Hobby,
Sonya Bennett, Angus Sly, Stacey Lynch, Bart J Currie, Jay Nicholson, and the National Arbovirus and Malaria Advisory

Committee

Abstract

This report describes the epidemiology of
mosquito-borne diseases of public health impor-
tance in Australia during the 2012-13 season
(1 July 2012 to 30 June 2013) and includes data
from human notifications, sentinel chicken, vector
and virus surveillance programs. The National
Notifiable Diseases Surveillance System received
notifications for 9,726 cases of disease transmit-
ted by mosquitoes during the 2012-13 season.
The Australasian alphaviruses Barmah Forest virus
and Ross River virus accounted for 7,776 (80%) of
total notifications. However, over-diagnosis and
possible false positive diagnostic test results for
these 2 infections mean that the true burden of
infection is likely overestimated, and as a conse-
quence, the case definitions were revised, effective
from 1 January 2016. There were 96 notifications
of imported chikungunya virus infection. There
were 212 notifications of dengue virus infection
acquired in Australia and 1,202 cases acquired
overseas, with an additional 16 cases for which
the place of acquisition was unknown. Imported
cases of dengue were most frequently acquired
in Indonesia. No locally-acquired malaria was
notified during the 2012-13 season, though
there were 415 notifications of overseas-acquired
malaria. There were no cases of Murray Valley
encephalitis virus infection in 2012-13. In 2012—
13, arbovirus and mosquito surveillance programs
were conducted in most jurisdictions with a risk
of vectorborne disease transmission. Surveillance
for exotic mosquitoes at the border continues
to be a vital part of preventing the spread of
mosquito-borne diseases such as dengue to new
areas of Australia, and in 2012-13, there were

7 detections of exotic mosquitoes at the border.
Commun Dis Intell 2016;40(1):E17-E47.
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Introduction

This report describes the epidemiology of
mosquito-borne diseases of public health impor-
tance in Australia during the period 1 July 2012
to 30 June 2013. It includes a summary of notified
cases of disease caused by the alphaviruses Barmah
Forest virus (BFV), chikungunya virus (CHIKV)
and Ross River virus (RRV); the flaviviruses
dengue virus (DENV), Murray Valley encepha-
litis virus (MVEYV), West Nile virus (WNYV) and
the Kunjin lineage of West Nile virus (KUNV),
Japanese encephalitis virus (JEV) and yellow fever
virus (YFV); and malaria. Both locally acquired
and overseas acquired cases are described. Vector,
climate and sentinel chicken surveillance measures
for arboviruses conducted by states and territories,
and also at the international first ports of entry are

described.

The National Arbovirus and Malaria Advisory
Committee (NAMAC) provides expert technical
advice on arboviruses and malaria to the Australian
Health Protection Principal Committee (AHPPC)
through the Communicable Diseases Network
Australia (CDNA). Members of NAMAC have
expertise in virus and disease surveillance, epi-
demiology, virology, vector ecology, vector control
and quarantine, and represent agencies with a
substantial interest in this area. NAMAC makes
recommendations about surveillance and report-
ing systems, strategic approaches for disease and
vector management and control, and laboratory
support outlines research priorities. NAMAC
develops and provides input to national guidelines
and response plans. NAMAC assists in the detec-
tion, management and control of real or potential
outbreaks of arboviruses or malaria and provides
advice on the risk of these diseases or exotic vectors
being imported from overseas and the potential
impacts on Australia. NAMAC members partici-
pate in outbreak management teams as required.

Methods

Human cases of arbovirus infection and malaria
are monitored using the National Notifiable
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Diseases Surveillance System (NNDSS). All
Australian states and territories require doctors
and/or pathology laboratories to notify cases of
infectious diseases that are important to public
health. The National Health Security Act 2007
(NHS Act 2007) provides the legislative basis
for the national notification of communicable
diseases and authorises the exchange of health
information between the Commonwealth and
the states and territories. The NHS Act 2007
provides for the establishment of the National
Notifiable Diseases List, which specifies the
diseases about which personal information can
be exchanged between the states and territories
and the Commonwealth. State and territory
health departments transfer these notifications
regularly to the NNDSS. The primary respon-
sibility for public health action resulting from
a notification resides with state and territory
health departments.

This report presents data from a snap-shot of
NNDSS taken during July 2015 and analysed by
date of diagnosis. This derived field is the onset
date, or where the date of onset was not known,
for vectorborne diseases, it is the earliest of the
specimen collection date, the notification date,
or the notification received date. Since the data
are from a snap-shot, numbers in this report may
vary slightly from those reported elsewhere due to
changes in diagnostic validation or classification.
Data were verified with state and territory public
health surveillance managers. Detailed notes on
the interpretation of NNDSS are available in the
2013 NNDSS annual report.! Case definitions
for the diseases included in this report are avail-
able on the Australian Government Department
of Health web site (http:/www.health.gov.au/

casedefinitions).

CHIKYV infection became nationally notifiable in
2015, though a national case definition was imple-
mented from 2010. Prior to this, CHIKV infections
were notified under the disease category flavivirus
(unspecified), and all notifications have now been

included under CHIKV.

Data were analysed by financial year to reflect the
seasonal cycle of arboviral activity in most areas
of Australia. Crude notification rates or counts
for the 2012—13 season were compared with those
recorded over the previous 5 years. Notification
rates were not calculated for diseases that are pri-
marily acquired overseas because resident popula-
tions are not an appropriate denominator. Rates
are not provided for rare diseases (n < 20) because
these rates typically have large standard errors and
therefore cannot be meaningfully compared across
time or geographical location.

Notification rates were calculated using the
Australian Bureau of Statistics estimated resident
populations for Australia and each state or terri-
tory at June 2013.> Population data are supplied
as an estimate for calendar years; for this report,
the population for the second half of the financial
year was applied (2013 population applied to the
2012-13 financial year). Analyses were conducted
using Microsoft Excel® and Stata SE version 13.

Due to a limitation of surveillance systems,
Queensland notifies mixed infections of malaria as
a separate notification for each infecting organism.
For the 201213 season, additional information
was collected to enable these mixed infections to
be reported as 1 case for the purpose of this report,
resulting in 3 fewer notifications than if the adjust-
ment was not made.

Additional information on the details of some
notifications was obtained from state and terri-
tory public health surveillance managers. Data on
sentinel chicken surveillance and vector (including
detection of exotic mosquitoes at the border) and
virus surveillance are also reported here.

Vertebrate, vector and climate surveillance in
states and territories

Sentinel chicken flavivirus surveillance programs
aim to provide early warning of the endemic
arboviruses MVEV and KUNV and where rel-
evant, exotic flaviviruses such as JEV.> Public
health messaging or other response measures
can be implemented in response to surveillance
signals. Public health messaging may advise at-
risk residents or target groups such as campers or
fishermen of the need to take added precautions
to avoid mosquito bites. Sentinel chicken flocks
are an important component of the early warn-
ing system in several jurisdictions, and these are
located geographically to detect flavivirus activ-
ity and provide a timely and accurate indication
of the risk of transmission to people (Map).!
Detailed descriptions of the sentinel chicken,
vector and virus surveillance programs, as well as
contact details for jurisdictional arbovirus refer-
ence/research laboratories are included in the

Appendix.
Results

During the 201213 season, there were 9,726 noti-
fications of mosquito-borne diseases in humans
(Table 1). This represented a 16% increase from the

mean of 8,404.2 notifications for the previous 5 years.
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Table 1: Number of notified human cases, notification rate* and S year mean for mosquito-

borne disease, Australia, 2012—-13, by disease and state or territory

Aust.
total

Barmah Forest | Cases 2012-13 2,025 3,921
virus infection | 5 year mean cases | 3.8 398.6 786 9262 612 16  69.2 1354 | 16,74.6
Rate 2012-13 1.3 6.2 146.4 43.5 5.0 0.4 1.2 36.7 16.9
5 year mean rate 11 5.6 34.6 20.8 3.7 0.3 1.2 5.9 7.6
Chikungunya Cases 2012-13 0 12 1 11 7 1 26 38 96
virus infection | 5 year mean cases | 0.0 7.6 2.8 2.8 1.4 0.4 9.4 54| 29.8
Rate 2012-13 - - - - - - - - -
5 year mean rate - - - - - - - - -
Dengue virus Cases 2012-13 16 263 38 425 49 8 305 326 1,430
infection 5year mean cases | 13.2  174.8 376 3848  29.0 56 101.6 305.8 | 1,052.4
Rate 2012-13 - - - — - - - - -
5 year mean rate - - - - - - - - -
Flavivirus Cases 2012-13 0 0 1 6 0 0 0 0 7
(unspecified)’ | 5 yoar mean cases | 0.0 0.2 00 40 02 00 64 00 108
Rate 2012-13 - — - - - — - - -
5 year mean rate - - - - - - - - -
Japanese Cases 2012-13 0 0 0 0 1 0 0 1 2
S{:Siﬁ’rﬁ‘f"’:&';n 5year mean cases | 0.0 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.4
Rate 2012-13 - - - - - - - - -
5 year mean rate - - - — - - - - _
West Nile Cases 2012-13 0 0 0 0 0 0 0 0 0
virus/Kunjin | 5 vear mean cases | 0.0 0.2 06 06 00 00 02 00 16
virus infection
Rate 2012-13 - - - - - - - - -
5 year mean rate - - - - - - - - -
Malaria Cases 2012-13 16 81 23 105 10 9 89 82 415
5 year mean cases | 11.8 98.0 17.2 144.6 14.8 7.6 90.6 66.2 | 450.8
Rate 2012-13 - — - - - - - - -
5 year mean rate - - - - - - - - -
Murray Valley | Cases 2012-13 0 0 0 0 0 0 0 0 0
\e/ir:l(jgri):g(i:ttiison 5 year mean cases 0.0 0.8 0.6 0.4 0.4 0.0 0.0 2.4 4.6
Rate 2012-13 - - - - - - - - -
5 year mean rate - - - — — — — — _
Ross River Cases 2012-13 5 502 211 1,683 177 6 190 1,081 | 3,855
virusinfection | g vear mean cases | 13.6  909.6 2954 2149.4 4404 340 458.6 877.8 | 5178.8
Rate 2012-13 1.3 6.8 87.5 36.2 10.6 1.2 3.3 42.9 16.7
5 year mean rate 3.8 12.7 129.9 48.3 26.8 6.8 8.2 379 23.4
Yellow fever Cases 2012-13 0 0 0 0 0 0 0 0 0
5 year mean cases 0 0 0 0.3 0 0 0 0 0
Rate 2012-13 - — - - - — - - -
5 year mean rate - - - - - - - - —
Total cases 42 1,314 627 4,255 328 26 680 2,454 9,726
2012-13

Rates are not provided for diseases with less than 20 cases, or for diseases predominantly acquired overseas.

T Flavivirus (NEC) replaced Arbovirus (NEC) from 1 January 2004. Arbovirus (NEC) replaced Flavivirus (NEC) from 2008.
Flavivirus (unspecified) replaced arbovirus (NEC) from 1 July 2015.

NEC

Not elsewhere classified.

NN Not notifiable.
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Map: Location of sentinel chicken sites, Australia, 2012—13
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Alphaviruses

In Australia, the most frequently notified viruses
in the genus alphavirus are RRV and BFV. RRV
and BFV occur exclusively in the Australasian
region.’ Infection with RRV or BFV can cause ill-
ness characterised by fever, rash and polyarthritis.
These viruses are transmitted by numerous species
of mosquitoes that breed in diverse environments
(freshwater habitats, coastal regions, salt marshes,
floodwaters, established wetlands and urban
areas).® However, there are known problems with
the unreliability of serological tests that diagnose
infection on the basis of IgM only and with the case
definitions which allow for confirmation based on
these tests, leading to over diagnosis particularly
during the off-season.”® Importantly, the case defi-
nitions have been reviewed by the case definitions
working group (CDWG) and endorsed by CDNA.
The revised case definitions were implemented on

1 January 2016.

Local transmission of the alphavirus CHIKV
has not occurred in Australia, but the infection
is regularly reported in travellers returning from
overseas. Illness is characterised by an abrupt onset
of fever, rash and severe joint pain. The acute
disease lasts 1 to 10 days, but convalescence may
include prolonged joint swelling and pain last-
ing months. Haemorrhagic manifestations may

occur occasionally’ Humans are amplification
hosts for CHIKYV, and other vertebrates are not
required for transmission to occur. Internationally,
CHIKYV is most commonly transmitted by Aedes
aegypti, which occurs in northern Queensland and
Aedes albopictus, which is found on Cocos Island,
Christmas Island and in some areas of the Torres
Strait Islands."” Other Australian mosquito spe-
cies have been shown to be competent vectors of
CHIKYV in the laboratory," but any role in field
transmission is likely to be minor compared with

either Ae. aegypti or Ae. albopictus."
Barmah Forest virus infections

There were 3,921 notifications of BFV infections
during the 2012-13 season, representing a rate of
16.9 per 100,000 population, an increase from the
mean of 7.6 per 100,000 for the previous 5 years
(Table 1). Queensland reported the largest number
of notifications of BFV infection (n=2,025) while
the highest rate was reported in the Northern
Territory (146.4 per 100,000 population). Rates in
2012-13 increased sharply for most state and ter-
ritories compared to the past 5 years (Figure 1),
and were greater than 2.0 times the 5 year mean
for the Northern Territory, Queensland and
Western Australia. Comparisons between regions
are likely to be influenced by accuracy of case-
ascertainment, which may vary between jurisdic-
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tions due to differences in reporting criteria and
diagnostic tests used (in particular, with IgM test
kits)."” It is important to note that seasonal trends
vary between and within states and territories
according to differences in mosquito vectors, hosts
and climate. In addition, comparisons between
regions are likely to be influenced by accuracy
of case-ascertainment, which may vary between
jurisdictions because of some differences in report-
ing criteria and the quality of diagnostic tests used,
with false positive IgMs a long term issue.®!*

Figure 1: Notification rate for Barmah
Forest virus infection, Australia, July 2007
to June 2013, by year and state or territory
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In 2012-13, infections were most frequently noti-
fied between February and May (Figure 2). BFV
infections are more common during the warmer
months when suitable mosquito vectors are abun-
dant, and are unexpected outside of these warmer
months. The higher than expected numbers of
BFV notifications in the cooler months is likely
to be an artefact, reflecting the likelihood of false
positive IgM diagnoses. In October 2012, the
number of BFV notifications began to increase
dramatically, and marked the start of an ‘epidemic’
of notifications due to false positive IgM diagnoses,
which continued to the end of 2012—13 and into
2013—14 (data not shown).

In 2012—-13, BFV notifications were most com-
monly reported among middle aged adults, with
notification rates peaking in the 40—64 year age
range for females, and with a secondary peak of
notifications among females in the 15-39 years age
group females (Figure 3). Rates among younger
and middle aged females were increased compared
with the previous year, with rates of 12.2 and
13.0 per 100,000 among females aged 15-19 and
20-24 years respectively in 2012—13, compared
with 5.6 and 6.7 per 100,000 in 2011-12. In 2012—
13, 41% of cases were male, which was lower than
in previous years (48% of cases during the previous
5 years were male).

Figure 2: Notifications of Barmah Forest virus infection, Australia, July 2007 to June 2013, by

month and year
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Ross River virus infections Figure 5: Notification rate for Ross River
virus infection, Australia, 1 July 2007 to 30

There were 3,855 notifications of RRV infection June 2013, by year and state or territory
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Rates of RRV were similar to or below the 5-year *

mean in all jurisdictions (Table 1). RRV was most
commonly reported among younger and middle- 20
aged adults, with notification rates peaking in the
35—49 year age groups (Figure 6). In 201213, 47%

of cases were male.
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Figure 3: Notification rate for Barmah
Forest virus infection, Australia, 2011-12
and 2012-13, by age group and sex (n=5,348)
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Figure 6: Notification rate for Ross River
virus infection, Australia, 2012-13, by age
group and sex (n=3,855)
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Figure 4: Notifications of Ross River virus infection, 1 July 2007 to 30 June 2013, by month
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As in previous years, there was a marked seasonal
trend in RRV notifications, with the largest number
notified between January and April (Figure 4). It is
important to note that as for BFV, seasonal trends
vary between and within states and territories
according to differences in mosquito vectors, hosts
and climate. In addition, comparisons between
regions are likely to be influenced by accuracy of
case-ascertainment, which may vary between juris-
dictions because of some differences in reporting
criteria and the quality of diagnostic tests used, with
false positive IgMs a long term issue.*!*

Chikungunya virus infection

There were 96 notifications of CHIKV infection
during the 2012-13 season compared with a 5—
year mean of 29.8 cases (Table 1, Figure 7). This
was the largest number of cases ever reported in
Australia. All cases were acquired overseas, with
complete information supplied on the country of
acquisition for 60% (58/96) of these (Table 2). The
most frequently reported country of acquisition was
Indonesia (34 cases). There were 13 importations
from Papua New Guinea, where chikungunya was
reported for the first time in June 2012 on PacNet,

Figure 7: Notifications of chikungunya virus infection, Australia, 201213, by month and year
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Table 2: Notifications of chikungunya virus infection, Australia, by year and country or region

of acquisition

Country or region of acquisition 2008-09 2009-10 2010-11 2011-12 2012-13

Indonesia 2 2

Papua New Guinea 0 0 2 0 13
India 1 14 11 6 2
Philippines 0 1 0 2 2
Thailand 3 0 2 3 2
Malaysia 6 4 1 1 1
Cambodia 0 0 0 0 1
Vietnam 0 0 2 0 1
Kenya 0 0 0 0 1
Other countries or regions 2 10 11 4 0
Overseas — country unknown 11 1 2 2 39
Total 25 37 63 20 96
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the Pacific Public Health Surveillance Network
early warning system, with widespread outbreaks
that continued into June 2013.1>1°

CHIKV infection was most frequently notified
among young and middle aged adults, particularly
women aged between 45 and 54 years (Figure 8).
The median age was 48 years and 71% of cases
were female.

Figure 8: Notifications of chikungunya virus
infection, Australia, 2012—13, by age and sex
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Flaviviruses

This section provides information on several fla-
viviruses notified to NNDSS including DENYV,
MVEV, KUNV and JEV. Other flaviviruses may be

notified under the flavivirus (unspecified) category.

Four serotypes of dengue virus have been described
and all 4 are reported in imported cases to varying
degrees each year, some of which may result in local
outbreaks. The clinical illness is characterised by
mild to severe febrile illness with fever, headache,
muscle/joint pain and sometimes a rash. A minority
of cases progress to severe dengue with haemorrhage
and shock, more commonly where, in a second or
subsequent infection, a person is infected with a dif-
ferent DENV serotype to the first infection. Local
transmission of dengue in Australia is normally
restricted to areas of northern Queensland where
the key mosquito vector, Ae. aegypri, is present in
sufficient numbers and near human populations of
sufficient size.'’ Dengue is not endemic in North
Queensland, but local transmission can occur upon
introduction of the virus to the mosquito vector by
a viraemic tourist or a resident returning from a
dengue-affected area overseas."

Infection with MVEV, KUNV or JEV is usually
asymptomatic or produces a non-specific illness,
but a small percentage of cases progress to enceph-
alomyelitis of variable severity. Culex annulirostris

is the major vector of MVEV, KUNYV and JEV.
No specific treatment is available for these diseases
and care 1s largely supportive. A vaccine is available
to prevent JEV infection (available for residents in
affected areas of Queensland and for long term trav-
ellers to endemic areas)” but there are no vaccines
currently available for DENV, MVEV or KUNV.
YFV does not occur in Australia, but travellers to
affected areas overseas need to be aware of the risks
and vaccination requirements, and there is a risk of
transmission in the areas of North Queensland in
which the vector Ae. aegypti is present.

Dengue virus infection

There were 1,430 notifications of DENYV infec-
tion during the 2012-13 season. Of these,
212 cases were acquired in Australia, while the
majority (1,202 cases) acquired the infection
overseas (Table 3, Figure 9). For the remaining
16 cases, no information on place of acquisition
was supplied. In 2012—13, the median age of cases
was 39 years (range 0—86 years), and 51% (n=733)

of cases were male.

Figure 9: Notifications of dengue virus
infection, Australia, 1 July 2007 to 30 June
2013, by month, year and place of acquisition
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Locally-acquired dengue virus infection

The 212 notified cases of DENV infection acquired
in Australia during 2012—13 was a marked increase
compared with the 18 locally-acquired cases in
2011-12, but was more consistent with previous
years (Table 3). Of these, 206 were reported by
Queensland, and 6 by other states.

In Queensland, a single case of locally-acquired
dengue is considered an outbreak. Ten discrete
dengue outbreaks were reported by Queensland
Health in the 2012-2013 season, all located in the
north of the state. A total of 203 notifications were
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known to have been associated with these out-
breaks, with the number of cases in each outbreak
ranging from 1 to 138 (these numbers do not match
exactly with the 189 reported from NNDSS due to
differences in the dates used for data extraction).
Seven of the 10 outbreaks, including the largest,
were attributable to dengue serotype 1. One out-
break each was associated with dengue serotypes
2 and 3 and the serotype responsible for the
remaining outbreak was unknown. The unknown
outbreak consisted of only a single case where the
serotyping could not be completed.

The 6 notifications of locally-acquired dengue
from other states were listed in NNDSS as being
acquired in Queensland.

Overseas-acquired dengue virus infection

There were 1,202 notifications of DENV infec-
tion acquired overseas during the 2012—13 season
(Table 3), 1.5 times the 5-year mean of overseas-

acquired infections (793.8). Almost all states and
territories reported increased numbers of notified
cases of overseas-acquired DENV infection com-
pared with the long-term average. The ratio of
notifications in 201213 compared with the 5-year
mean ranged from 1.0 in the Northern Territory to
3.2 in Victoria.

A specific country or region of acquisition was sup-
plied for 73% (879/1,202) of cases listed as overseas-
acquired (Table 4). Indonesia was the country of
acquisition for nearly a quarter of overseas acquired
cases for which a specific country or region was
available (24%, n=278), much lower than the 64%
in 2011-12.7 The infecting DENV serotype was
determined for 42% (n=506) of overseas-acquired
dengue cases (up from 23% in 2011-12 but similar
to the 50% in 2010-11). DENV 1 (n=210) was
the most frequently reported serotype in 201213
(Table 4).

Table 3: Notifications of dengue virus infection, Australia, 1 July 2007 to 30 June 2013, by
year, state or territory and place of acquisition

Locally-acquired* 2007-08 0 2 0 2 0 0 0
2008-09 0 5 0 1,003 1 0 3 0 1,012
2009-10 0 2 0 33 0 0 0 0 35
2010-11 0 2 1 125 0 0 2 1 131
2011-12 0 1 0 16 0 0 1 0 18
2012-13 0 0 0 206 2 0 4 0 212
Overseas-acquired 2007-08 4 103 25 78 31 4 15 94 354
2008-09 14 169 27 115 26 6 19 121 497
2009-10 19 121 36 126 11 4 52 226 595
2010-11 4 222 29 181 28 5 140 525 1134
2011-12 11 240 69 209 44 9 246 561 1,389
2012-13 12 257 38 216 47 8 299 325 1,202
Unknown 2007-08 0 0 0 4 2 0 0 0 6
2008-09 0 0 0 5 0 0 0 6
2009-10 0 3 0 1 0 0 1 0 5
2010-11 8 2 1 2 0 0 0 1 14
2011-12 6 2 0 0 0 0 28 0 36
2012-13 4 6 0 3 0 0 2 1 16
Total 2007-08 4 105 25 108 35 4 15 94 390
2008-09 14 174 27 1,123 27 6 23 121 1,515
2009-10 19 126 36 160 11 4 53 226 635
2010-11 12 226 31 308 28 5 142 527 1,279
2011-12 17 243 69 225 44 9 275 561 1,443
2012-13 16 263 38 425 49 8 305 326 1,430

*  Locally-acquired cases are acquired in Australia and not necessarily in the state or territory from which they are reported.
Under the cross-border notification protocol, cases are notified by their state or territory of residence where this differs from

the diagnosing state or territory.
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Table 4: Overseas acquired cases of dengue virus infection, Australia, 2012—13, by serotype

and country of acquisition

Total Percentage Serotype Serotype Serotype Serotype Serotype Unknown/
Country/ or region | number of cases* 1 and untyped

Indonesia 2

Thailand 217 19 31 0 11 16 0 159

India 63 5 4 0 5 12 0 42

Philippines 46 4 9 1 3 0 2 31

Papua New Guinea 35 3 6 0 6 5 0 18

Cambodia 34 3 8 0 0 1 1 24

Sri Lanka 29 2 7 0 0 3 0 19

Malaysia 19 2 1 0 0 0 3 15

Timor-Leste 19 2 2 0 0 9 0 8

Vietnam 17 1 2 0 2 2 0 11

Fiji 17 1 5 0 3 0 0 9

Bangladesh 14 1 1 0 0 0 0 13

Solomon Islands 14 1 0 0 0 6 0

South-East Asia, 9 1 0 0 0 1 0

nfd

Singapore 1 0 2

New Caledonia

Myanmar, The 4 0 2 0 0 0 0 2

Republic of the

Union of

Sudan 3 0 0 0 0 0 0 3

South America, nfd 3 0 1 0 0 0 0 2

China’ 3 0 0 0 0 0 0 3

Maldives 3 0 1 0 0 0 0 2

Vanuatu 3 0 1 0 0 0 0 2

Other countries* 33 3 6 0 2 2 2 21

Overseas — country 323 77 0 96 44 11 95

unknown

Total 1,202 210 1 150 124 21 696

* The denominator excludes cases with place of acquisition “Overseas—country unknown”. Percentages do not add up due
to rounding.

T Excludes special administrative regions and Taiwan.

¥ Each country with less than 3 cases.

nfd Not further defined

Flavivirus infection (unspecified)

This disease category enables the capture and
epidemiological analysis of emerging infections
within this very broad disease group. Emerging
diseases can be made nationally notifiable if
required. An unspecified category is particularly
important for the flaviviruses, because it is recog-
nised that some infections cannot be attributed to
a single flavivirus.

There were 7 notifications of flavivirus (unspeci-

fied) in 2012-13, similar to the 5-year average of

10.8 cases. All were confirmed infections as per
the case definition. Five notifications relate to
infections that were known to have been acquired
overseas while for the remaining 2, the place of
acquisition was unknown. In 2012-13, 2 notifica-
tions were for Kokobera, 1 was for Zika (acquired
in Indonesia) and for the remainder, the infection
could not be attributed to a specific flavivirus

(Table 5).

The largest number of notifications were from
Queensland (n=6). In Queensland, an extensive
panel of flaviviruses is used for testing. Flaviviruses
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Table 5: Notifications of flavivirus infection (unspecified), Australia, 2012-13

Kokobera Place of acquisition unknown Qld Jan
Kokobera Place of acquisition unknown Qld Mar
Unspecified Thailand Qld July
Unspecified Philippines Qld Jan
Unspecified Thailand Qld May
Unspecified Indonesia Qld Jun
Zika Indonesia NT Mar

may be more prevalent particularly in the north
of the state, so patients may be more likely to be
exposed to more than 1 flavivirus, and these fac-
tors could increase the probability of cross-reacting
antibodies (Dr Sonya Bennett, Queensland
Health, personal communication) resulting in
more notifications of flavivirus (unspecified).

Japanese encephalitis virus infections

There were 2 notifications of JEV infection in
Australia during 2012-13. The first was notified
by Western Australia in a 41-year-old woman who
acquired the infection in Indonesia, and the second
was notified by South Australia in a 57-year-old
man who had been resident in Thailand during
the 3 years prior to onset and was transferred to
Australia for treatment.

JEV infection is a rare disease in Australia, with an
average of 0.4 cases per year during the past 5 years.
The last locally-acquired case was in 1998.2°

West Nile virus/Kunjin virus infection

This category includes all WNV infections, includ-
ing KUNV, which is an Australian lineage and
has not been isolated from anywhere except on the
Australian mainland and Torres Strait, and other
WNV infections that are acquired overseas. While
infection with KUNV is probably not uncommon
in northern Australia, clinical KUNYV cases are
rare in Australia.”*

There were no notifications of WNV/KUNV
infection in Australia in 2012—13. There was an
average of 1.6 cases per year during the past 5 years.

Murray Valley encephalitis virus infection

There were no notifications of MVEV infection
in Australia in 2012—13. MVEV infection is a rare
disease in Australia, with an average of 4.6 cases
per year during the past 5 years.

Yellow fever virus infection

There were no notifications of yellow fever virus
infection in 2012—13. The only previous notifica-
tions of yellow fever were in 2011, and while the
notifications met the surveillance case definition
at the time, they were thought to be vaccine-asso-
ciated. The surveillance case definition has since
been revised to exclude vaccine associated cases.

Malaria

Malaria is a serious acute febrile illness that is
transmitted from person to person through the bite
of an infected mosquito of the genus Anopheles.
It 1s caused by a protozoan parasite in the genus
Plasmodium that includes 5 species that infect
humans — Plasmodium vivax, Plasmodium falcipa-
rum, Plasmodium malariae, Plasmodium ovale and

Plasmodium knowlesi.”*

Australia is free of endemic malaria, but suitable vec-
tors are present in northern Australia, and the area
remains malaria-receptive. Malaria in Australia is
therefore a disease associated with residing or trav-
elling overseas in areas with endemic transmission.
A case series in the Northern Territory showed that
malaria cases were reported in travellers return-
ing from endemic areas, but also reflected current
events such as military operations and increased
refugee arrivals from malaria endemic areas.”
The last cases acquired on mainland Australia
were during an outbreak in North Queensland in
2002.* Limited transmission occurs occasionally in
the Torres Strait following importation. The most
recent locally-acquired cases of malaria in Australia
were a single case in 2013 acquired on Saibai Island

in the Torres Strait and 7 locally-acquired cases in
the Torres Strait in 2011.

There were 415 notifications of malaria during
2012-13 (Table 1), an 8% decrease compared with
the mean of 450.8 notifications during the past
5 years, which is consistent with the steady decline
in the number of notifications since 2004-05
(Figure 10). There was 1 locally-acquired case of

malaria in Australia in 2012-13 (acquired in the
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Torres Strait). Complete information on the over-
seas country or region of acquisition was supplied

for 76% of overseas-acquired cases (316/414).

Malaria was most frequently reported among peo-
ple aged 25-29 years, with 59 notified cases in this
age group (Figure 11). Similar to previous years,
the majority of cases were male (71%, n=294), and
males predominated in every age group except

those aged 70—74 years.

The infecting species was reported for 99% of
notifications during 2012—13. P. falciparum and
P. vivax were the predominant species (Table 6).
No cases were infected with P. knowlesi. P. vivax
infections were commonly associated with travel to

Figure 10: Notifications of malaria,
Australia, 1 July 1991 to 30 June 2013
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Asia or Pacific nations while. P. falciparum infec-
tions were frequently associated with travel to the

Middle East, Africa and Papua New Guinea.

Complete information about the country of acqui-
sition was available for 77% (n=315) of malaria
cases. Papua New Guinea was the most frequently
reported place of acquisition (13%, 53/415), fol-
lowed by India (12%, 50/415) (Table 6, Figure 12).

Figure 11: Notifications of malaria infection,
Australia, 2012-13, by age group and sex*
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Cases were excluded where sex or age data were not
available (n=2 cases).

Figure 12: Notifications of malaria, Australia, 1 July 2007 to 30 June 2013, by month, year and

place of acquisition®
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Sentinel chicken, arbovirus detections
in mosquitoes and mosquito abundance
monitoring

New South Wales

The season began with 150 pullets and a total of
2,929 samples were received from the 10 flocks
in New South Wales over the 6-month period in
2012-2013. This represented 5,858 enzyme-linked
immunosorbent assay (ELISA) tests (excluding
controls and quality assurance samples), with each
specimen being tested for MVEV and KUNV
antibodies. There were no seroconversions to

MVEV or KUNYV recorded through the season.

For 201213 the climatic conditions leading up to
the season for the inland were of well below average
rainfall for the last quarter of 2012, whereas rain-
fall was average for the 1st quarter of 2013. Neither
the Forbes nor the Nicholls hypotheses were sug-
gestive of possible MVEV activity for the 201213
season. Despite the very dry spring months, mod-
erate mosquito numbers were collected with close
to 130,000 being trapped. However, arboviral
activity was low; there were few isolates and no
seroconversions in the sentinel chickens. Human
notifications of arboviral infection were below nor-
mal; particularly from the inland where alphavirus
notifications (RRV and BFV combined) were close
to half the long term average.

For the coast, the climatic conditions were mostly
similar to the inland (namely dry late 2012), how-
ever for the north coast, heavy precipitation fell
during the first 3 months of 2013. With the ongo-
ing wet conditions during the summer months,
numbers of Aedes vigilax were quite low and only
comprised around 10% of the overall mosquito
collections. With reduced abundance of the major
coastal vector, alphavirus activity was relatively
minimal. Coastal disease notifications of RRV and
BFV were 22% below the long-term average.

In a collaborative research project with colleagues
in the United States of America, several new arbo-
viruses were identified from New South Wales,
including Liao Ning (previously only known from
China), Beaumont, North Creek, Murrumbidgee,
and Salt Ash viruses (all new). It is unknown if
these have human health implications.

Further detail can be found in the New South
Wales Arbovirus Surveillance Program annual
reports (http://medent.usyd.edu.au/arbovirus/
information/publications.htm).

Northern Territory

In 201213 there were 211 laboratory identified
cases of RRV in the Northern Territory, which
was similar to the 222 cases reported in 2011-12.
Most cases were recorded in the Darwin region,
and predominantly occurred in January and June,
which coincided with a high number of Ae. vigilax
in December and a high number of Culex annuli-
rostris in June (Table 7).

A low number of RRV infections was recorded in
the East Arnhem region, Katherine region and the
Alice Springs region, with no cases recorded in the

Barkly region in 2012-13.

As part of the investigation into the increased
number of BFV disease cases (354) in the
Northern Territory in 2012-13, mosquito trap-
ping and virus isolations were carried out in liai-
son with the Department of Primary Industries
and Fisheries (DPIF) in May 2013, to determine
what levels of BFV were circulating in mosquito
populations in the Darwin urban area. A total of
4,641 mosquitoes were tested for the presence of
virus (Table 2). No BFV was isolated but 2 uni-
dentified viruses were isolated from Cx. annuliro-
stris. Most BFV cases in 2012—13 are believed to

have been false positives.

In the 2012—13 season, no chickens seroconverted
to MVEV or KUNV in the Northern Territory.
One seroconversion to an unspecified flavivirus
occurred at the Adelaide River Coastal Plains
Research Station in May 2013 (Table 8).

However, between December 2012 and
June 2013, honey bait traps were trialled at
Leanyer (Darwin) and Beatrice Hill Research
Farm near Fogg Dam to test the suitability of
the new system for flavivirus surveillance. In
April 2013, in a sugar-based surveillance system,
the Flinders Technology Associates (FTA) cards
from the trap set at Beatrice Hill Research Farm
tested positive for MVEV (Table 8). This was
the first detection of MVEV activity in Australia
from FTA cards.”

Further details are available from the Northern
Territory Medical Entomology annual reports
(http://www.health.nt.gov.au/Medical _
Entomology/index.aspx).
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Queensland

The exotic Asian tiger mosquito, Ae. albopictus
was found on the outer islands of Torres Strait in
April 2005.% This mosquito is a competent vector
for a number of arboviruses including DENVs and
CHIKY, and represents a serious nuisance biting
mosquito. Since 2005, the Australian Government
has funded Queensland Health to conduct a mos-
quito elimination program in the Torres Strait.
The initial aim of the program was to eliminate
Ae. albopictus from the Torres Strait islands but
this was revised in May 2008 to a cordon sanitaire
approach (a barrier designed to prevent spread)
focused on Thursday and Horn islands.

During the reporting period, surveillance and con-
trol activities were carried out on Thursday Island,
Horn Island, and the Northern Peninsula Area
(NPA), Cape York from July 2012 to May 2013.
Ae. albopictus were detected in low numbers on
several occasions on Thursday and Horn islands,
but were not detected in the NPA.

The main focus of the program in 201213 was
to suppress Ae. albopictus populations and pos-
sibly eliminate the species from Horn Island and
Thursday Island, both regarded as the gateway to
the mainland of Australia due to their strategic
location and transport networks. Consistent
monitoring of mosquito densities and distribution
on the 2 islands showed up to a 60-fold decline in
the number of adult Ae. albopictus after intensive
intervention that included residual pyrethroid
treatment of vegetated peri-domestic harbour-
age sites. The control operation also included
repeated house-to-house yard inspections on at
least 800 properties for removal or treatment of
water-holding receptacles. At least 3,000 recepta-
cles were inspected and treated on each field visit.
The yard inspections also constituted part of the
mosquito surveys and Aedes larval samples were
collected from all positive receptacles for iden-
tification. A decline in the Breteau Index of up
to 10-fold was recorded for Ae. albopictus on the
2 islands during the wet seasons of the reporting
period, demonstrating a dramatic impact of the
control program. Despite a reduction in container
breeding sites as part of the Thursday Island con-
trol program, the numbers of Ae. aegypti remain
relatively high, although some decline in popula-
tion density was observed.

Murray Valley encephalitis virus surveillance
trial

A trial of sugar-based virus surveillance con-
ducted between February and May 2013 saw traps
deployed at the following sites; Badu Island (Torres
Strait), Bamaga and Seisia (Cape York), Mareeba

and Townsville (north Qld), Rockhampton,
Longreach and Emerald (central Qld), Charleville
and St George (south west QId). Sugar-baited FTA
cards were collected and processed on 64 separate
occasions over the trial period. Arboviruses were
detected on 14 occasions: RRV on 11 occasions and
BFV on 3 occasions. Neither MVEV nor KUNV
were detected. The trial provided further evidence
of the efficacy and efficiency of this system.

Container inhabiting mosquito surveillance

Ongoing weekly surveillance in Cairns via a
network of traps across various suburbs did
not detect Ae. albopictus during the reporting
period. Surveillance for Ae. aegyp#i undertaken in
Townsville using BG traps consistently detected
Ae. aegypti across the season and city.

Ae. aegypti larvae were collected in May 2013
from Longreach and Alpha in the Central West,
but repeated larval surveys in coastal Yeppoon
throughout late 2012—early 2013 did not detect
Ae. aegypti. Brief surveys were also conducted dur-
ing July 2012 in Benaraby and Bororen with no
Ae. aegypti detected in either location. Ovitraps and
BG traps deployed in Biloela and Emerald between
November 2012—May 2013 detected Ae. acgypti at
both locations throughout the season. Ovitraps in
Gladstone confirmed its presence in late 2012.

In the Bundaberg region, yard inspections con-
ducted in April and May 2013 confirmed the
presence of Ae. aegypti in the town of Gin Gin,
but similar surveys did not detect Ae. aegypti in
the towns of Wallaville, Sharon or South Kolan.
Surveillance of 257 premises by local and state
government in the North Burnett regional
towns of Biggenden, Mt Perry, Monto, Eidsvold,
Mundubbera and Gayndah detected Ae. aegypri in
all towns except Mt Perry and Eidsvold (despite
this species being detected in Eidsvold during
surveys conducted in 2010-2011).

In January 2013, mosquito surveillance (house to
house surveys) was conducted in South Burnett.
Towns surveyed included Kingaroy (24 premises
visited), Nanango (21 premises visited), Wondai
(21 premises visited) and Murgon (18 premises
visited). In total, 84 premises were surveyed and
157 samples were collected. BG traps were also
placed in Kingaroy. Ae. aegypti was detected in
Wondai and Murgon; this was the first time
that Ae. aegypri has been detected in the South
Burnett Regional Council region. In response,
South Burnett Regional Council allocated addi-
tional funding towards the prevention of the
spread of Ae. aegypti and engaged an independent
consultant to assist with surveillance and control
activities. Extensive survey and domestic treat-

Commun Dis Intell Q Rep 2016;40 https://doi.org/10.33321/cdi.2016.40.3

38



Arboviral diseases and malaria in Australia, 2012-13

Annual report

ment of infested containers was conducted within
Wondai and Murgon and Public Health Orders
were issued, if required. The Council has also
undertaken a number of community prevention
campaigns, including media releases.

In the Brisbane region, property inspections were
conducted in 75 commercial or Industrial premises
across the Brisbane City area with no detections of

Ae. aegypti or Ae. albopictus.
Fresh water and salt mash surveillance

In South-East Queensland, there was a dramatic
contrast between the first half of the summer
season and the second half. Rainfall from July
to December was below average and most salt-
marshes remained dry until the first major tide
in mid-November. A king tide in mid-December
saw the return of Ae. vigilax. From January to
April, rainfall was above average, including the
deluge and flooding associated with ex-tropical
cyclone Oswald during late January. Both salt-
marsh and freshwater species reacted accord-
ingly, with some light traps in Brisbane collect-
ing more than 2,000 Ae. vigilax per trap night in
January, February and March. By mid-April, the
saltmarshes were saturated and remained so wet
that numbers of this species decreased; although
freshwater Culex annulirostris and other species
continued activity until May. The very high rain-
fall associated with Cyclone Oswald produced
devastating flooding in the Burnett area and a
number of councils in the south-east supported
mosquito management efforts in Bundaberg

and Mundubbera.
South Australia

Mosquito populations along the River Murray
during the 2012-13 season north of Mannum
in the Mid-Murray council were typified by a
modest early season peak in Cx. annulirostris and
An. annulipes in September and October, followed
by another spike mid to late in the season during
February to March. Mosquito catches (including
peak catches) in the upper river (Renmark-Paringa,
Loxton-Waikerie and Berri-Barmera Councils)
were all well below average for the corresponding
time of year, indicating a season of low mosquito
abundance. Like the previous season, these areas
also lacked any significant numbers of the spring
mosquito Ae. camptorhynchus at any time of the
season. In the northern Riverland councils, very
small catches of some of the less common Aedes
species were recorded, such as Ae. eidsvoldensis,
Ae. sagax and Ae. vittiger.

In Adelaide’s northern metropolitan areas of

Globe Derby and St Kilda, Ae. camprorhynchus

numbers were slightly higher than the previous
season (2011-12) but still lower compared with the
season of 2010—11. Adelaide experienced summer
rainfall well below average, (receiving only 50% to
60% of the average rainfall). Ae. vigilax numbers
in the late summer and autumn of 2013 continued
to remain low, but numbers increased slightly
towards the end of the season compared with the
previous season. Ae. vigilax numbers peaked at
approximately 68.2 per trap in mid-March 2013.
This peak was possibly driven by high tides occur-
ring in mid-March to April 2013.

Adelaide received 35.0 mm compared with the
long-term average of 62.2 mm, making it the dri-
est summer since 2009/2010. Both maximum and
minimum temperatures were overall warmer than
average throughout the summer.

The frequency of bleeds of the sentinel chickens
varied from flock to flock this season due to vary-
ing set up dates. No seroconversions to MVEV or

KUNYV were recorded during the reporting period.
Tasmania

No viruses were isolated in 201213 from mosqui-
toes trapped during ad hoc collections undertaken
in the Sorrell Council region.

Victoria

Through the standard sentinel chicken program,
weekly blood samples were tested from the 9 flocks
between November 2012 and March 2013. No
seroconversions to flaviviruses were detected dur-
ing the season, which involved testing of 3,122
samples.

Mosquito monitoring in Victoria was conducted
through the Victorian Arbovirus Disease Control
Program by 10 Local Government Areas. Across
the standard mosquito monitoring program, 34,979
mosquitoes were collected between November and
April and submitted for species identification and
arbovirus detection. Mosquito abundance was low
at all monitoring locations along the Murray River
(except for Gannawarra) from November until
February. High rainfall in February was associ-
ated with moderate to high numbers of mosquitoes
through most of the monitoring sites along the
Murray and inland rivers, except at Wodonga in
the far east of the State. Cx. annulirostris was the
dominant species at most inland sites, accounting
for between 39% and 71% of collections. Other
species that dominated catches included Ae. noto-
scriptus, Anopheles annulipes, Coquillettidia linealis
and Ae. bancroftianus.
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Coastal mosquito populations are monitored in
the Gippsland and Bellarine Peninsula areas, with
the Wellington Shire Council participating in
the standardised mosquito monitoring program
with weekly submissions. Mosquito abundance
oscillated throughout the season, with high num-
bers Ae. camptorhynchus detected in Gippsland
during all months from December through to
March. Mosquito abundance peaked at the end of
December 2012 and again at the end of April 2013.
Mosquito abundance exceeded 4,000 mosquitoes
per trap on multiple occasions at 1 site.

In the 2012—13 season, no arboviruses were iso-
lated from the 38,334 mosquitoes processed for
virus isolation.

Western Australia

Above average rainfall was observed in northern
parts of Western Australia between October and
December 2012. Between January and March 2013
conditions were average or drier than usual in the
Kimberley region, with the exception of the West
Kimberley. During this time the West Kimberley
and parts of the east Pilbara experienced above
average rainfall and in some parts, the highest on
record rainfall. Tropical cyclones Narelle and Peta
caused heavy rainfall in the western Gascoyne,
Pilbara and northern Interior in January. Seasonal
thunderstorms resulted in more rain in March.
Between April and June above to very much above
average rainfall was recorded in the Kimberley
and most of the Pilbara regions, with highest on
record rainfall being recorded in the East Pilbara
and northern Interior. Above average rainfall con-
tinued into May and June 2013 in northern parts of
Western Australia.

In the south-west of Western Australia, rainfall
was generally below average, with the exception of
November and December 2012, when rainfall was
above average. Warm conditions prevailed for most
of the year, and tides regularly inundated mosquito
vector breeding saltmarsh during the warm spring
and summer period.

A total of 4,508 serum samples from 28 sentinel
chicken flocks were tested for antibodies to fla-
viviruses during 2012-13.” Seroconversions to
flaviviruses were detected in just 6 (0.1%) sam-
ples. Seroconversions at Beagle Bay (1 MVEV)
in July and Kununurra (1 MVEV), Beagle Bay
(1 KUNYV) and Roebuck Plains Station (1 flavi-
virus infection that was not due to infection with
MVEV or KUNV) in August were associated with
activity continuing from the 2011-12 season.”*
The first activity associated with the 2012-13 wet
season occurred in late May 2013 when a KUNV

seroconversion was detected in a sentinel chicken

at Roebuck Plains Station. Shortly afterwards,
1 KUNV infection was detected in the Harding
Dam flock in June. This was a very late start to the
flavivirus season, and was also the lowest level of
activity observed since 1995-96 when just 2 sero-
conversions to KUNV were detected in March—
April 1996.°' Predominantly, alphaviruses (RRV
and BFV) were isolated from mosquitoes collected
in the West Kimberley region of Western Australia
(Table 8). This was probably because the timing of
adult mosquito collections in that region was just
a few weeks following heavy rainfall, when salt-
marsh and floodwater mosquito populations were

high (Table 7).

The first media release for northern Western
Australia was issued by the Western Australian
Department of Health on 28 March 2013. This
was a general media release issued prior to the
holiday Easter season, and warned residents and
travellers to the north of Western Australia of the
increased risk of mosquito-borne disease in north-
ern Western Australia. A second media release was
issued on 25 June 2013 in response to the detections
of KUNV in sentinel chickens in the Kimberley

and Pilbara regions and heavy unseasonal rain.

Vector abundance was high in the south-west of
Western Australia, particularly Ae. camptorhyn-
chus in winter and spring, and Ae. vigilax during
summer in the Peel and Leschenault regions
(Table 5).% The first arbovirus isolate for the sea-
son was BFV from Ae. camptorhynchus collected at
Capel in September 2012, and a further 8 isolates of
BFV were detected in Capel-Busselton through to
December, prompting the Department of Health
to issue a media release about the increased risk of
vectorborne disease. The first arbovirus detections
in the Peel and Leschenault regions were RRV and
BFV respectively, both in early December 2012.
In total, there were 14 RRV, 12 BFV and 2 Edge
Hill virus (EHV) detections (Table 8) as well as
1 isolate that was not an alphavirus or flavivirus
(identity yet to be determined). The majority of
isolations were from Ae. camptorhynchus (18) and
Ae. vigilax (10), with a single RRV isolate from
Cx. annulirostris. In 2012, the infection rate for
RRV peaked at 19.1 per 1,000 mosquitoes,** whilst
the peak infection rate for BFV was 3.6 per 1,000
mosquitoes in November 2012. Further detail can
be found in the Western Australian annual reports
(http://ww2.health.wa.gov.au/~/media/Files/
Corporate/general%20documents/Mosquitoes/
PDF/Arbovirus-AnnRpt-2012-13.ashx)

Exotic mosquito detections at the border

Between July 2012 and June 2013 there were 7 exotic
mosquito detections made by the Australian
Government Department of Agriculture and
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Water Resources at the Australian border
(Table 9). This represented an increase from the
2011-12 period where there were 5 exotic mosquito
detections. Two detections were via inspection of
imported cargo and 5 detections resulted from
routine vector monitoring activities performed at
international ports. The detection of Ae. albopictus
at a Post Entry Quarantine Facility in Melbourne
in December 2012 highlights that imported con-
signments of Lucky Bamboo remain a significant
risk for the introduction of exotic mosquitoes. No
Ae. albopictus mosquitoes were detected beyond the
infested quarantine glasshouses with surveillance
still being maintained by Kingston City Council
and the Victorian Department of Health. The
detection of Ae. aegypti at Brisbane International
Airportin December 2012 was the first detection of
an exotic mosquito in a Department of Agriculture
and Water Resources vector monitoring trap at an
International Airport. DNA analysis of the mos-
quito larvae suggested a likely North Queensland
origin (potentially via a domestic leg of an inter-
national flight) however, South Est Asia could
not be ruled out as a possible origin (A Weeks,
unpublished results). Ae. aegypti were detected on
3 occasions at Darwin Seaport in April / May 2013
with the second detection in May (Ae. aegypti lar-
vae and pupae) suspected to have originated from
the single adult female Ae. aegypti detected earlier
in May. Enhanced surveillance in surrounding
areas did not detect exotic mosquitoes further afar
from the initial detection site. Ae. aegypti larvae
were detected in a sentinel tyre trap located at the
port of Mackay in May 2013. Despite the known
presence of this species in the Mackay region, it
was the first time it has been detected in a trap
at the port. Mackay Regional Council conducted
precautionary residual treatments in response to
the detection.

Discussion

NAMAC contributes to a One-Health approach
to the control of arboviral disease and malaria, by
uniting experts from a range of fields to provide
strategic advice on the epidemiology, surveil-
lance and management of these diseases. This
report describes the epidemiology of arboviral
diseases and malaria for the season 1 July 2012
to 30 June 2013, activities undertaken by health
authorities in response to human cases, and evi-
dence of virus activity. Sentinel chicken and vector
monitoring continue to be an important part of the
early warning system for arboviruses in Australia.

In 2012—13, the number of notifications of BFV
infection and the population rates increased
markedly compared with the previous year, with

an epidemic of false positive IgM diagnoses from
October 2012 due to an IgM test kit that was later
recalled, as reported previously.”* In 201213,
cases were younger and a higher proportion were
female. Cases were also more numerous in metro-
politan areas than in previous years.

On NAMAC’s recommendation, the CDWG of
the CDNA undertook a review of surveillance case
definitions for BFV and RRV infection. Under the
revised case definition, which has been endorsed
by CDNA, a single IgM positive result no longer
constitutes laboratory evidence for infection, and
where a single result is IgM and IgG positive, it
may be notified as a probable case. A confirmed
case will require IgG seroconversion or a signifi-
cant increase in IgG antibody level (e.g. 4-fold or
greater rise in titre). There is currently no plan to
undertake a retrospective revision of notifications
to apply the new case definitions because there is
insufficient information on the diagnosis method
available in NNDSS. Therefore, the historical
data prior to the upcoming change of case defini-
tion will continue to be considered unreliable.
The new case definition was implemented on

1 January 2016.

The particularly wet conditions experienced in
many locations on the east coast in early 2013, in
combination with arrival of cyclone Oswald and
widespread flooding, provided challenging condi-
tions for mosquito management programs. Despite
these conditions, notifications of RRV remained
below the 5-year mean nation-wide.

The prevention of incursion of dengue vectors into
densely populated areas of South-East Queensland
where imported dengue cases are regularly notified,
1s a continuing priority in Queensland. Despite
frequent outbreaks relating to transmission from
imported cases, mosquito and infection control
measures undertaken by public health authorities
and by residents have ensured that dengue has not
become endemic in north Queensland.

Continued vigilance and the involvement of all
relevant sectors enable the rapid detection of and
early response to the threat of arboviral disease
and malaria in Australia. The expert advice
provided by NAMAC to AHPPC, CDNA and
health departments has a vital role in mitigating
mosquito-borne disease threats. Into the future,
NAMAC strives for a reduction in the number of
arbovirus cases in Australia, a strengthened disease
prediction capacity to allow planning for response,
and to retain, build and disseminate expertise and
knowledge pertaining to mosquito-borne diseases.
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Appendix

Sentinel chicken, vector and climate
surveillance programs in the states and
territories

Australian Capital Territory

There were no vertebrate, vector and climate
surveillance programs in the Australian Capital
Territory.

New South Wales

Surveillance mechanisms include mosquito moni-
toring, virus isolation from mosquitoes and senti-
nel chicken surveillance. The New South Wales
Arbovirus Surveillance and Vector Monitoring
Program is funded and coordinated by the NSW
Ministry of Health (NSW Health), and laboratory
services are contracted to the Institute of Clinical
Pathology and Medical Research, Pathology West
at Westmead Hospital. Mosquito trapping occurs
from mid-spring to mid-autumn (November to
April), and mosquitoes are collected weekly for
species identification and quantification, and
processed for isolation of arboviruses. Data on
the Southern Oscillation Index (SOI), rainfall
and temperature obtained from the Bureau of
Meteorology (BOM) are used by members of the
program to predict mosquito-breeding capabilities
and potential arboviral activity, while climatic data
are used to predict MVEV outbreaks. Sentinel
chickens are operated along with mosquito
monitoring and isolation at inland locations of
major population centres at risk of MVEV, while
along the coast where MVEV does not occur,
only mosquito monitoring and viral isolation are
undertaken. FTA cards were not used routinely in

2012-13.

The 2012-13 season began on 29 October 2012
with the first bleed and ended on 30 April 2013
with the last. A total of 10 flocks each containing up
to 15 Isa Brown pullets was deployed, with 1 flock
each at Bourke, Deniliquin, Forbes, Griftith, Hay,
Leeton, Macquarie Marshes, Menindee, Moama

(near Mathoura), and Moree (Map).

The NSW Chicken Sentinel Program was approved
by the Western Sydney Local Health Network
Animal Ethics Committee. This approval requires
that the chicken handlers undergo training to
ensure the chickens are cared for appropriately and
that blood sampling is conducted in a manner that
minimises trauma to the chickens. The chickens
are cared for and bled by local council staff and
members of the public. Laboratory staff members
are responsible for training the chicken handlers.
A veterinarian (usually the Director of Animal

Care at Westmead) must inspect all new flock
locations prior to deployment to ensure animal
housing is adequate. Existing flocks are inspected
approximately every 2 years. The health of cach
flock is reported weekly, and is independently
monitored by the Animal Ethics Committee via
the Director of Animal Care. Full details of the
bleeding method and laboratory testing regimen
were detailed in the 2003—-04 NSW Arbovirus

Surveillance Program annual report.**

The results of chicken serology are disseminated
via email to the relevant government groups as
determined by NSW Health and are placed on the
NSW Arbovirus Surveillance website. Confirmed
positives are notified by telephone to NSW Health
and CDNA.

Northern Territory

Sentinel chicken flocks in the Northern Territory
are maintained, bled and analysed for MVEV
and KUNYV in a combined program between the
Department of Health, the virology laboratories of
the DPIF and volunteers.

Surveillance consists of monthly routine sen-
tinel chicken surveillance during the high risk
period for MVE, with flocks located in Leanyer
(Darwin), Howard Springs, the Coastal Plains
Research Station at Beatrice Hill (Darwin region),
Katherine, Nhulunbuy, Nathan River, Tennant
Creek and Alice Springs. When chickens from a
flock show antibodies to MVEV during a prime
risk period, a media warning is issued for the
general region. These warnings advise Northern
Territory residents and visitors of the need to
take added precautions to avoid mosquito bites.
In 201213, sentinel chickens were bled between

November 2012 and June 2013.

In addition, ad hoc virus isolation from mosqui-
toes is carried out when MVEV or KUNV dis-
ease cases are reported. The N'T' Mosquito Borne
Disease Control Program assists regional authori-
ties with mosquito monitoring and provides some
funding for direct mosquito control. In 2012-13,
routine adult mosquito trapping consisted of
16 trapping sites throughout the Darwin urban
area. In other Northern Territory regions, adult
mosquito trapping is carried out in liaison with
Environmental Health and mining companies,
with 6 traps located in Nhulunbuy, 3 in Alyangula
on Groote Eylandt, 4 in Katherine, 3 in Tennant
Creek and 6 in Alice Springs. Climate informa-
tion from the BOM is used in conjunction with
sentinel chicken and vector surveillance. Rainfall
patterns, daily rainfall records and rain threshold
models are used to assist in predicting mosquito
and virus activity.
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Queensland

Queensland Health does not currently conduct
state-wide surveillance for MVEV in vertebrate
hosts, and does not maintain sentinel chicken
flocks. However, Queensland Health recently
undertook a second sugar-based arbovirus surveil-
lance trial utilising passive box traps and FTA card
technology. The trial evaluated the effectiveness of
this system as a sustainable method for arbovirus
surveillance in Queensland and was designed to
ascertain the feasibility of field deployment, and
determine the achievability of timely detection
and reporting of virus activity. Passive box traps
were deployed in 9 rural or remote locations
between February and May 2013, comprising
64 total trap events. Traps were serviced by a
combination of local government, public health
unit and Australian Government Department
of Agriculture staff, while laboratory analysis of
FTA cards was performed at Queensland Health
Forensic and Scientific Services using real-time
TagMan RT-PCR.” Cards were tested for the
presence of MVEV, KUNV, RRV and BFV.

Mosquito monitoring using light traps is per-
formed by some local councils, primarily for salt
water and fresh water mosquitoes. Some councils
and public health units perform surveillance for
container inhabiting mosquitoes using various
methods including larval surveys and trapping
utilising ovitraps, BG traps and Gravid Aedes
Traps in domestic and commercial premises as
part of a joint Queensland Health and local gov-
ernment initiative. Cairns and Townsville Public
Health Units conduct routine Ae. aegypti surveil-
lance in urban locations. Cairns Public Health
Unit undertakes the Commonwealth-funded
Ae. albopictus prevention and control program
in the Torres Strait and NPA in Cape York. The
Technical Advisory Group continues to provide
general strategic direction to the program and
meets regularly to review progress.

South Australia

Across South Australia, mosquito management
activities are conducted through a partnership
between the South Australian Department of
Health and Ageing (SA Health), the University of
South Australia, and local government. The pro-
gram is focused on the Riverland and Murraylands
areas where arbovirus is endemic, and extends to
a range of coastal areas in regional and metropoli-
tan localities of the state. SA Health funds half of
local government costs for mosquito surveillance
and control on public land through the South
Australian Mosquito Management Subsidy.

The Mosquitoes and Public Health Research
Group at the University of South Australia pro-
vided mosquito surveillance and spot control
services to 7 local governments along the Murray
River in South Australia from September 2012
to April 2013, as well as to the City of Salisbury

located in Adelaide’s north west.

The establishment of South Australia’s revised
sentinel surveillance program was finalised during
the 2012—-13 mosquito season and consists of small
dedicated sentinel flocks (5 chickens per flock)
in Paringa, Loxton, Waikerie (Qualco), Murray
Bridge and Meningie.

Tasmania

No state-wide systematic mosquito abundance,
virus isolation or sentinel chicken surveillance
activities are undertaken due to the relatively
low risk of arbovirus transmission in the State.
However, mosquito collections are undertaken
in the Sorell Council region, (which includes
mosquito breeding areas, is fairly populous, and
is close to Hobart) during high risk periods over
January to March, when tidal inundation floods
salt marsh habitat, thereby leading to egg hatching
and subsequent increased abundance of the main
local vector, Ae. camptorhynchus. These are sent to
Westmead Hospital for species identification and
viral isolation.

Victoria

The Victorian Department of Health contracts the
Victorian Department of Economic Development,
Jobs, Transport and Resources (then Victorian
Department of Primary Industries) to conduct
sentinel chicken surveillance, mosquito species
identification and arbovirus detection during the
arbovirus season from November to April. The
standard sentinel chicken monitoring program
involves the weekly collection of blood samples
from 20 chickens located at each of 9 sites in north-
ern Victoria along the Murray River or in the sur-
rounding region. This program has been in place
in Victoria since the 1974 outbreak and acts as an
early warning system for possible human infections
with flaviviruses. Flocks are replaced annually.
Seven councils undertake mosquito surveillance
as part of the standard mosquito monitoring pro-
gram, which involves the weekly trapping of mos-
quitoes at 4 sites within each area. Six councils are
located along the Murray and Goulburn River and
1 is a coastal site in Gippsland. Collections are also
received from 3 additional councils located on the
Murray River, Bellarine Peninsula and Melbourne.
Mosquitoes are sent in cold storage to the
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Victorian Department of Economic Development,
Jobs, Transport and Resources for identification,
enumeration and virus isolation. The Victorian
Arbovirus Taskforce examines the risk of outbreaks
of MVEV using meteorological surveillance data
such as the SOI and rainfall deciles, and Indian
Ocean Dipole using the Forbes,” and Nicholls*

and Bennett models, respectively.
Western Australia

The University of Western Australia Arbovirus
Surveillance and Research Laboratory (ASRL)
was funded in 2012—13 by the Western Australian
Department of Health to coordinate the sentinel
chicken program and mosquito surveillance and
to provide confirmatory serological testing for
other sentinel chicken programs in Australia as
required.” The flavivirus sentinel chicken pro-
gram in Western Australia was undertaken by the
ASRL at The University of Western Australia, on
behalf of the Western Australian Department of
Health. The sentinel chicken surveillance pro-
gram was approved by The University of Western
Australia Animal Ethics Committee. Many state
and local government authorities and community
volunteers also took part in the program. Twenty-
eight sentinel chicken flocks (of up to 12 chickens)
were located at major towns and communities in
the Kimberley, Pilbara, Gascoyne, Goldfields,
Midwest and Wheatbelt regions of Western
Australia (Map). Blood samples were collected
from the chickens by environmental health ofticers
or trained volunteers at fortnightly intervals during
the peak MVEV risk season (December to June). At
other times, monthly samples were collected unless
prolonged flavivirus activity warranted continued
fortnightly sampling. Samples were transported
to ASRL where they were tested for antibodies to
flaviviruses using an epitope blocking ELISA.*
In addition, adult mosquitoes were collected from
the West Kimberley region of northern Western
Australia in March 2013. These mosquitoes were
identified to species and processed for virus isola-
tion to investigate vector species and virus infec-
tion rates. In the south-west of Western Australia,
adult mosquitoes were collected by the ASRL at
the University of Western Australia on a regular
basis in the Peel, Leschenault and Capel-Busselton
regions for surveillance of RRV and BFV. Full
details of the 201213 season are available in the
ASRL annual report.’’

Arbovirus research and surveillance
laboratories in Australia

Commonwealth Scientific and Industrial
Research Organisation

CSIRO Australian Animal Health Laboratory
Private Bag 24 (5 Portarlington Road)
GEELONG VIC 3220

Telephone: +61 3 5227 5000

New South Wales

Institute of Clinical Pathology and Medical
Research, Pathology West

Westmead Hospital

Locked Bag 9001

WESTMEAD NSW 2145

Telephone: +61 2 9845 7279

Northern Territory

Northern Territory Department of Primary
Industries and Fisheries

Makagon Road,

BERRIMAH NT 0828

Telephone: +61 8 8999 9251

Queensland

Queensland Health Forensic and Scientific
Services

39 Kessells Road

Coopers Plains

PO Box 594

ARCHERFIELD QLD 4108

Telephone: +61 7 3274 9151

Victoria

Victorian Infectious Diseases Reference
Laboratory (Human)

10 Wrecklyn Street

NORTH MELBOURNE VIC 3051
Telephone: (03) 9342 2600

Victorian Department of Economic Development,
Jobs, Transport & Resources (then Victorian
Department of Primary Industries)

AgriBio, The Centre for AgriBioscience

5 Ring Road, Bundoora

BUNDOORA VIC 3083

Telephone: +61 3 9032 7515
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Western Australia

PathWest Laboratory Medicine WA

Division of Microbiology and Infectious Diseases
(Human)

Hospital Avenue

NEDLANDS WA 6009

Telephone: +61 8 9346 3122

Arbovirus Surveillance and Research Laboratory
Discipline of Microbiology and Immunology
(animal/vector)

School of Pathology and Laboratory Medicine
The University of Western Australia

35 Stirling Highway

CRAWLEY WA 6009

Telephone: +61 8 9346 2212

Acknowledgements

NAMAC members during 2012—13 were (in alpha-

betical order): Bart Currie, Peter Daniels, Stephen
Doggett, Debra El Saadi, Rebecca Feldman, Jenny
Firman, Katrina Knope, Ann Koechler, Rogan
Lee, Mike Lindsay, John Mackenzie, Mike Muller,
Scott Ritchie, Richard Russell, Angus Sly, David
Smith, Peter Whelan, Craig Williams. Jennifer
Wall and Phil Wright (Secretariat).

The data on which this report is based 1s the work
of many people. We thank public health labora-
tories, state and territory communicable disease
control units and public health units and staff
in state and territory arbovirus surveillance and
monitoring programs. We thank the state health
departments for surveillance program funding.
We thank Cassie Jansen, Odwell Muzari and
Kerryn Lodo from Queensland Health.

Author details

Katrina E Knope'

Nina Kurucz?

Stephen L Doggett®
Mike Muller*

Cheryl A Johansen®
Rebecca Feldman®
Michaela Hobby’
Sonya Bennett®

Angus Sly?

Stacey Lynch'®

Bart J Currie"!

Jay Nicholson®

The National Arbovirus and Malaria Advisory Committee
(see acknowledgement).

1. Zoonoses, Foodborne and Emerging Infectious Diseases
Section, Health Protection Policy Branch, Office of
Health Protection, Department of Health, Canberra,
Australian Capital Territory

2. Medical Entomology, Centre for Disease Control, Health
Protection Division, Northern Territory Department of
Health, Royal Darwin Hospital, Casuarina, Northern
Territory

3. Department of Medical Entomology, Pathology West,
Institute for Clinical Pathology and Medical Research,
Westmead Hospital, Westmead, New South Wales

4. Medical Entomologist, Brisbane City Council, Fortitude
Valley, Queensland

5. Arbovirus Surveillance and Research Laboratory, School
of Pathology and Laboratory Medicine, Faculty of
Medicine, Dentistry and Health Sciences, The University
of Western Australia, Nedlands, Western Australia. As
of July 2015: Division of Microbiology and Infectious
Diseases, PathWest Laboratory Medicine WA, QElI
Medical Centre, Western Australian Department of
Health, Nedlands, Western Australia.

6. Communicable Disease Prevention and Control,
Department of Health, Melbourne, Victoria

7. Health Protection, Public Health, South Australian
Department of Health, Adelaide, South Australia

8. Communicable Diseases Unit, Queensland Health,
Herston, Queensland

9. Operational Science Section, Department of Agriculture
and Water Resources, Compliance Division, Eagle Farm,
Queensland

10. Victorian Department of Economic Development, Jobs,
Transport and Resources, AgriBio Centre, Victoria

11. Royal Darwin Hospital Northern Territory; Menzies
School of Health Research, Darwin, Northern Territory

Corresponding author: Ms Katrina Knope, Zoonoses,
Foodborne and Emerging Infectious Diseases Section,
Health Emergency Management Branch, Office of Health
Protection, Australian Government Department of Health,
MDP 14, GPO Box 9848, CANBERRA ACT 2601. Telephone:
+61 2 6289 2751. Email: Katrina.Knope@health.gov.au

References

1. NNDSS Annual Report Writing Group. Australia’s notifi-
able disease status, 2012: Annual report of the National
Notifiable Diseases Surveillance System. Commun Dis

Infell 2015;39(1):E46—E136.

2. Australian Bureau of Statistics.  3101.0 Australian
Demographic  Stafistics, June  2013.  Available
from: http://www.abs.gov.au/AUSSTATS/abs@.nsf/
DetailsPage/3101.0Dec%20201420penDocument

3. Broom AK, Azuolas J, Hueston L, Mackenzie JS,
Melville L, Smith DW, et al. Australian encephadlitis:
Sentinel Chicken Surveillance Programme. Commun Dis

Infell 2001;25(3):157-160.

4. Broom AK. Sentinel Chicken Surveillance Program in
Australia, July 2002 to June 2003. Commun Dis Intell
2003;27(3):367-369.

5. Mackenzie JS, Lindsay MD, Coelen RJ, Broom AK,
Hall RA, Smith DW. Arboviruses causing human disease
in the Australasian zoogeographic region. Arch Virol

1994;136(3-4):447-467.

6. Russell RC, Dwyer DE. Arboviruses associated
with  human disease in Australia. Microbes Infect
2000;2(14):1693-1704.

7. Knope K, Doggett S, Kurucz N, Feldman R, Johansen C,
Nicholson J, et al. Arboviral diseases and malaria
in Australia, 2011-12: annual report of the National
Arbovirus and Malaria Advisory Committee. Commun
Dis Intell 2014;38(2):E122—E142.

8. Selvey LA, Donnelly JA, Lindsay MD, Pottumarthy
Boddu S, D’Abrera VC, Smith DW. Ross River Virus
infection surveillance in the Greater Perth Metropolitan

Area — has there been an increase in cases in the winter
months? Commun Dis Intell 2014,;38(2).

Commun Dis Intell Q Rep 2016;40 https://doi.org/10.33321/cdi.2016.40.3

46



Arboviral diseases and malaria in Australia, 2012-13

Annual report

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Parida MM, Santhosh SR, Dash PK, Lakshmana Rao PV.
Rapid and real-time assays for detection and quantifica-
tion of chikungunya virus. Future Virol 2008;3(2):179-192.

Harrington S, Lindsay M, Douglas A. Christmas Island
and Cocos (Keeling) Islands, Indian Ocean: Mosquito
fauna and mosquito-borne disease risk assessment and
management recommendations. Final report of investi-
gations undertaken in 2007-08: Public Health Division,
Western Australian Department of Health; 2009.

Hall-Mendelin S, Ritchie SA, Johansen CA, Zborowski P,
Cortis G, Dandridge S, et al. Exploiting mosquito sugar
feeding to detect mosquito-borne pathogens. Proc Natl
Acad Sci U S A 2010;107(25):11255-11259.

Jansen CC, Williams CR, van den Hurk AF. The usual
suspects: Comparison of the relative roles of potential
urban chikungunya virus vectors in Australia. PLoS One

2015;10(8):¢0134975.

Cashman P, Hueston L, Durrheim D, Massey P,
Doggett S, Russell RC. Barmah Forest virus serology;
implications for diagnosis and public health action.
Commun Dis Intell 2008;32(2):263-266.

Rich G MJ, McPhan I, Richards B. Laboratory diag-
nosis of Ross River virus infection. Commun Dis Intell

1993;17:208-209.

Horwood PF, Reimer LJ, Dagina R, Susapu M, Bande G,
Katusele M, et al. Outbreak of chikungunya virus infec-
tion, Vanimo, Papua New Guinea. Emerg Infect Dis
2013;19(9):1535-1538.

Roth A, Hoy D, Horwood PF, Ropa B, Hancock T,
Guillaumot L, et al. Preparedness for threat of chikun-
gunya in the Pacific. Emerg Infect Dis 2014,;20(8) doi:
10.3201/eid2008.

Hanna JN, Ritchie SA, Richards AR, Humphreys JL,
Montgomery BL, Ehlers GJ, et al. Dengue in north
Queensland, 2005-2008. Commun Dis Intell
2009;33(2):198-203.

Queensland Health. Queensland Dengue Management
Plan 2010-2015, 2011. Brisbane: Queensland Health.

Australian Technical Advisory Group on Immunisation.
The Australian Immunisation Handbook 10th edn.
Canberra, Australia: Department of Health; 2013.

Hanna JN, Ritchie SA, Phillips DA, Lee JM, Hills SL,
van den Hurk AF, et al. Japanese encephalitis in
north Queensland, Australia, 1998. Med J Aust
1999;170(11):533-536.

Johansen CA, Nisbet DJ, Foley PN, Van Den Hurk AF,
Hall RA, Mackenzie JS, et al. Flavivirus isolations from
mosquitoes collected from Saibai Island in the Torres

Strait, Australia, during an incursion of Japanese enceph-
alitis virus. Med Vet Entomol 2004;18(3):281-287.

Gray TJ, Burrow JN, Markey PG, Whelan PI, Jackson J,
Smith DW, et al. West Nile virus (Kunjin subtype) dis-
ease in the Northern Territory of Australio—A case of

encephalitis and review of all reported cases. Am J Trop
Med Hyg 2011;85(5):952-956.

Heymann DL. Control of Communicable Diseases
Manual. 19 edn: American Public Health Association;
2008.

Cox-Singh J, Davis TM, Lee KS, Shamsul SS, Matusop A,
Ratnam S, et al. Plasmodium knowlesi malaria in humans
is widely distributed and potentially life threatening. Clin
Infect Dis 2008;46(2):165-171.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

Gray TJ, Trauer JM, Fairley M, Krause VL, Markey PG.
Imported  malaria  in the Northern  Territory,
Australia—428 consecutive cases. Commun Dis Intell

2012;36(1):107-113.

Hanna JN, Ritchie SA, Eisen DP, Cooper RD, Brookes DL,
Montgomery BL. An outbreak of Plasmodium vivax
malaria in Far North Queensland, 2002. Med J Aust
2004;180(1):24-28.

van den Hurk AF, Hall-Mendelin S, Townsend M,
Kurucz N, Edwards J, Ehlers G, et al. Applications of a
sugar-based surveillance system to track arboviruses in

wild mosquito populations. Vector Borne Zoonotic Dis
2014;14(1):66-73.

Ritchie SA, Moore P, Carruthers M, Williams C,
Montgomery B, Foley P, et al. Discovery of a widespread
infestation of Aedes albopictus in the Torres Strait,
Australia. J Am Mosq Control Assoc 2006;22(3):358—
365.

Johansen C, Nicholson J, Power S, Wong S, Burley M,
Wallace M, et al. The University of Western Australia
Arbovirus Surveillance and Research Laboratory annual
report: 2012-13. 2013.

Nicholson J, Power S, Wong S, Wallace M, Burley M,
Cashen C, et al. The University of Western Australia
Arbovirus Surveillance and Research Laboratory annual
report: 2011-2012. The University of Western Australia.
2012.

. Broom A, Llindsay M, Van Heuzen B, Wright T,

Mackenzie J, Smith D, et al. Contrasting patterns of
flavivirus activity in the Kimberley region of Western
Australia, 1992-1996. Arbovirus Research in Australia
1997,7(Article):25-30.

Chiang CL, Reeves WC. Statistical estimation of virus
infection rates in mosquito vector populations. Am J Hyg
1962;75:377-391.

Product

Therapeutic Goods Administration. recall,
Panbio Barmah Forest Virus IgM  ELISA. An in
vitro diagnostic medical device (IVD). Recall no.

RC-2013-RN-00967-1,13/09/2013. 2013. Accessed
on 6 May 2014. Available from: http://www.tga.gov.au/
SARA/arn-detail.aspx2k=RC-2013-RN-00967-1

Doggett S, Clancy J, Haniotis J, Russell RC, Hueston L,
Marchetti M, et al. The New South Wales Arbovirus
Surveillance and Mosquito  Monitoring  Program.
2003-2004 annual report. Department of Medical
Entomology, Westmead; 2004.

Forbes JA. Murray Valley encephalitis 1974. also The
epidemic variance since 1914 and predisposing rainfall
patterns. Sydney; 1978.

Nicholls N. A method for predicting Murray Valley
encephalitis in south-east Australia using the Southern

Oscillation. Aust J Exp Bioi Mod Sci 1986;64:587-594.

Nicholson J, Power S, Wong, S, Burley M, Wallace M,
Smith D, Shellem G. The University of Western Australia
Arbovirus Surveillance and Research Laboratory annual
report: 2012-2013: The University of Western Australia.
2013.

Hall RA, Broom AK, Hartnett AC, Howard MJ,
Mackenzie JS. Immunodominant epitopes on the NSI
protein of MVE and KUN viruses serve as targets for a
blocking ELISA to detect virus-specific antibodies in sen-
tinel animal serum. J Virol Methods 1995;51(2-3):201-
210.

Commun Dis Intell Q Rep 2016;40 https://doi.org/10.33321/cdi.2016.40.3

a7



	Annual reports
	Arboviral diseases and malaria in Australia, 2012–13: Annual report of the National Arbovirus and Malaria Advisory Committee
	Katrina E Knope, Nina Kurucz, Stephen L Doggett, Mike Muller, Cheryl A Johansen, Rebecca Feldman, Michaela Hobby, Sonya Bennett, Angus Sly, Stacey Lynch, Bart J Currie, Jay Nicholson, and the National Arbovirus and Malaria Advisory Committee





