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Abstract

The analysis of the complete H5 hemagglutinin and H8 neuraminidase
phylogenetic trees presented in this paper shows that the H5N8 avian influenza
has been generated by multiple reassortment events. The H5N8 strain does
not have a single origin and is produced when the H5 hemagglutinin and N8
neuraminidase re-assort from other H5 and N8 containing strains. While it was
known that there had been a re-assortment to incorporate the Guangdong H5
hemagglutinin at the start of the Korean outbreak, the results show that there
have also been multiple reassortment events amongst the non-Korean
sequences.
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Introduction

The H5NS8 subtype of influenza A virus was first isolated in Ireland
in 1983'. Until the 2014 outbreak in Korea this was a relatively
rare subtype that only occurred sporadically. This Korean outbreak
was more sustained and over a much wider geographical region
than the earlier outbreaks. The Korean outbreak was also impor-
tant because it resulted from a viral reassortment which contains
the highly pathogenic HS5 segment originally isolated from a goose
in Guangdong in 1996°. The epidemiology of the Guangdong H5
containing H5N8 virus has been investigated extensively’™™ but
there is much less investigation of the subtypes that contain the
non-Guangdong HS which has been the predominant hemagglu-
tinin in North America. The most significant finding from these
previous studies is that the H5 Guangdong hemagglutinin has
now been introduced to North America via bird migratory pathways
and that this H5 has not undergone subsequent reassortment into
other avian influenza subtypes including HSN2.

An interesting question is why there are large gaps in the history
of the sampling of the HSNS8 subtype? This is particularly true in
the case of the non-Guangdong H5 containing sequences. In order
to create a complete history of the HSNS subtype a phylogenetic
analysis of all of the HS hemagglutinin and N8 neuraminidase
sequences was undertaken.

There are three possible explanations for the breaks in detection.
They could result from inadequate sampling of the HSN8 avian
influenza, the virus might have been present in wild birds, but
because avian influenza is often asymptomatic it might be only
cryptically expressed, or HSN8 might occur sporadically because
it has been created by reassortment events but the new reas-
serted virus does not spread widely because it is not competitive
with alternative reassortment subtypes and so it does not form a
continuous population.

A systematic environmental study of bird diseases in the Delaware
Bay, as part of the Southeastern Cooperative Wildlife Disease
Study® has only reported the HSN8 subtype sporadically provid-
ing evidence against inadequate sampling and cryptic expression.
With a systematic collection of biological and environmental
samples if a sustained viral population had been present at this
location then it is likely that it would have been detected even if
infection is asymptomatic.

This leaves the alternative hypothesis that the HSNS8 virus occurs
sporadically as a result of reassortment events, but that these events
do not produce a sustainable HSN8 viral population. This hypoth-
esis can be tested by constructing the complete phylogenetic trees
of H5 and N8. The H5NS subtype samples that fall within a single
clade of the H5 hemagglutinin and N8 neuraminidase phylogenetic
trees will most likely be the product of a single reassortment. If the
HSNS subtype sequences are scattered widely across the phyloge-
netic trees, then this would indicate multiple reassortment events
that have generated the HSN8 subtype from other subtypes.

This paper shows that the HSN8 subtype is distributed widely
across both the H5 and N8 phylogenetic trees and that the sporadic
nature of HSNS is a result of multiple reassortment events that
have generated the subtype rather than cryptic expression of the
virus.
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Materials and methods

All of the available HS hemagglutinin segments (4007 sequences)
and N8 neuraminidase segments (1840 sequences) were
downloaded from the NCBI Influenza Virus Resource on the 27"
of June 2015°. The search was restricted to full-length sequences
from any host. Manual inspection and editing of the sequences
was carried out using Mega6.06'’. During manual editing the 5
end of the sequence was edited to remove the un-translated region.
All sequences were trimmed to the start codon and stop codons.
Sequences with missing nucleotides were removed.

The H5 clades for the HSNS8 subset of hemagglutinin sequences
were assigned using the Highly Pathogenic H5N1 Clade
Classification tool available as part of the Influenza Research
Database''~"*. While this tool was created for the HSN1 subtype, the
recent HSN8 outbreak has been identified as belonging to the new
2.3.4.4 subclade that is part of the classifier.

The H5 hemagglutinin and N8 neuraminidase sequences were
aligned using Muscle v 3.8.31. FastTree2.1 was used to create a
maximum likelihood tree for all of the sequences using the GTR +
gamma evolutionary model'*.

Fasttree -boot 10000 —nt —gtr —-gamma —quote
filename.fas > filename.tree

Given the large number of taxons it is computationally challenging
to calculate non-parametric boot-strapped trees, instead FastTree
calculates a local support values of each of the splits within the tree
using the Shimodaira-Hasegawa (SH) log likelihood test'”. This has
been shown to have a high correlation to non-parametric bootstrap
values'”.

The resulting trees were edited, visualised and annotated with
FigTree 1.4.2'°. The trees were displayed as phylograms in order
to examine the effect of sampling. The full name, chronological
and geographical information was included in the trees as these
are essential for determining the homogeneity of the clades. Nodes
were labelled with the support values calculated by FastTree, which
are a Log Likelihood Ratio. Trees and sub-trees were all rooted to
the earliest chronological sequences within the tree.

Supplementary data-files for the phylogenetic analysis of the HS
hemagglutinin are available from http://dx.doi.org/10.5281/
zenodo.20653 and for the N8 neuraminidase from http://dx.doi.
org/10.5281/zenodo.20655.

Results and discussion

The H5N8 hemagglutinin classifications according to the
pathogenic H5N1 system

Table 1 shows a summary of the H5SN8 sequences that are not
classified as being members of the 2.3.4.4 clade by the influenza
database pathogenic H5N1 classification tool. The complete table
of results is given in supplementary table 1. All of the sequences
from the Korean outbreak are classified as part of the 2.3.4.4
clade and this also includes many of the 2014 North American
sequences but not Californian quail sequence KP101004, which
is part of the American non-Guangdong classification. There are
two non-Guangdong clades that can be identified as sources of H5
hemagglutinin in HSN8, an American and Eurasian clade.
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Table 1. The hemagglutinin sequences that do not belong to the 2.3.4.4 Guangdong

Clade.

Sequence

GQ923573_A/avian/Colorado/456648/2006
M18450_A/duck/Ireland/113/1983
GU052853_A/duck/Ireland/113/1983
L.C053460_A/duck/Quang_Ninh/19¢511/2013
KJ161951_A/duck/Thailand/CU-12205C/2012
CY134101_A/mallard/California/2559P/2011
KP101004_A/quail/California/K1400794/2014
CY144236_A/ruddy_turnstone/New_Jersey/828227/2001

Clade

American Non-Guangdong
American Non-Guangdong
American Non-Guangdong
2.3.2.1c

Eurasian Non-Guangdong
American Non-Guangdong
American Non-Guangdong

American Non-Guangdong

M18451_A/turkey/Ireland/1378/1983
CY015089_A/turkey/Ireland/1378/1983
GU052860_A/turkey/Ireland//1983

The Quang Ninh sequence belongs to the Guangdong grouping but
it is part of a different sub-clade, 2.3.2.1c. This subclade contains
HSNI1 sequences that were found in long range migratory birds
such as Geese, Cranes and Whooper Swans in Mongolia and Japan
between 2009 and 2011. This suggests that this sequence occurred
from a distinct reassortment in migratory birds to that which
produced the Korean outbreak.

These results show that the HSN8 hemagglutinins are widely
distributed across the H5 clades and that almost all of the North
American sequences fall outside of the clades within the current
nomenclature system'”. This demonstrates that there have to have
been multiple reassortment events between different HS and N8
clades which have generated the HSN8 subtype. These need to be
explored through a more detailed analysis of the complete phy-
logenetic trees of the HS hemagglutinin and N8 neuraminidase.
Four distinct reassortment events are already clear. One involv-
ing the 2.3.4.4 Guangdong clade, another involving the 2.3.2.1c
Guangdong clade and two more involving the Eurasian and
American non-Guangdong H5 hemagglutinins.

The H5 hemagglutinin phylogenetic tree

The full H5 tree contains 4007 sequences, and is rooted on the
1959 Scottish HSN1 hemagglutinin sequence CY015081 (Figure 1).
The tree has been collapsed into two main clades which corre-
spond to American (clade 1) and Eurasian sequences (clade 2).
There is then a small cluster of ancestral sequences to these groups
that includes the Irish HSNS sequences (shown in red) that form
a subclade with an H5N2 sequence from Italy in 1980 and the
German H5N6 and HSN2 sequences from 1984-1985. This Irish
group represents the first recorded reassortment that produced the
HSNS subtype. Given that its sequence neighbours both before
1983 and afterward are from the HSN2 subtype it is plausible that
the HSNS8 hemagglutinin originated in the H5N2 subtype. Within
the highly pathogenic avian influenza HSN1 classification the Irish
HS sequences are attributed to the American non-Guangdong clade

American Non-Guangdong
American Non-Guangdong

American Non-Guangdong

but this more detailed analysis show that there is a European
ancestral group that predates the American clade and that the Irish
sequences belong there.

Figure 2 shows clade 1, the American non-Guangdong clade, rooted
on the 1966 H5SNO sequence from a Turkey in Ontario (AB558456).
This clade contains the HSNS sequences from Colorado 2006, a
quail in California in 2014, a mallard in California in 2011 and a
ruddy turnstone in New Jersey in 2001. Each of these appears as
a single sequence in a subclade made up of other non-H5NS viral
subtypes. This suggests that each of these occurrences of HSNS is
the result of a different reassortment event.

The 2001 New Jersey sequence is in a subclade with HSN2 and
HSN7 virus sequences collected in the same location in the same
year. However, it is not clear which subtype is the source of the
HS5 hemagglutinin. The 2006 Colorado sequence is part of a
subclade with the HSN2 subtype and there are a number of other
HS5N2 viruses from Arkansas, Minnesota and Wisconsin that are
closely related and that were also detected in 2006. It is there-
fore most likely that a reassortment took place between H5N8
and H5N2. The 2011 California sequence forms a distinct subc-
lade where the other members are all HSN1 sequences also from
California and also from 2011. This suggests that the HSNS is
the result of a reassortment between HSN8 and H5N1. The 2011
Californian sequence, 2006 Colorado and California 2014
sequences are the most similar to each other but the clade is
dominated by H5 hemagglutinins from the HSNS subtype.

The quail sequence from California in 2014 is particularly
important because this could easily be mistaken as being part of
the main outbreak of the Guangdong H5 containing virus which
is found in the other American HSN8 sequences from that year'’.
However, sequence analysis makes it clear that this is not part
of that group and that it is part of the American non-Guangdong
clade and that this most likely originated in another reassortment of
HSNS or H5SN6 with an N8 containing subtype.
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p GU052518_A/chicken/Scotland/1959_1959//_4_HA_H5N1
bootstrap
U20460_A/tern/South_Africa/1961_1961//_4_HA_H5N3
?Y01 4984_Altern/South_Africa/1961_1961//_4_HA_H5N3
GU052822_Altern/South_Africa/1961_1961//_4_HA_H5N3
—+_.—< CY077685_A/duck/Victoria/26/1981_1981//_4_HA_H5N2
1 CY045255_A/shearwater/Australia/751/1975_1975//_4_HA_H5N3
{ GU052548_A/turkey/England/N28/1973_1973//_4_HA_H5N2

0.999
AY500365_A/turkey/England/N28/73_1973//_4_HA_H5N2

——00.997

CY006036_A/duck/Potsdam/2216-4/1984_1984//_4_HA_H5N6
—{ 1

HF563055_A/duck/Potsdam/619/1985_1985//_4_HA_H5N2

—90.975

—=o CY021381_A/turkey/Italy/1980_1980//_4_HA_H5N2
—e CY014615_A/duck/Hong_Kong/205/1977_1977//_4_HA_H5N3

—e AB558459_A/mallard/Miyagi/53/1976_1976//_4_HA_H5N3

R i‘TLcmzm 1_A/duck/Hong_Kong/694/1979_1979//_4_HA_H5N3

1
EF597250_A/duck/Hong_Kong/698/1979_1979//_4_HA_H5N3
0.465
CY006028_A/goose/Hong_Kong/23/1978_1978//_4_HA_H5N3

CY005575_A/duck/Hong_Kong/342/78_1978//_4_HA_H5N2

% C042035_A/duck/Hong_Kong/821/1980_1980//_4_HA_H5N3

, LC042019_A/duck/Hong_Kong/819/1980_1980//_4_HA_H5N3
0lo0.961
LC042027_A/duck/Hong_Kong/820/1980_1980//_4_HA_H5N3

AB542809_A/duck/Hong_Kong/313-4/1978_1978//_4_HA_H5N3

0.666
—® CY014642_A/duck/Potsdam/1402-6/1986_1986//_4_HA_H5N2

% Taiwan 2013 H2N2

CY110933_A/duck/Taiwan/DV30-2/2005_2005/10/28_4_HA_H5N2

0'A%P792300_A/duCk/Taiwan/DV41 3/2006_2006/07/28_4_HA_H5N2
0.998

KP792308_A/duck/Taiwan/DV518/2006_2006/09/07_4_HA_H5N2

—010.994

(® KF435066_A/finch/England/2051/1991_1991/02/21_4_HA_H5N2

$68489_A/turkey/England/50-92/1991_1991//_4_HA_H5N1

'%&36692_Nturkey/England/50-92/1 991_1991//_4_HA_H5N1
19 0.69p4 0.8
GU052510_Alturkey/England/50-92/1991_1991//_4_HA_H5N1

0.767
{ FJ750571_Alchicken/Belgium/150VB/1999_1999/06/29_4_HA_H5N2
0.999
CY022621_Alchicken/ltaly/22A/1998_1998//_4_HA_H5N9
0,91
93

AMO040150_A/duck/France/05056a/2005_2005//_4_HA_H5N2

AJB32268_A/duck/France/02166/2002_2002//_4_HA_H5N3

959 GU046743_A/mallard/Bavaria/41/2006_2006//_4_HA_H5

——e EU743135_A/emu/NY/12716/1994_1994//_4_HA_H5N9

Clade 1 - American

Clade 2 Eurasian

CY015081_A/chicken/Scotland/1959_1959//_4_HA_H5N1

Figure 1. The complete H5 hemagglutinin tree rooted on CY01581 a chicken sequences from Scotland in 1959. Nodes are labelled and
coloured with the local bootstrap likelihood values. The H5N8 sequences are highlighted in red.
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Figure 2. The expanded Clade 1, non-Guangdong American
clade of the H5 hemagglutinin tree rooted on CY087808 a turkey
sequences from Ontario in 1966. Nodes are labelled and coloured
with the local bootstrap likelihood values. The H5N8 sequences are
highlighted in blue.
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Confusion about the sources of outbreaks can affect the measures
taken to prevent the spread of the disease. This is especially true
in the case of highly pathogenic avian influenza where there is
likely to be a significant economic impact if the outbreak cannot be
managed successfully. Both the Japanese and European outbreaks
were contained and while the highly pathogenic Guangdong HS
was not allowed to spread widely in domestic flocks it was present
in wild birds'*".

Clade 2 is predominantly Eurasian was rooted on the 1991 H5N3
Altai sequence and can be divided into two subclades (Figure 3).
One that contains non-Guangdong Eurasian sequences and a
second that contains the Guangdong sequences. The non-
Guangdong Eurasian sequences include a single HSNS virus from
a duck in Thailand in 2002, which is classified as Eurasian Non-
Guangdong under the existing nomenclature'” (Figure 4). There is
a considerable distance between this sequence and any other HSN8
subtype sequences. This is a clear indication that there must have
been a reassortment in Thailand to produce the HSNS and that it
was most likely between an H5N2 subtype hemagglutinin and
an N8 containing subtype. This new tree shows that the existing
nomenclature for H5 sequences outside of the Guangdong lineage
does not adequately cover the diversity of this group of sequences.

The Guangdong containing subclade is the lineage that has been
studied most extensively and this is taken as the prevailing form
of pathogenic H5 containing highly pathogenic avian influenza'*-'.
Within the Guangdong sequences there are three distinct sets of
H5N8 sequences. The large bulk correspond to the Buan H5N8
sequences (Figure 5) that have been previously described'. This
grouping also includes the North American sequences of HSN8
and H5N2 spread by long distance bird migration””. However the
Gochang sequences form a distinct grouping along with Chinese
sequences from Zheijiang, Shandong and Jiangsu (Figure 6).
This strongly suggests that the Gochang and Buan groups are two
different reassortment events even though they are both within
the 2.3.4.4 highly pathogenic HS clade'”. The other distinct group
contains a single H5SN8 sequence from Quang Ninh and is in
clade 2.3.2.1c. (Figure 7) again this must have been the product of
another reassortment event.

These results from the hemagglutinin trees suggest that there have
been a minimum of five reassortment events within the American
non-Guangdong sequences, another within the Eurasian non-
Guangdong sequences and at least two more in the Guangdong
clade. This makes a total of at least eight separate reassortment
events that have produced HSN8 from other subtypes. Examining
the N8 neuraminidase tree can be used to confirm these reassort-
ment events and to show that absences of HSN8 in the chronologi-
cal record do not result from poor sampling.

The N8 neuraminindase trees

The neuraminidase trees are harder to summarise even though they
contain far fewer sequences. This is because they have a less clear
clade structure. Figure 8 shows the N8 phylogenetic tree rooted on
the 1963 Ukrainian duck sequences. Once again, the HSNS§ sub-
type is close to the root of the tree in the case of the initial Irish
outbreak in 1983. There is however, only a single Irish H5NS
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» GQ227551_A/duck/Altai/1285/1991_1991/08/15_4_HA_H5N3

—e AB241618_A/swan/Hokkaido/67/1996_1996//_4_HA_H5N3

AF303057_A/duck/Malaysia/F119-3/97_1997//_4_HA_H5N3

EF619972_A/duck/Singapore/3/1997_1997//_4_HA_H5N3

@30052802_A/duck/Singapore/F119/3/1997_1997//_4_HA_H5N3

——e DQ092869_A/Pekin_duck/Singapore/F59/04/98_1998//_4_HA_H5N2

Guangdong Lineage

Non-Guangdong Eurasian

» EU564114_A/duck/Altai/1285/1991_1991//_4_HA_H5N3

Figure 3. The expanded Clade 2, Eurasian clade of the H5 hemagglutinin tree that includes the Guangdong lineage. This tree is rooted
on the EU564116 sequence from a duck in Altai in 1991. Nodes are labelled and coloured with the local bootstrap likelihood values. There are

both non-Guangdong and Guangdong subclades.

sequence amongst a group of H3NS§ sequences. Unlike the H5
hemagglutinin there is no existing clade nomenclature for the N8
neuraminidase sequences.

From the neuraminidase tree there are four distinct clades but
these are much more heterogeneous than in the case of the H5
trees. The four clades correspond roughly to long range migratory
birds, far eastern migratory birds, Gochang and Buan and finally
an American clade. Only the Gochang and Buan and the American
clade contain the HSN8 subtype and will be considered here.

The simplest of these clades to view is the Gochang and Buan
clade where the HSNS8 subtypes are clustered tightly together in
one subclade with only a few non H5NS8 sequences (Figure 9).
This highly homogeneous clade is very different to the mixtures
of subtypes found in the other clades. The structure of this clade
suggests that the Gochang and Buan H5N8 viruses originate from
a single source of the N8 neuraminidase but that they divided from
one another before the Korean outbreak. This is in agreement with

the hemagglutinin trees which show that the H5 hemagglutinins
for the Buan and Gochang groups have two more distinct origins.
This shows that reassortment can occur on a local level between
closely related sequences and produce multiple lineages in the
same geographical location.

Clade 4 (Figure 10) contains the seven distinct HSN§ sequences
that are distributed widely across the clade as singletons. None of
the sequences are adjacent to each other in the tree and most are
in distantly related subclades. Clade 4.1 (Figure 11) contains the
2001 New Jersey and 2011 Californian HSN8 sequences along
with the 2006 Colorado, 2014 California and 2013 Quang Ninh
sequences within sub-sub-clade 4.1.1. This agrees with the results
of the H5 hemagglutinin sequences phylogenetic tree and is strong
evidence that each of the HSNS viruses corresponds to a reassort-
ment event. What is more significant is the presence of the Quang
Ninh sequence amongst the North American sequences as this
shows that the N8 neuraminidase circulates more widely than the
different H5 hemagglutinin lineages. Clade 4.2 contains the 2002
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CY076929_A/mallard/Sweden/74/2003_2003//_4_HA_H5N2
bootstrap
1

KF183616_A/mallard/Finland/13748/2007_2007//_4_HA_H5N2
s CY047046_AJbreeder_duck/France/090045b/2009_2009//_4_HA_H5N3
» HF563057_Alostrich/Germany/R5-10/2006_2006//_4_HA_H5N3
CY165887_A/mallard/Sweden/101782/2009_2009/11/13_4_HA_mixedH5
—E‘ AJ972673_Alduck/France/05057b/2005_2005//_4_HA_H5N2
AJ971298_A/duck/France/05054a/2005_2005//_4_HA_H5N3
[—————= CY024746_A/duck/ltaly/775/2004_2004//_4_HA_H5N3
CY022645. Afealtaly/3812/2005_2005i._4_HA_HSN
87

GU046782_A/swan/Bavaria/15/2007_2007/01/_4_HA_H5N2
0.942 GU046735_A/mallard/Bavaria/36/2006_2006/10/_4_HA_H5N3
CY034758_A/mallard/Italy/4223-2/2006_2006/11/11_4_HA_H5N2

0.
3%]046742}/ mallard/Bavaria/40/2006_2006//_4_HA_H5

GU046740_A/mallard/Bavaria/39/2006_2006//_4_HA_H5N3

HM849029_A/mallard/PT/37369/2007_2007/11/02_4_HA_H5N3

0.93 849026_A/mallard/PT/28003/2007_2007/09/07_4_HA_H5N3
849027_A/mallard/PT/28006/2007_2007/09/06_4_HA_H5N3

GU046737_A/m ia/37/2006_2006/10/_4_HA_H5
d%g%46734,A/ma|Iard/Bavaria/35/2006,2006/1 0/_4_HA_H5
» GU046738_A/mallard/Bavaria/38/2006_2006/11/_4_HA_H5N3

KF885675_A/duck/Moscow/4182/2010_2010/11/_4_HA_H5N3

3 #§70839,A/Spot-biIIed,duCk/Xianghai/427/201 1.2011/10/_4_HA_H5N2
JX570831_A/baikal_teal/Xianghai/426/2011_2011/10/_4_HA_H5N2

AB677936_A/duck/Mongolia/194/2011_2011/08/_4_HA_H5N3
ABG677937_A/duck/Mongolia/195/2011_2011/08/_.

_HA_H5N3
ABB830628_A/tundra_swan/Shimane/3211A001/2011_2011/11/07_4_HA_H5N2

KM213391_A/ruddy_turnstone/lceland/2899/2013_2013/05/23_4_HA_H5N1
JX570863_A/green-winged_teal/Xianghai/430/2011_2011/10/_4_HA_H5N2
0.366 KJ161951_A/duck/Thailand/CU-12205C/2012_2012/02/08_4_HA_H5N8

0.9

.?)?570847_A/canvasback/><ianghai/428/201 1_2011/10/_4_HA_H5N2
JX570855_Allittle_grebe/Xianghai/429/2011_2011/10/_4_HA_H5N2

-0 0.947 —9 0,f

p8+———@ JQ737221_A/mallard/Czech_Republic/14602-37K/2011_2011/09/21_4_HA_H5N2
KF462364_A/European_teal/Novosibirsk/239/2011_2011/09/03_4_HA_H5N1
— 0.789 | ﬁ ;F462366,A/European,1eal/Novosibirsk/261/201172011/09/03,4,HA7H5N1

0881
K8F8462362,AIEuropean,teal/Novosibirsk/203/201 1.2011/09/03_4_HA_H5N1

0.998

0Lé3%1 8990_A/duck/Hokkaido/W240/2014_2014/10/30_4_HA_H5N3
'Lgm 8991_A/duck/Hokkaido/W280/2014_2014/10/30_4_HA_H5N3

LC011484_A/duck/Mongolia/334/2014_2014/08/31_4_HA_H5N3
T LC018989_A/duck/Hokkaido/166/2014_2014/10/03_4_HA_H5N2
—9 0.594

! LCO011446_A/duck/Hokkaido/WZ20/2014_2014/10/10_4_HA_H5N2
LC042073_A/duck/Hokkaido/WZ20/2014_2014/10/18_4_HA_H5N2
o = JQ737229_A/mallard/Czech_Republic/15008-11K/2009_2009/09/09_4_HA_H5N3

L3000

CY149348_A/great_black-backed_gulllceland/1110/2011_2011/10/16_4_HA_H5N2
LC011447_Alduck/Mongolia/107/2014_2014/08/31_4_HA_H5N7
‘7—% LC011482_Alduck/Mongolia/211/2014_2014/08/31_4_HA_H5N7
0.889 LC011483_A/duck/Mongolia/256/2014_2014/08/31_4_HA_H5N2
1KF501 076_A/common_shelduck/Mongolia/2187/2011_2011/10/09_4_HA_H5N3
E 'KF501050_A/wild_bird/Mongolia/2066/2011_2011/10/08_4_HA_H5N3
JX069089_A/ostrich/South_Africa/AI2214/2011_2011/06/01_4_HA_H5N2
1 -8,X069081_Aostrich/South_Africa/AI2114/2011_2011/03103_4_HA_HSN2
Eo‘ JX069097_Alostrich/South_Africa/AI2512/2011_2011/07/20_4_HA_H5N2
0781 o Cy165203_A/mallard/Sweden/79167/2008_2008/11/12_4_HA_mixedH5
8.5 164166_Aimallard/Sweden/79261/2008_2008/11/13_4_HA_mixedH5
66053_A/mallard/Sweden/101224/2009_2009/11/05_4_HA_HEN9
JX566054_A/mallard/Sweden/101226/2009_2009/11/05_4_HA_H5N3
# EU544248_Alspur-winged_goose/Nigerial5388-212007_2007/02/17_4_HA_HEN2
X8

U544242_A/spur-winged_goose/Nigeria/5388-5/2007_2007/02/17_4_HA_H5N2
0[)9%%87854,A/malIard/BavariaH /2005_2005//_4_HA_H5N2

CY022637_A/teal/ltaly/3931-38/2005_2005//_4_HA_H5N2
CY021397_A/mallard/Italy/3401/2005_2005//_4_HA_H5N1
KC815867_A/mallard/ltaly/3401/2005_2005//_4_HA_H5N1

KC815853_A/mallard/Italy/3401/2005_2005/09/19_4_HA_H5N1
KC815875_A/mallard/ltaly/3401/2005_2005//_4_HA_H5N1
KC815859_A/mallard/ltaly/3401/2005_2005//_4_HA_H5N1

—=® AY995891_A/mallard/Sweden/39/02_2002//_4_HA_H5N3

0.8

HF563056_A/mallard/Foehr/Wv1310-13/2003_2003//_4_HA_H5N2
HF563058_A/teal/Foehr/Wv1378-79/2003_2003//_4_HA_H5N2
DQ251447_A/duck/Denmark/65047/04_2004//_4_HA_H5N2

CY046142_A/mallard/France/061054/2006_2006/11/07_4_HA_H5N3
U918

CY076937_A/mallard/Netherlands/65/2006_2006//_4_HA_H5N3
CY046158_A/mallard/France/06964/2006_2006/10/24_4_HA_H5N3
2 CY046166_A/Muscovy_duck/France/070090b/2007_2007/02/15_4_HA_H5N3
CY046182_A/duck/France/080036/2008_2008/01/_4_HA_H5N1
CY046174_A/duck/France/080032/2008_2008/01/_4_HA_H5N2
ECOA 408214_A/teal/Germany/WV632/2005_2005//_4_HA_H5N1
CY(061885_A/teal/Germany/WV632/2005_2005/11/25_4_HA_H5N1

CY046150_A/duck/France/06436/2006_2006/03/21_4_HA_H5N3
l-i% 02063_A/mallard/Denmark/64650/2003_2003//_4_HA_H5N7
A

31029_A/mallard/Denmark/64650/2003_2003//_4_HA_H5N7
EOAY9495883,A/maIIard/Sweden/2/02,2002//,4,HA,H5N2
A%g9958847A/maIIard/Sweden/7/200272002//747HA7H5N2
—® AY684894_A/mallard/Netherlands/3/1999_1999//_4_HA_H5N2

0.782
0.901

0.006

Figure 4. The non-Guangdong Eurasian clade rooted on the AY684894 Dutch mallard sequences from 1999. Nodes are labelled and
coloured with the local bootstrap likelihood values. The H5N8 sequences are highlighted in blue.
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bootstrap
1 0.807

—T. KP739421_A/American_green-winged_teal/Washington/195750/2014_2014/12/29_4_HA_H5N1

—

0.002

KP307976_A/Northern_pintail/Washington/40964/2014_2014/12/08_4_HA_H5N2
KP739397_Al/turkey/Washington/61-22/2014_2014/12/30_4_HA_H5N2
KR492974_A/chicken/lowa/04-20/2015_2015/04/20_4_HA_H5N2
P739389_A/domestic_duck/Washington/61-16/2014_2014/12/30_4_HA_H5N2
739381_A/chicken/Washington/61-9/2014_2014/12/30_4_HA_H5N2
——e KR233990_A/chicken/Washington/3490-18/2015_2015/01/29_4_HA_H5N2
KR234038_A/turkey/Minnesota/9845-4/2015_2015/03/25_4_HA_H5N2
KR234022_A/turkey/Arkansas/7791-1/2015_2015/03/08_4_HA_H5N2
KR233982_A/turkey/Minnesota/9892-2/2015_2015/03/26_4_HA_H5N2
KR234006_A/turkey/Minnesota/7172-1/2015_2015/02/27_4_HA_H5N2
) h(}f795729_A/chickenlBC/FAV8/201 4_2014/12/03_4_HA_H5N2

-8 KP795737_A/chicken/BC/FAV9/2014_2014/12/03_4_HA_H5N2
KP307957_Al/turkey/BC/FAV10/2014_2014/12/02_4_HA_H5N2
KR234014_Alturkey/Missouri/7458-1/2015_2015/03/06_4_HA_H5N2
KR234030_A/chicken/Kansas/8395-3/2015_2015/03/12_4_HA_H5N2
ﬂm 50909_A/pheasant/Washington/3147-2/2015_2015/01/26_4_HA_H5N2
KR233998_A/chicken/Oregon/A01819044/2015_2015/02/11_4_HA_H5N2

0.3

Figure 5. The Buan sequences within the Guangdong subclade. Nodes are labelled and coloured with the local bootstrap likelihood

values. The H5N8 sequences are highlighted in blue.
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bootstrap
1

KP735806_A/goose/Shandong/k1201/2009_2009/12/10_4_HA_H5N1

—= KP286574_A/duck/Ningbo/3262/2013_2013/10/20_4_HA_mixedH5

—9 0.799

0.943

0.807

0.786

KP414809_A/duck/Shaoxing/5240/2013_2013/10/28_4_HA_mixedH5

0878
= KP417067_A/duck/Jiangxi/23970/2013_2013/10/20_4_HA_mixedH5

= KJ476670_A/duck/Zhejiang/6D18/2013_2013/12/14_4_HA H5N8

0.002

Figure 6. The Gochang sequences within the Guangdong subclade. Nodes are labelled and coloured with the local bootstrap likelihood
values. The H5N8 sequences are highlighted in blue.

bootstrap AB827991_A/muscovy_duck/Vietnam/LBM330/2013_2013/01/07_4_HA_H5N1
0.956

AB828097_A/muscovy_duck/Vietnam/LBM335/2013_2013/01/07_4_HA_H5N1

r* LC050615_A/duck/Quang_Ninh/15¢111/2013_2013/04/13_4_HA_H5N1

—e

5210053460 A/duck/Quang Ninh/190511/2013 2013/04/10 4 HA HSN8

LC010704_A/duck/Quang_Ninh/13c1-2-1/2013_2013/04/10_4_HA_H5N2

9 (.734

10508 AB824263_A/muscovy_duck/Quang_Ninh/6/2013_2013/04/10_4_HA_H5N1

0.734 L

LC050607_A/muscovy_duck/Quang_Ninh/7¢121/2013_2013/04/13_4_HA_H5N1

AB824271_A/muscovy_duck/Quang_Ninh/9/2013_2013/04/10_4_HA_H5N1

KM821637_A/duck/Khanhhoa/CVVI-32/2014_2014/02/08_4_HA_H5N1

0.002

Figure 7. The Quang Ninh sequence within the Guangdong subclade. Nodes are labelled and coloured with the local bootstrap likelihood
values. The H5N8 sequence is highlighted in blue.
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» AB292669_A/duck/Ukraine/1/1963_1963//_6_(NA)_H3N8
bootstrap
1 %%"?648 Alduck/Ukraine/1/1963_1963/12/12_6_(NA)_H3N8
CY130016_A/duck/Ukraine/1/1963_1963//_6_(NA)_H3N8
0-6938 06576_A/duck/Ukraine/1/1963_1963//_6_(NA)_H3N8
0852 -e-mr_ Clade 1 Long Range Migrations 2002 onwards
.»12- Clade 2 Far Eastern Migratory Birds
CY184634_A/mallard/Sweden/2823/2003_2003/05/25_6_(NA)_H10N8
5690.5274 ICY0b§0376 Almallard/Sweden/7/2003_2003/05/24_6_(NA)_H10N8
Clade 3 China, Gochang and Buan
0.5483 CY087834_A/quaillltaly/1117/1965_1965/06/11_6_(NA)_H10N8
EYAR5796_Alquailltaly/1117/1965_1965//_6_(NA)_H1ONg
5592 @(%7762 Alshearwater/Australia/2/1972_1972/06/11_6_(NA)_H10N8
L06587_A/quail/ltaly/1117/1965_1965//_6_(NA)_H10N8
CY185531_Alblack-headed_guillRepublic_of_Georgia/3/2011_2011/04/19_6_(NA)_H13N8
&\ 185555_Alblack-headed _gull/Republic_of_Georgia/6/2011_2011/04/19_6_(NA)_H13N8
0.6045 C$)18§5515 Alblack-headed_gull/Republic_of_Georgia/1/2011_2011/04/19_6_(NA)_H13N8
L 0.5519 @\ﬂ$55397A/bIack—headedfguII/Republ|c70ffGeorg|a/4/201172011/04/1976 (NA)_H13N8
CY185659_A/black-headed_gull/Republic_of Georgia/9/2011_2011/12/06_6_(NA)_H13N8
'WPSSGZLA/yeIIow—IeggedfguII/RepuincﬁoffGeorgia/1/201372013/02/14767(NA)7H13N8
0 04433 %@010825635_A/ye||ow-|egged_gull/Republic_of_Georgia/2/201 3_2013/03/07_6_(NA)_H13N8
—e JF775471_A/herring_gull/Mongolia/454/2008_2008/09/_6_(NA)_H13N8
FM179764_A/black-headed_gull/Norway/10_1459/2006_2006//_6_(NA)_H13N8
| ,GY184474_Alblack-headed_gulliSweden/74331/2008_2008/07/20_6_(NA)_mixedNS
(97’384082 A/mallard/Sweden/101558/2009_2009/11/11_6_(NA)_mixedN8
(08817 V1314096 AmallardiSweden/101754/2009 2009/11/13_6_(NA)_mixedN8
> 08¥92184109_A/mallard/Sweden/2321/2004_2004/08/31_6_(NA)_mixedN8
CY184490_A/black-headed_gull/Sweden/74342/2008_2008/07/21_6_(NA)_H13N8
» CY077002_A/black-headed_gull/Sweden/1/2005_2005//_6_(NA)_H13N8
‘I Clade 4 American
» EU429797_A/duck/Ukraine/1/1963_1963//_6_(NA)_H3N8

0.07

Figure 8. The complete N8 neuraminidase tree rooted on EU429797 a duck from the Ukraine in 1963. Nodes are labelled and coloured
with the local bootstrap likelihood values. The H5N8 sequence is highlighted in blue.

New York sequence (Figure 13) and clade 4.3 contains the 2012
Thailand sequence (Figure 14). Again this demonstrates how
there is a global dispersion of the N8 neuraminidase clade 4,
compared to the Guangdong HS5 which until 2014 was not present
in North America.

Conclusions

The results presented here show that there is a high degree of
reassortment that generates new influenza subtypes. The presence
of a high proportion of singleton sequences shows that most of
HSNS is often not the preferred subtype as it did not produce a
wide-spread outbreak. The Guangdong H5 containing reassortment
has produced an HSNS8 capable of wider circulation. However it
is still possible that once again HSN§ will die out only to return
sporadically given that the virus has already undergone further
reassortment in North America to produce an HSN2 Guangdong
HS5 containing subtype”.

In a wider context, reassortment events that create new subtypes
need to be accounted for before reliable phylogenetic analysis
can be carried out. Sampling for tree construction based on
viral subtype, without any consideration of reassortment will be
misleading. If we ignore these reassortment events, then we will
introduce sampling bias to the trees. Sampling bias is introduced
because you selectively sample sequences within a clade that
share the same subtype whereas many of the neighbouring
hemagglutinin and neuraminidase sequences may actually be
from other subtypes.

Where phylogenetic analysis focuses on a viral segment of a
specific subtype a complete analysis of all of the sequences for
from all subtypes for that segment, as has been performed here,
is rarely carried out. The criteria for including sequences in these
analyses are usually based on chronological or geographical limits,
but these limits reduce the generalizability of the hypothesis being
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bootstrap
1

——e EU429698_A/duck/Eastern_China/19/2004_2004//_6_(NA)_H3N8

T AB807866_A/duck/Vietnam/G18-1/2011_2011//_6_(NA)_H3N8
AB778270_A/duck/Vietnam/OIE-2577/2011_2011/09/17_6_(NA)_H3N8

F1000Research 2016, 5:2463 Last updated: 28 APR 2017

—= KM504103_A/duck/Shandong/Q1/2013_2013/04/25_6_(NA)_H5N8

ler_duck/Korea/H133/2014_2014/01/25_6_(NA)_H5N8
aikal_teal/Korea/H66/2014_2014/01/21_6_(NA)_H5N8
'mallard/Korea/H297/2014_2014/01/29_6_(NA)_H5N8
'tundra_swan/Korea/H411/2014_2014/02/06_6_(NA)_H5N8
9_A/baikal_teal/Korea/2399/2014_2014/01/20_6_(NA)_H5N8
58_A/common_teal/Korea/H455-30/2014_2014/02/08_6_(NA)_H5N8
_A/breeder_duck/Korea/H128/2014_2014/01/25_6_(NA)_H5N8
0_A/broiler_duck/Korea/H145/2014_2014/01/25_6_(NA)_H5N8
0_A/broiler_duck/Korea/H65/2014_2014/01/21_6_(NA)_H5N8
0_A/Baikal_teal/Korea/H84/2014_2014/01/22_6_(NA)_H5N8
7_A/baikal_teal/Korea/1437/2014_2014/01/20_6_(NA)_H5N8
|_A/waterfowl/Korea/S005/2014_2014/02/15_6_(NA)_H5N8
_Albaikal_teal/Korea/1452/2014_2014/01/20_6_(NA)_H5N8
A/Baikal_teal/Korea/H41/2014_2014/01/19_6_(NA)_H5N8
A/Korean_native_chicken/Korea/H257/2014_2014/01/28_6_(NA)_H5N8
A/baikal_teal/Korea/1441/2014_2014/01/20_6_(NA)_H5N8
A/baikal_teal/Korea/1445/2014_2014/01/20_6_(NA)_H5N8
Albaikal_teal/Korea/1447/2014_2014/01/20_6_(NA)_H5N8
Albaikal_teal/Korea/1448/2014_2014/01/20_6_(NA)_H5N8
Albaikal_teal/Korea/1454/2014_2014/01/20_6_(NA)_H5N8
A/baikal_teal/Korea/1456/2014_2014/01/20_6_(NA)_H5N8
A/baikal_teal/Korea/1458/2014_2014/01/20_6_(NA)_H5N8
Albaikal_teal/Korea/2402/2014_2014/01/20_6_(NA)_H5N8
Albaikal_teal/Korea/2403/2014_2014/01/20_6_(NA)_H5N8
Albaikal_teal/Korea/2406/2014_2014/01/20_6_(NA)_H5N8
A/baikal_teal/Korea/2416/2014_2014/01/20_6_(NA)_H5N8
A/baikal_teal/Korea/2417/2014_2014/01/20_6_(NA)_H5N8
A/baikal_teal/Korea/Donglim3/2014_2014/01/17_6_(NA)_H5N8
Albaikal_teal/Korea/K14-E016/2014_2014/02/15_6_(NA)_H5N8
A/bean_goose/Korea/H328/2014_2014/02/01_6_(NA)_H5N8
A/bean_goose/Korea/H53/2014_2014/01/20_6_(NA)_H5N8
Albreeder_chicken/Korea/H122/2014_2014/01/24_6_(NA)_H5N8
Albreeder_chicken/Korea/H250/2014_2014/01/28_6_(NA)_H5N8
Albreeder_duck/Korea/H158/2014_2014/01/26_6_(NA)_H5N8
Albreeder_duck/Korea/H200/2014_2014/01/27_6_(NA)_H5N8
Albreeder_duck/Korea/H249/2014_2014/01/28_6_(NA)_H5N8
Albroiler_duck/Korea/Buan2/2014_2014/01/17_6_(NA)_H5N8
Albroiler_duck/Korea/H29/2014_2014/01/18_6_(NA)_H5N8
Albroiler_duck/Korea/H31/2014_2014/01/19_6_(NA)_H5N8
Albroiler_duck/Korea/H32/2014_2014/01/19_6_(NA)_H5N8
Albroiler_duck/Korea/H47/2014_2014/01/20_6_(NA)_H5N8
Albroiler_duck/Korea/H48/2014_2014/01/20_6_(NA)_H5N8
Albroiler_duck/Korea/H49/2014_2014/01/20_6_(NA)_H5N8
A/mallard/Korea/H207/2014_2014/01/27_6_(NA)_H5N8
Alwhite-fronted_goose/Korea/H231/2014_2014/01/28_6_(NA)_H5N8
_A/Baikal_teal/Korea/H68/2014_2014/01/22_6_(NA)_H5N8
KR150903_A/turkey/California/K1500169-1.2/2015_2015/01/21_6_(NA)_H5N8
739407_A/chicken/Oregon/41613-2/2014_2014/12/16_6_(NA)_H5N8
739415_A/guinea_fowl/Oregon/41613-1/2014_2014/12/16_6_(NA)_H5N8
P307986_A/gyrfalcon/Washington/41088-6/2014_2014/12/08_6_(NA)_H5N8
_A/Baikal_teal/Korea/H62/2014_2014/01/21_6_(NA)_H5N8
3_A/baikal_teal/Korea/2414/2014_2014/01/20_6_(NA)_H5N8
i7_A/baikal_teal/Korea/1457/2014_2014/01/20_6_(NA)_H5N8
3_A/mallard/Korea/W452/2014_2014/02/05_6_(NA)_H5N8
_A/spot-billed_duck/Korea/H455-42/2014_2014/02/08_6_(NA)_H5N8
8_A/chicken/kumamoto/1-7/2014_2014/04/13_6_(NA)_H5N8
ean_goose/Korea/H40/2014_2014/01/19_6_(NA)_H5N8
aikal_teal/Korea/H96/2014_2014/01/23_6_(NA)_H5N8
aikal_teal/Korea/H80/2014_2014/01/22_6_(NA)_H5N8
oot/Korea/H81/2014_2014/01/22_6_(NA)_H5N8
aikal_teal/Korea/1446/2014_2014/01/20_6_(NA)_H5N8
ikal_teal/Korea/1449/2014_2014/01/20_6_(NA)_H5N8
anghai/SH-9/2013_2013/11/13_6_(NA)_H5N8
/W24/2013_2013/11/14_6_(NA)_H5N8
6D18/2013_2013/12/14_6_(NA)_H5N8
|_teal/Korea/H52/2014_2014/01/20_6_(NA)_H5N8
ler_duck/Korea/Gochang1/2014_2014/01/16_6_(NA)_H5N8
igxi/23970/2013_2013/10/20_6_(NA)_mixedN8
xing/5240/2013_2013/10/28_6_(NA)_mixedN8

CY109260_A/duck/Guangxi/2736/2006_2006/07/_6_(NA)_HEN8
—$ 0.058
b
1
1
L 0.383
0 d.776 L—9 0.406
Lo b.go1
L JN087314_A/environment/Korea/SH12-6/2008_2008/11/03_6_(NA)_H3N8

'—e KF667707_A/common_shelduck/Mongolia/2185/2011_2011/10/09_6_(NA)_H3N8
—e EU429700_A/duck/Eastern_China/90/2004_2004//_6_(NA)_H3N8

0.009

Figure 9. The Gochang and Buan containing clade of the N8 neuraminidase tree. The tree is rooted on the EU429700 sequence from a
duck in Eastern China in 2004. The Buan sequences are highlighted in orange and the Gochang sequences are highlighted in blue. Nodes
are labelled and coloured with the local bootstrap likelihood values.
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Figure 11. Sub-clade 4.1 of the N8 neuraminidase tree. Nodes are Figure 12. Sub-sub-clade 4.1.1 of the N8 neuraminidase tree.
labelled and coloured with the local bootstrap likelihood values. The Nodes are labelled and coloured with the local bootstrap likelihood
H5N8 sequences are highlighted in blue. values. The H5N8 sequences are highlighted in blue.
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Figure 14. Sub-clade 4.3 of the N8 neuraminidase tree. Nodes are labelled and coloured with the local bootstrap likelihood values. The

H5N8 sequence is highlighted in blue.

considered. To make sure that sampling is effective a complete
phylogenetic analysis of that segment is required. After this then
clades and subclades can be selected for further analysis using
geographical or chronological criteria. In this way the only bias
introduced is that from sequence collection and availability.

This analysis only considered reassortment from the perspective of
the glyco-proteins as the reassortment of these protein produces a
novel influenza sub-type. Further analysis needs to also include the
other viral segments in order to provide a more complete picture of
reassortment in avian influenza.
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The author describes the history of the H5N8 avian influenza subtype by performing phylogenetic analysis
of all H5 hemaglutinin and N8 neuraminidase gene sequences regardless of subtype. The objective of
this analysis is to demonstrate reassortment events between the H5 and N8 gene segments to explain
gaps in collection history of the HSN8 subtype. However, the quality of this analysis is doubtful for several
reasons: foundational research on this subject appears to be ignored, assumptions are unclear and/or
incorrect, the methods are subjective, strong assertions and conclusions are made with weak evidence,
and the presented figures are often uninterpretable. In comparing this study to the published literature, the
methods used are qualitative and highly sensitive to bias. | recommend the author uses other, more
quantitative methods rather than reading the tree.

Influenza A virus has been an important model organism to study the mechanisms of evolutionary
change. In addition to mutation, migration, natural selection and genetic drift, genomic reassortment of
influenza gene segments is a well-known, well-established mechanism of influenza evolution and diversity
1-8_ Scientists have been reporting reassortment events since the 1970’s, including several that have
resulted in pandemic disease. While the author no doubt knows this, results and conclusions are posed in
such a way as to lead the reader to believe reassortment is a novel discovery. Reframing these findings in
the context of previous studies on reassortment would be a helpful means to avoid this. Alternatively, the
author may wish to approach the subject with a question that delves deeper into the phenomenon of
reassortment itself or further investigate the methods of its analysis, rather than stopping at the conclusion
that reassortment exists. The author has also overlooked some important systematic studies
demonstrating that persistence of LPAI subtypes through time is rare (if ever). The author asks whether
the H5 and N8 associations are randomly distributed across the tree or do they cluster assuming
adequate sampling (a dubious assertion). With the understanding that LPAI subtypes rarely persist in wild
birds, the signal of persistence in domestic birds might be an artifact of systematic surveillance vs.
outbreak investigation of an HPAI subtype.

The methods in this analysis are also unclear and subjective. The author hopes to estimate whether or not
H5 and N8 subtype genes associate persistently through time and space, immediately ruling out sampling
bias and “cryptic expression” as causes for these associations. But what is meant by cryptic expression?
And how was it assessed? Maybe branch lengths? To evaluate reassortment of the H5SN8 subtype, the
author compares phylogenetic analyses of the H5 and N8 genes. This is a valid method to investigate
reassortment, especially if the goal of the manuscript is to report circulating genotypes. But, the author is
making inferences or suggestions when the strength of those assertions has not been assessed. For
example, the author, referring to the early H5N8, states, "Given that its sequence neighbours both before
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1983 and afterward are from the H5N2 subtype it is plausible that the HSN8 hemagglutinin originated in
the H5N2 subtype." Two immediate issues with this statement become clear: 1) there is no scale bar
provided to allow the readers to assess how much evolution occurred on the branch leading to the H5N8
and 2) the ancestral state being H5N8 is equally likely. The author also makes inferences about the
Gochang and Buan groups, but again, no scale bar is provided, the relationship of these two groups is not
depicted, and the NA analysis shows them to be monophyletic (ie. single introduction into HPAI H5). It's
unclear how robust this assessment of multiple reassortment histories is.

Bootstrapping, as presented here, only provides support for the estimated bifurcation of a particular node,
but provides no information on the strength of evidence for a reassortment event. For instance, a single
sequence of H5N8 within a clade of sequences from a different subtype may indicate a reassortment
event (assuming systematic surveillance, as the author does). However, the evidence for reassortment
becomes less clear as in the case of the author’s claim that the Gochang and Buan sequences developed
from a local reassortment. The author provides no evidence to test this claim except for the
heterogeneity/homogeneity of the clade based on bootstrap values, which can be influenced by
phylogenetic error. The author should consider using BATS to assess the probability of association given
the phylogenies generated. Furthermore, the analysis provides no information on the extent of the
circulation, context of surveillance, or number of infected or durations of circulation. All of these can affect
branch lengths that might lead to incorrect inference of ancestral subtype. Additionally, the author might
want to look at all HSN8 genomes to assess the relative diversity resulting from reassortment using for
example tree-to-tree comparison methods. Within the past several years a variety of computational
methods have been developed that can help test these claims of reassortment, both dependent®: 9 10 on
and independent? 13 of phylogeny. These listed methods would provide statistical support for
reassortment events that would go beyond the subjective claims made by this author.

One last recommended improvement for this article would be to focus on making the figures more
readable and easier to interpret. Bootstrap values are often difficult to read as they are overlapped by
branches and nodes. Coloring nodes by bootstrap value is probably not necessary since the values are
listed, but if it is felt that the color coding must be included, the nodes should be enlarged, otherwise it is
difficult to tell colors apart. In several cases these figures are uninterpretable. It also seems slightly
misleading to keep the Gochang and Buan clades together for N8 phylogeny, but separate them into two
figures when analyzing H5, especially without providing a tree to put these clades in context. There are
also better ways to label taxa names than highlighting them in FigTree and taking a screen capture.

While the reassortment history of the H5SN8 subtype is an interesting subject, the analysis presented
qualifies as an initial step in understanding the global dynamics of HSN8 reassortment and re-emergence.
Improved analytical methods that provide quantitative support would greatly strengthen this paper and
provide an empirical framework to test the robustness of the inferences made. Finally, those inferences
must be presented in context of previously published works.
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The author examines the emergence of avian influenza A viruses (AlAV) having the H5N8 subtype, using
genomic sequences from a publicly available influenza sequence database. He points out, correctly, that
isolates of HSN8 AIAV has been reported sporadically, but infrequently, since 1983, with the majority of
detections occurring during the recent outbreak of HSN8 viruses in Korea. These H5N8 viruses carry a
hemagglutinin (HA) segment from the so-called “Guangdong lineage”, the lineage associated with the
highly pathogenic AIAV H5N1 viruses that were first detected in Asia in 1996.

In order to demonstrate the sporadic emergence of H5SN8 AIAV over 30+ years of history, the author
conducts a phylogenetic analysis all full-length HA from all influenza A viruses having H5Nx subtype, and
the complementary analysis of all full-length neuraminidase (NA) from all influenza A viruses having HxN8
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subtype.

The analytical approach is appropriate. Perhaps other phylogenetic inference methods could give
stronger results, but | doubt that alternatives will change the basic conclusions. It is clear that AIAV having
H5N8 subtype have been seen sporadically in the past, but not until 2010 were these found in conjunction
with HA from the Guangdong lineage.

Using his extensive HA(H5) and NA(N8) phylogenies, the author attempts to infer the subtype of the
donor viruses of the sporadically occurring H5N8 viruses. In some instances, the evidence is reasonably
strong. However, circumstantial evidence based on collocation of subtypes with high bootstrap support in
a phylogeny does not constitute proof of the donor subtypes, a point that the author recognizes. (Such
proof is extremely difficult to obtain, requiring a field sample with a mixture of the relevant donors and
reassortant viruses.)

| would like the author to have provided some context for his results. How “unusual” is this pattern of
sporadic emergence of newly formed reassortants having a particular mixture of HA and NA subtypes?
For example, the database contains four sequences from H5N4 viruses, one collected from each of 2006
and 2009, and two collected in 2010. Given the time period separating these detections, it is highly likely
that at least three separate reassortment events gave rise to these four viruses. The author could also
describe the various other NA subtypes that have reassorted with HA from the Guangdong lineage. The
fact that the Guangdong HA'’s have been circulating for two decades and only recently have they
reassorted with another subtype to produce a “successful” novel H5SNx subtype is of interest.

Frequent reassortment among avian influenza viruses has been well documented. For the most part,
novel AIAV reassortants do not persist long before they reassort again, as is seen in this paper. An
important question is why a particular combination of segments becomes “successful’, i.e. able to spread
widely in its host species. The answer to this question is beyond the scope of the author’s work. This
paper does show, for one subtype, the history of emergence, disappearance and re-emergence, including
a recent outbreak.

| have a number of minor comments.
1. | found the tip labels of phylogenetic trees confusing. | would prefer the format “strain name
(subtype).”

2. Please collapse subtrees in Fig. 2.

3. Numerical support for branches: | would prefer these values to be given only when the branch is
relevant to the thesis of the paper. Reporting support values that are very low or even 0, such as in
Figures 5 and 8, is not helpful.

4. | would like Figs 5-7 to be combined, so that | can see how these subtrees relate to the overall
evolution of the Guangdong HA/H5.

5. A number of the sequences from old isolates are duplicates. These should be removed before
analysis.

6. The author criticizes phylogenetic analysis based on a specific subtype. | disagree with this
criticism. | believe that the choice of dataset depends on the hypothesis of interest. It may be most
appropriate to focus on A/H3N2 viruses from humans or A/H5N1 viruses from chickens when, for
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example, considering antigenic drift in the respective hemagglutinin proteins.

7. Surveillance of avian influenza is a major focus of the CEIRS program. It extends beyond the study
in the Delaware Bay. Subtypes not represented in the public sequence database are likely to be
rare in the host population. Except in restricted situations such as outbreaks in a domestic poultry
flock, it is unlikely that the subtype of an avian virus is known before sampling and laboratory
identification. Therefore, sampling bias is unlikely to be a source of lack of sequences from a
particular subtype.

Competing Interests: No competing interests were disclosed.
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Andrew Dalby, University of Westminster
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While it is not possible to know for sure the ancestors of a reassortment event collocation in a
specific time-frame is strongly suggestive especially if reassortment can be placed within the same
time frame.

The bootstrap is often treated as a measure of the accuracy of a phylogenetic tree when it is
actually a measure of the precision of that sample of data producing that tree topology with that
tree construction method. Tree reconstruction is limited by the quality of the sampling of the data,
and no number of bootstraps can create the correct tree from a poor sample. | do not consider
bootstraps as a measure of likely ancestry but more as a measure of clustering of sequences and
their position within clades. If there is a clade with different subtypes then these are more likely to
have a shared ancestry.

The H5 trees contain the sporadic occurrence of many other H5 containing subtypes and show
that even H5N2 and H5N1 have multiple reassortment events. The reasons for the focus on H5SN8
is because there are such large breaks in the historical record, because of the global distribution of
the subtype and most importantly because there was finally a sustained outbreak in Korea and
then later Taiwan. It was this different behaviour between the Korean outbreak and previous cases
of H5N8 that drew my attention. This does point to the actual question of interest, which is why
some reassortments thrive but many do not. Even for the Korean outbreak when the Guangdong
containing sequence reached North America it rapidly reassorted to produce a H5N2 subtype. This
implies that while in North America the N2 is preferred, there is no equivalent N2 replacement for
N8 in Korea or Taiwan. This shows a specific preference for neuraminidase lineages for
hemagglutinin lineages that goes beyond the level of subtype.

The reason for criticising studies that use just sequences from a single subtype is that if you do this
then you do not get a contiguous sample of the hemagglutinin or neuraminidase sequence
changes. If you consider the H5 hemagglutinin in HSN8 for example, if HSN8 becomes H5N2 and
then returns to H5N8 you are missing the sequence changes that occur in the hemagglutinin in the
H5N2 subtype. This will affect antigenic studies as much as phylogenetic studies (and possibly
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even more severely depending on the number of changes that occur in the HSN2 hemagglutinin).
This is because you will be sampling irregularly in time. For the best possible sampling you need to
see all of the individual nucleotide sequence changes. Where you have steps that involve more
than a single change then there are several different orders for these changes which cannot be
resolved unambiguously.

By sampling bias | am considering the relatively small number and narrow geographical focus of
current sampling efforts. | was not questioning the experimental validity of studies such as CEIRS
and implying that the experiments are biased. My meaning was that most sampling is convenience
sampling and this is inherently biased. For example Africa and South America have very few
sequences available and only now is there increased sampling in Russia where the migratory
breeding grounds for many long range bird migrants are found. While a subtype might be rare
locally this might not be true globally. For example the Guangdong H5 lineage was not known in
North America until the HSN8 outbreak and localisation of lineages seems to occur in many
subtypes including H5 and H9.
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