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Abstract 

In the spring of 2013, the novel emerging influenza A (H7N9) virus has shocked 

China, and caused 134 human infections with 45 deaths in its first influenza 

season. In the winter of 2013-2014, the virus stroke China again and has caused 

273 cases with 108 deaths (as of April 27
th
). The H7N9 outbreak has raised the 

concern of the next influenza pandemic. In this chapter, we briefly described the 

epidemiology of the H7N9 outbreak, and discussed the origin and diversity of the 

virus genome. Several models, including dynamic reassortments and genetic 

tuning models regarding the virus genesis, establishment and evolution were 

addressed. Moreover, we estimated and predicted the transmission routes of the 

H7N9 virus in China by means of big data. The co-circulation of H7N9 and 

varied subtypes of avian influenza viruses within poultry in China was described 

and discussed, as it is important for the establishment of the unpredictable HxNy 

influenza virus. Based on investigation of the molecular epidemiology of the 

H7N9 virus, the complete shutdown of the live poultry markets and firmly 

control of live poultry trade in China and Asian countries are called for to 

minimize avian influenza virus infections.  

Introduction 

Avian influenza virus is an important pathogen to both poultry industry and 

public health. Avian influenza virus belongs to the Influenza A Virus (species) of 

the Orthomyxoviridae family. The genome of influenza A virus consists of eight 

negative-sense single-stranded RNA segments, which encode 15 proteins to our 

current knowledge, of which four proteins (PA-X, PA-N155, PA-N182, and PB1-

N40) were recently identified [1, 2]. Influenza A virus could be further classified 

into serotypes or subtypes according to its surface antigens, hemagglutinin (HA) 

and neuraminidase (NA), respectively. There are 16 serotypes of the HA and 9 

serotypes of NA, and theoretically 144 HA-NA combinations in total (e.g., H1N1, 

H2N2, etc.). The HA protein functions as the recognition and binding to the 

receptors (sialylated lipids and/or proteins) of the susceptible cells [3]. The 

structural differences at the receptor-binding site of each subtype of HA determine 

the host-range of a given influenza virus, as mammalian hosts usually use the 

2,6-linked sialic acids (2,6SA) while the avian hosts favor 2,3-linked sialic 

acids (2,3SA) to cell surface glycolipids or glycoproteins [4, 5]. However, amino 

acid substitutions at the receptor-binding site would greatly affect the binding 

affinity, and even cause the change from the binding to 2,3SA to 2,6SA, and 

vice versa [6-14].  

Genetic reassortment is one of the most important features of the influenza 

virus. When two or more virus strains simultaneously infect one cell, they will 



Molecular Epidemiology … 57 

replicate their genetic materials independently. However, budding viruses might 

randomly gain replicated gene segments and form novel virus strains 

(reassortants). After selections by hosts and transmission barriers, some of the 

novel reassortants might become prevalent. By means of genetic reassortment, 

influenza virus would easily gain novel genetic characterizations from other 

influenza viruses, in addition to the way of nucleotide substitutions. In particular, 

genetic reassortment between different subtypes of influenza A virus would 

generate novel subtype which has a mixture of surface antigens (HA and NA), and 

this is called antigenic shift. Reassortment of internal genes (PB2, PB1, PA, NP, 

M, and NS) would not cause antigenic shift, but would introduce amino acid 

substitutions that affect viral characters. For instance, the gain of Lysine at the 

position 627 of the PB2 protein will increase virus replication in mammalian hosts 

[15, 16].  

It is generally believed that shorebirds and waterfowls act as natural reservoir 

for influenza virus, and nearly all subtypes of influenza virus have been 

discovered from them. Although the cross-species transmission of influenza 

viruses was limited by host receptors, virus adaptation and other aspects, many 

subtypes of influenza viruses have been found to infect poultry, pigs, cats, dogs 

and even human beings, including the highly pathogenic avian H5N1, the swine-

origin pandemic H1N1 (pH1N1) and the avian-origin influenza A H7N9 virus that 

caused the 2013 and 2014 outbreaks in China. Recently, influenza-like viruses, 

H17N10 and H18N11, were identified from bats captured in Guatemala and Peru 

[17, 18]. The HA and NA proteins of bat-derived influenza viruses have displayed 

canonical structural modes, but lacking of the classical molecule functions  

[17, 19-23]. Though there is no report of the influenza A virus infection in bat, the 

discovery of influenza-like virus in bats raised the concerns of broader host 

ranges. 

The H7N9 subtype of the influenza virus has been previously isolated from 

birds, and the genome sequences of H7N9 viruses could be traced back to 1988, 

from turkeys in Minnesota. After that, viruses from wild birds, including ruddy 

turnstone, mallard, blue-winged teal, and emperor goose, have been isolated and 

sequenced. The H7N9 subtype of influenza virus has been described from wild 

birds in America, Europe and Asia, but never found to infect mammals before 

2013. Nevertheless, other H7 subtypes avian influenza viruses, including H7N1, 

H7N2, H7N3 and H7N7, have been reported to cause more than 100 human 

infections, among which a fatal case was reported in the Netherlands in 2003 [24-

27]. The human infections of H7 avian influenza viruses have indicated that the 

H7 subtype has the ability to infect human; however, nobody had ever thought it 

would reassert with the N9 subtype and cause human infections in China.  
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In this chapter, we will look back to the H7N9 outbreaks in China of 2013 

and 2014. The subjects will focus on the epidemiology, origin and diversity, 

dynamic reassortment and genetic tuning of the human-infecting H7N9 virus; and 

we will also address the environmental issues that ‘inoculate’ the H7N9 viruses, 

such as the live poultry markets and poultry transportation. 

Epidemiology of the Human-Infecting H7N9 Virus 

The first identified patient of H7N9 infection was an 87-year-old retired man, 

who had illness onset on February 18, 2013 in Shanghai municipal city, and 

admitted to hospital after one week. He had no known history of exposure to live 

birds two weeks before the onset. The second was a 27-year-old man, and the 

third was a 35-year-old housewife, both of whom had known contact to live birds 

[28]. These are the first three confirmed H7N9 infection cases, and the novel 

subtype of human-infecting influenza virus has reminded the world of threat of 

any combination of the influenza virus [29].  

Until April 17, 2013, two months after the first H7N9 infection, a total of 82 

confirmed cases emerged with a median age of 63-year-old [30]. The first five 

infections were all in Shanghai, implying the source of the H7N9 would be there. 

Most of these patients had known history of exposure to live chickens [30]. 

Within the first two months, the infections had been reported in six provinces and 

municipal cities. The virus kept spreading and causing human infections until 

summer came, as only occasional cases were reported from May to December 

2013. Until December 1, 2013, the H7N9 virus has spread out to 12 provinces and 

municipal cities in Mainland China, including Shanghai, Anhui, Jiangsu, 

Zhejiang, Henan, Beijing, Shandong, Hebei, Jiangxi, Hunan, Fujian, and 

Guangdong, and caused 139 confirmed infections [30]. Taiwan and Hong Kong 

also reported infected patients who had traveled to Mainland China [31, 32]. 82% 

of these patients had a history of exposure to live animals. The surveillance of live 

poultry markets revealed potential poultry-to-human transmission [33, 34]. The 

closure of live poultry markets shortly after the H7N9 outbreak had markedly 

reduced the daily number of infections, based on an ecologic estimation [35].  

More than one-third of the human infections are fatal. In 2013, 47 out of the 

139, and in 2014, another 108 out of 273 infected humans died. In addition to 

those patients with severe lower respiratory tract illness, H7N9 infection could 

also cause mild symptoms. By means of the national influenza-like illness 

surveillance network, China CDC has revealed some cases with mild illness [36]. 

This finding revealed broader clinical spectrum of the H7N9 infection, and had 
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implied the underestimation of the H7N9 infection numbers in China. A further 

assessment estimated about 27,000 people had been infected by the H7N9 virus 

[33]. Until now, no conclusively established human-to-human transmission was 

observed, although in several families reported limited, non-sustained human-to-

human transmissions [30].  

Origin of the Human-Infecting H7N9 Virus 

Tracing the origin of a pathogen is of vital importance for its prevention and 

control. Shortly after the first human-infecting H7N9 influenza virus was 

confirmed on March 30, 2013, a number of studies were conducted to identify the 

potential origin of this novel strain. Based on the comparison of the full-genome 

sequence of this virus and associated virus sequences searched from GenBank 

through BLAST [37], the origin of this virus was undoubtedly pointed to avian 

hosts from the very beginning of the outbreak, and its correlation between H7N9 

viruses isolated from live poultry markets indicated the poultry-to-human 

transmission route. [28, 33, 34, 38]. 

The first report on the origin of the novel human-infecting H7N9 influenza 

virus proposed that each of the eight gene segments was of avian origin [28]. 

From the phylogenetic trees, the HA gene was close to those from duck H7N3 

influenza viruses isolated from Zhejiang Province of China, while the NA gene 

was closely adjacent to the H7N9 influenza viruses isolated from wild birds from 

South Korea. The internal genes were highly similar to those of avian H9N2 

influenza viruses circulating in China. Interestingly, three of the internal genes, 

PB2, PB1, and PA, were very close to those of an H9N2 strain isolated from a 

brambling in Beijing (A/brambling/ Beijing/16/2012(H9N2), abbreviated as 

BJ16). Initially, the H7N3 from ducks, H7N9 from wild migratory birds, and 

H9N2 from bramblings, were considered as the genetic sources of the human-

infecting H7N9 virus [28].  

Then questions were raised as how did the influenza viruses from these birds 

meet and reassort between each other, and which would be the intermediate host? 

To answer theses question, more comprehensive phylogenetic and coalescence 

analyses were performed. And the migratory flyway of wild birds, the habitats of 

wild and domestic waterfowls, and the probable connections between each host 

were considered to interpret the phylogenetic trees of each gene. In detail, the HA 

gene fell within the Eurasian lineage of H7 and the most closely related strain was 

isolated from ducks from Zhejiang Province in 2011. This observation is in 

accordance with previous reports [28, 38]. Further inspection of the H7 phylogeny 
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revealed that different H7 viruses have been circulating among wild ducks in 

Eastern China, South Korea and Japan, which were located along the East Asian 

flyway. In addition, viral transmission from wild birds to domestic ducks has also 

been observed. These observations indicate that H7 subtype influenza viruses 

from wild birds are occasionally transmitted to domestic waterfowls along the 

migratory flyways. The estimated time to most recent common ancestor (tMRCA) 

of the novel H7N9 strains was around January 2012 (Mean, January, 2012; 95% 

HPD: March, 2011–October, 2012). At that time, wild birds were wintering in 

southern China. Therefore, it was possible that wild birds spread the H7 influenza 

viruses to domestic ducks and these corresponding H7 strains had been circulating 

in ducks for at least one year before causing human infections [39]. 

Likewise, the NA gene of an H7N9 virus isolated from wild ducks from 

South Korea was found to be the most related sequence for the novel H7N9 

viruses. These viruses were collected in February and April of 2011, respectively, 

and the estimated tMRCA of the NA gene was in approximately mid-June of 2011 

(Mean: June, 2011; 95% HPD: March, 2010 –July, 2012). However, at that time, 

these birds might have just arrived in South Korea for breeding from Southeast 

China along the East Asian flyway. Therefore, these birds might have transmitted 

the viruses to birds or domestic ducks when they flied northwards along eastern 

China, as they have similar behaviors and share habitats with local waterfowls in 

Eastern China. And then reassortment between avian influenza viruses carried by 

ducks or chickens gave rise to the H7HA and N9NA to the novel H7N9 influenza 

virus, although whether such reassortment events occurring in ducks or chickens 

remain unknown. In addition, the possibility of the existence of certain 

intermediate hosts was also indicated by the long-branch between the novel H7N9 

and other influenza virus isolates from wild birds in the tree [39]. 

However, regarding the origin of the internal genes, slight difference existed. 

On one hand, all the internal gene segments of the human-infecting influenza 

viruses were closely related to those from avian H9N2 viruses, particularly BJ16 

collected on November 7
th
, 2012 [28]. Brambling is a migratory bird and may fly 

southwards for wintering. It is possible that brambling brings this virus from 

northern China (Beijing) to southern China (Shanghai) and leads to the genesis of 

the novel H7N9 influenza virus. However, on the other hand, by close inspection 

of the phylogenetic trees, we found that in the NP, M and NS trees, the novel 

H7N9 influenza viruses did not cluster together with BJ16. Alternatively, they are 

more closely related to chicken-origin H9N2 viruses. Furthermore, although in the 

trees of PB2, PB1 and PA, the novel H7N9 influenza viruses did form an 

independent sub-lineage with BJ16, there is a relatively long branch length gap 

between them. In addition, whether brambling can possess a virus population big 
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enough to act as the source of the H7N9 influenza virus remains unknown, 

because only one strain was isolated from brambling based on current surveillance 

data. The estimated time to most recent common ancestor (tMRCA) of three 

polymerase genes were dated before June of 2012, suggesting the brambling 

H9N2 virus is a newer strain than to be the ancestor of the novel human-infecting 

H7N9 virus. Hence, we favored an alternative explanation that the three-

polymerase genes, as well as the other internal genes might probably come from 

H9N2 viruses from chicken populations, though the possibility that wild birds 

have brought earlier lineages of viruses to Southern China cannot be fully 

excluded. 

Almost at the same time, Chen and colleagues successfully isolated several 

H7N9 influenza viruses from chickens from live poultry market and found that 

they were highly similar to those isolated from humans in the eight gene segments 

[33]. Based on this finding, they also proposed an avian-origin of the human-

infecting influenza viruses, which was consistent with our result obtained from 

coalescent analysis. 

To conclude, the HA gene might come from AIVs of duck origin, and the NA 

gene might be originally derived from AIVs from migratory birds along the East 

Asian flyway. The six internal genes of this virus most likely originated from 

H9N2 influenza viruses isolated from chickens. Although it remains unknown that 

the final reassortment event giving rise to the novel H7N9 influenza virus occurs 

in ducks or chickens, they probably acted as the intermediate hosts leading to the 

origin of the lethal H7N9 virus. 

Phylogenetic Diversity of the H7N9 Virus  

The diversity of the H7N9 influenza virus has been noticed by inspections of 

the first four virus strains; A/Anhui/1/2013 (AH/1), A/Shanghai/2/2013 (SH/2) 

and A/Hangzhou/1/2013 (HZ/1) clustered into a lineage, while 

A/Shanghai/1/2013 (SH/1) fell outside judging from the H7 phylogeny [28, 33, 

39]. Similar phylogeny was also observed in the NA phylogenetic tree. In 

addition, the internal gene, NP, also presented a certain divergence, whereas SH/1 

was clustered together with A/chicken/Shanghai/C1/2012(H9N2) [39, 40]. 

Subsequently, as more human infection cases with H7N9 influenza viruses were 

confirmed and more virus sequences were available in public database, Zhang et 

al. reported that the PB2, PB1, PA, and M genes have also formed at least two 

clusters in the phylogenetic trees [40]. Based on a phylogenetic analysis of 45 

H7N9 and 42 H9N2 viruses isolated from various hosts recently, Wu et al. also 
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classified the H7N9 influenza viruses into two clusters for PB2, PB1, PA, NP and 

M genes, one consisting of more sequences and named as major cluster and the 

other named as minor cluster [41]. Based on this designation, they classified the 

45 H7N9 viruses into nine genotypes. 

Our team and collaborators collected a total of 109 H7N9 viruses with 89 

full-length genome sequences and found that all the six internal genes have 

presented certain genetic diversity [42]. Furthermore, according to the bootstrap 

value (>75) and the branch length (>0.001), we classified each viral gene into 

various clades and established a nomenclature system for the H7N9 viruses. In 

this nomenclature system, if all internal genes fell into the major clade (clade 1 or 

1.1), the genotype of this virus was assigned as G0. If strains have one internal 

gene different from G0 in the phylogenetic classification, they were assigned as 

genotype G1, and so on. Therefore, strains with all six internal genes different 

from G0 were assigned as G6. Within each of the G1–G6 series, genotypes were 

further assigned (for example, G2.1) if any two internal genes came from a 

different origin. Based on this rule, a total of 27 different genotypes were 

identified. In particular, different to previous influenza viruses, such as pandemic 

H1N1 (2009) and highly pathogenic H5N1 avian influenza viruses, which HA 

genes were more diversified than the internal genes, the internal genes of the 

H7N9 influenza viruses showed a more diversified feature. All these suggest that 

the H7N9 viruses of this outbreak might be largely diversified to what we 

observed from previous studies. 

Models of the H7N9 Formation and Reassortments 

With regard to how the H7N9 viruses construct their genetic constellation, a 

number of models have been proposed. The first model believed that the novel 

H7N9 influenza virus was produced via three reassortment events. The HA gene 

might be originated from duck H7 influenza virus, while the NA gene might be 

originated from a strain isolated from a wild bird in South Korea. The internal 

genes of the H7N9 viruses might be derived from a strain from brambling, BJ16 

[28]. 

Improved from the initial model, the second model proposed that four 

reassortment events gave rise to the human-infecting H7N9 influenza virus. 

Similarly, the HA gene might come from duck H7 influenza virus and the NA 

gene might be originally derived from a wild bird strain. However, the NA gene 

might be transferred to a poultry host (most possibly, duck) first before causing 

human infection, in spite of lack of direct surveillance data. In addition, the 
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internal genes might have two independent sources, with the NS gene coming 

from a source and the remaining genes from another source [39]. 

Subsequently, Wu and colleagues proposed a sequential reassortment model, 

in which the H7N9 viruses were generated by at least two-step sequential 

reassortments [41]. The first reassortment event likely occurred in wild birds, and 

the viruses obtained the HA and NA genes. The second might occur in domestic 

birds, and the viruses obtained their internal genes. In the second step, genetically 

distinct H9N2 viruses acted as genetic donors for the H7N9 viruses. 

Thereafter, Cui et al. performed a comprehensive analysis of the H7N9 

viruses in the spring outbreak in 2013 and proposed a dynamic reassortment 

model [42]. In this model, after the H7N9 viruses obtained the HA and NA genes, 

they obtained the internal genes through dynamic reassortment with local H9N2 

influenza viruses. This process occurs with the virus spread via inter-province 

poultry transportation. This model explains why there are so many H7N9 

genotypes and how they were generated. 

More recently, Wang and colleagues analyzed the amino acid polymorphism 

of a total of 146 full-length human and non-human H7N9 influenza virus 

genomes and proposed a genetic tuning model from the perspective of molecular 

characterization [43]. In this report, the authors described a prototype H7N9 

strain, A/Shanghai/05/2013(H7N9) (SH/5). Different from other H7N9 influenza 

viruses identified in this outbreak, the HA and NA gene of this strain always fell 

outside the major H7N9 lineage in the tree, formed an outgroup. In particular, this 

strain had totally avian-like genetic signatures, such as HA 186G and 226Q, and 

long NA stalk. Then this strain gave rise to SH/1-like strains, which possess HA 

186G and 226Q, and a truncated NA stalk. Then A/Shanghai/1/2013(H7N9)-like 

strains produced AH/1-like strains, with HA 186V and 226L, and a truncated NA 

stalk. The HA 186V and 226L are human-like genetic signatures. It should be also 

noted that AH/1 is the prototype strain for genotype G0, which was the prevalent 

genotype in the 2013 spring outbreak and was responsible for the spread of the 

H7N9 virus in China [42]. Then the AH/1-like strains recruited various internal 

genes and formed the diversified H7N9 genotypes. The final step of this genetic 

tuning process was the gain of PB2 627K and 701N, which enhanced viral 

replication efficiency in the upper respiratory tract of mammalian hosts. 
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Molecular Characterizations of the H7N9 Virus 

Molecular characterization analysis of the viral genomes could provide 

insight into viral features, such as pathogenicity, host receptor preference, and 

drug resistance. 

The number of basic amino acids at the cleavage site between HA1 and HA2 

has been found to be vital for viral pathogenicity [44]. In the first three H7N9 

virus strains, only one basic amino acid, R (Arginine), was identified at the 

cleavage site of the HA protein. Further analysis of the H7N9 viruses isolated 

subsequently failed to find multiple basic amino acids at the connecting site. This 

suggested that the novel H7N9 influenza virus was low pathogenic to poultry. 

It has been proved that the glutamine (Q) to Leucine (L) substitution at 

position 226 (H3 numbering) at the receptor-binding site might cause virus high-

affinity binding to human receptor [45]. At this position, the H7N9 influenza 

viruses presented certain amino acid polymorphism. Only a few viruses possess 

Q, while most of them possess L at this position, whatever they were isolated 

from human or poultry. This suggested the majority of the H7N9 viruses might 

prefer to attach human receptors. In addition, the substitution Q217I (Isoleucine) 

was also observed, for example, A/Hangzhou/1/2013, which probably had the 

potential for high-affinity binding to human receptor due to the similar 

hydrophobic nature to Leucine [39]. 

A deletion in the NA stalk has been described to facilitate type A influenza to 

better adapt to terrestrial poultry after introduction from aquatic birds [46-48]. 

This deletion has been previously found in influenza A H5N1 [46], H9N2[49], H7 

[50], as well as the novel H7N9 virus [28]. Further study showed that all the 

isolates present in this study possessed a five-amino acid-deletion (from position 

69 to 73) in the NA stalk, indicating that the novel H7N9 virus has gained better 

adaptation to terrestrial environment. 

Multiple substitutions in the polymerase-coding genes have also been 

reported to be associated with enhanced polymerase activity of type A influenza, 

such as PB2 E627K, PB2 D701N, PB2 714R, PA 615R, and NP 319K [16, 51, 

52]. Among the H7N9 strains, approximately one third of them held PB2 627K 

and a small number of them held PB2 701N, while none of them possessed PB2 

714R, PA 615R and NP 319K. Interestingly, the PB2 E627K has seldom been 

seen in avian influenza A (H9N2) viruses, where the PB2 gene is derived in the 

dynamic reassorting process, suggesting that it might be a novel adaptive 

mutation obtained shortly after introduction into humans. 

In particular, a number of amino acids have been associated with conferring 

drug resistance to the influenza virus. For example, the 294K (292 in N2 
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numbering) in the NA protein has been found to confer resistance to oseltamivir 

[53, 54]. Sequence analyses have shown that none of the virus strains held 294K 

in the NA protein, except for SH/1. This is in agreement with the finding that 

viruses holding the substitution 294K in the NA protein might have less fitness 

[55]. Clinically, in a few patients, the R292K substitution may be produced after  

2 days antiviral treatment[56].The Ser31Asn substitution in the M2 protein 

confers virus resistance to adamantanes [57]. Unfortunately, all the novel H7N9 

influenza viruses possessed 32Asn, which suggested they have had resistance to 

adamantanes [33]. 

Depicting Poultry Transportation Network through  

the Online Knowledge  

The H7N9 virus was clearly of avian origin and the live poultry markets were 

considered as the major areas to exchange the viral isolates [58]. Most of patients 

had a history of exposure to live animals [30]. No obvious evidence has proven 

the virus can be transmitted from human to human efficiently. Thus, live poultry 

are the major infection sources of the H7N9 virus, and its travelling and 

transferring among provinces would cause virus spreading [59]. Therefore, it 

would be possible to estimate the spreading of H7N9 by detecting and tracking 

the movement of live birds in live poultry markets. 

Large scale online knowledge has been proven to be a powerful tool to 

investigate the social phenomena associated with infectious diseases. US CDC 

and GOOGLE developed a website to predict the flu outbreak, which may find an 

outbreak a week earlier than traditional disease report system [60, 61] 

(http://www.google.org/flutrends/). The daily incidence of H5N1 virus outbreaks 

in Vietnam peaks around the annual holiday festivities in February is also detected 

by big data from Internet [62, 63].  

Serials of open source script which can collect the public online information, 

and keywords (city name) and (live poultry) and (exchange or carrier) with the 

similar meaning local language were used. These keywords are with the following 

format: (city name) and (live poultry or poultry or pigeon or quail or birds or 

migratory bird or chicken or duck or goose) and (come from or exchange or 

source or carrier or travel or supply or market or slaughter house or production 

area). The pages that fit our format were included in the hash list. In our analysis, 

we integrated the following algorithm and model, including PageRank algorithm, 

BloomFilter, SVM model and ZooKeeper, to automatically control the 

downloading, analyze the information and manage the numeric process [64, 65].  
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The webpages associated to H7N9 infections were considered, in order to 

examine the source of H7N9. Before May 7, 2013, a total of 835,635 webpages 

were crawled from Internet and 2943 pages were of interest, in which 922 pages 

contained live poultry trading information of Shanghai [66, 67]. Following the 

processes of qualification and removing redundancy, a total of 315 queries with 

the exact trading information among the cities by crowd-powered method were 

created at the urgent period. The trade links among cities were distilled from the 

above two sources, when these cities occurred in one webpage or query, 

containing 25,942 information based connections (IC) and 591 context based 

connections (CC). Based on the connections, the force-direct graphs were 

constructed at the province level and the city level to study the nationwide live 

poultry-trading route. 

The graphs clearly implicated that the live birds in Shanghai were traded from 

Jiangsu, Zhejiang and Anhui provinces. In the 682 live bird-trading queries of 

Shanghai, 84% (571) were linked with Jiangsu, Zhejiang and Anhui provinces. 

Shanghai authority stated that approximately 80% live birds in this city were from 

the above three provinces. Therefore, live birds from those three provinces and 

Shanghai were considered as potential infectious sources for the new infection. 

The H7N9 epidemiology has noted the date of onset illness of the first patient in 

Shanghai was February 18, and those of the first patient in Zhejiang, Jiangsu and 

Anhui province were March 7, 15 and 19, respectively. On April 7, Shanghai, 

Jiangsu, Zhejiang and Anhui established the Joint Prevention and Control 

Mechanism and started to close live poultry markets. Therefore, two stages could 

be designated during the H7N9 outbreak. Before the closure of live poultry 

markets, the public was unaware of the poultry-to-human transmission; and after 

that live birds trading activities had been markedly affected, and people were 

asked to keep away from live poultry markets. During the first stage, 106 people 

from 11 prefecture-level cities were infected. In the second stage, the infected 

prefecture-level cities increased to 28, covering 11 county-level cities, implying 

the H7N9 virus had spread out by means of poultry transportation. However, the 

number of infected humans was 22. It was clear that the first wave was 

characterized as more people infected, and the second wave was featured as more 

cities infected, indicating live bird trading contributed to the geographic extension 

of the viral pathogen. 

We draw the topological map of H7N9 virus spreading at the province and 

city levels based on live bird trading information. The province risk of H7N9 was 

estimated by the live birds trading connections to the first wave provinces, 

including Shanghai, Zhejiang, Jiangsu and Anhui. We have not found any 

connections of the first wave provinces with 8 provinces, indicating that they have 
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no or very low risk of H7N9 infections by live bird trading, namely Jilin, Gansu, 

Qinghai, Inner Mongolia, Henan, Yunnan, Heilongjiang provinces, Tianjin and 

Chongqing cities. Among them, Qinghai only had live bird trade information on 

context, while we do not find any connection in crawled pages. Of 18 provinces 

suggested as the high-risk group, 10 were infected, having patients diagnosed. It 

should mention that a patient diagnosed in Taiwan had travelled to Jiangsu 

province previously. No connection was observed for 5 provinces including 

Xinjiang, Ningxia, Tibet, Guizhou, Shaanxi, as well as Hong Kong, Macao and 

Taiwan. Therefore, there should be no risk for them to have infection of H7N9 by 

live bird trading, based on our analysis. However, few data can be found to 

illustrate the transfer route among all cities. An exception appears in the Southeast 

China, where locates the relative rich cities. However, this outbreak region is 

overlapped with this region. Thus, we may estimate the possible transfer route 

among the major cities. The transfer map of the cities has been drawn in our 

analysis [67]. 

The topological map has no direction, and it is hard to evaluate the 

transmission directions. Thus, together with the time order of the cities infected, 

we proposed three major routes of the H7N9 spread. The first one is associated 

with the infection strain in Beijing. The most probable route is by live birds 

carrying virus from Chuzhou of Anhui or Yancheng of Jiangsu province. 

Epidemiological data supports this hypothesis that the two cities were infected in 

9 March or 8 April respectively, earlier than Beijing (April 11). The second 

showed that Chuzhou of Anhui might be infected by live birds carrying viruses 

from Hangzhou of Zhejiang province or Shanghai. It was also supported by the 

epidemiological data that Chuzhou was infected later than Hangzhou and 

Shanghai. Surprised enough, the genome sequences of the virus strain isolated 

from patient from Chuzhou were highly homologous with those of strains isolated 

from patients and chickens from Hangzhou, and from one of two isolates from 

patients in Shanghai (1, 2). The last route showed that Nanchang city of Jiangxi 

province and Fuzhou city of Fujian province were probable infected by viruses 

from live birds traded from Shanghai. Both cities were accordingly infected later 

than Shanghai. 

After the first H7N9 outbreak in Apr to May of 2013, another outbreak peak 

appears in January 2, 2014 to February 27, 2014. During this period, the H7N9 

virus infected 202 people. Different from the first outbreak, the hotspot of the 

infection region is southern china, and Guangdong is the major province. 

Although the topologic transfer map of the live poultry is almost the same, the 

potential infection risk of province was different because their orient of the 

outbreak sites was different.  
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Compare to traditional investigation of H7N9, our analysis by using big data 

from website is cheap, fast and easy to carry out, and it will not be affected by the 

bias of sampling, and the information hidden during the outbreak period. 

However, its limitations are also obvious. First, the limited knowledge or data 

would mislead us to identify the inappropriate target of virus infection. For 

example, it is hard to find the exact transfer route for several cities, where have 

limited information on the web, such as cities in Tibet or Guizhou province. 

Second, the noise of the data is large, and we have no useful methods to identify 

this information. Generally, we will use keywords to seek the spread of the 

disease only when the outbreak occurred. However, obtaining all information 

from websites without selection needs a large amount of resources of network, 

time cost as well as hard disk area. Fortunately, little information about H7N9 or 

similar words appears in Internet due to specific proper name at the beginning of 

the outbreak.  

Co-circulated Avian Influenza Viruses in CHINA 

During the past ten years, numerous avian influenza subtypes have been 

identified in China, though the avian influenza surveillance system has not been 

fully established. For instance, H5N1 [68], H9N2 [69], and H6N1 [70, 71] have 

been found to circulating in poultry in China in a long term. In particular, since 

February 2013, four subtypes have been identified to cause human infection, 

H7N9 [28], H6N1 [72], H10N8 [73], and H5N6 (http://www.chinadaily.com.cn/ 

china/2014-05/09/content_17496951.htm). So far, it has come to the consensus 

that there is a huge influenza pool in China. 

In Chinese poultry populations (particularly chickens), H9N2 influenza 

viruses have been circulating more than twenty years [69, 74], and they have been 

isolated from almost all provinces in recent years. It is low pathogenic to poultry, 

and poultry with this viral infection often show no or slight symptoms. Therefore, 

the transmission of this virus is likely to have been neglected through poultry 

transportations. Extensive and prolonged circulation has made H9N2 influenza 

viruses very diversified and viruses from different regions often have certain 

region-specific genetic characterizations. This also leads to the co-circulation of 

numerous genotypes in China. It is the diversified H9N2 influenza viruses that act 

as genetic donors for the novel H7N9 influenza viruses and are responsible for the 

diversified internal genes of H7N9 viruses obtained through dynamic 

reassortment [42]. A recent study also reveals that the novel human-infecting 

H10N8 influenza virus also adopts internal genes from H9N2 viruses and might 
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be also undergoing a similar dynamic reassortment process like H7N9 [75]. This 

highlights that further attention should be made to monitor the evolution and 

variation of the novel H7N9 and H10N8 influenza viruses. 

Another influenza virus circulating in China for almost twenty years is highly 

pathogenic H5N1 influenza virus [68]. Because of its high pathogenicity to 

chickens, ducks act as the major hosts for H5N1. This is different from H9N2, 

which mainly circulate in chickens. Current surveillance has revealed that there 

are several combinations with H5 and different NA subtypes in China, such as 

H5N1, H5N2, H5N6, and H5N8. In addition, reassortments between H5 influenza 

viruses with other subtypes have been frequently described both in poultry and 

swine, especially with H9N2 [49]. 

The third major subtype circulated in China is H6. Viruses of H6 subtype 

have been isolated from various hosts in live poultry markets [76], such as 

chickens, ducks [77], and minor poultry species [70, 78]. They were also low 

pathogenic to poultry; however, they were regarded as candidates to potentially 

cause influenza pandemics approximately one third of the tested viruses could 

recognize human-type receptor, and almost all the viruses tested could replicate 

efficiently in the lungs in mice [71]. In addition, a half of tested viruses could be 

transmitted to contacted guinea pigs. H6 also undergoes frequent reassortments 

with other subtypes. An H6N1 influenza virus has been once regarded as the 

internal gene donors of H5N1 [79]. In addition, a few internal genes of the 

human-infecting H6N1 influenza virus identified in Taiwan were highly similar to 

those of the H5N2 subtype [72, 80]. 

In November 2013, a novel H10N8 influenza virus caused human infection in 

Jiangxi Province [73]. Phylogenetic analysis has shown that its internal genes 

were also derived from the H9N2 influenza viruses. Subsequently, more H10N8 

influenza viruses were isolated from chickens and environmental samples in 

Jiangxi (Unpublished data). Their HA and NA genes were similar to those of the 

human isolate, whereas they had different internals genes. Therefore, we speculate 

that the novel H10N8 might have become established among chickens and might 

also undergo a similar dynamic reassortment process like H7N9. 

Apart from the subtypes mentioned above, some other subtypes have also 

been detected in China [74]. The existence and co-circulation of these identified 

subtypes and potentially unidentified subtypes make China become a huge 

influenza pool, which makes it extremely difficult to predict which combination 

of HA and NA would cause the next influenza pandemic. 

Although the causes shaping the genetic diversity of the influenza pool have 

not been well understood, a number of factors might contribute to the genetic 

complexity of this influenza pool. First, there are several migration pathways of 
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wild birds in China. Every year, millions of wild birds fly southward for wintering 

and fly back for breeding, by way of China. Many lakes in eastern China provide 

birds freshwater and act as stopovers for birds. This enhances the possibility of 

virus transfer from wild birds to domestic birds. Second, poultry industry of China 

is very prosperous. Approximately half of worldwide ducks are raised in China 

[81]. Duck can shed high-titer viruses for a few days and act as viral source. 

Third, poultry transportation network of China is very complex and this facilitates 

virus spread [67]. Last but not least, the segmented genome of type A influenza 

facilitates genetic exchange between different influenza subtypes via a genetic 

mechanism, reassortment. Genetic reassortment may produce influenza variants 

with novel genetic, antigenic and viral features. 

Conclusion 

In summary, the human-infecting influenza A (H7N9) virus was an avian-

origin influenza virus, and possibly experienced sequential genetic reassortments 

among wild birds, domestic ducks and poultry. During the interspecies 

transmission, the H7N9 virus has evolved its genome step by step to adapt to the 

hosts, from the wild birds to domestic birds, and from waterfowls to terrestrial 

poultry. As the H7N9 virus was low pathogenic to poultry, the spread of H7N9 

via poultry transportation has made it hidden within the poultry of most areas in 

China, like the prevalent H9N2 virus. By means of dynamic reassortments with 

poultry H9N2 influenza viruses the H7N9 virus has gained the ability to 

genetically tune its genome to adapt to varied hosts. The receptor-binding affinity 

of the HA showed that the H7N9 virus could attach to the mammalian receptors, 

but distinct from that of a human virus. So that sustained human-to-human 

transmissions have not been identified yet. 

The emergence of the novel H7N9 virus re-opened the awareness that what 

HxNy would be the next, and could it be an influenza pandemic [29]? The 

establishment of the H7N9 virus also noted the public that the low pathogenic 

avian influenza virus circulating in poultry would also become fatal to humans. 

Not only the pigs, which have been considered as the mixing vessels, but also the 

birds themselves, especially poultry could act as the mixing vessels to incubate 

human/mammalian-infecting avian influenza viruses [82, 83]. As a tradition, 

Chinese and other Asian peoples are willing to enjoy the fresh meat right after the 

slaughtering of living animals; therefore live animal markets are very popular. 

The prosperity of those live animal markets grants avian influenza viruses great 

opportunity to evolve to adapt to new hosts and to transmit across interspecies 
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barriers. For this purpose, closure of live animal markets, at least firmly control of 

live poultry trade, has urgently been proposed to prevent potential infection of 

avian influenza virus [84]. Besides live poultry trade, live poultry transportation 

played an important role in the spreading of avian influenza viruses. 

Transportations to and from small poultry farms are hardly to track using 

traditional methods. However, Internet has provided another way, as poultry 

owners and/or traders would post related information to their blogs or micro-blog 

(twitter-like system in Chinese) unintendedly. Attempts have showed that 

applying the information crawled from the Internet would be helpful to track and 

predict the spreading of avian influenza virus [67]. In addition to virus 

surveillance and phylogenetic, big data from Internet would be another pole to 

support the research of avian influenza viruses.  
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