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Abstract

As part of its role in the World Health Organization’s (WHO) Global Influenza Surveillance and 
Response System (GISRS), the WHO Collaborating Centre for Reference and Research on Influenza 
in Melbourne received a total of 3993 human influenza-positive samples during 2018. Viruses were 
analysed for their antigenic, genetic and antiviral susceptibility properties. Selected viruses were 
propagated in qualified cells or hens’ eggs for use as potential seasonal influenza vaccine virus can-
didates. In 2018, influenza A(H1)pdm09 viruses predominated over influenza A(H3) and B viruses, 
accounting for a total of 53% of all viruses analysed. The majority of A(H1)pdm09, A(H3) and influ-
enza B viruses analysed at the Centre were found to be antigenically similar to the respective WHO-
recommended vaccine strains for the Southern Hemisphere in 2018. However, phylogenetic analysis 
indicated that a significant proportion of circulating A(H3) viruses had undergone genetic drift rela-
tive to the WHO-recommended vaccine strain for 2018. Of 2864 samples tested for susceptibility to 
the neuraminidase inhibitors oseltamivir and zanamivir, three A(H1)pdm09 viruses showed highly 
reduced inhibition by oseltamivir, while one B/Victoria virus showed highly reduced inhibition by 
both oseltamivir and zanamivir.

Keywords: GISRS, influenza, vaccines, surveillance, laboratory, annual report, WHO

Introduction

The WHO Collaborating Centre for Reference 
and Research on Influenza in Melbourne (the 
Centre) is part of the World Health Organization’s 
Global Influenza Surveillance and Response 
System (WHO GISRS). GISRS is a worldwide 
network of laboratories that was established in 
1952 to monitor changes in influenza viruses 
circulating in the human population, with the 
aim of reducing its impact through the use of 
vaccines and antiviral drugs.1,2 The Centre in 
Melbourne is one of five such Collaborating 
Centres (others are in Atlanta, Beijing, London 
and Tokyo) that monitor antigenic and genetic 
changes in circulating human influenza viruses, 
and make biannual recommendations on which 
influenza strains should be included in the 

influenza vaccine for the upcoming season in 
either the northern or southern hemisphere. 
This report summarises the results of virological 
surveillance activities undertaken at the Centre 
in Melbourne during 2018.

Two types of influenza virus cause significant 
disease in humans: types A and B. Influenza 
A viruses are further classified into subtypes, 
based on their haemagglutinin (HA) and neu-
raminidase (NA) surface proteins. Globally, 
there are currently two influenza A subtypes 
circulating in the human population: A(H1N1)
pdm09 and A(H3N2). Influenza B viruses are 
not classified into subtypes; however, there are 
two distinct co-circulating lineages of influenza 
B viruses: B/Victoria/2/87 (B/Victoria lineage) 
and B/Yamagata/16/88 (B/Yamagata lineage). 

Annual report
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In addition, each year influenza C viruses are 
detected from humans, but these viruses do not 
cause severe disease and are not a major focus of 
influenza surveillance.

Methods

Virus isolation

All A(H1)pdm09 and influenza B viral isolates 
received at the Centre were re-passaged in cell 
culture (Madin-Darby Canine Kidney (MDCK) 
cells), whilst all A(H3) viral isolates were re-
passaged in MDCK-SIAT-1 cells.3 Virus isola-
tion in cell culture was also attempted from a 
selection of original clinical specimens received. 
A smaller subset of influenza-positive original 
clinical samples was directly inoculated into 
eggs and a qualified cell line to generate poten-
tial candidate vaccine viruses.

Antigenic analysis

The antigenic properties of influenza viral iso-
lates were analysed using the haemagglutination 
inhibition (HI) assay as previously described4 
and by microneutralisation assay for a subset of 
A(H3N2) viruses. The majority of the HI assays 
were performed using the TECAN Freedom 
EVO200 robot platform which incorporates 
a camera (SciRobotics, Kfar Saba, Israel) and 
imaging software (FluHemaTM) for automated 
analysis. In HI assays, viruses were tested for 
their ability to agglutinate turkey (A(H1N1)
pdm09 and B viruses) or guinea pig (A(H3N2) 
viruses) red blood cells (RBC) in the presence 
of ferret antisera previously raised against 
several reference viruses. Isolates were identi-
fied as antigenically similar to the reference 
strain if the test samples had a titre that was 
no more than fourfold higher than the titre of 
the homologous reference strain. During 2018, 
results were reported with reference to the A/
Michigan/45/2009 (H1N1)pdm09-like, A/
Singapore/INFIMH-16-0019/2016 (H3N2)-like, 
B/Brisbane/60/2008-like (Victoria lineage), and 
B/Phuket/3073/2013-like (Yamagata lineage) 
viruses that were recommended for inclusion in 
the southern hemisphere 2018 influenza vaccine. 

In recent years (including 2018), HI assays 
involving A(H3) viruses have been performed 
in the presence of oseltamivir carboxylate (OC) 
in order to reduce non-specific binding of the 
NA protein.5 The addition of OC reduces the 
number of influenza virus isolates that can be 
tested by HI, as around 20% of viruses lose the 
ability to bind RBC. To test a subset of these 
viruses, the Centre has employed the Focus 
Reduction Assay (FRA), a microneutralisation 
assay which is more specific and sensitive than 
the HI assay and does not require binding to 
RBC.6 The FRA utilised the same ferret antisera 
as used in the HI assay and was performed as 
previously described7 but with 1.2% Avicell 
RC591 (IMCD Mulgrave, Australia) replacing 
the carboxymethyl cellulose.

Genetic analysis

For influenza-positive samples that failed to 
grow in MDCK cells, real-time reverse tran-
scription polymerase chain reaction (RT-PCR) 
was performed to determine the influenza type/
subtype/lineage using the CDC Influenza Virus 
Real-Time RT-PCR kit.i

A substantial subset of all influenza viruses ana-
lysed at the Centre underwent genetic analysis 
by sequencing of viral RNA genes – usually HA 
and NA genes as well as the matrix gene for 
influenza A viruses and the non-structural pro-
tein gene (NS) for influenza B viruses. The full 
genomes (all eight gene segments) of a smaller 
subset of viruses were also sequenced.

For sequencing, RNA was extracted from iso-
lates or original clinical specimens using either 
a manual QIAGEN QIAamp Viral RNA kit or 
the automated QIAGEN QIAXtractor platform, 
followed by RT-PCR using the BIOLINE MyTaq 

i The CDC Influenza Virus Real-Time RT-PCR Influenza A/B 

Typing Panel (RUO) (Catalog No. FluRUO-01), FR-198, was 

obtained through the International Reagent Resource, 

Influenza Division, WHO Collaborating Center for Surveillance, 

Epidemiology and Control of Influenza, Centers for Disease 

Control and Prevention, Atlanta, GA, USA. https://www.

internationalreagentresource.org/
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one-step RT-PCR kit according to the manu-
facturer’s recommendations, with gene-specific 
primers (primer sequences available on request). 
Conventional Sanger sequencing was carried out 
on PCR products using an Applied Biosystems 
3500XL Genetic Analyzer (Applied Biosystems, 
Foster City, CA, USA). Sequence assembly was 
performed using the Geneious Prime software 
version 9.0.4 (Biomatters Ltd, Auckland, New 
Zealand). Next generation sequencing (NGS) 
was also performed on a selection of viruses 
using an Applied Biosystems Ion TorrentTM 
Personal Genome MachineTM (PGM) System 
according to the manufacturer’s recommenda-
tions. These sequences were analysed using a 
proprietary pipeline, FluLINE.8 Phylogenetic 
analysis was performed using Geneious 9.0.4 
and FigTree v1.3.1 software.

Antiviral drug resistance testing

Circulating viruses were tested for their sensitivity 
to the currently-used neuraminidase inhibitors 
oseltamivir (Tamiflu) and zanamivir (Relenza). 
The neuraminidase inhibition (NAI) assay used 
was a functional fluorescence-based assay using 
the substrate 20-(4-methylumbelliferyl)-a-D-N-
acetylneuraminic acid (MUNANA), in which 
the susceptibility of test viruses to the antiviral 
drugs was measured in terms of the drug con-
centration needed to reduce the influenza neu-
raminidase enzymatic activity by 50% (IC50), and 
compared to values obtained with sensitive refer-
ence viruses of the same subtype or lineage. NAI 
assays were performed as previously described9 
with the incorporation of a robotic platform by 
TECAN EVO200 and Infinite 200Pro for liquid 
handling and plate reading (Tecan Australia). 
For the purposes of reporting, reduced inhibition 
of influenza A viruses has been defined by WHO 
as a 10- to 99-fold increase in IC50, while highly 
reduced inhibition was defined as a ≥ 100-fold 
increase in IC50 in an NAI assay. For influenza 
B viruses, these figures were 5- to 49-fold and ≥ 
50-fold increases in IC50, respectively. However, 
it should be noted that the relationship between 
the IC50 value and the clinical effectiveness of a 

neuraminidase inhibitor is not well understood 
and a small or medium reduction in inhibition 
may not be clinically significant.

Viruses found to have highly reduced inhibition 
by either oseltamivir or zanamivir underwent 
genetic analysis using pyrosequencing, Sanger 
sequencing or NGS to determine the presence of 
amino acid substitutions in the NA protein that 
were associated with the reduction of inhibition 
by neuraminidase inhibitors. For example, a 
change from histidine to tyrosine at position 
275 (H275Y) of the NA protein of A(H1N1)
pdm09 viruses is known to reduce inhibition by 
oseltamivir, as does the H273Y NA mutation in 
B viruses.10 Pyrosequencing was also performed 
on original clinical specimens of selected viruses 
which may have contained a known mutation 
such as H275Y but for which no isolate was 
available for phenotypic testing. Pyrosequencing 
was performed as previously described11 using 
the MyTaq One-Step RT-PCR Kit (QIAGEN, 
Hilden, Germany) for virus amplification, with 
pyrosequencing reactions performed using 
the PyroMark instrument (QIAGEN, Hilden, 
Germany).

Candidate vaccine strains

The viruses used to produce human influenza 
vaccines are required to be isolated and pas-
saged in embryonated hens’ eggs or qualified 
cell lines.12–14 The Centre undertook primary iso-
lation of selected viruses from clinical samples 
directly into eggs, using previously described 
methods,15 with the following modifications. 
First, the viruses were inoculated initially into 
the amniotic cavity of the embryonated eggs. 
Once growth was established there, the isolates 
were passaged in the allantoic cavity. Egg incu-
bation conditions differed slightly, with A(H1)
pdm09 and A(H3) viruses incubated at 35 oC 
for three days and influenza B viruses incubated 
at 33 oC for three days. In addition, selected 
clinical samples were inoculated into the quali-
fied cell line MDCK 33016PF (Seqirus Limited, 
Holly Springs, NC, USA) and incubated at 35 oC 
for three days, with viral growth monitored by 
haemagglutination of turkey or guinea pig RBC. 
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Figure 1. Geographic spread of influenza laboratories sending viruses to the Centre during 2018.

These isolates were then analysed by HI assay, 
real time RT-PCR and genetic sequencing using 
the methods described above.

Results

During 2018, the Centre received 3993 clini-
cal specimens and/or virus isolates from 40 
laboratories in 17 countries (Figure 1). As in 
previous years, most samples were submitted by 
laboratories in the Asia-Pacific region, includ-
ing Australian laboratories.16–19 However unlike 
previous years, most samples were received 
between August and December, which is toward 
the end of the year and after the typical Southern 
Hemisphere influenza season. Figure 2 shows 
the weekly temporal distribution of samples 
sent to the Centre by type and subtype/line-
age. During 2018, influenza A(H1)pdm09 was 
the predominant circulating strain. A similar 
number of A(H3) and B viruses circulated. As in 
2017, for samples received from Australia where 
lineage was confirmed, B/Yamagata viruses pre-
dominated extensively over B/Victoria viruses. 
Overall, isolation was attempted for 3757 (94%) 
of the samples received and yielded 2903 isolates 
(overall isolation rate of 77%). Of the viruses for 

which type and subtype could be confirmed, 
isolation rates by cell propagation were 85% 
(1546/1828) for A(H1)pdm09, 89% (745/833) 
for A(H3) and 88% (600/683) for influenza B. 
However, amongst these viruses, 18% (151/745 
isolated) of A(H3) isolates did not reach sufficient 
titres for antigenic analysis. A total of 2680 viral 
isolates were successfully characterised by HI 
assay comparing them to the 2018 vaccine-like 
reference viruses (Table 1). In addition, 420 sam-
ples were characterised by real-time RT-PCR to 
determine their type/subtype or lineage. Sanger 
sequencing and NGS techniques were used to 
sequence the HA genes of 1273 viruses. The full 
genomes of 181 viruses were sequenced using 
either Sanger sequencing or NGS. Of the samples 
for which results could be obtained via antigenic 
or genetic analysis (n = 3038), influenza A(H1)
pdm09 viruses predominated, comprising 53% 
(n = 1624) of viruses received and analysed. Of 
the remaining viruses, there were similar pro-
portions of A(H3) (24%, n = 725) and B (23%, 
n = 704; comprising 17% (n = 506) B/Yamagata 
and 6% (n = 176) B/Victoria) viruses.
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A(H1)pdm09

Of the 1542 A(H1)pdm09 isolates analysed by HI 
assay using ferret antisera in 2018, the majority 
(99%) were antigenically similar to the vaccine 
reference strain A/Michigan/45/2015 (Table 1).

Sequencing and phylogenetic analysis of HA 
genes from 522 viruses showed that all A(H1)
pdm09 viruses sent to the Centre during 2018 
fell into the 6B.1 clade (Figure 3). The major-
ity of viruses reacted in a similar manner to 
the reference and 2018 vaccine virus A/Michi-
gan/45/2015 in HI assays using ferret antisera.
In total, 21 A(H1)pdm09 viruses were inocu-
lated into eggs for isolation of candidate vaccine 
strains. Of these, 19 (90%) were successfully iso-
lated, all of which fell into subclade 6B.1. A total 
of 44 viruses were inoculated into the qualified 
cell line MDCK 33016PF, of which 36 (82%) 
grew successfully. All isolated viruses were from 
the subclade 6B.1.

Of 1537 A(H1)pdm09 viruses tested, three 
viruses exhibited highly reduced inhibition by 
oseltamivir. All of these viruses — two from 
Singapore and one from Malaysia —were con-
firmed to contain the H275Y substitution in their 
NA genes, a known mutation that is associated 
with highly reduced inhibition by oseltamivir.

A(H3)

Antigenic analysis of 566 A(H3) subtype 
isolates using the HI assay showed that only 
2.1% were low reactors to the ferret antisera 
prepared against the cell-propagated reference 
strain A/Singapore/INFIMH-16-0019/2016 
(Table 1). However, 50.6% of viruses were 
low reactors to the ferret antisera prepared 
against the egg-propagated strain A/Singapore/
INFIMH-16-0019/2016 (data not shown). An 
additional 151 A(H3) viruses were inoculated 
and isolated by cell culture but did not reach 
sufficient titres for antigenic analysis, whilst a 
further 70 were successfully isolated but did not 
reach sufficient titres when tested by HI assay in 
the presence of oseltamivir carboxylate.

A total of 64 A(H3) viruses that could not be 
characterised by HI assay were analysed using 
the FRA assay. The FRA assay indicated that 
only 6.3% of these viruses showed greater than 
fourfold difference in titre compared to the 
cell-propagated reference strain A/Singapore/
INFIMH-16-0019/2016, and a similar propor-
tion had a greater than fourfold difference in 
titre compared to the egg-propagated strain 
(data not shown).

The HA genes of 398 A(H3) viruses were 
sequenced. Phylogenetic analysis indicated that 
the majority of circulating viruses fell into sub-
clade 3C.2a1 based on their HA genes, which is 
the same as the 2018 vaccine strain A/Singapore/
INFIMH-16-0019/2016 (Figure 4). There was 
also a significant number of 3C.2a2 viruses, 
while a smaller proportion of A(H3) viruses fell 
into the 3C.2a3, 3C.2a4 and 3C.3a clades.

In total, 48 viruses were inoculated into eggs, 
of which 28 (58%) grew successfully. These 
consisted of 27 viruses from clade 3C.2a, which 
included 21 from subclade 3C.2a2 and six from 
3C.2a1. Additionally, one virus was isolated 
from subclade 3C.3a. A total of 54 viruses was 
inoculated into the qualified cell line MDCK 
33016PF, of which 45 (83%) grew successfully. 
These consisted primarily of viruses from the 
3C.2a clade, which included 20 from subclade 
3C.2a1b, 21 from subclade 3C.2a2 and three 
from subclade 3C.2a3. One virus was isolated 
from subclade 3C.3a.

None of the 723 A(H3) viruses tested by NAI 
assay showed highly reduced inhibition by 
oseltamivir or zanamivir.

Influenza B

Amongst influenza B viruses received at the 
Centre during 2018, B/Yamagata lineage viruses 
were predominant over B/Victoria lineage 
viruses (Figure 2). A total of 573 influenza B 
viruses were characterised by HI assay. Almost 
all B/Yamagata lineage viruses were antigeni-
cally similar to the B/Phuket/3073/2013-like 
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Figure 3. Phylogenetic tree of haemagglutinin genes of A(H1)pdm09 viruses received by the 
Centre during 2018.
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Figure 4. Phylogenetic tree of haemagglutinin genes of A(H3) viruses received by the Centre 
during 2018.

0.003

A/Fiji/9/2018 feb

A/Sri Lanka/25/2018 jul

A/Brisbane/154/2018 oct

A/Sri Lanka/93/2017e nov
A/Canterbury/3/2018 jun

A/Victoria/753/2018 nov

A/Philippines/56/2018 aug

* A/KALAMATA/540/2017e

A/Ayutthaya/56/2018 mar

* cdcA/SWITZERLAND/8060/2017e

A/Perth/1008/2018 jul

A/Townsville/10/2018 may

A/Fiji/56/2018 may

A/Sydney/22/2018e mar

A/Singapore/GP0077/2018e jan

A/Brisbane/120/2018 jul

A/Canberra/8/2018 may

A/Christchurch/504/2018 aug

A/Newcastle/21/2018 aug

# A/SINGAPORE/INFIMH 16 0019/2016e  

* A/HONG KONG/7127/2014e

A/Cambodia/C06254116/2018 apr

A/South Australia/274/2017e dec

A/Perth/1024/2018 sep 

A/South Australia/22/2018 aug

* A/ALASKA/232/2015e

A/Sri Lanka/4/2018 jan

A/Chanthaburi/108/2018 may

A/Brisbane/161/2018 oct

A/Nonthaburi/131/2018 jul

A/Victoria/17/2018 sep 

A/Newcastle/48/2018 aug

A/Newcastle/1001/2018 sep 

A/Singapore/KK0199/2018e feb

A/Brisbane/28/2018e feb  

A/South Australia/10/2018e apr  

A/Brisbane/85/2018 jul

A/Kanagawa/ZC1617/2017e dec

A/Sydney/515/2018 apr

A/South Australia/199/2018 nov

* A/VICTORIA/653/2017e

A/Sydney/179/2018 oct

A/Newcastle/13/2018 mar

A/Newcastle/7/2018 apr

A/NewCaledonia/8/2018 feb

A/Canterbury/5/2018 apr

A/Macau/601328/2018 feb

A/Victoria/2036/2018 aug

A/South Australia/53/2018 sep 

* A/FIJI/71/2017 sep

A/Phetchaburi/104/2018 may

* A/HONG KONG/4801/2014e

* A/BRISBANE/296/2016

* A/BRISBANE/321/2016e
* A/BRISBANE/318/2016e

* A/IDAHO/37/2016e

A/Townsville/23/2018 jul
A/Brisbane/60/2018 may  

A/Victoria/23/2018 oct

* A/NEWCASTLE/30/2016

A/Brisbane/43/2018e apr

A/Timor Leste/1/2018 jan 

A/Singapore/KK0259/2018e mar

* A/SINGAPORE/TT1374/2016e

A/Philippines/11/2018 aug

A/Sri Lanka/6/2018 feb

A/Perth/1001/2018 jun

A/Hanoi/ELI898/2018 sep

A/South Australia/13/2018 may

A/Sydney/68/2018 jul

A/Indonesia/NIHRD MKS540/2018 feb

A/Darwin/16/2018 sep

A/Brisbane/115/2018 jul

A/Singapore/GP0454/2018e feb

A/Sydney/67/2018 jul

* A/SWITZERLAND/9715293/2013e

A/New Caledonia/23/2018 jun

* A/AUCKLAND/500/2017

A/South Africa/R00173/2018 jan

A/Canberra/345/2018 dec

A/Washington/16/2017e

A/Perth/43/2018 jul

A/Sydney/34/2018 apr

A/South Australia/164/2018 nov

* cdcA/HONG/KONG/50/2016

A/Brisbane/01/2018e jan

A/Macau/600369/2018 jan

* A/PHILIPPINES/13/2017 sep

A/South Africa/R00489/2018 jan

* A/MICHIGAN/15/2014

A/Dunedin/1/2018 feb

A/Brisbane/73/2018 jun

A/Indonesia/NIHRD BJM869/2018 apr

niidA/Kanagawa/IC1725/2018e jan  

A/NewCaledonia/1/2018 jan

A/Timor Leste/2/2018 jan 

A/South Australia/19/2018 jul

A/Sydney/93/2018 jun

A/Bangkok/54/2018 jul

A/Brisbane/192/2017e oct  

A/Brisbane/34/2018e mar
L3I, S91N, N144K(-), V186G, F193S, D489N

T160K(-)

N121K, S144K
K160T(+)

T160K, L194P

T128A(-)

E62K

T128A(-), A138S
R142G, F159S, K326R

P194L

A138S

R261Q

T131K(-)
V529I

V347M

D7N(+)
N171K

A138S

R142G

L194P

N171K, I406V, G484E

R261Q

L3I, N144S(-), F159Y
V186G, Q311H, D489N

T135K (-)

I214T

Q80K
N122D(-)

K160T(+)

T135K(-)
D190G

E62G, K92R, H311Q

G479E

T212A

V309I

P194L

K83E

G479E

K160T(+)

S144R

T160K(-)

G62E, K135N, G142R

N121K

T131K, R142K
R261Q

R33Q, D291E

A212T

3C.3a

3C.2a
3C.2a4

3C.2a3

3C.2a2

3C2a1b+135N

3C2a1b+135K

3C2a1b+131K

3C2a1b+135K

3C.2a1a

3C.2a1

Legend:

# 2018 SOUTHERN HEMISPHERE VACCINE STRAIN

* REFERENCE VIRUS

e: egg isolate

Scale bar represents 0.3% nucleotide sequence difference 

between viruses

Amino acid changes relative to the outgroup sequence (A/

SWITZERLAND/9715293/2013e) are shown

(+/-) indicates gain/loss of a potential glycosylation site

| Braces indicate clades



10 of 16 health.gov.au/cdiCommun Dis Intell (2018)  2020;44 (https://doi.org/10.33321/cdi.2020.44.16) Epub 16/03/2020

Figure 5. Phylogenetic tree of haemagglutinin genes of B/Victoria viruses received by the Centre 
during 2018.

Legend:
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vaccine virus, while 86% of B/Victoria lineage 
viruses were antigenically similar to the B/
Brisbane/60/2018 vaccine virus (Table 1).

Sequencing was performed on HA genes from 
104 B viruses, with a similar number of B/
Victoria and B/Yamagata viruses. Most of the 
viruses of B/Victoria lineage were genetically 
similar to the B/Brisbane/60/2008 reference 
virus (Figure 5). However, B/Victoria viruses 
bearing a two or three amino acid (double or 
triple) deletion in the HA protein at positions 
162–163 or 162–164 respectively have been 
increasing in frequency in many countries.20 Of 
the 59 B/Victoria viruses received at the Centre 
during 2018 that were sequenced, we found 14 
viruses bearing the double HA deletion and four 
viruses bearing the triple HA deletion. All B/
Yamagata lineage viruses belonged to Clade 3, 
which is the same genetic clade as the 2018 vac-
cine virus B/Phuket/3073/2013 (Figure 6).

Egg isolation was attempted for ten B/Victoria 
and seven B/Yamagata viruses, resulting in the 
successful isolation of eight (80%) B/Victoria 
viruses and four (57%) B/Yamagata viruses. At 
least one representative from the major clades 
of both B lineages was amongst the successful 
egg isolates. No influenza B viruses were inocu-
lated into the qualified cell line MDCK 33016PF 
in 2018.

Of 458 B/Yamagata viruses tested, none dis-
played highly reduced inhibition by oseltamivir 
or zanamivir. However, one of the 141 B/Victoria 
viruses tested showed highly reduced inhibition 
by both oseltamivir and zanamivir. This virus, 
which was from Malaysia, contained a G140R 
substitution in its NA gene, which has been 
shown to reduce susceptibility to neuraminidase 
inhibitor drugs.21

Discussion

In 2018 the majority of samples received at the 
Centre were from Australia (59%), which was 
similar to previous years.16–19 During 2018, the 
Centre received the smallest annual number 
of samples since 2007. This correlated with the 

reduced number of notifications of laboratory-
confirmed influenza during the 2018 Australian 
influenza season (48,000 cases), which was 
less than half of the five-year average.22 The 
geographical spread of influenza around the 
country in 2018 was relatively even, with all 
states except Western Australia experiencing 
lower levels of activity than in the 2017 season.23 
The contrast between 2017 and 2018 seasons in 
Western Australia was less pronounced due to 
the lower influenza activity in 2017 compared to 
southern and eastern jurisdictions. As in previ-
ous years, the number of samples received at 
the Centre peaked in August.16–19 However, the 
pattern in the later part of 2018 deviated from 
previous years, with an increase in samples 
received in November and December 2018. This 
correlated with the increase in cases observed 
in the Northern Territory in late October which 
continued until the end of the year.23,24 Indeed, 
43% of the Australian samples received at the 
Centre in November and December were from 
the Northern Territory. The activity was driven 
by A(H1)pdm09, which comprised 99% of 
Northern Territory samples received during this 
time. While A(H1)pdm09 viruses predominated 
across the country in 2018, no significant anti-
genic variation from the 2018 vaccine strain A/
Michigan/45/2015 was observed by HI assay test-
ing at the Centre. Influenza A(H3) and B viruses 
circulated at lower levels. This pattern of circula-
tion was reflected in the relative proportions of 
samples received at the Centre during 2018.

During 2018, influenza notification rates in 
Australia were highest in children under 10 
years of age;22 this correlated with observa-
tions during the 2018–2019 Canadian influenza 
season, in which A(H1)pdm09 viruses also 
predominated.25 This is postulated to be a result 
of lower population immunity levels to A(H1)
pdm09 in children under 10 years of age as they 
had not yet been born during the 2009 pan-
demic. The majority of circulating A(H1)pdm09 
viruses were antigenically and genetically 
similar to the cell-derived A/Michigan/45/2015 
reference strain used in the 2018 vaccine. Final 
vaccine effectiveness (VE) estimates for the 2018 
season in Australia have not been published at 
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Figure 6. Phylogenetic tree of haemagglutinin genes of B/Yamagata viruses received by the Centre 
during 2018.
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the time of writing, but interim estimates sug-
gest that vaccine protection in Australia for 
all age groups was the highest against A(H1)
pdm09 viruses amongst both primary care; 78% 
(95% CI: 51, 92) and hospitalised patients; 83% 
(CI 95%: 58, 93).23,26

HI assays performed at the Centre showed 
that while the vast majority of A(H3) viruses 
tested were antigenically similar to the 
cell-grown reference strain A/Singapore/
INFIMH-16-0019/2016, half of the viruses 
analysed were low reactors to egg-derived A/
Singapore/INFIMH-16-0019/2016. Adaptive 
changes acquired by A(H3) candidate viruses 
in their HA gene during propagation in eggs 
may alter their antigenicity and consequently 
produce lower VE. While every effort is made 
to obtain A(H3) egg isolates which retain the 
antigenic characteristics of their cell-derived 
counterparts, the A(H3) component included 
in vaccines in recent years has been affected by 
such adaptations.27,28

In addition, there are ongoing difficulties in 
the antigenic characterisation of A(H3) viruses. 
Evolutionary changes in this subtype continue 
to pose challenges in detecting antigenic changes 
using the HI assay.5,29 A large number of A(H3) 
viruses isolated in MDCK-SIAT-1 cells cannot 
be assayed by HI in the presence of oseltamivir 
carboxylate. After taking into account viruses 
that had insufficient titre for antigenic analysis 
following cell culture, as well as viruses that had 
insufficient titres when tested by HI assay in the 
presence of oseltamivir carboxylate, overall only 
70% of all A(H3) viruses received by the Centre 
during 2018 and isolated in cell culture were 
successfully analysed by the HI assay. The FRA 
allowed successful antigenic characterisation of 
a total of 305 A(H3) viruses, comprising viruses 
that were successfully analysed by HI assay and 
some that were not. Of the viruses analysed by 
FRA, 89% and 91% were antigenically similar to 
the cell- and egg-propagated reference strain (A/
Singapore/INFIMH-16-0019/2016), respectively. 
At this time, however, the FRA remains time- 
and labour-intensive and complements rather 
than replaces the HI assay. Genetic analysis has 

therefore become an increasingly important tool 
for detecting both minor and major changes in 
circulating A(H3) viruses.

Genetic data from the Centre indicated that many 
circulating A(H3) viruses in 2018 belong to clade 
3C.2a1, which also contains the 2018 vaccine 
strain, A/Singapore/INFIMH-16-0019/2016. 
A significant proportion of circulating viruses 
also fell into clade 3C.2a2, and the H3 compo-
nent of the vaccine was changed to a 3C.2a2 
virus (A/Switzerland/8060/2017) for the 2019 
influenza season.30

Antigenic and genetic data generated at the 
Centre indicated that the majority of influenza 
B/Yamagata lineage viruses that circulated in 
2018 were similar to the recommended vaccine 
strain, B/Phuket/3073/2013. However, in the 
case of circulating B/Victoria lineage viruses, the 
emergence of viruses containing a two- or three- 
amino deletion in the HA protein likely con-
tributed to a greater proportion of low reactors 
against the vaccine strain B/Brisbane/06/2008 
in 2018 compared to 2017 when these viruses did 
not circulate widely. While the Centre received 
only one virus containing the double deletion 
in 2017, almost half of the B/Victoria viruses 
received in 2018 that were sequenced had either 
the double or triple deletion. The increased cir-
culation of the double deletion viruses in many 
countries led to the change of the B/Victoria vac-
cine component to B/Colorado/06/2017 (a HA 
double-deletion virus), which reacts well with 
ferret antisera raised to two-amino-acid HA 
deletion B/Victoria viruses, although B/Victoria 
viruses with no deletion or a three-amino-acid 
deletion were less well inhibited by these anti-
sera.30 While the WHO recommended the 2019 
Southern Hemisphere trivalent vac cine contain 
a B/Victoria-lineage strain, the Australian 
Influenza Vaccine Committee instead chose to 
include a B/Yamagata-lineage strain because the 
B/Yamagata lineage viruses had predominated 
extensively over B/Victoria lineage viruses in 
Australia in 2017 and 2018, and were predicted 
to do so again in 2019.

With the continual change and evolution in 
influenza viruses and the absence of an effec-
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tive universal vaccine, there remains a need for 
ongoing influenza surveillance and considered 
decision-making around influenza vaccine 
updates. The work performed by the Centre in 
Melbourne is crucial to the efforts of the global 
surveillance community to ensure that viruses 
recommended for the influenza vaccine remain 
updated and as closely matched to the future 
circulating viruses as possible.
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