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Pandemic HiN1 influenza virus is of global health con-
cern and is currently the predominant influenza virus
subtype circulating in the southern hemisphere 2010
winter. The virus has changed little since it emerged
in 2009, however, in this report we describe several
genetically distinct changes in the pandemic HiN1
influenza virus. These variants were first detected in
Singapore in early 2010 and have subsequently spread
through Australia and New Zealand. At this stage,
these signature changes in the haemagglutinin and
neuraminidase proteins have not resulted in signifi-
cant antigenic changes which might make the current
vaccine less effective, but such adaptive mutations
should be carefully monitored as the northern hemi-
sphere approaches its winter influenza season.

Since its emergence in early 2009 [1] the pandemic influ-
enza A(H1N1) virus has remained closely related to one
of the earliest viruses detected, A/California/7/2009,
with little change in the viruses’ genetic makeup
in even the most variable genes, haemagglutinin
(HA) and neuraminidase (NA). This lack of drift was
reflected in the World Health Organization’s (WHO)
Vaccine formulation decisions which recommended an
A/California/7/2009-like pandemic influenza A(H1N1)
virus for both the southern hemisphere 2010 and the
northern hemisphere 2010-11 influenza vaccines [2].
While some genetic variants have been reported such
as the D222G (D239G numbering if starting at the first
methionine) HA mutation which was linked with more
severe outcomes following pandemic influenza virus
infection [3] and a more commonly seen E391K change
in the HA gene [4] during late 2009, no clear variant
has predominated in a country or region and no vac-
cine update has been forthcoming. This report, how-
ever, describes the recent emergence in Singapore and
subsequent spread of a genetic variant of the pandemic
influenza A(H1N1) virus to Australia and New Zealand
during their 2010 winter influenza season, where it
now predominates and has been detected in some vac-
cine breakthroughs and fatal cases.
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Genetic characterisation of the

pandemic influenza A(H1IN1) variant

We sequenced the HA, NA and other genes of 2010
pandemic influenza A(H1N1) viruses from Singapore,
Australia, New Zealand and elsewhere using con-
ventional Sanger sequencing. Viruses early in 2010
(January to April) from Singapore and Australia showed
the E391K (numbering beginning at the first methionine
in HA; equivalent to E374K if starting after the signal
peptide sequence in HA at DTLC) change in the HA but
were scattered throughout the phylogenetic trees for
HA (Figure 1) and the whole genome (Figure 2).

On 13 April 2010 an influenza A(HiN1) strain, A/
Singapore/CCo1/2010, was detected in Singapore that
had further changes in HA (N142D; numbering begin-
ning at the first M in HA; equivalent to N125D if starting
after the signal peptide sequence in HA at DTLC) and
in NA (M1sl, N189S). Viruses with these changes then
increased in frequency during May and June 2010 in
Singapore and became the predominant viruses by mid-
2010. Of the pandemic influenza viruses sequenced
in Australia in 2010, those sampled in January and
February mostly had the E391K change.

Viruses with the dual HA mutation (E391K and
N142D) were first detected in late April 2010 (e.g. A/
Brisbane/10/2010, sample date 29 April 2010), and by
June 2010, viruses with these HA (and NA) changes
predominated. In the North and South Islands of New
Zealand, viruses that were collected in July and August
2010 also showed this dual change in the HA along with
the NA changes. Viruses with these genetic character-
istics in the HA protein have only been detected spo-
radically in some other countries (e.g. Guam; Figure 1,
Table 1), and the complete set of changes in HA and NA
has not yet been reported in the northern hemisphere
to date in 2010.

These variant viruses have also been associated with
several vaccine breakthroughs and a number of fatali-
ties in both Singapore and Australia (labelled ‘dec’
in Figure 1). Examination of other gene segments of



several pandemic influenza A(HiN1) variants showed
that the other six segments were all very similar to the
A/California/7/2009 strain (nucleotide identity ranged
from »99% to 100%) with no evidence of gene reassort-
ing between the pandemic influenza (H1N1) virus and
seasonal influenza A(H1N1) or H3N2 viruses or another
influenza A subtype. Nevertheless, as marked in the
whole genome phylogenetic tree (Figure 2), some addi-
tional mutations in the other gene segments (PB2, PB1,
NP, NS1) appeared commonly among the recent variant
strains, but the significance of these changes remains
to be determined.

To further investigate the importance of these sur-
face antigen mutations, we built a structural homol-
ogy model of HA from the A/Brisbane/10/2010(H1N1)
virus based on the template structure of A/
California/o4/2009(H1iN1)  (PDB:3LZG) [5] using
MODELLER with loop refinement [6] and ProQ [7] for
model quality control. In Figure 3, we superimpose
our model with the complex of the antigenically simi-
lar HA of the 1918 influenza A(H1) virus bound to an
antibody that recognises the classical Sa epitope
(PDB:3LZF) [5]. We show that N142D is centrally located
in this epitope, which led us to further investigate the

FIGURE 1

effect of the mutation on antigenic properties with hae-
magglutination inhibition assays.

Adding to the possibility of the Ni42D muta-
tion affecting antigenicity, the equivalent muta-
tion N129D(H3)/N124D(Hs) in influenza A/Mallard/
Pennsylvania/10218/84(H5N2) virus was previously
reported to cause antigenic drift as an escape mutant
[8]. However, the findings in the context of avian Hg
may not be easily transferable to the swine-origin H1.
Generally, a single mutation will only partially affect
antigenicity as typically several mutations in the same
epitope are needed to seriously alter vaccine efficacy.

An additional mutation in the HA sequence, D111N,
was common among samples from New Zealand, and
an equivalent mutation in avian influenza has been
reported to be related to a shift in host specificity
(from avian towards human) which could hypotheti-
cally mean a small fitness advantage in the human
host [9]. The equivalent mutation (referred to as Dg4N
in [9]) enhanced binding of HA to the human-type SA-a-
2,6-Gal receptor and decreased binding to the avian-
type SA-a-2,3-Gal receptor. It was also observed that
the mutation was able to enhance HA-mediated mem-
brane fusion in mammalian cells. Structurally, D111N

Phylogenetic analysis of haemagglutinin sequences from recent pandemic influenza A(HIN1) viruses
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2010 viruses are colour-coded by sample date, e.g. 7/10 representing month/year; dec: a virus obtained from a fatal case; vac: a virus
obtained from a person vaccinated with pandemic influenza A(H1N1) monovalent vaccine.

The neighbour-joining phylogenetic tree was constructed using the PAUP (v4.0) plugin on Geneious (v5.0.4) and FigTree (v1.3.1) was used to
display the summarised and annotated trees with boostrap values »70 shown on the nodes.
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FIGURE 2

Full genome maximum likelihood phylogenetic analysis
of pandemic influenza A(HIN1) variants from Singapore,
Australia and New Zealand and other non-redundant
(<80% identity) strains
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Naturally occurring 2009 pandemic influenza A(H1N1) viral
sequences available in GenBank as of 23 August 2010 were
downloaded from the NCBI Influenza Virus Resource (http://www.
ncbi.nlm.nih.gov/genomes/FLU/FLU.html). Phylogenetic analysis
was conducted on 1,877 strains with full-length nucleotide
sequences available for all eight segments. The protein-coding
nucleotide sequences for these strains were concatenated such
that a single sequence representing a single strain contained
nucleotide sequences encoding all 10 proteins. The vaccine

strain A/California/o7/2009 and recent Singaporean, Thai, New
Zealand and Australian strains were set aside and redundancy
was removed within the remaining strains with Cd-hit [13] by
allowing a maximal sequence identity of 80% to reduce the set to
20 non-redundant strains. This representative set was aligned with
the vaccine strain and 16 other strains from Singapore, Thailand,
New Zealand and Australia using MAFFT [14] with the FFT-NS-2
option. Sequences flanking the coding region were removed from
the alignment. A maximum likelihood tree was created using
PhyML [12] with the approximate likelihood ratio test, the HKY85
substitution model and parameters such as for the shape of the
gamma distribution (0.258) were estimated by the programme.
Substitutions discussed in this analysis were identified and
marked in the resulting phylogenetic tree using the MEGA software
package [15].

Amino acid changes in the various genes are indicated by name of
protein and mutation e.g. PB1 A652V.
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is located on the outside of the bottom of the sialic
acid binding pocket with the side chain pointing to the
outside (Figure 3) and the mechanism that causes the
reported effect is not fully clear.

HA D111N is almost exclusively found in combination
with another mutation, HAV267A, which is located at an
internal beta sheet below the receptor binding pocket
facing the Sa epitope (Figure 2). Exchanging valine for
the smaller alanine at this position creates a small cav-
ity which may slightly alter the surface of the epitope
on top and could add to the effects of N142D. However,
so far the HA D111N and V267A mutations have only
occurred in a close temporal and geographic context
(four in New Zealand and three in eastern Australia in
July and August 2010, see Figure 1) and their increased
local occurrence may simply be due to founder effects.

Two additional mutations occurred in the NA sequence,
M1sl and N189S, which were predominant in viruses
from Singapore and Australia by mid-2010. NA M1sl is
located in the signal peptide region. The signal pep-
tide is the motif required for cell surface expression
of the viral protein and its existence and quality can
be predicted with the programme SignalP 3.0 [10]. For
the NA M1sl mutation, the prediction score (D-score)
increases from 0.326 for M1ig to 0.404 for lis. This
could hypothetically indicate that the mutated ver-
sion represents a better signal peptide with potentially
increasing secretion and surface expression efficiency,
but this needs to be further tested experimentally. NA
N189S on the other hand is located at the bottom side
of the NA structure, far away from the sialic acid- and
drug-binding pocket and any phenotypic change can-
not easily be predicted.

Antigenic analysis of variant viruses

While genetic differences were apparent in this vari-
ant group of pandemic influenza A(HiN1) viruses,
when they were assessed for antigenic variation in
haemagglutination inhibition assays (HI) using fer-
ret antisera raised to A/California/7/2009-like viruses
and viruses from the new variant group (e.g. A/
Singapore/548/2010, A/Brisbane1o/2010), no differ-
ences in titres were apparent, indicating that these
viruses were not antigenically distinguishable from the
reference and vaccine virus A/California/7/2009 (Table

2).

Further antigenic analysis was performed using a small
human serum panel (n=48) containing pre- and post-
vaccination sera from Australian adults (24 subjects
between the age of 18 and 59 years) and elderly sub-
jects (24 subjects over the age of 60 years) who were
given a single dose of inactivated 2010 Australian
seasonal influenza vaccine (CSL Fluvax; CSL Limited,
Australia) which contained an A/California/7/2009-like
pandemic influenza A(H1N1) virus, an A/Perth/16/2009-
like A(H3N2) virus and a B/Brisbane/60/2008-like B
virus. The geometric mean HI titre (GMT) in the sera
of all vaccinated subjects was reduced by 53% when



tested against an egg-grown A/Brisbane/10/2010
virus (one of the genetically variant viruses) compared
to the GMT obtained against egg-grown wildtype A/
California/7/2009 virus. Despite some reduction in HI
titres with human post-vaccination sera, there were
no clear differences with ferret sera, suggesting that
there are no major antigenic differences in these vari-
ant viruses at this stage in their evolution and that they
still share most of their antigenic properties with the
early pandemic influenza A(H1N1) viruses.

Discussion

While the 2009 pandemic has recently been down-
graded by the WHO [11], the pandemic influenza

TABLE 1

A(H1N1) virus still remains the predominant influenza
virus in most countries including those in the south-
ern hemisphere that recently experienced their winter
influenza season (with the exception of South Africa
where influenza B and A(H3N2) viruses have predomi-
nated in 2010) [11]. To date there has been little change
detected in either the genetic or antigenic characteris-
tics of the pandemic HiN1 influenza virus in the nearly
18 months that it has infected humans. No clear vari-
ant has appeared apart from minor changes occurring
in the HA, NA and other viral genes during this time.
Recently however a genetically distinct variant contain-
ing several signature amino acid changes in both the
HA and NA genes has emerged in Singapore, Australia

Frequency of amino acid changes at positions 391 and 142 in the haemagglutinin gene of pandemic influenza A(HIN1)

viruses obtained in 2010 (n=172)

No. (%) E391K and

No. (%) neither E391K nor

Country HA sequences analysed No. (%) E391K only No. (%) N142D only N142D N142D
Singapore 85 32 (37.6) 0 (0) 39 (45.9) 14 (16.5)
Australia 36 7 (19.4) o (0) 25 (69.5) 4 (11.1)
New Zealand 26 1(3.85) o (o) 24 (92.3) 1(3.85)
Papua New Guinea 8 o (0) o (o) o (o) 8 (100)
Other® 17 317.7) 0 (0) 1(5.9) 13 (76.4)
Total 172 43 (25.0) 0 (0) 89 (51.7) 40 (23.3)

HA: haemagglutinin.

2Includes 2010 pandemic influenza A(H1N1) viruses from Brunei (n=4), Philippines (n=1), Thailand (n=2), Macau (n=3), Guam (n=2), Cambodia

(n=4) and Fiji (n=1).

Sequenced by the World Health Organization Collaborating Centre Melbourne and Singapore Public Health Laboratory.

FIGURE 3

Structural model of influenza A/Brisbane/10/2010(H1N1) haemagglutinin

HA: haemagglutinin.

Grey ribbons: influenza A/Brisbane/10/2010(H1N1), sites of all mutations of interest indicated including the positions of the additional ones

from the New Zealand strains D111N and V267A

Green ribbons: a bound antibody in the orientation resulting from superimposition of our HA model with that of the antigenically similar 1918

influenza A(H1) HA in complex with this antibody.

Upper right corner: surface representation of the HA model rotated by 9o degrees with the residues of the Sa epitope coloured yellow.

www.eurosurveillance.org



and New Zealand, coinciding with the winter influenza
season in the latter two countries. While the combina-
tion of HA mutations at E391K and N142D has been seen
sporadically in isolates in Korea and the United States
in November 2009 (ADM21270, ADM21278, ADL59660,
ADD74728), the first appearance of the double HA and
double NA change has been in April in Singapore (A/
Singapore/CCo1/2010). Similar viruses have also been
detected in Guam (A/Guam/2/2010(H1N1)) and Thailand
(A/Bangkok/INS428/2010(H1N1)) in March 2010; they
were lacking the NA mutations but at least partially
shared the changes in other segments (PB2 K660R,
NS1 Mog3l, PB1 T257A and A652V, NP K452R) which
makes these strains closely related to A/Singapore/
GP329/2010 which was isolated in January 2o010.
Strains with the full set of characteristic mutations of
the new variant have not yet been reported in other
regions and have not appeared in genetic databases to
date.

It remains to be seen whether this variant will continue
to predominate for the rest of the influenza season in
Oceania and in other parts of the southern hemisphere
and then spread to the northern hemisphere or merely
die out. Already this variant virus has been associated
with several vaccine breakthroughs in teenagers and
adults vaccinated in 2010 with monovalent pandemic
influenza vaccine as well as a number of fatal cases
fromwhom the variant virus was isolated. Unfortunately
we did not have access to the comprehensive patient
records that may have enabled us to determine the
relative frequency of vaccine breakthroughs with this
variant compared to the non-variant. This information
is important to eliminate other confounding factors
such as the age of the vaccinee, time since they were

TABLE 2

vaccinated or if they were taking immuosuppressive
drugs, all of which might impact on their level of pro-
tection following vaccination. It is therefore not known
at this time if the amino acid changes in this variant
virus are responsible for these vaccine breakthroughs
or deaths, or if they are simply a result of this virus
genotype being the predominant virus in circulation
during this period. The HA and NA amino acid changes
seen in the variant are present both in the original clin-
ical samples and in viruses isolated in MDCK cells and
are retained in viruses isolated directly in embryonated
hens eggs. Careful studies are underway to determine
if the variant viruses grow better than other influenza
A/California/7/2009-like viruses but preliminary data
indicate that these variant viruses grow as well or bet-
ter than viruses without these characteristic amino
acid changes both in MDCK cell culture and in embryo-
nated hens eggs (data not shown) and this may make
them useful vaccine virus seeds. If confirmed this may
also explain the rapid spread and predominance of this
variant virus. Further animal and human transmission
and growth studies will be required to support this ini-
tial finding.

Conclusions

A new genetic variant of the pandemic influenza (HiN1)
virus has emerged in Singapore, Australia and New
Zealand in the second and third quarters of 2010 that
does not appear at this stage to represent a significant
antigenic change for the virus. However, it may repre-
sent the start of more dramatic antigenic drift of the
pandemic influenza A(H1N1) viruses that may require a
vaccine update sooner than might have been expected,
with a new human influenza virus.

Antigenic reactivity of pandemic influenza A(HINI) variants compared to the A/California/7/2009-like viruses using

haemagglutination inhibition assay

Ferret antisera

Passage details

Specimen/date

HA amino acid changes

Reference viruses BRI LVI

A/CALIFORNIA/7/2009 640 160 640 160 320 320 Es 3/2009

A/ILLINOIS/9/2007 320 320 320 80 160 160 XMDCK3 2007
A/BRISBANE/2013/2009 320 160 320 320 320 320 MDCKy 1/7/2009

A/LVIV/N6/2009 80 <40 40 160 80 160 XMDCK1 2009
A/SINGAPORE/548/2010 640 160 320 160 | 1280 | 1280 E2 26/3/2010 391/142
A/BRISBANE/10/2010 320 80 320 160 | 1280 | 1280 E2 29/4/2010 391/142
Test viruses

A/WAIKATO/2/2010 640 320 640 320 640 640 XMDCK2 4/1/2010
A/SINGAPORE/527/2009 320 160 320 160 320 320 MDCK2 17/11/2009 391
A/SINGAPORE/544/2009 320 160 320 80 160 160 MDCK2 10/12/2009 391
A/FlJI/1/2010 640 320 320 160 320 320 MDCK1 12/5/2010 391
A/BRISBANE/12/2010 640 160 320 160 | 1280 | 1280 MDCK2 3/6/2010 391/142
A/DARWIN/46/2010 640 160 320 160 | 1280 | 1280 MDCK1 28/7/2010 391/142
A/CHRISTCHURCH/23/2010 640 160 320 320 | 1280 | 640 XMDCK1 14/7/2010 391/142
A/WELLINGTON/21/2010 320 80 320 160 640 640 XMDCK1 26/7/2010 391/142

HA: haemagglutinin.
Note: Turkey RBC used.
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