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Annual report

Report on influenza viruses received and tested 
by the Melbourne WHO Collaborating Centre 
for Reference and Research on Influenza during 
2020–2021
Genevieve O’Neill, Ammar Aziz, Miku Kuba, Sook Kwan Brown, Hilda Lau, Sally Soppe, Mariana Baz, Heidi Peck, Yi-Mo Deng, 
Kanta Subbarao, Ian G Barr

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 2,393 human influenza positive samples between 1 January 2020 
and 31 December 2021 (2020: n = 2,021 samples; 2021: n = 372 samples). Viruses were analysed for 
their antigenic, genetic and antiviral susceptibility properties. Selected viruses were propagated in 
qualified cells or embryonated hen’s eggs for potential use in seasonal influenza virus vaccines.

During 2020–2021, influenza A viruses (A(H1N1)pdm09 in 2020 and A(H3N2) in 2021) predominated 
over influenza B viruses. In 2020, the majority of A(H1N1)pdm09, A(H3N2) and influenza B viruses 
analysed at the Centre were found to be antigenically similar to the respective WHO recommended 
vaccine strains for the southern hemisphere in 2020. In 2021, the majority of A(H1N1)pdm09 and 
A(H3N2) viruses were found to be antigenically distinct relative to the WHO recommended vaccine 
strains for the southern hemisphere in 2021. Of the influenza B viruses analysed at the Centre, 46.7% 
were found to be antigenically distinct to the respective WHO recommended vaccine strains.

Of 1,538 samples tested for susceptibility to the neuraminidase inhibitors oseltamivir and zanamivir 
(in 2020, n = 1,374; in 2021, n = 164), two A(H1N1)pdm09 viruses showed highly reduced inhibi-
tion against oseltamivir, and one A(H1N1)pdm09 virus showed highly reduced inhibition against 
zanamivir. All of these samples were received in 2020.

Keywords: influenza; vaccines; GISRS; 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 
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 (the others being in Atlanta, Beijing, 
London and Tokyo) that monitor antigenic 
and genetic changes in circulating human 
influenza viruses and participate in making the 
WHO bi-annual recommendations on which 
influenza strains should be included in the 
influenza vaccine for the upcoming influenza 
season in either the northern or southern hemi-
sphere. This report summarises the results of 
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virological surveillance activities undertaken 
at the Centre in Melbourne during 2020 and 
2021. Both of these years were heavily impacted 
by government restrictions and various non-
pharmaceutical interventions that were intro-
duced in response to the coronavirus disease 
2019 (COVID-19) pandemic which emerged 
in early 2020.3–5 These measures saw a swift 
decrease in laboratory-confirmed influenza 
notifications from March 2020, resulting in only 
21,266 notifications reported in 2020 and an 
even lower number in 2021 (598 notifications), 
compared to the large number of notifications 
reported in 2019 (313,080 notifications) and in 
previous years.4,5

Two types of influenza viruses (A and B) cause 
significant disease in humans. 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). 
Influenza C viruses are also detected each year 
from humans, but these viruses do not cause 
severe disease and are not a major focus of 
influenza surveillance.

Methods

Virus isolation

All A(H1N1)pdm09 and influenza B original 
clinical specimens and viral isolates received at 
the Centre were passaged in cell culture using 
Madin-Darby Canine Kidney (MDCK) cells, 
whilst all A(H3N2) original clinical specimens 
and viral isolates were passaged in MDCK-
SIAT-1 cells.6 A smaller subset of influenza 
positive original clinical samples was directly 
inoculated into eggs and a qualified cell line 
to generate potential candidate influenza 
vaccine viruses.

Antigenic analysis

The antigenic properties of influenza viral 
isolates were analysed using the haemagglu-
tination inhibition (HI) assay as previously 
described,7 and using the Focus Reduction 
Assay (FRA) for a subset of A(H3N2) viruses. 
HI assays were performed manually, or 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 tur-
key (A(H1N1)pdm09 and B viruses) or guinea 
pig (A(H3N2)) red blood cells (RBC) in the 
presence of receptor-destroying enzyme (RDE)-
treated post-infection ferret antisera raised 
against several reference viruses. Isolates were 
identified as antigenically similar to the refer-
ence strain if the test samples had a titre that 
was no more than 4-fold higher than the titre 
of the homologous reference strain. In 2020 and 
2021, results were reported with reference to 
the relevant viruses that were recommended for 
inclusion in the southern hemisphere influenza 
vaccine (Table 1).

In recent years (including 2020–2021), HI 
assays involving A(H3N2) viruses have been 
performed in the presence of 20 nM oseltamivir 
carboxylate (OC) to reduce non-specific bind-
ing of the NA protein.8 This addition of OC can 
reduce the number of influenza virus isolates 
that could be tested by HI, as viruses may lose 
the ability to bind RBC. In 2020–2021, this was 
not a problem, as no H3N2 viruses lost their 
ability to bind to RBC, and all isolates were 
able to be tested using the HI assay. The Centre 
still tested a subset of H3N2 viruses using the 
FRA, a microneutralisation assay which is more 
sensitive than the HI assay and does not require 
binding to RBCs.6 The FRA utilised the same 
ferret antisera as the HI assay and was per-
formed as previously described,7 but with 1.2% 
Avicell RC591 (IMCD Mulgrave, Australia) 
replacing carboxymethyl cellulose.
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Table 1: Southern hemisphere influenza vaccine reference strains used for reporting purposes by 
the Centre, 2020 and 2021

Subtype/lineage 2020 2021

A(H1N1)pdm09 A/Brisbane/02/2018 (H1N1pdm09)-like A/Victoria/2570/2019 (H1N1pdm09)-like

A(H3N2) A/South Australia/34/2019 (H3N2)-like A/Darwin/726/2019 (H3N2)-likea

B/Victoria-lineage B/Washington/02/2019 (B/Victoria lineage)-like B/Washington/02/2019 (B/Victoria lineage)-like

B/Yamagata-lineage B/Phuket/3073/2013 (B/Yamagata lineage)-like B/Phuket/3073/2013 (B/Yamagata lineage)-like

a A/Darwin/726/2019 (H3N2)-like is the cell equivalent of A/Hong Kong/2671/2019 H3N2 vaccine strain.

Table 2: Antigenic analysis of viruses received by the Centre in 2020, by geographic region of origin

A(H1N1)pdm09 reference 
strain:

A(H3N2)a reference strain: B/Victoria reference strain:
B/Yamagata reference 

strain:

A/Brisbane/02/2018 (cell) A/South Australia/34/2019 (cell) B/Washington/02/2019 (cell) B/Phuket/3073/2013 (cell)

Region Like Low reactor (%) Like Low reactor (%) Like Low reactor (%) Like Low reactor (%)

Africa 12 17 (44.7) 4 2 (33.3) 9 0 0 0

Australasia 173 164 (48.7) 21 16 (43.2) 38 2 (5.0) 1 0

South Asia 4 4 (50.0) 5 0 5 0 0 0

South East Asia 276 100 (26.6) 118 36 (23.4) 21 0 3 0

South Pacific 10 1 (9.1) 0 0 1 0 0 0

Total 484 286 (37.1%) 148 54 (26.7%) 85 2 (2.3%) 4 0 (0%)

a Note that a small number of A(H3N2) virus isolates that were obtained could not be analysed by HI assay due to low haemagglutination 

assay (HA) titre in the presence of oseltamivir.

Table 3: Antigenic analysis of viruses received by the Centre in 2021, by geographic region of origin

A(H1N1)pdm09 reference 
strain:

A(H3N2) reference 
strain:

B/Victoria reference strain:
B/Yamagata reference 

strain:

A/Victoria/2570/2019 
(cell)

A/Darwin/726/2019a 
(cell)

B/Washington/02/2019 
(cell)

B/Phuket/3073/2013 (cell)

Region Like Low reactor (%) Like Low reactor (%) Like Low reactor (%) Like Low reactor (%)

Africa 1 24 (96.0) 2 8 (80.0) 7 14 (66.7) 0 0

Australasia 4 0 4 32 (88.9) 3 0 0 0

South Asia 6 0 0 4 (100.0) 0 0 0 0

South East Asia 0 0 3 12 (80.0) 14 7 (33.3) 0 0

Total 11 24 (68.6%) 9 56 (86.2%) 24 21 (46.7%) 0 0

a A/Darwin/726/2019 is the cell equivalent of A/Hong Kong/2671/2019 H3N2 vaccine strain.
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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 
influenza viruses 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. Whole 
genome sequencing (WGS) of a smaller subset 
of viruses was also performed by next genera-
tion sequencing (NGS).

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. 
For Sanger sequencing, RT-PCR with BIOLINE 
MyTaq one step reverse transcription PCR kit 
and gene-specific primers (primer sequences 
available on request) was used to amplify HA/
NA/MP genes, and then sequencing was carried 
out on purified PCR products using an Applied 
Biosystems 3500XL Genetic Analyzer (Applied 
Biosystems, Foster City, CA, USA) as previously 
described.9 Sequence assembly was performed 
using Geneious Prime software version 9.0.4 
(Biomatters Ltd, Auckland, New Zealand).

Next generation sequencing was used for either 
WGS or sequencing of HA/NA/MP for influ-
enza A or HA/NA for influenza B as previously 
described,10,11 and was conducted using an illu-
mina iSeq 100 according to the manufacturer’s 
recommendations. Sequence data were analysed 

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/.

using adapted pipeline IRMA.11,12 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 sen-
sitivity to the currently-used neuraminidase 
inhibitors oseltamivir (Tamiflu) and zanamivir 
(Relenza). The neuraminidase inhibition (NAI) 
assay used a fluorescence-based assay with the 
substrate MUNANA.ii The susceptibility of test 
viruses to the antiviral drugs was measured 
in terms of the drug concentration needed to 
reduce the influenza neuraminidase enzymatic 
activity by 50% (IC50), and compared to values 
obtained with sensitive reference viruses of 
the same subtype or lineage. As previously 
described,13 NAI assays were performed with 
the incorporation of a robotic platform by 
TECAN EVO200 and Infinite 200 Pro for liquid 
handling and plate reading (Tecan Australia). 
For reporting purposes, highly reduced inhibi-
tion of influenza A viruses has been defined by 
WHO as a ≥ 100-fold increase in IC50 in an NAI 
assay. For influenza B viruses, this figure was a 
≥ 50-fold increase.14 However, it should be noted 
that the relationship between the IC50 value and 
the clinical effectiveness of a neuraminidase 
inhibitor is not yet well understood and a small 
or moderate 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 WGS to determine the presence 
of amino acid substitutions in the NA protein 
that were associated with the reduction of inhi-
bition by neuraminidase inhibitors. For exam-
ple, a change from histidine to tyrosine at posi-
tion 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.13 Pyrosequencing was also performed 
on original clinical specimens of selected 
A(H1N1)pdm09 viruses to detect the presence 

ii 20-(4-methylumbelliferyl)-a-D-N-acetylneuraminic acid.
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of the H275Y mutation if no isolate was avail-
able for phenotypic testing. Pyrosequencing 
was performed as previously described,15 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 which are used to produce human 
influenza vaccines are required by regula-
tory authorities to be isolated and passaged in 
embryonated hen’s eggs or qualified cell lines16–18 
directly from human clinical respiratory sam-
ples. The Centre has undertaken primary isola-
tion of selected viruses from clinical samples 
directly into eggs, using previously-described 
methods.19 Briefly, the viruses were inoculated 
into the amniotic cavity of embryonated eggs 
and, once virus growth was established, isolates 
were passaged in the allantoic cavity until a suf-
ficient titre was obtained. Egg incubation condi-
tions differed slightly, with A(H1N1)pdm09 and 
A(H3N2) 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 qualified cell 
line MDCK 33016PF (Seqirus Limited, Holly 
Springs, NC, USA)20 and incubated at 35 oC for 
three days, with viral growth monitored by hae-
magglutination of turkey or guinea pig RBC. 
These isolates were then analysed by HI assay, 
real time RT-PCR and genetic sequencing using 
the methods described above.

Results

During 2020–2021, the Centre received 2,393 
samples; this is considerably fewer than the 
average number received in previous years.21–26 
In 2020, similar to the trend reported in 2019,26 
the majority of samples were received between 
January and April (n = 1,063; 53%), before the 
typical southern hemisphere temperate regions 
influenza season. In contrast, the majority 
of samples in 2021 were received between 
September and December (n = 194; 52%), after 

the typical southern hemisphere temperate 
regions influenza season. Figure 1 shows the 
weekly temporal distribution of samples sent to 
the Centre by type and subtype/lineage.

2020

During 2020, the Centre received 2,021 samples 
(including 1,204 clinical specimens; 571 virus 
isolates; 238 paired specimens and isolates; and 
8 other specimen types [RNA or tissue samples])  
from 31 laboratories in 14 countries (Figure 2). 
Australian laboratories sent the highest num-
ber of samples to the Centre (n = 906; 44.8%), 
followed by laboratories in Malaysia (n = 322; 
15.9%) and Cambodia (n = 192; 9.5%). In 2020, 
A(H1N1)pdm09 was the predominant circulat-
ing strain submitted, followed by A(H3N2) and 
B (Figure 1). Of the influenza B samples received 
from Australian laboratories where the lineage 
was confirmed (n = 65), B/Victoria viruses greatly 
exceeded B/Yamagata viruses (n = 63, 96.9%; 
and n = 2, 3.1%, respectively). Overall, isolation 
and re-passaging was attempted for 1,962 of the 
samples received (97.9%) and this yielded 1,383 
isolates (overall isolation rate of 70.5%). Isolation 
rates were lower for clinical specimens (51.5%) 
than for virus re-isolations (97%). Of the viruses 
for which type and subtype could be confirmed, 
isolation rates by cell propagation were 86.7% 
(170/196) for influenza B, 82.8% (337/407) for 
A(H3N2) and 72.7% (873/1,201) for A(H1N1)
pdm09. However, amongst the A(H3N2) viruses, 
2.1% of isolates (7/337) did not reach sufficient 
titres for antigenic analysis. A total of 1,063 viral 
isolates were successfully characterised by HI 
assay, and were compared to the 2020 reference 
viruses (Table 2). In addition, 128 samples were 
characterised by real-time RT-PCR to determine 
their type/subtype or lineage. Sanger sequencing 
and/or NGS techniques were used to sequence 
the HA genes of 687 viruses. The full genomes 
of 197 viruses and near-full genomes of a further 
27 viruses were also obtained using NGS. Of the 
samples for which results could be obtained by 
antigenic or genetic analysis (n = 1,479), influ-
enza A(H1N1)pdm09 viruses predominated, 
comprising 60.6% (n = 897) of viruses received 
and analysed.
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Figure 1: Number of samples received at the Centre by week of sample collection: (A) 2020 and (B) 2021
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Figure 2: Geographic distribution of influenza laboratories sending viruses to the Centre: (A) 
2020 and (B) 2021
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Figure 3: Phylogenetic tree of haemagglutinin genes of A(H1N1)pdm09 viruses received by the 
Centre during 2020 and 2021
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A(H1N1)pdm09

Of the 770 A(H1N1)pdm09 isolates analysed by 
HI assay using ferret antisera in 2020, the majority 
(62.9%) were antigenically similar to the vaccine 
reference strain A/Brisbane/02/2018 (Table 2). 
 Sequencing was attempted on 326 viruses; 
results were obtained from 299 viruses. 
Sequencing and phylogenetic analysis of HA 
genes from these viruses showed that almost 
all of the A(H1N1)pdm09 viruses sent to the 
Centre during 2020 fell into the 6B.1.A.5 clade 
(n = 297), with viruses in subclades 6B.1A.5a.2 
(n = 140), 6B.1A.5a.1 (n = 113), 6B.1A.5a (n = 
22), and 6B.1A.5b (n = 2) (Figure 3) compared 
to the 2020 SH vaccine reference strain, A/
Brisbane/02/2018, which was in subclade 
6B.1A.1. The majority of A(H1N1)pdm09 viruses 
received in 2020 had collection dates up to the 
end of March. For the most part, the A(H1N1)
pdm09 viruses collected in January–March 2020 
were antigenically similar to the 2020 vaccine 
reference strain A/Brisbane/02/2018 (subclade 
6B.1A.1) as determined by their reactivity in HI 
assays using ferret antisera. However, among 
A(H1N1)pdm09 viruses received after March 
2020, following the emergence of the COVID-
19 pandemic, these were predominately of the 
subclade 6B.1A.5a.2, and were antigenically 
distinct to A/Brisbane/02/2018.

Eleven A(H1N1)pdm09 viruses were inoculated 
into eggs for isolation of candidate vaccine 
strains, with nine (89%) successfully isolated. 
These consisted of one virus from genetic sub-
clade 6B.1A.5a.1, six from 6B.1A.5a.2, and two 
from 6B.1A.5b. Thirty-six viruses were also 
inoculated into the qualified cell line MDCK 
33016PF, of which 22 (61%) grew successfully; 
these consisted of 16 viruses from genetic sub-
clade 6B.1A.5a and six from 6B.1A.5b.

Of the 869 A(H1N1)pdm09 viruses tested, two 
viruses (both from Australia) exhibited highly-
reduced inhibition by oseltamivir and had the 
NA H275 mutation (known to cause high-level 
inhibition). One virus from Malaysia exhibited 

highly-reduced inhibition by zanamivir and 
contained the Q136K NA substitution (a known 
mutation normally induced by cell culture).27

A(H3N2)

Antigenic analysis of 202 A(H3N2) subtype iso-
lates using the HI assay showed that 73.3% were 
similar to the ferret antisera prepared against 
the cell-propagated reference strain A/South 
Australia/34/2019 (Table 2). Similarly, 22.3% of 
viruses were low reactors to the ferret antisera 
prepared against the egg-propagated strain A/
South Australia/34/2019 (data not shown). An 
additional seven A(H3N2) viruses were isolated 
by cell culture but did not reach sufficient titres 
for antigenic analysis, whilst a further eight 
were successfully isolated but did not reach 
sufficient titres when tested by HI assay in the 
presence of OC.

A total of 63 A(H3N2) viruses that could not 
be characterised by HI assay were analysed 
using FRA. The FRA indicated that 34 of these 
viruses (54%) showed greater than fourfold dif-
ference in titre compared to the cell-propagated 
reference strain A/South Australia/34/2019; 
however, none of the viruses had a greater than 
fourfold difference in titre compared to the egg-
propagated strain (data not shown).

The HA genes of 254 A(H3N2) viruses were 
sequenced, with 219 yielding results (Figure 4). 
Phylogenetic analysis of the HA gene indicated 
that the majority of circulating viruses fell into 
subclade 3C.2a1b.2 (n = 118); 27 viruses into 
clade 3C.2a1b.2; and others into subclades 
3C.2a1b.2a.1 (n = 54), 3C.2a1b.2a.2 (n = 15), 
3C.2a1b.2b (n = 14), and 3C.2a1b.2a (n = 8).

Influenza A(H3N2) viruses received by the 
Centre in 2020 showed that they were gener-
ally well matched to the 2020 vaccine reference 
strain A/South Australia/34/2019.
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Figure 4: Phylogenetic tree of haemagglutinin genes of A(H3N2) viruses received by the Centre 
during 2020 and 2021
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Thirty-six viruses were inoculated into eggs, of 
which 13 (36%) grew successfully, consisting of 
one virus from genetic subclade 3C.2a1b.1, two 
from 3C.2a1b.1a, seven from 3C.2a1b.1b, one 
from 3C.2a1b.2, and two from 3C.2a1b.2a.1. 
Fifty-eight viruses were inoculated into the 
qualified cell line MDCK 33016PF, of which 
28 (48%) grew successfully, with two viruses 
from genetic subclades 3C.2a1b.2, three from 
3C.2a1b.1, thirteen from 3C.2a1b.2b, five from 
3C.2a1b.2a.1, four from 3C.2a1b.2a.2 and one 
from 3C.2a1.

None of the 334 A(H3N2) viruses tested by 
NAI assay showed highly-reduced inhibition by 
oseltamivir or zanamivir.

Influenza B

Amongst influenza B viruses received at the 
Centre during 2020, B/Victoria-lineage viruses 
predominated over B/Yamagata-lineage viruses 
(Figure 1). A total of 91 influenza B viruses 
were characterised by HI assay (Table2). All B/
Yamagata-lineage viruses were antigenically 
similar to the B/Phuket/3073/2013-like vac-
cine virus, while 97.7% of B/Victoria-lineage 
viruses were antigenically similar to the B/
Washington/02/2019 vaccine virus (Table 2).

Sequencing was attempted on 115 B/Victoria 
viruses and one B/Yamagata virus, with 93 B/
Victoria viruses and one B/Yamagata virus 
yielding results. Phylogenetic analysis on 
HA genes of these viruses indicated that the 
majority of circulating B/Victoria viruses fell 
into clade V1A.3a (n = 92), which included the 
2020 vaccine strain B/Washington/02/2019. 
One B/Victoria virus fell into the V1A.2 clade 
(Figure 5). The B/Yamagata-lineage virus (n = 
1) belonged to genetic clade Y3, which was the 
same genetic clade as the 2019 vaccine strain B/
Phuket/3073/2013 (Figure 5).

Egg isolation was attempted for five B/Victoria-
lineage viruses, all of which were successfully 
isolated, and belonged to genetic subclade 
V1A.3a. No B/Yamagata-lineage virus was 
attempted for egg isolation in 2020. Twenty-eight 

B/Victoria-lineage viruses were also inoculated 
into the qualified cell line MDCK 33016PF, 
of which twelve (45%) were isolated (all from 
V1A.3a subclade). In addition, one B/Yamagata-
lineage (Y3 clade) virus was also inoculated and 
isolated in MDCK 33016PF cell.

Of the 170 influenza B viruses (B/Victoria n = 
166; B/Yamagata n = 4) tested by NAI assay, 
none showed highly-reduced inhibition by 
oseltamivir or zanamivir.

2021

In 2021, the Centre received 372 samples 
(including 279 clinical specimens; 32 virus 
isolates; 59 paired specimens and isolates; 
and two other specimen types [RNA or tissue 
samples]) from 25 laboratories in 10 countries 
(Figure 2). Australian laboratories sent the high-
est number of samples to the Centre (n = 146; 
39.2%), followed by laboratories in South Africa 
(n = 62; 16.7%) and Timor-Leste (n = 44; 11.8%). 
Influenza A(H3N2) was the predominant cir-
culating strain in 2021, followed by A(H1N1)
pdm09 and B (Figure 1). For samples received 
from Australian laboratories where the lineage 
was confirmed (n = 13), only B/Victoria-lineage 
viruses were detected (13/13, 100%). Overall, 
isolation and re-passaging was attempted for 
332 (89.2%) of the samples received and this 
yielded 167 isolates (overall isolation rate of 
50.3%). Isolation rates were lower for clini-
cal specimens (36.6%) than for virus isolates 
(96.7%). Of the viruses for which type and 
subtype could be confirmed, isolation rates 
by cell propagation were 92.5% for A(H1N1)
pdm09 (37/40); 82.8% for influenza B (48/58); 
and 45.1% for A(H3N2) (79/175). Amongst these 
viruses, all A(H3N2) isolates reached sufficient 
titres for antigenic analysis. A total of 145 viral 
isolates were successfully characterised by HI 
assay, and were compared to the 2021 reference 
viruses (Table 3). In addition, 146 samples were 
characterised by real-time RT-PCR to determine 
their type/subtype or lineage. Sanger sequenc-
ing and NGS techniques were used to sequence 
the HA genes of 210 viruses. The full genomes of 
51 viruses, and partial genomes from a further 
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Figure 5: Phylogenetic tree of haemagglutinin genes of B/Victoria-lineage viruses received by the 
Centre during 2020 and 2021
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22 viruses, were also sequenced using either 
Sanger sequencing or NGS. Of the samples for 
which results could be obtained by antigenic or 
genetic analysis (n = 275), influenza A(H3N2) 
viruses predominated, comprising 60.4% (n = 
166) of viruses received and analysed.

A(H1N1)pdm09

Of the 35 A(H1N1)pdm09 isolates analysed by 
HI assay using ferret antisera in 2021, a minority 
(31.4%) were antigenically similar to the vaccine 
reference strain A/Victoria/2570/2019 (Table 3), 
while most of the viruses obtained from South 
Africa (24/25; Table 3) were low reacting to ferret 
antisera to A/Victoria/2570/2019. Sequencing and 
phylogenetic analysis of HA genes from 32 viruses 
(28 yielding results) showed that the majority of 
A(H1N1)pdm09 viruses sent to the Centre during 
2021 fell into the 6B.1A.5a clade (n = 26), with 
subclades 6B.1A.5a.1 (n = 21) and 6B.1A.5a.2 (n 
= 5); the latter clade contained the 2021 vaccine 
strain A/Victoria/2570/2019 (Figure 3).

Five A(H1N1)pdm09 viruses were inoculated into 
eggs for isolation of candidate vaccine strains, 
with one (20%) successfully isolated; it fell into 
the genetic subclade 6B.1A.5a.2. Seven viruses 
were inoculated into the qualified cell line MDCK 
33016PF, of which three (43%) grew successfully 
and all also fell into the genetic subclade 6B.1A.

Of the 37 A(H1N1)pdm09 viruses tested by NAI 
assay, none exhibited highly-reduced inhibition by 
oseltamivir or zanamivir.

A(H3N2)

Of the 65 A(H3N2) isolates analysed by HI assay 
using ferret antisera in 2021, a minority (13.8%) 
were antigenically similar to the cell-propagated 
reference strain A/Darwin/726/2019 (Table 
3). In contrast, no isolates were antigenically 
similar when analysed by ferret antisera pre-
pared against the egg-propagated strain A/Hong 
Kong/2671/2019 (data not shown). None of the 
A(H3N2) viruses inoculated and isolated by cell 
culture had insufficient titres for antigenic analysis 
or when tested by HI assay in the presence of OC.

A total of 54 A(H3N2) viruses were analysed 
using FRA; 90.7% (n = 49) of these viruses 
showed greater than a fourfold difference in 
titre compared to the cell-propagated reference 
strain A/Darwin/726/2019, while 100% (n = 
39) of viruses tested against the egg-propagated 
strain (A/Hong Kong/2671/2019) had a greater 
than fourfold difference in titre  (data not 
shown).

The HA genes of 129 A(H3N2) viruses were 
sequenced, with 76 yielding results. Phylogenetic 
analysis indicated that the majority of circulat-
ing viruses fell into clade 3C.2a1b.2a (total = 64) 
based on their HA genes (ancestral 3C.2a1b.2a 
[n = 1], with subclades 3C.2a1b.2a.2 [n = 46] 
and 3C.2a1b.2a.1 [n = 17]) (Figure 4).

Twenty-six viruses were inoculated into eggs, 
of which 15 (58%) grew successfully and con-
sisted of three viruses from genetic subclade 
3C.2a1b.2a, two from 3C.2a1b.2a.1 and ten from 
3C.2a1b.2a.2. Twenty-eight viruses were inocu-
lated into the qualified cell line MDCK 33016PF, 
of which 15 (53%) grew successfully, with one 
virus from genetic subclade 3C.2a1b.1a, four 
from 3C.2a1b.2a.1 and ten from 3C.2a1b.2a.

None of the 79 A(H3N2) viruses tested by NAI 
assay showed highly-reduced inhibition by 
oseltamivir or zanamivir.

A(H3N2)v

One A(H3N2) variant virus (A(H3N2)v) was 
detected from South Australia in January 2021. 
Virus isolation was attempted but failed; only 
sequence data was obtained from this original 
specimen. The whole genome showed this was 
a reassortant virus, with HA and NA sequences 
belong to an older human seasonal H3N2 virus, 
whereas all internal genes were contributed by 
a recent A(H1N1)pdm09 virus. Similar reas-
sortant viruses have been detected in swine in 
the United States of America (USA); this vari-
ant’s detection highlights the potential risk of 
swine influenza A virus infecting humans in 
Australia, as has been previously reported in 
the USA and other countries.30 All sequences of 
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the A(H3N2)v sample were nearly identical to 
a A(H3N2)v virus detected in South Australia 
in 2018;31 both viruses contained HA and NA 
genes derived from 1990s-like human A(H3N2) 
viruses which have not circulated in humans 
since this time, but which are still present in 
some Australian swine.

Influenza B

Amongst influenza B viruses received at the 
Centre during 2021, B/Victoria-lineage viruses 
were the only influenza B viruses received 
(Figure 1). A total of 45 B/Victoria-lineage 
viruses were characterised by HI assay, showing 
that 53.3% were similar to the ferret antisera 
prepared against the cell-propagated reference 
strain B/Washington/02/2019 (Table 3).

Sequencing was performed on HA and NA 
genes from 44 B/Victoria viruses, with 34 yield-
ing results. Phylogenetic analysis indicated that 
all of the circulating B/Victoria viruses fell into 
clade V1A.3a.2 (n = 34) (Figure 5).

Egg isolation was attempted for nine B/
Victoria-lineage viruses, of which eight (89%) 
were successfully isolated; all were of the 
V1A.3a.2 subclade. For viruses inoculated into 
the qualified cell line MDCK 33016PF, eleven of 
14 B/Victoria-lineage viruses (78%) grew suc-
cessfully, of which one virus was from genetic 
subclade V1A.3 and ten were from V1A.3a.2. 
No B/Yamagata-lineage virus was isolated.

Of the 47 B/Victoria-lineage viruses tested by 
NAI assay, none displayed highly-reduced inhi-
bition by oseltamivir or zanamivir.

Discussion

During 2020 and 2021, the Centre received 
considerably fewer samples than previous 
years. In 2020, the Centre received the smallest 
annual number of samples since 201032 and this 
number was further reduced in 2021, with the 
Centre receiving the smallest annual number 
of samples since 1997, when annual report-
ing commenced.21–26,32–45 The lower number of 

samples received thoughout 2020–2021 cor-
related with the global reduction in influenza 
activity that occurred in early 2020, after the 
emergence of the Coronavirus disease 2019 
(COVID-19) pandemic and the introduction 
of non-pharmaceutical interventions by many 
countries.3,46

2020

In 2020, the majority of samples were received 
between January and April. This corresponded 
with national laboratory-confirmed influenza 
notification data, which showed increased 
inter-seasonal activity in early 2020.5 The 
predominant circulating virus reported to 
the Australian National Notifiable Diseases 
Surveillance System (NNDSS) in 2020 was 
influenza A (87.1%), with A(H1N1)pdm09 
predominant in samples that could be sub-
typed.5 This is in agreement with samples from 
Australia received by the Centre, with A(H1N1)
pdm09 viruses accounting for the majority of the 
viruses analysed. Globally, influenza A(H1N1)
pdm09, A(H3N2) and influenza B viruses 
co-circulated in varying proportions.46–48 In 
the southern hemisphere, influenza A(H1N1)
pdm09 was the most frequently reported sub-
type.48 In the temperate areas of South America, 
influenza B predominated; influenza A(H1N1)
pdm09 predominated in southern Africa and 
Oceania, while influenza A(H3N2) predomi-
nated in countries in Asia, such as Cambodia 
and China.48,49

Younger populations are typically more affected 
in years when A(H1N1)pdm09 viruses pre-
dominate, while older populations are usually 
more affected by A(H3N2) viruses.50 Consistent 
with this observation, higher notification rates 
in 2020 were observed among children under 
10 years of age (115.6 per 100,000 popula-
tion) than among adults aged ≥ 65 years (73.8 
per 100,000 population).5 As a result of the 
low number of notifications, hospital and 
intensive care unit admissions associated with 
laboratory-confirmed influenza were lower in 
2020 than in previous years.5 Death associated 
with influenza and pneumonia in 2020 was the 
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seventeenth leading cause of death, with 2,287 
deaths recorded.51 This was a considerable 
reduction on 2019 when influenza and pneumo-
nia were the ninth leading cause of death, with 
4,124 deaths recorded.51

Antigenic analysis of influenza A(H1N1)pdm09 
viruses showed that the majority of viruses dis-
played similar antigenic characteristics to the cell-
propagated vaccine strain, A/Brisbane/02/2018. 
There were several distinct genetic clades 
amongst circulating A(H1N1)pdm09 viruses, 
with different genetic clades predominating 
before and after the emergence of the COVID-19 
pandemic. As a result, the 2021 southern hemi-
sphere A(H1N1)pdm09 vaccine component was 
changed to A/Victoria/2570/2019.28

Most of the influenza A(H3N2) viruses received 
by the Centre were antigenically and genetically 
similar to the 2020 vaccine reference strain, 
A/South Australia/34/2019. However, due to 
regional heterogeneity in circulating A(H3N2) 
viruses in 2020, the 2021 southern hemisphere 
A(H3N2) vaccine component was changed to A/
Hong Kong/2671/2019.28

The majority of influenza B isolates analysed at 
the Centre belonged to the B/Victoria-lineage 
(98.2%). The analysed B/Victoria-lineage and B/
Yamagata-lineage viruses were mostly antigeni-
cally and genetically similar to their relevant vac-
cine strains.

2021

During 2021, the number of samples received by 
the Centre was very low and corresponded with 
notifications of laboratory-confirmed influenza 
(Australian NNDSS data), which was the lowest 
since influenza was made a notifiable disease 
in 2001.4 In Australia, higher notification rates 
occurred among adults aged ≥ 85 years (4.9 per 
100,000 population), adults aged 60–69 (4.8 per 
100,000 population), and children aged younger 
than 5 years old (3.5 per 100,000 population).4 
This age profile of influenza notifications is 

consistent with previous years when A(H3N2) 
viruses predominated, albeit with much lower 
levels of circulation in 2021.24,26

Antigenic analysis of influenza A(H1N1)pdm09 
viruses showed that the majority of viruses were 
antigenically distinct to the cell-propagated vac-
cine strain, A/Victoria/2570/2019. However, as 
there were two distinct A(H1N1)pdm09 groups 
of viruses co-circulating in different geographi-
cal regions, the decision was made that 2022 
southern hemisphere vaccine component should 
not be changed.29

Antigenic analysis of A(H3N2) viruses showed 
that the majority of circulating viruses were anti-
genically distinct from A/Darwin/726/2019 (the 
cell equivalent of the A/Hong Kong/2671/2019 
vaccine strain). With this finding, the 2022 
southern hemisphere vaccine component was 
changed to A/Darwin/9/2021.29

In 2021, all of the influenza B isolates analysed 
at the Centre belonged to the B/Victoria-lineage. 
Almost half of these B/Victoria-lineage viruses 
were antigenically and genetically distinct from 
the vaccine strain B/Washington/02/2019. 
Hence, the 2022 Southern Hemisphere B/
Victoria vaccine component was changed to B/
Austria/1359417/2021.29

In 2021, the Centre did not receive a single B/
Yamagata virus. This correlates with interna-
tional findings where no B/Yamagata viruses 
were successfully isolated or sequenced in 2021.52 
With the global lack of B/Yamagata identifica-
tion in 2021, it is possible that B/Yamagata is 
now extinct; however, it is difficult to determine 
whether the lack of B/Yamagata viruses reported 
globally is due to a lack of detection or represents 
a true extinction.52

With the ongoing evolution of seasonal influenza 
viruses and the absence of an effective universal 
vaccine, there remains a need for continuous 
influenza surveillance and regular updating of 
seasonal influenza vaccines. The work performed 
by the Centre in Melbourne is part of the ongoing 
efforts of the WHO GISRS to perform these tasks 
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in an effort to better control the disease burden of 
influenza, and to provide effective countermeas-
ures, such as vaccines, to ameliorate the impact 
of influenza on the human population.
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