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In 2013, two episodes of influenza emerged in
China and caused worldwide concern. A new H7N9
avian influenza virus (AIV) first appeared in China on
February 19, 2013. By August 31, 2013, the virus had
spread to ten provinces and two metropolitan cities.
Of 134 patients with H7N9 influenza, 45 died (Chen
etal., 2013; Li et al., 2014). From then on, epidemics
emerged sporadically in China and resulted in several
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victims. On November 30, 2013, a 73-year-old woman
presented with an influenza-like illness. She devel-
oped multiple organ failure and died 9 d after the
onset of disease. A novel reassortant AIV, HIONS,
was isolated from a tracheal aspirate specimen that
was obtained from the patient 7 d after onset. This
case was the first human case of influenza A subtype
HIONS8 (Chen et al., 2014). On 4 February, 2014,
another death due to HIONS avian influenza was
reported in Jiangxi Province, China (Liu et al., 2015).

Since the time that human infection with AIV
H7N9 was first reported by the Chinese Center for
Disease Control and Prevention in March 2013,
mainland China has experienced four epidemics of
H7N9 influenza. Most infections in the first epidemic
were identified during March to April 2013, whereas
the majority of infections identified in the subsequent
three epidemics occurred during November to April
of 2013-2014, 2014-2015, and 2015-2016 (Tang
et al.,, 2017). The previous four epidemics had re-
sulted in 135, 320, 226, and 119 human infections,
respectively, and most (83%) were reported in five
eastern or southeastern coastal provinces. During the
ongoing fifth epidemic (beginning October 1, 2016),
the reported human infections represent a significant
increase compared with the first four epidemics. As of
May 16, 2017, a total of 686 laboratory-confirmed
cases of human infection with ATV H7N9 have been
reported to World Health Organization (WHO). The
number of human infections and the geographical
distribution of human cases in the fifth epidemic are
greater than those in any earlier waves (Iuliano et al.,
2017; WHO, 2017).

Previous studies had revealed that H7N9 and
H10NS8 were of avian-origin and had derived the six
internal gene segments in common from AIVs HIN2
(Chen et al., 2013, 2014), and most of the homoge-
nous sequences of the six internal gene segments were
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associated with Asian strains that were isolated dur-
ing 2005-2013. In order to discuss and predict the risk
of forming new subtype pathogens by reassortment of
AIVs HI9N2, we here comprehensively investigated
their co-originating process and explored the donors’
distribution. Detailed materials and methods are de-
scribed in Data S1.

In this study, in total 5926 sequences of PB2, as
well as 5526 of PB1, 5237 of PA, 5028 of NP, 5839 of
MP, and 6027 of NS, were involved. After conver-
gence, matrices used successively for further analyses
contained 858 PB2, 906 PB1, 879 PA, 1026 NP, 1011
MP, and 930 NS sequences. AIVs containing one or
more internal segments that were of high phyloge-
netic identity to H7N9 and H1ONS8 were distributed in
China extensively, usually by the forms of AIVs
HO9N2 and mainly in eastern China. The municipality
of Shanghai and provinces of Zhejiang, Jiangsu,
Anhui, and Shandong were seriously affected by
these AIVs HON2.

The time to most recent common ancestor
(tMRCA) analysis confirmed that the most recent
common ancestor of the novel AIVs HION8 and
H7N9 emerged before March 2012, and many seg-
ments, such as PB2, might have been reassorted into
HON2 in early 2011 and subsequently into these two
novel AIVs. Values of tMRCA (with their 95% higher

H10N3

H10N8*

HON2

H11N9

H7N3

posterior density (HPD) intervals) were 2011.31
(with 95% HPD interval being 2010.68 to 2011.87,
similarly hereinafter) of PB2, 2011.81 (2011.39 to
2012.23) of PB1,2011.59 (2011.06 to 2012.09) of PA,
2012.28 (2011.99 to 2012.54) of NP, 2012.09
(2011.62 t0 2012.51) of MP, and 2011.74 (2011.16 to
2012.26) of NS (Fig. 1).

Although the most recent common ancestor of
PB2 might have reached a status where they reas-
sorted into the novel AIVs HIONS and H7NO in early
2011, the phylogenetic tree demonstrated that AIVs
HON2 possessing similar segments had emerged be-
fore 2009 in Shanghai (KC768062 duck; KC779062
swine), and by the end of 2013, such AIVs HIN2
were broadly distributed in Jiangsu, Zhejiang, Shan-
dong, Hunan, Guangxi, and Hebei. Moreover, in 2013,
this segment was sporadic reassorted into an AIV
H5N2 in Jiangsu (KF150631 chicken). AIVs HIN2
circulating in eastern China had donated six internal
segments for two novel subtypes H1ON8 and H7N9.
Their internal segments might have reached a status
where they reassorted into the novel AIVs during
2011-2012. Having accomplished two spillovers
from poultry to humans by means of HION8 and
H7N9 in such a short period, AIVs HIN2 demon-
strated a high frequency and efficiency of genetic
reassortment.

2013 AIV H7N9

2008.01 2009.01 2010.01

2011.01

2012.01 2013.01 2014.01

Time (year)
Fig. 1 Proceeding of co-originating of novel AIVs H7N9 and H10N8 in China, 2013
The novel AIVs H7N9 and H10NS derived their six internal gene segments from HIN2. * References (Chen et al., 2013,
2014; Li et al., 2014) were consulted for the HA and NA gene segments. According to these references, the NA segments of
H10N8 may have been derived from two H10N8 viruses that were isolated during different years
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As the donor of the six internal gene segments
for HIONS and H7N9, AIVs HON2 had circulated in
eastern China for many years. They commonly act as
donors and provide gene segments to form novel ATV
isolates (Gu et al., 2010; Dong et al., 2011). Reas-
sortment can only occur among viruses which repli-
cate within the same cells. The prerequisite for reas-
sortment is an individual host that is simultaneously
infected with multiple divergent viral strains, which
form a quasispecies pool that consists of closely re-
lated viruses (Padidam et al., 1999). The pathogenic
characteristic of AIVs HON2 endows it with abundant
capabilities to serve as the genomic segment contrib-
utor. HON2 is typically a low pathogenic avian in-
fluenza virus, and it can infect a number of types of
poultry without phanerous sickness. In eastern China,
the perennial rate of HON2 antibody positivity fluc-
tuates between 5.3% and 12.8%, and the rate of virus
isolation had reached 9% in poultry; however, no
epidemic with mass poultry deaths has been observed
(Cheng et al., 2002). A high prevalence rate of AIVs
HON2 in poultry is always associated with a high risk
of co-infections with other influenza viruses, and this
increases the risk of virus reassortment.

In China, the people and the government suffer
greatly from the descendants of AIVs HIN2, such as
H7N9, H5N1, and H5N6. Since 2013, highly patho-
genic AIVs H5N6 have emerged in poultry in Asia,
especially Southeast Asia. These viruses have also
caused sporadic infections in humans within the same
geographic areas (Kang et al., 2017). Isolates of AIVs
H5NG6 established from both human and poultry were
very heterogeneous; during 2014-2016, at least 34
distinct variants had been noted. Notably, genotype
G1.2 virus, with internal genes from the chicken
HON2/H7N9/H10N8 gene pool, was responsible for
at least five human H5NG6 infections (Bi et al., 2016;
Zhang et al., 2016; Chen et al., 2017). HON2 subtype
AlVs are extensively distributed worldwide, gener-
ally divided into two major lineages, a North-
American lineage and a Eurasian lineage. The Eura-
sian lineage further blooms into various virus clusters
(Guetal., 2017), and four stem evolutionary clades of
h9.1-h9.4 have been distinguished further (Jiang et al.,
2012). The six internal genes may have been derived
from at least two separate HIN2 lineages, which have
been circulating within Chinese poultry populations
for several years. Interestingly, the donor AIVs HON2

for these outbreaks exhibits relatively diversified
features according to previous studies (Cui et al.,
2014; Liuetal., 2015; Bietal., 2016; Jiao et al., 2016;
Duetal.,2017). According to this study, AIVs H7TNY/
H10N8/H5N6 might have derived their PB2 segments
from the subclade of h9.4.1, MP segments from
h9.4.2.5, and all of the segments of PB1, PA, NP, and
NEP from the subclade of h9.4.2.1 (Fig. 2). This
might imply that there were frequent reassortment
events within the subtype HIN2 itself. Such a high
frequency of gene reassortment within AIVs HIN2 or
between them and other subtypes of influenza viruses
suggests that novel AIV reassortants from HON2
viruses may appear and prevail occasionally in east-
ern China. PB2 is considered as a pivotal protein that
determines the tropism of influenza viruses (Chen
et al., 2013). AIVs HIN2 containing PB2 segments
similar to those of HION8/H7N9/H5N6 have been
notified broadly in Jiangsu, Zhejiang, Shandong,
Hunan, Guangxi, and Hebei Provinces. It could ex-
acerbate the risk of forming novel flu viruses with the
ability to cross the species barrier through reassort-
ment and resulting in bird-to-human transmission.
HON2 served not only as the donor of reassort-
ment for assembling into novel AIVs, but also as a
pathogen directly causing human spillover infection
(WHO, 2017). Given that the virus continues to be
detected in poultry populations, more human cases
might be predicted. Briefly, AIVs HIN2 are typically
mild virulence isolates, which often resulted in sim-
ultaneous infections with multiple divergent viral
strains in poultry. Due to their constantly reassorting
characteristics, high prevalence rates in poultry may
inevitably lead to a high frequency of reassortment,
which successively increases the risks of human ep-
idemic caused by novel reassortants. In view of the
fact of its long-lasting maintenance in poultries and
wild birds, AIVs HIN2 should be supervised closely,
especially the ones circulating in eastern and southern
China. Sentinel surveillance for detecting virological
and epidemiological changes associated with animal
AlVs should be the conventional duty of the Centers
for Animal Disease Control and Prevention (animal
CDC). This is similar to the regular surveillance of
human flu in sentinel hospitals and network labora-
tories. Furthermore, regular sequencing for the whole
genome, including six internal gene segments, rather
than HA and NA segments only for subtyping, is also
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Fig. 2 Phylogenetic relationships of the internal gene segments amongst novel AIVs H7N9, H10N8, H5N6, and

donor HIN2

It illustrated that AIVs H7N9/H10N8/H5N6 might have derived their PB2 segments from the subclade of h9.4.1, while
MP segments from the subclade 0f h9.4.2.5, and all the segments of PB1, PA, NP, and NEP from the subclade 0fh9.4.2.1.
9.x.x.x.: Following the GenBank access No. of a sequence is a subclade of AIVs HIN2 according to references (Jiang
et al., 2012; Gu et al., 2017). Sequences labelled by red circle are of AIVs H7N9/HI10N8/H5N6, and sequences labelled

by blue triangles or diamonds are of the representatives of AIVs HIN2 subclades

necessary; by this means, the dynamics of AIVs ge-
netic evolution and variation will be known well and
the risk of forming new subtype viruses will also be

predicted well.
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2014/04/21/004390.article-metrics
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