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A novel H7N9 influenza A virus first detected in March 2013 has since caused more than
130 human infections in China, resulting in 40 deaths!-2. Preliminary analyses suggest the
virus is a reassortant of H7, N9 and HON2 avian influenza viruses and carries some amino
acids associated with mammalian receptor binding, raising concerns of a new pandemicl-34,
However, neither the source populations of the H7N9 outbreak lineage nor the conditions
for its genesis are fully known®. Through a combination of active surveillance, screening of
virus archives, and evolutionary analyses, we find that H7 viruses likely transferred from
domestic duck to chicken populations in China on at least two independent occasions. We
show that they subsequently reassorted with enzootic HIN2 viruses to generate the H7N9
outbreak lineage, and a related previously unrecognised H7N7 lineage. The H7N9 outbreak
lineage has spread over a large geographic region and is prevalent in chickens at live poultry
markets (LPM), which are thought to be the immediate source of human infections. Whether
the H7N9 outbreak lineage has, or will, become enzootic in China and neighbouring regions
requires further investigation. The discovery here of a related H7N7 influenza virus in
chickens that has the ability to experimentally infect mammals, suggests that H7 viruses
may pose threats beyond the current outbreak. The continuing prevalence of H7 viruses in
poultry could lead to the generation of highly pathogenic variants and further sporadic
human infections, with a continued risk of the virus acquiring human-to-human
transmissibility.

Following the initial reports of H7N9 influenza infection in humans, field surveillance was
conducted during 4-18™ April in Wenzhou (Zhejiang Province, 500 km south of
Shanghai) and Rizhao (Shandong Province, 600 km north of Shanghai), which both border
the main outbreak region, and in Shenzhen (Guangdong Province, 1200 km south of
Shanghai), an area that has not reported human cases (Supplementary Fig. 1). A total of
1,341 pairs of oropharyngeal and cloacal samples were collected from chickens, ducks,
geese, pigeons, partridges and quail. A further 1006 faecal and water samples from LPMs,
farms and wetlands were also collected (Supplementary Table 1). 388 haemagglutin-positive
agents were isolated (10.5% of samples), of which 60 and 85 represented H7 and H9
influenza A viruses. The remaining positive isolates represented other subtypes of influenza
A viruses or avian paramyxoviruses (Supplementary Table 1).

H7 influenza A viruses were only detected in Wenzhou and Rizhao and only in LPMs. All
H7 isolates from Rizhao were H7N9 viruses, while those from Wenzhou were all H7N7
viruses, except for two duck isolates that were H7N2 and H7N3 viruses. All H9 isolates
were HIN2 viruses (80 from LPMs, 5 from farms). At LPMs in Wenzhou the H7 virus was
at its highest prevalence in chickens (10.1%; 46/457), followed by ducks (2.4%; 3/125) and
pigeons (1.6%; 3/188). In Rizhao LPMs H7NS9 viruses were only found in chickens (0.7%;
8/1113). Of the chicken isolates, 100% of H7N9, 65.3% of H7N7 and 94.8% of HON2
viruses were from oropharyngeal swabs (Supplementary Table 1), suggesting that these
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H7N9 and H7N7 viruses might replicate in the upper respiratory tract of terrestrial poultry,
similar to the enzootic HON2 viruses®.

These samples were sequenced to investigate the evolutionary history of avian influenza
viruses implicated in the current outbreak of H7N9 infections of humans and poultry. Full
genome sequences were obtained for 34 H7N7, 4 H7N9 and 19 HIN2 isolates. The H7 and
N7/9 genes of 16 mixed H7/H9 infections were sequenced (Supplementary Table 1) as were
3 H7N9 and 3 H7N7 samples that had multiple HON2-like internal gene segments. The H7
haemagglutinin (HA) gene sequences of the H7N9 viruses isolated from chickens in Rizhao
formed a tight monophyletic group (lineage ‘b’ in Fig. 1a) with previously reported human
and avian viruses from the current H7N9 outbreak. This was most closely related to a group
comprising mostly H7N7 viruses obtained from Wenzhou chickens, ducks and pigeons
(lineage “c’ in Fig. 1a). All viruses isolated from chickens in these two groups had internal
gene complexes that were closely related to those present in co-circulating HON2 viruses.

To examine the genesis of these H7N9 and H7N7 viruses, we sequenced 197 archived
isolates of H7, N9, N7 and HIN2 viruses, obtained during previous influenza surveillance
between 2000-2013 in southern China (Supplementary Fig. 1). These sequences were
analysed together with those obtained in our post-outbreak surveillance, plus all closely
related sequences from public databases (see online Methods). H7 influenza viruses from
East Asian migratory waterfowl were introduced into domestic ducks in China on multiple
occasions in the last decade (Fig.1a, Supplementary Fig. 2). In 2009-10, H7 viruses with
five NA subtypes were found in duck farms and LPMs in Jiangxi, suggesting an
epidemiological bridge from migratory birds to sentinel farm ducks and then to market birds
(Supplementary Fig. 2)7. These introductions to domestic birds persisted for less than two
years, except for the introduction of H7N3 viruses (initially isolated in Fujian and Zhejiang
in 2010-11) that led to the 2013 H7N9 outbreak lineage viruses and the H7N7 viruses from
Wenzhou (lineage ‘@’ in Fig. 1a).

Previous analyses have suggested that the N9 gene of the H7N9 outbreak lineage was
derived from wild bird viruses in Europe and Korea®#. However, our data shows that, for
this gene, more closely related H11N9 and H2N9 viruses are found in migratory wild birds
in Hong Kong in 2010/11 (“** in Fig. 1b). Phylogenetic linkage between the viruses of these
birds and those of domestic ducks in China can be observed at least twice (“*’ in Fig. 1b)
prior to the emergence of the N9 gene in the 2013 outbreak (Fig. 1b, Supplementary Fig. 3).

These data also allow us to reconstruct the genesis of the novel H7N7 lineage closely related
to the H7N9 outbreak strain. The N7 of this lineage (‘d’ in Fig. 1c) arose from H7N7 viruses
present in the domestic waterfowl of China since at least 2010 (Fig.1c, Supplementary Fig.
4). After entering domestic ducks, these early H7N7 viruses and H7N3 viruses (which had
internal genes from a sub-lineage, ZJ-5, of the wild bird viral gene pool) co-circulated in
these birds in eastern China during 2010-11 (Fig. 1) and gave rise to H7N7 viruses with
ZJ-5 internal genes (WZ-Dk-H7N7; Fig. 1a). H7N7 viruses were also introduced to chickens
and by reassortment obtained internal genes from co-circulating HON2 viruses, generating
the H7N7 viruses found in Wenzhou (WZ-Ck-H7N7; Figs 1-2).
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The HIN2 viruses that contributed internal genes to the H7N9 and H7N7 lineages were
formed by reassortment of the major HIN2 lineage in China (SH-F/98) with a Eurasian wild
bird virus, from which the former acquired a PB2 segment, creating a separate sub-lineage
(ZJ-HJ/07; Fig. 2; Supplementary Figs 5-10). The internal genes of the ZJ-HJ/07 sub-
lineage form two distinct subgroups (marked ‘a’ and ‘B’ in Supplementary Figs 5-10),
based on the PB2 segment phylogeny. Reassortment between a and  led to the internal
gene cassettes of the H7N9 and H7N7 viruses having an NS gene from a and other internal
genes from B. (Fig. 2).

Even though the H7N9 and H7N7 chicken isolates obtained their internal gene cassettes
from similar HON2 viruses, all of their six internal genes formed distinct sublineages by
subtype (Fig. 1d, Supplementary Figs 5-10). This indicates that the H7N9 and H7N7 viruses
resulted from two independent interspecies transmissions to chickens, most likely from
domestic ducks, and subsequent reassortment events. Some H7N9 and H7N7 viruses had
one or two internal genes that fell outside these sublineages and instead clustered with other
co-circulating HON2 chicken viruses (Supplementary Figs 5-10). Thus, further
reassortments with other HON2 viruses continued to occur in chickens, increasing the
genetic diversity of the H7N9 and H7N7 viruses.

Both the H7N9 and H7N7 lineages have three major sources of their eight gene segments
(Fig. 2). Although the H7N7 virus suggests a path of two consecutive reassortment events
(yellow pathway arrows, Fig. 2), the evidence is not as clear for H7N9 viruses (purple
pathway arrows, Fig. 2). For the two scenarios for the generation of the H7N9 outbreak
lineage, molecular clock dating of divergence dates suggests: either a single reassortment
event between mid-2011 and mid-2012, or a reassortment between H7 and N9 viruses in
2011 to generate an H7N9 ancestor, probably in ducks, followed by an interspecies
transmission and a second reassortment with chicken HIN2 viruses from mid-2011 to late
2012 (Supplementary Fig. 11; substitution rates are shown in Supplementary Table 2).
However alternative reassortant pathways and hosts cannot be definitively excluded due to
the limited numbers of H7 and N9 viruses identified during outbreak surveillance, and it is
possible for either the H7 or N9 viruses to have first reassorted with HIN2 viruses.

The H7N9 and H7N7 viruses have similar, but independent evolutionary origins. Their HA
genes originated from H7 viruses that have been introduced to and established among the
domestic ducks in China since 2010. At that time, these duck H7 viruses had internal genes
from the ZJ-5 sub-lineage, as did H3N3, HIN2, and H11N3 duck viruses found in southern
and eastern China during 2009-2013 (Fig. 1). An N9 virus that was a related precursor of
the H7N9 viruses (Dk/JX/21714/11; H11N9), had polymerase genes from the ZJ-5 sub-
lineage (Fig. 1b “*’, d), linking duck N9 viruses to the duck H7N3 precursors of the H7N9
lineage.

The HA of the H7N9 outbreak lineage (including viruses isolated from Rizhao, but
excluding Shanghai/1/2013 & Ck/ZJ/DTID/ZJU01/2013) had the amino acid substitution
Q235L/1 (position 226 in H3 numbering) indicating that this substitution, which favours
a2,6 sialic acid binding, appears to have originated in chickens. The equivalent substitution
in chicken HAN2 viruses has been observed since the late 1990s and was linked to virus
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replication in the upper respiratory tract of birds®. The HAs of the H7N7 lineage from
Wenzhou, and their closely related duck viruses (Fig. 1a) do not have this substitution. Of
the other amino acid substitutions linked to a.2,6 sialic acid binding seen in the H7N9
viruses (G195V, A146S; 186, 138 in H3 numbering)?, only G195V is seen in one H7N7
virus (Supplementary Fig. 12). However, two recent studies have shown that, despite these
mutations, the H7 HA has limited binding to human receptors®°. Both NAs of the H7N7 and
H7N9 chicken viruses have overlapping deletions (20 amino acids in N7, positions 53-72;
five amino acids in N9, positions 6973 N9) in the stalk region, which are often observed in
influenza virus lineages established in terrestrial poultryl®. Duck H7 viruses (N7, N3 and
N2) from Wenzhou did not have a stalk deletion. The E627K and D701N substitutions in
PB2 normally seen in mammalian viruses!! are only found in human H7N9 isolates (but not
in all) and not in the chicken H7N9 and H7N7 viruses obtained here. While it cannot be
excluded, there is no evidence from these data to suggest that these viruses are mammalian
adapted or that a mammalian intermediate host was involved in the human H7N9 infections.

Although the chicken H7N7 viruses carry only some of the molecular markers seen in the
human H7N9 isolates (Supplementary Fig. 12), they may still have the potential to infect
humans or mammals. To assess infectivity in mammals, two groups (n=6 each) of ferrets
were inoculated with Chicken/Wenzhou/610/2013 (H7N7) at 104 or 108> plaque-forming
units (PFU). Both groups shed virus from 2 days post-inoculation (dpi) (high dose) and 3 dpi
(low dose) and virus could be detected in rectal swabs at 4 dpi in both groups
(Supplementary Fig. 13). Infectious virus and positive nucleoprotein (NP) stained cells
could be detected in the nasal turbinate, and also in the trachea, lungs and hilar lymph nodes,
with marginally higher levels from the high dose group at 3 and 5 dpi (Supplementary Figs
13, 14). This shows that the H7N7 lineage viruses can cause significant infection in
mammals under experimental conditions, although virus shedding is lower than those of the
2009 pandemic H1N1 and 2013 human H7N9 viruses!2.

These findings provide a comprehensive picture of the creation and establishment of the
H7N9 viruses that have infected humans. Domestic ducks appear to act as key intermediate
hosts by acquiring and maintaining diverse influenza viruses from migratory birds, by
facilitating the generation of different combinations of H7 and N9 or N7 subtype viruses,
and by transmitting these viruses to chickens. After transmission, reassortment with enzootic
HINZ2 viruses formed the current H7N9 or H7N7 viruses seen in chickens. This likely led to
outbreaks in chickens, resulting in the rapid spread of the novel reassortant H7N9 lineage
through LPMs, which then became the source of human infections. The cessation of human
infections after the closure of LPM13, following a precedent set during the Hong Kong
H5N1 “bird flu” incident in 199714, strongly supports this proposition.

The detection of H7N7 chicken viruses in Wenzhou that, like H7N9 viruses, have the
potential to infect mammals suggests the current pandemic threat extends beyond the H7N9
virus. Even though human infections with the H7N9 virus appear to be under control, it is
too early to know if this virus has been eradicated from chickens over a larger geographic
region. It is possible that H7N9 or H7N7 viruses are still present and may become enzootic
in poultry. To ultimately control H7N9 and related viruses, it is necessary to re-consider the
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management of LPMSs in urban areas. Long-term influenza surveillance remains essential for
early warning of novel reassortant viruses and interspecies transmission events.

Methods

Influenza virus surveillance in Zhejiang, Shandong and Guangdong provinces

Live poultry markets (LPM), poultry farms and a wetland were surveyed for influenza
viruses. If accessible, paired oropharyngeal and cloacal samples were taken from birds,
otherwise, samples from isolated individual faecal droppings were collected. Some drinking
water samples were also collected. Two cities that flanked the initial outbreak around
Shanghai and a more distant city were surveyed (Supplementary Fig. 1) as these locations
might have viruses related to the outbreak and/or viruses similar to those that led to the
genesis of the outbreak virus. Sampling was conducted immediately prior to the closure of
markets and/or culling of the birds.

Sampling was conducted at LPM, farms and a wetland in Wenzhou, Zhejiang, a city
approximately 500 km south of Shanghai, from 7t — 10" April 2013. Poultry from LPM
and farms were sampled at Rizhao, Shandong, a city approximately 600kms north of
Shanghai, on the 17t and 18t April, 2013. Sampling was also carried out at LPM in
Shenzhen, a major urban centre adjoining Hong Kong and approximately 1200 km south of
Shanghai, on the 4, 6t and 7" April, 2013. Details of the numbers and types of poultry
sampled are given in Supplementary Table 1. After collection, each swab was placed in
transport medium (M199) with antibiotics and kept in a cool box before and during shipping
to the analysis laboratory. Swab materials were inoculated into 9 to 10-day-old embryonated
chicken eggs and incubated for 48 hours at 37°C. Haemagglutinin positive isolates were
harvested and further subtyped by haemmaglutination and neuraminidase inhibition (HAI
and NALI) assays using a panel of reference antisera as described previously?2. Standard
precautions were taken to avoid cross contamination of samples. Original samples positive
for H7 were confirmed with rapid diagnostic real-time RT-PCR for the presence of H7 and
N9 gene segments (see below). All H7 and H9 influenza isolates from the Wenzhou markets
(n=78, Supplementary Table 1), and all H7 isolates (n=8) and 18 of the 51 H9 isolates from
the Rizhao markets and farms were selected for full genome sequencing.

Selection of archived samples collected from 2000-2013

Archived H7 (n=293, from 45 sampling occasions) and N9 (n=202, from 27 sampling
occasions) viruses isolated during 2000 to 2013 from our avian influenza surveillance
conducted in Fujian, Guangdong, Guangxi, Guizhou, Jiangxi, Yunnan and Hong Kong
(Supplementary Fig. 1) were isolated using embryonated eggs and identified by standard
HALI and NAI assays as described above. A total of 42 N9 isolates (1 H1, 5 H2, 1 H3, 1 H4,
11 H7, 4 H10, 19 H11) and a further 57 H7 (1 N1, 26 N3, 4 N6, 23 N7, 3 N8) isolates were
selected for full genome sequencing. For 63 sampling occasions, all H7 and N9 isolates
were sequenced. For two occasions from Fujian, 2/5 and 3/6 isolates were sequenced. For
six occasions from Jiangxi, 3/5, 3/7, 4/10, 6/11, 3/33 and 10/171 were sequenced. This was
based on at least one virus from each HAI and NAI titre group (i.e. those that had similar
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values from these assays). A further 98 HIN2 viruses isolated from Hong Kong retail
poultry markets were sequenced.

Genomic sequencing

All selected isolates had all eight segments sequenced either using Sanger sequencing on an
ABI 3730 genetic analyzer (Applied Biosystems) or high-throughput next-generation
sequencing on a Genome Sequencer Junior (Roche). Where a sample contained more than
one copy of any segment (indicating a mixed infection of two viruses), only sequences of
the HA and NA sequences that could be explicitly defined or have been confirmed by single
clonal Sanger sequencing were used in subsequent phylogenetic analyses.

Rapid diagnostic real-time RT-PCR

For rapid determination of the presence of any H7 and N9 viruses, primers specific for these
subtypes were designed, based on the alignment of all H7 and N9 gene sequences available
from GenBank on 1st April 2013. Viral RNA was extracted using QlAamp viral RNA
minikit (QIAGEN) and cDNAs were synthesized with primer Unil2 using Transcriptor
High Fidelity cDNA synthesis Kit (Roche). Copy numbers of the H7 HA or the N9 NA
segment were determined on a LightCycler® 480 Real-Time PCR System (Roche) using
LightCycler® FastStart DNA MasterPLUS SYBR Green | Kit (Roche). Primers were
H7-765 (GTT TCA ATG GGG CHT TCA TAG C), H7-995R (ACA TTC TTC ATC CCT
GTW GC), N9-160 (CAA GCC AAA CAA TAA TAA ACA A) and N9-293R (CAT GAA
TTT ATA GTA CAG AGY CCT).

Sequence collection and alignment

All previously published influenza A virus sequences were collated from GenBank on 5th
April, 2013. Seven full genome sequences of H7N9 influenza viruses from the outbreak in
China were downloaded from GISAID (http://gisaid.org) and two from GenBank (http://
www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html). Acknowledgement of the sources of the
GISAID sequences is given in Supplementary Table 4. These database sequences were
combined with the sequences generated in this study (Supplementary Table 3) for further
analysis. Sequences of each gene segment were aligned using MUSCLE v3.523 with manual
adjustment.

Phylogenetic analysis

Preliminary global phylogenetic analysis of all sequences was done using RAXML v7.6.817.
This identified the major Eurasian lineage that contains the H7N9 human isolates and the
H7N7 and H7N9 isolates sequenced here. The major Eurasian lineage was reduced to
approximately 1,000 sequences. Care was taken to ensure all sequences closely related to the
H7N9 outbreak isolates and the novel H7N7 viruses were retained (Supplementary Table 5).
Maximum likelihood phylogenies were reconstructed using the GTR+I" nucleotide
substitution model in PhyML v3.016. Topological robustness was assessed by a Shimodaira—
Hasegawa approximate likelihood ratio test (SH-like) branch test'5. The phylogenies for H7,
N9, N7, PB2, PB1, PA, NP, M and NS segments are shown in Supplementary Figs 2-10.
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Smaller trees, with only essential taxa are presented in Fig. 1 with bootstrap support values
from 1,000 pseudo-replicates to indicate confidence of the topology.

Molecular dating

The evolutionary timescales of the H7N7 and H7N9 phylogenies were inferred by a
molecular clock model that was calibrated using the virus sampling dates. Gene sequences
of the H7N9 and H7N7 viruses were analysed with a selected set of closely related viruses.
A relaxed clock model with uncorrelated lognormal distribution (UCLD)?4, tree topologies
and other evolutionary parameters were jointly estimated using the Bayesian Markov Chain
Monte Carlo (BMCMC) method implemented in BEAST v1.7.518. The SRDO06 nucleotide
substitution model was employed2>. A Bayesian skyride model with time-aware smoothing
was used?® and a uniform prior and random walk operator was assigned to virus taxa whose
sampling dates were known only to the nearest year. Multiple MCMC trajectories were
computed and combined, giving from 2 to 10 x 108 total steps for each data set, with
sampling every 1,000 steps. Convergence, at effective sample sizes > 200, of relevant
parameters were assessed in Tracer v1.527. Maximum clade credibility (MCC) trees with
branches scaled by time were summarised, and the time of divergence (tDiv) and time of
most recent common ancestor (tMRCA) of the H7N9 and H7N7 viruses were obtained as
illustrated in Supplementary Fig. 11. All data sets were screened to exclude mosaic
sequences, as previously described?8, before molecular clock and further evolutionary
analyses were undertaken.

Genome substitutions

The ancestral nucleotide sequence at each internal node of the ML tree was reconstructed by
the ML joint method?! implemented in HYPHY v2.020. The sequences at both ends of a tree
branch were compared, and the differences represent the substitutions that occurred along
that branch. Substitutions in the positively selected codons identified by the mixed effects
model of evolution (MEME)19 in Datamonkey?® are highlighted in Supplementary Fig. 12.

Animal infection experiments

Four- to five-month-old female Angora ferrets (Mustela putorius furo) were obtained
through a laboratory ferret breeding program at the Wuxi Sangosho Co. Ltd. and confirmed
to be influenza virus free by virus isolation in Madin-Darby Canine Kidney (MDCK) cells
(ATCC) from nasal washes and rectal swabs and sero-negative by HAI assay against
contemporary swine and human influenza viruses (swine: H1 and H3; human: seasonal
H1N1, H3N2 and influenza B), and avian H5N1 and HON2 that are enzootic in China, and
the chicken H7N7 virus to be tested in this study. A minimum number of animals necessary
to obtain reproducible results were used according to the ethical guidelines. Ferrets were
randomly allocated across the treatment groups, to which investigators were not blinded.

A group of six ferrets were intranasally inoculated with a dose of 106 plaque-forming units
(PFU; or 1058 50% tissue culture infectious dose, TCIDsp) of the Chicken/Wenzhou/
610/2013 (H7N7) virus (high dose group) and a second group were inoculated with 1045
PFU (or 10*8 TCIDsy) of viruses (low dose group). Nasal and rectal washes were taken
daily from each individual and titrated using standard TCIDgg assays. At 3 and 5 days post-
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inoculation (dpi), three ferrets from each group were euthanatized and tissues from each
major organ (pulmonary lobes, nasal turbinate, upper and lower trachea, and hilar lymph
nodes) were collected for virus titration (TCID5g assays), RNA extraction and quantitative
RT-PCR, and studies of tissue pathology (hematoxylin and eosin and viral nucleoprotein
staining), following protocols described previously!2. All animal experiment protocols were
reviewed and approved by the Institutional Ethical Review Board (IERB) of Shantou
University Medical College (Ref No. SUMC2013-111) and The University of Hong Kong
Committee on the Use of Live Animals in Teaching & Research. All experiments with
H7N7 and H7N9 viruses were conducted in bio-safety level 3 (BSL3) facilities, using
enhanced BSL3 practices for the animal work and following practices in the approved
institutional guidelines.

Statistical analysis

Statistical significance for the virus isolation rate in the paired oropharyngeal and cloacal
swabs, and the different species of domestic birds were determined by Pearson’s 2 analysis.
Comparisons of viral load for the ferret studies were determined by Mann-Whitney and
Student’s t test.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Phylogenies of haemagglutinin, neuraminidase and PB2 genes

Phylogenies of a, H7 haemagglutinin (n=46); b, N9 neuraminidase (n=34); ¢, N7
neuraminidase (n=25); d, PB2 (n=93) genes. Sequences reported in this study have their
taxa names shown in bold. Genotypes of the influenza viruses are shown on the right (a, b,
c) as eight coloured blocks representing each gene segment (from left to right: PB2, PB1,
PA, HA, NP, NA, M, and NS; absent if the sequence is unavailable) with the colour
indicating the subtype (for HA, NA) or lineage (internal genes; indicated by the solid
vertical line in panel d) of that segment. Bootstrap support values (%) from 1,000 pseudo-
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replicates are shown for selected lineages. Support values for lineages ‘a’ — ‘d’ were all
100%. The scale bar to the left of each tree represents 0.01 substitutions/site. The “*’ in
panel b denotes N9 sub-lineages linking the viruses of domestic ducks and wild birds. Host
species are: Ck (chicken), SCk (silkie chicken), Dk (duck), SbD (spot-billed duck), Md
(mallard), Gs (goose), Nsh (Northern shoveler), Wb (wild bird), Wwf (wild waterfowl), Te
(common teal), Pg (pigeon), Pt (pintail). Geographic locations: SD (Shandong), ZJ
(Zhejiang), JX (Jiangxi), GZ (Guizhou), GD (Guangdong), FJ (Fujian), HK (Hong Kong),
WZ (Wenzhou), RZ (Rizhao) and SH (Shanghai). Viruses from different hosts are indicated
by: humans, circles; chickens, blue names; domestic ducks or geese, green names.
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Figure 2. Evolutionary pathways of the H7N9 and H7N7 viruses
Virus particles are represented by coloured ovals containing horizontal bars that represent

the eight gene segments (from top to bottom: PB2, PB1, PA, HA, NP, NA, M, and NS).
Segments in descendent viruses are coloured according to their corresponding source viruses
(top row) to illustrate gene ancestry through reassortment events. Source viruses for a
reassortment are adjacent to arrow tails; arrowheads point to the resulting reassortants. Bars

coloured cyan indicate gene segments of the ZJ-5 sub-lineage of wild bird viruses. A broken
bar in segment 6 (NA) indicates a stalk region deletion. The virus indicated by a broken oval
represents a hypothetical reassortant.
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