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Background & objective During the temperate out-of-season

months in Australia in late 2010 and early 2011, an

unprecedented high number of influenza notifications were

recorded. We aimed to assess the significance of these

notifications.

Methods For Australia, we used laboratory-confirmed cases

notified to the WHO FluNet surveillance tool; the percentage of

these that were positive; notifications by state and influenza type

and subtype; and surveillance data from Google FluTrends. For

the state of Victoria, we used laboratory-confirmed notified cases

and influenza-like illness (ILI) proportions. We compared virus

characterisation using haemagglutination-inhibition assays and

phylogenetic analysis of the haemagglutinin gene for seasonal and

out-of-season notifications.

Results The increase in notifications was most marked in tropical

and subtropical Australia, but the number of out-of-season

notifications in temperate Victoria was more than five times

higher than the average of the previous three seasons. However,

ILI proportions in spring-summer were not different to previous

years. All out-of-season viruses tested were antigenically and

genetically similar to those tested during either the 2010 or 2011

influenza seasons. An increase in the number of laboratories

testing for influenza has led to an increase in the number of tests

performed and cases notified.

Conclusion An increase in influenza infections in spring-summer

of 2010–11 in tropical and temperate Australia was not associated

with any differences in virus characterisation compared with

viruses that circulated in the preceding and following winters.

This increase probably reflected a natural variation in out-of-

season virus circulation, which was amplified by increased

laboratory testing.
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Introduction

A wide range of data is used worldwide to assess the timing

and relative magnitude of influenza seasons. These include

notified cases of laboratory-confirmed influenza to govern-

ment health authorities;1 syndromic surveillance of influ-

enza-like illness (ILI) from general practitioners (GPs) and

hospital emergency departments;1 web-based ILI surveil-

lance;2,3 school and work absenteeism;1 and data from pre-

scriptions4 and medical call centres.5 In addition, Google

Flu trends provides syndromic data for a number of coun-

tries.6 These data sources usually provide comparable infor-

mation on influenza seasons.7,8

The influenza season in temperate Australia usually

occurs for a variable period of approximately 8–20 weeks

between May and October. In the tropical and subtropical

north of Australia, influenza is more likely to demonstrate

the tropical pattern of low level endemicity with one or

two variable peaks during the year.1 Over many years, data

from notifiable disease and syndromic surveillance pro-

grammes have provided consistent estimates of the relative

magnitude of influenza seasons in the state of Victoria9

and Australia.10,11 However, during the influenza

A(H1N1)pdm09 pandemic in 2009, a divergent trend

emerged when a record number of laboratory-confirmed

cases were notified while ILI activity was comparable to

2003 and 2007.12 During the summer months in 2010–11

and 2011–12, periods not normally associated with influ-

enza virus circulation in temperate Australia, an increase in

notified cases was recorded in Victoria and in Australia as

a whole. We hypothesised that a true increase in influenza

virus circulation in spring-summer in temperate Australia
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may have been amplified by an increase in laboratory test-

ing and used available surveillance data sources to test this

hypothesis.

Methods

We used a variety of approaches to attempt to understand

the evolving relationship between notified laboratory-con-

firmed influenza and ILI surveillance data. For Australia,

we extracted cases of laboratory-confirmed influenza and

the number of diagnostic influenza tests performed by

week which were notified to the World Health Organiza-

tion (WHO) FluNet surveillance tool from the three

National Influenza Centres in Australia between 2007 and

2011.13 We then calculated the percentage of all these tests

that were positive for influenza. We further examined the

distribution of the notified out-of-season cases by state and

by influenza type and subtype. For Victoria, we compared

the number of notified laboratory-confirmed influenza

cases by month with the proportion of total consultations

presenting as ILI from the Victoria influenza surveillance

programme between 2001 and 2012. Finally, we examined

proportions of ILI consultations for Australia and by state

from Google Flu Trends.3

WHO Global Influenza Surveillance and Response
System FluNet
A network of National Influenza Centres and other

national influenza reference laboratories in Australia con-

tribute to the WHO Global Influenza Surveillance and

Response System (GISRS). These laboratories provide viro-

logical data on influenza including type, subtype and total

number of tests processed. The total number of influenza-

positive specimens from Australia was extracted from the

GISRS FluNet interactive database for the years 2007–12

inclusive,13 and the total number of specimens tested was

used to calculate the percentage positive. Data were not

available by state.

Notified laboratory-confirmed influenza
Laboratory-confirmed influenza is a notifiable disease in

Australia. Notified cases from all states and territories are

collated by the Australian Department of Health and Age-

ing and are publicly available on the National Notifiable

Diseases Surveillance System.14 The number of cases noti-

fied by month from Australia and by state was extracted

from this database for the years 2008–2012.

ILI surveillance
General practitioner sentinel surveillance (GPSS) is con-

ducted in Victoria by the Victorian Infectious Diseases Ref-

erence Laboratory (VIDRL) in partnership with the state

Department of Health. The surveillance programme runs

from week 18 (beginning of May) to week 40 (end of Sep-

tember), extended to week 44 (end of October) from 2007.

GPs submit weekly counts of their total number of consul-

tations and the number of consultations where the patient

presented with an ILI, from which an ILI proportion per

1000 consultations is calculated.

The Melbourne Medical Deputising Service (MMDS) is

the largest medical locum service in Australia and has con-

tributed to the Victorian influenza surveillance scheme

since 2003, with data available retrospectively from 1998.

The service provides an out-of-hours, 7 day a week medical

care to people in their own home or aged care facility.

From the password-protected database of the deputising

service, we extracted weekly data on ILI diagnoses by GPs

from the service and calculated the ILI proportion per

1000 consultations. These data are accessible year round.

Search queries for influenza-related terms as a proportion

of total searches 6 were extracted from the Google Flu Trends

website by Australian state.3 These queries provide syndro-

mic surveillance from all Australian states over a number of

years. Data from the Google search are available year round

and were extracted from January 2006 to October 2012.

Detailed antigenic and genetic analysis
Antigenic and genetic characterisations of viruses from

influenza cases notified in Australia from November 2010

to April 2011 were obtained from the WHO Collaborating

Centre for Reference and Research on Influenza in Mel-

bourne. During this period, 5185 cases were notified, and a

convenience sample of 594 influenza viruses (12% of notifi-

cations) from these cases was isolated in MDCK cells and

analysed in a haemagglutination-inhibition assay to deter-

mine antigenic properties. The haemagglutinin (HA) gene

from 92 influenza isolates was sequenced and compared by

phylogenetic analysis with HA sequences from other strains

collected outside of Australia during the out-of-season per-

iod and from Australian strains collected prior to Novem-

ber 2011 and after April 2011.

Ethics statement
Data in this study were collected, used and reported under

the legislative authorisation of the Victorian Public Health

and Wellbeing Regulations 2009 and did not require

Human Research Ethics Committee approval. All data were

anonymous.

Results

In Australia during the temperate out-of-season period in

2010–11, the total number of tests for influenza and percent-

age positive of all tests reported to FluNet was higher than

seen during corresponding periods in the previous 4 years

(Figure 1). Influenza notifications remained above historical
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out-of-season numbers in the spring-summer of 2011–12,

but not to the same extent as in the corresponding period in

2010–11 (Table 1). The increase in 2010–11 was noted in all

states, although most obvious in Queensland and the North-

ern Territory (Table 1). For subtropical Queensland, tem-

perate Victoria and temperate South Australia, the increase

in 2010–11 compared with previous years was about fivefold,

while in the predominantly tropical Northern Territory, the

increase was more than 10-fold (Table 1). An increase in the

percentage of positive tests accompanied the increase in lab-

oratory-confirmed notifications during spring and early

summer of 2010–11 (Figure 1).

From the convenience sample of 594 viruses detected out-

of-season and tested at the WHO Collaborating Centre for

Reference and Research on Influenza in Melbourne, viruses

were characterised as predominantly influenza A(H1N1)

pdm09 (n = 272) and A(H3N2) (n = 238) with occasional

detections of influenza B (n = 84), virtually all (81 ⁄ 84) of

which belonged to the B ⁄ Victoria ⁄ 2 ⁄ 87-lineage. There were

differences in the proportion of virus types or subtypes by

states. In temperate Victoria, New South Wales and Western

Australia, more than half of all viruses detected were influ-

enza A(H1N1)pdm09, all of which were antigenically and

genetically similar. However, influenza A(H3N2) was more

likely to be detected in the tropical and subtropical Northern

Territory and Queensland (Table 1).

The out-of-season viruses were not antigenically distinct

from those circulating either before or after this period.

The HA gene from 92 out-of-season isolates (46

A(H1N1)pdm09, 28 A(H3N2) and 18 influenza B) was

sequenced and included in a phylogenetic analysis of each

HA type ⁄ subtype for Australian and international viruses

from January 2010 to October 2011. For all virus types and

subtypes, the out-of-season viruses showed a high degree of

genetic heterogeneity within each of their respective

type ⁄ subtypes and were spread widely across the phyloge-

netic tree, with the majority of viruses showing genetic

similarity to strains tested during the 2011 winter season,

while some strains remained genetically similar to viruses

from the 2010 winter season.

Figure 1. Influenza notifications, Australia,

and percentage positive tests from the World

Health Organization (WHO) FluNet

surveillance tool, 2007–2011.

Table 1. Number of notifications and circulating subtypes by state, 2008–2012

Number of notifications Circulating subtype (%) 2010 ⁄ 2011 Number of notifications

November

2008–April 2009

November

2009–April 2010

November

2010–April 2011

A H1N1

pdm09 A H3N2 B B ⁄ Bris ⁄ 60 B B ⁄ Flor ⁄ 4
November

2011–April 2012

ACT 25 13 26 – – – – 52

NSW 580 281 698 57% 11% 32% 0% 584

NT 48 19 471 32% 51% 18% 0% 70

QLD 225 408 2450 43% 48% 9% 0% 852

SA 125 133 514 – – – – 351

TAS 26 26 48 – – – – 28

VIC 104 140 587 59% 26% 12% 3% 498

WA 143 125 402 52% 14% 34% 0% 575

Total 1276 1145 5196 – – – – 3010
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In temperate Victoria between 2001 and 2009, an average

of 52 cases was notified during the out-of-season summer

period (November to April). However, between November

2010 and April 2011, 587 notifications were recorded, rep-

resenting more than five times the average out-of-season of

108 notifications from the previous 3 years (2007–09), in a

period when the substantial majority of notifications were

laboratory-confirmed (Figure 2). However, in contrast to

the laboratory-confirmed notifications, the ILI proportion

from the MMDS syndromic surveillance system during the

out-of-season summer period was similar to the proportion

in previous years in Victoria (Figure 2). Since 2009, influ-

enza notifications in Victoria have increased so that notifi-

cations are no longer correlated to the state-based ILI

syndromic surveillance data. In 2010, ILI proportions were

similar to the ILI proportions in 2012, but the number of

notifications to October 2012 was four times the number

for the corresponding period in 2010 (Figure 3). Google

Flu Trends did not demonstrate any out-of-season increase

in influenza searches in Australia as a whole, or within any

Australian state or territory in 2010–11 (Figure 4).

Discussion

Overlapping data sources have shown increases in the

number of laboratory-confirmed influenza notifications in

the spring and summer months of 2010–11 in temperate

Victoria, and in Australia as a whole. This increase, albeit

at a lower level, extended into the summer of 2011–12. As

was the case in 2009 in the northern hemisphere, an

increase in out-of-season influenza detections could have

been a pandemic signal, but the 2010–11 viruses were not

distinct from those circulating in 2010 9 or 2011.15 No spe-

cific responses to the increased notifications were imple-

mented at the time.

The introduction of an item number for influenza PCR

testing in the Australian Medicare benefits schedule in

200416 ensured that there was a contribution from public

funding for influenza testing from that time. This has

resulted in a steady increase in influenza testing, evident

from 2007 possibly because of heightened awareness of

influenza in Australia due to highly publicised deaths asso-

ciated with influenza in children in the state of Western

Figure 2. Influenza-like illness (ILI)

proportions in patients attending sentinel

general practitioners (GPs), the Melbourne

Medical Deputising Service (MMDS) and

Victorian influenza notifications to the

National Notifiable Diseases Surveillance

System, 2001–2012.

Figure 3. Routinely notified cases of

laboratory-confirmed influenza and

proportion of general practitioner sentinel

surveillance (GPSS) and Melbourne Medical

Deputising Service (MMDS) influenza-like

illness (ILI), Victoria, 1 January 2010 to

present.
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Australia,1 but more evident after the pandemic of 2009.

The increased testing has occurred year round.

Compared with previous years, the influenza notifica-

tions of spring and early summer 2010–11 were associated

with a higher proportion of tests that were positive for

influenza, suggesting a real increase in disease.8 However,

our understanding of out-of-season circulation and, indeed,

influenza seasonality remains unclear.17 Influenza is known

to circulate at relatively low levels out of season in Austra-

lia as shown by the available notification data. A recent

study conducted during the heightened testing that

occurred following the pandemic of 2009 found evidence

for an extended transmission chain of H3N2 in New York

during spring, suggesting that out-of-season transmission

may be more widespread than is generally acknowledged.18

It thus seems likely that increased testing has amplified the

detection of out-of-season influenza viruses, especially since

the heightened awareness of influenza after the pandemic

of 2009.

The increased number of notifications was most pro-

nounced in the two subtropical and tropical regions of

northern Australia. While increases in other jurisdictions

during the summer of 2010–11 were of the order of five-

fold, the increase in the Territory was double this. The

changes in the Northern Territory may be explained by the

inclusion of the Northern Territory surveillance scheme

into the Australian Sentinel Practice Research Network in

March 2010, resulting in an opportunity for sentinel GPs

in the Northern Territory to increase testing for influenza

after that date.19 Moreover, increased testing may have

occurred in conjunction with changes in climate and rain-

fall in Queensland during the summer of 2010–11, condi-

tions that may have been favourable for influenza

transmission.20,21

The high number of summer notifications led some

commentators at the time to claim that Australia was des-

tined for an unusually severe – and possibly devastating –

influenza season in 2011.22,23 However, at the end of the

year, the influenza season of 2011 was characterised as mild

to moderate in Victoria.24 ILI surveillance systems that

assessed ILI year round showed that the out-of-season pat-

tern was not different to the pattern of previous years. This

was seen specifically in state-based systems in Victoria 25

and in Google Flu Trends.23 On introduction into Austra-

lia, Google Flu Trends used syndromic and laboratory data

from Victoria for calibration,25 and we have subsequently

demonstrated reliable correlation between Google Flu

Trends and ILI syndromic surveillance in Victoria.7,26 Fur-

thermore, the Australian Web-based syndromic surveillance

system, Flu Tracking, did not show any increases in

reported cough and fever during the spring and early sum-

mer of 2010–11.27

Based on the findings of the study, it is difficult to deter-

mine the precise cause of the increased influenza notifica-

tions observed in the spring and early summer months of

2010–11, predominantly in tropical Australia but also evi-

dent in the temperate states. However, our analysis suggests

a genuine increase in out-of-season virus circulation lead-

ing to increased infections. This increase was amplified by

an increase in testing that had become most pronounced

after the pandemic of 2009. The viruses from this period

were not due to a single emergent variant, but instead were

made up of A(H1N1)pdm09, A(H3N2) and B viruses that

were similar to viruses seen during the 2011 season. No ILI

surveillance system recorded a similar out-of-season

increase in 2010–11, but the sensitivity of these systems to

detect a truly aberrant increase in out-of-season influenza

virus circulation has never been tested. We conclude that

Figure 4. Google Flu Trends influenza

searches 2006–2012.
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unusual patterns of influenza are best interpreted by refer-

ence to a range of surveillance systems and that rapid strain

identification is critical to understanding unexpected influ-

enza detections.
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