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The emergence of infl uenza A H7N9 in human beings 
16 years after infl uenza A H5N1: a tale of two cities
Kelvin K W To*, Jasper F W Chan*, Honglin Chen, Lanjuan Li, Kwok-Yung Yuen

Infection with either infl uenza A H5N1 virus in 1997 or avian infl uenza A H7N9 virus in 2013 caused severe pneumonia 
that did not respond to typical or atypical antimicrobial treatment, and resulted in high mortality. Both viruses are 
reassortants with internal genes derived from avian infl uenza A H9N2 viruses that circulate in Asian poultry. Both 
viruses have genetic markers of mammalian adaptation in their haemagglutinin and polymerase PB2 subunits, which 
enhanced binding to human-type receptors and improved replication in mammals, respectively. Hong Kong (aff ected 
by H5N1 in 1997) and Shanghai (aff ected by H7N9 in 2013) are two rapidly fl ourishing cosmopolitan megacities that 
were increasing in human population and poultry consumption before the outbreaks. Both cities are located along the 
avian migratory route at the Pearl River delta and Yangtze River delta. Whether the widespread use of the H5N1 
vaccine in east Asia—with suboptimum biosecurity measures in live poultry markets and farms—predisposed to the 
emergence of H7N9 or other virus subtypes needs further investigation. Why H7N9 seems to be more readily 
transmitted from poultry to people than H5N1 is still unclear.

1997 and 2013 avian infl uenza viruses
The H5N1 virus caused the fi rst human outbreak of avian 
infl uenza in Hong Kong in 1997.1 Over the next 
16 years, up to June 2013, more than 600 human cases 
with 60% mortality have been reported from mainland 
China, southeast Asia, the Middle East, Africa, and 
Europe.2,3 Other avian infl uenza viruses belonging to 
subtypes H6, H7, H9, and H10 have also crossed between 
species and caused mostly sporadic non-fatal cases in 
human beings; one fatal case of infl uenza A H7N7 was 
reported in the Netherlands.4–9 In March 2013, the fi rst 
case series of human infections with a novel avian H7N9 
virus was reported in China (table 1).10 By June 26, 2013, 
132 symptomatic cases and one asymptomatic case with 
40 deaths had been reported (appendix). Severe infections 
in human beings were characterised by rapidly progressive 
pneumonia acquired in the community, multiorgan 
dysfunction, and cytokine dysregulation.11–15 The initial 
cases of infections in human beings were clustered 
around the lower Yangtze River delta, including Shanghai, 
Jiangsu, Zhejiang, and Anhui. Subsequently, cases were 
identifi ed in other areas of China, including Beijing, 
Henan, Shandong, Jiangxi, Hunan, and Fujian, which are 
located along an avian migratory pathway (fi gure 1).18 On 
April 24, 2013, the fi rst case outside the mainland was 
confi rmed in a 53-year-old Taiwanese businessman who 
regularly travelled between Jiangsu and Taiwan.13 We 
compare the geographical and social characteristics 
between Hong Kong and Shanghai, the likely origin and 
virological features of the 1997 infl uenza A H5N1 virus 
and the 2013 infl uenza A H7N9 virus, and clinical 
manifestations caused by these two viruses.

Generation of novel avian infl uenza viral 
reassortants
The infl uenza viruses belong to the RNA virus family 
Orthomyxoviridae. On the basis of antigenic and genetic 
diff erences between the internal proteins, nucleoprotein 
and matrix protein, infl uenza viruses are classifi ed into 

A, B, and C. The infl uenza A virus has a negative-sense, 
single-stranded, and eight-segmented genome. On the 
basis of two surface proteins, 17 haemagglutinin subtypes 
and ten neuraminidase subtypes can be found (fi gure 2).19 
Except H17 and N10, which have been found in bats only, 
all haemagglutinin and neuraminidase subtypes have 
been found in wild waterfowl.20 Unlike other neura-
minidase subtypes, N10 does not have neuraminidase 
activity.21 The 17 haemagglutinin subtypes are further 
classifi ed into group 1 and group 2 on the basis of the 
antigenic and phylogenetic characteristics of haem ag-
glutinin. The HA1 subunit of the haemagglutinin 
attaches onto host cell sialic acid receptor. The 
haemagglutinin precursor protein HA0 is cleaved by 
proteases into HA1 and HA2 before HA2 can mediate 
virion–cell fusion. The internal proteins are encoded by 
six other gene segments encoding nucleoprotein NP, 
matrix protein M1, ion channel protein M2, the 
polymerase complex proteins PB1, PB2, PA, including 
PB1-F2, PA-X, PA-N155, PA-N182, and non-structural 
proteins including PB1-F2, PA-X, PA-N155, PA-N182, 
NS1, and NS2.19,22

The eight gene segments can reassort when two 
diff erent viruses infect an animal host cell. Phylogenetic 
analysis shows that the 1997 H5N1 virus infecting 
human beings was a reassortant with goose H5N1 
haemagglutinin, teal H6N1 neuraminidase, and internal 
genes from quail H9N2 and teal H6N1.23,24 The 2003 
H7N7 virus that infected human beings in the 
Netherlands was a reassortant between avian infl uenza A 
H7N3, infl uenza A H10N7, and other Eurasian avian 
infl uenza viruses (fi gure 3).9 On the basis of available 
sequences in the public domain, the 2013 H7N9 virus is 
also a reassortant of avian infl uenza viruses consisting of 
haemagglutinin and neuraminidase most closely related 
to H7N3 viruses isolated from ducks in Zhejiang and 
H7N9 viruses from wild birds in Korea, respectively. 
The M, NP, and NS genes are most closely related to 
H9N2 viruses from chickens in eastern China, whereas 
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the PA, PB1, and PB2 genes are most closely related to 
those of H9N2 viruses from brambling in Beijing.11,12,13,25,26 
Because the origin of all gene segments of the 2013 
H7N9 virus are avian, gene reassortment probably took 
place in an avian host. Although reassortment events of 
avian infl uenza viruses have been recorded in pigs in 
Korea,27 the 2013 H7N9 virus and the immediate 
precursors have not been found in pigs.28

The haemagglutinin sequence of one of the 2013 H7N9 
virus human isolates (A/Shanghai/1/2013) was 
phylogenetically distinct from other human and avian 
isolates,12,29 suggesting that this new reassortant might 
have been circulating for some time to achieve this degree 
of diversity. Because of the roughly 5% nucleotide 
diff erences in the H7 and N9 genes between the 2013 
H7N9 virus and the closest avian virus genes, more 
extensive virological surveillance of wild or domestic avian 

and non-avian animal species, as has been done for the 
Severe acute respiratory syndrome coronavirus,30 is 
needed to understand the evolutionary pathway of this 
H7N9 virus, which is the fi rst N9 subtype virus infecting 
human beings. Up to now, only one wild pigeon from 
Nanjing has tested positive for the 2013 H7N9 virus,31 but 
the epidemiological and genomic details of this virus 
isolate are not yet available.

Not all human disease preceded by poultry 
outbreaks
One unique feature of the 2013 H7N9 human epidemic 
is the absence of preceding die-off s in poultry or wild 
birds, which makes epidemiological control diffi  cult. The 
start of the H5N1 outbreak in 1997 was marked by three 
highly pathogenic avian infl uenza virus outbreaks on 
farms 1 month before the fi rst human case and about 

Place or organisation Event

Feb 18, 2013 Shanghai Case one: symptom onset

March 4, 2013 Shanghai Case one: died

March 10, 2013 Shanghai Case two: died

March 13, 2013 Shanghai Cases 73–77: symptom onset (retrospectively diagnosed on April 16, 2013); cases one and 
76 represent fi rst family cluster; another son of case one also died without virological 
diagnosis

March 31, 2013 Shanghai
Anhui
Chinese Centre for Disease Control 
and Prevention, China

Cases one and two (both fatal) reported
First case in Anhui (case three) reported
The China Health and Family Planning Commission notifi ed the WHO of three cases of 
human infection with infl uenza A H7N9 (cases one to three)

Aprilil 2, 2013 Jiangsu First four cases in Jiangsu (cases four to seven) reported

April 3, 2013 Zhejiang First  two cases in Zhejiang (cases eight and nine) reported

April 4, 2013 Shanghai First mild case (case 14) reported;
one market pigeon positive for H7N9 virus

April 5, 2013 Shanghai Culling of 20 536 poulty: 19 poultry and environmental samples from three markets 
positive for H7N9 very similar to pigeon isolate

April 6, 2013 Ministry of Health, China
Shanghai, Jiangsu, and Zhejiang

Approval of peramivir as anti-infl uenza drug in China
Suspension of live poultry trading; culling of >20 000 live birds

April 8, 2013 Ministry of Health, China Development of vaccines for H7N9 announced

April 10, 2013 Shanghai
Jiangsu, Zhejiang, Anhui

Case 14 recovered and discharged from hospital
Duck and chicken samples positive for H7N9

April 13, 2013 Beijing
Shanghai

First case outside the Yangtze River delta (case 44) reported
Second cluster in family: case 47 and case 13

April 14, 2013 Henan More cases outside the Yangtze River delta (cases 50 and 51) reported

April 15, 2013 Beijing Third cluster: the fi rst asymptomatic carrier (case A1) detected during contact tracing of 
case 44

April 18, 2013 Henan Another case outside the Yangtze River delta (case 83) reported

April 19, 2013 World Health Organization Fourth cluster in family announced

April 23, 2013 Shandong First case in Shandong (case 105) reported

April 24, 2013 Taiwan First case outside the mainland (case 109) reported

April 25, 2013 Jiangxi First case in Jiangxi (case 113) reported

April 26, 2013 Fujian First case in Fujian (case 115) reported

April 27, 2013 Hunan First case in Hunan (case 120) reported

May 5, 2013 China A total of 51 poultry and environmental samples from multiple regions were positive 
for H7N9

As of June 26, 2013 World Health Organization A total of 132 symptomatic cases with 40 fatalities reported globally

See appendix for details of individual cases.

Table 1: Important events in the infl uenza A H7N9 outbreak in 2013
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8 months before the next 17 human cases.32 Avian 
infl uenza virus can be divided into highly pathogenic 
avian infl uenza virus and low pathogenic avian infl uenza 
virus on the basis of pathogenicity in chickens. The 
World Organization for Animal Health has defi ned 
highly pathogenic avian infl uenza virus as any infl uenza 
virus that is lethal for six or more of eight 4–8-week-old 
susceptible chickens by 10 days after intravenous 
inoculation with 0·2 mL of a 1/10 dilution of a bacteria-
free infective allantoic fl uid, or that has an intravenous 
pathogenicity index of greater than 1·2, which is 
calculated by scores on the severity of illness.33 One key 
feature of highly pathogenic avian infl uenza virus is the 
presence of multibasic aminoacids at the haemagglutinin 
cleavage site, which render haemagglutinin susceptible 
to cleavage by many diff erent proteases.34 Hence, H5 or 
H7 viruses that have low pathogenicity in chickens are 
still regarded as highly pathogenic avian infl uenza virus 
if their HA0 cleavage sequence is similar to that of other 
highly pathogenic avian infl uenza viruses. The 
haemagglutinin cleavage site from all reported 2013 
H7N9 viruses do not possess multibasic aminoacids.11,12,35 
Data from preliminary pathogenicity testing suggest that 
chickens and quails infected with H7N9 do not show 
signs of illness.36 A low pathogenic avian infl uenza virus 
can mutate to become highly pathogenic during an 
outbreak in domestic poultry. For the H7N3 virus 
outbreaks in 2002 and 2004, the diff erence in the cleavage 
site between low pathogenic avian infl uenza virus and 
highly pathogenic avian infl uenza virus was speculated 
to be a sequence insertion from the neuraminidase or M 
gene at the haemagglutinin cleavage site through 
intersegmental recombination.37 Close monitoring of the 
evolution of the 2013 H7N9 is needed.

Another possible explanation for the apparent absence 
of a preceding infection with H7N9 in poultry in the 2013 
outbreak is that previous infection by a closely related 
low pathogenic avian infl uenza H7 virus elicited cross-
protection for this H7N9 virus because H7N3 virus was 
recently reported in ducks in Zhejiang, China.38 
Furthermore, prevalent H9N2 infections in poultry or 
the extensive use of the H5N1 vaccine in poultry in China 
might induce cell-mediated immunity against highly 
conserved internal viral proteins without inducing any 
neutralising antibody. This process might be suffi  cient to 
militate against poultry death, but not asymptomatic 
viral shedding.39 The eff ect of previous infection by other 
avian infl uenza virus subtypes and previous H5N1 
vaccine on the susceptibility to infection by H7N9 
deserves further investigation.

Virus adaptation for interspecies jumping
Interspecies jumping of an avian infl uenza virus into 
human beings is favoured by several factors: viral 
mutations that allow the virus to bind, replicate, and 
spread in human beings; a high inoculum of virus during 
the transmission between the poultry and human being; 

host susceptibility such as the presence of underlying 
diseases; extremes of age; and genetic predispositions. 
One key viral factor governing host adaptation and 
transmission is the relative binding affi  nity between 
haemagglutinin and the sialic acid receptor on the host 
cell surface.40 Avian infl uenza viruses generally prefer 
α-2,3 sialic acid receptors abundantly found in avian 
alimentary tract and human infl uenza viruses generally 
prefer α-2,6 sialic acid receptors abundantly found in the 
human respiratory tract. H5N1 viruses can invade the 
lower respiratory tract of human beings because the 
viruses retain strong affi  nity for the α-2,3-linked receptors 
present in the lower respiratory tract of human beings.41 
An increased affi  nity for the α-2,6-linked receptors, which 
are abundant in the upper respiratory tract of human 
beings, is believed to be responsible for transmission 
between birds and human beings. In Egypt, which has 
had the highest number of H5N1 infections since 2009, 
99% of virus isolates had a Thr160Ala (H3 numbering) 
mutation, which is associated with loss of glycosylation at 
position 158–160, and increased transmissibility in ferrets 
and guinea pigs.42,43 Thr160Ala was also present in all 
reported strains of 2013 H7N9 (table 2). The 
haemagglutinin mutations Gly186Val and Gln226Leu, 
which increase the binding of H5N1 and H7 viruses to 
α-2,6-linked receptor and H5N1 virus transmission 
between ferrets, are present in most strains of the human 
and avian 2013 H7N9, but none of the 1997 H5N1 strains 
(table 2).11,12,35,45–47 However, a recent structural modelling 
and binding study with human tracheal epithelium and 
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Figure 1: Geographical areas with laboratory-confi rmed cases of human infection by the avian infl uenza A 
H7N9 virus, as of June 26, 2013
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alveolar tissue sections suggested that 2013 H7N9 has 
weak binding to both α-2,3-linked and α-2,6-linked 
receptors.48 Further studies should confi rm whether 
various strains of H7N9 diff er in binding affi  nities.

Neuraminidase enables release of virus particles from 
the host cell surface. Deletion in the stalk region of 
neuraminidase, which was found in the human H5N1 
viruses and previous H7 viruses, is associated with 
increased virulence and replication in the respiratory 
tracts of chickens.49 2013 H7N9 also has a fi ve aminoacid 

deletion in the stalk region, which might improve its 
adaptation to poultry.11,12,29,35 Comparative studies in wild 
waterfowl and domestic chickens will ascertain the 
degree of adaptation by this virus in these avian species.

Mutations in the polymerase complex aff ect viral 
replication. PB2 Glu627Lys mutation is associated with 
increased viral replication at 33°C, the nasal body 
temperature in human beings, which is markedly lower 
than that of avian species.50 Furthermore, this mutation 
is important in aerosol transmission of avian H1N1 virus 
between ferrets.51 Glu627Lys was found only in human 
strains, but not the avian strains, of 1997 H5N1 or 2013 
H7N9 (table 2). However, Glu627Lys was specifi cally 
found in the Qinghai outbreak of H5N1 in 2005.52 PB2 
Asp701Asn is another important mutation associated 
with mammalian adaptation and transmission.42,53 
Notably, most virus isolates from individuals infected 
with 2013 H7N9 had either Glu627Lys or Asp701Asn, but 
not both. Asp701Asn can compensate for the lack of 
Glu627Lys for transmission between guinea pigs.53

Other mutations aff ect viral replication, transmission, 
and virulence of infl uenza viruses. NS1 protein is the key 
virulence factor counteracting innate host immunity. 
NS1 protein contains a four-aminoacid motif at the 
C terminal that disrupts cellular signalling by binding to 
the host PDZ domain-containing proteins. Recombinant 
infl uenza virus with PDZ-binding motif has increased 
pathogenicity in mice.54 NS1 protein from human 
seasonal infl uenza viruses cannot bind to human 
proteins containing PDZ domain.55 The NS1 of all 2013 
H7N9 strains has a deletion of the PDZ motif. 
The structural M1 protein is needed for viral assembly 
and budding. Two mutations in M1, Asn30Asp and 
Thr215Ala, associated with increased virulence in a mice 
model, are found in all strains of the 2013 H7N9 virus.56

Epidemiological characteristics
Before the 2013 outbreak, the H7N9 virus had never been 
reported to cause human infection, although other H7 
viruses had been associated with sporadic infections 
since 1979 (table 3).5,7,9,57–63 Serological evidence of H7 
infection was present in 38% of a rural population in the 
Jiangsu Province near Shanghai.64 However, a study 
including 1544 serum samples from poultry workers in 
eastern China in 2012 did not identify any seropositive 
samples by microneutralisation assay, suggesting that 
subclinical H7N9 infection was unlikely before 2013.65

Infl uenza A subtypes H7N1, H7N2, H7N3, H7N7, and 
H7N8 were previously isolated from poultry and wild 
birds from China.38,66 Although studies of seroprevalence 
did not fi nd any evidence of H7 infection among 
sparrows or pigs in China,67,68 H7N9 viruses were isolated 
from birds in nearby countries, including Mongolia and 
South Korea in 2008.69,70 Moreover, in the USA, H7N9 
viruses have caused outbreaks in chickens.71 Other H7N9 
viruses were reported in wild birds or poultry from four 
continents.10,55,72,73
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Most of the laboratory-confi rmed cases of 2013 H7N9 
were older adults living in the city, with a median age of 
61 years. By contrast, in the 1997 H5N1 outbreak in Hong 
Kong, 61% of patients were younger than 18 years of age1,74 
and the mean age of patients with H5N1 in China between 
2003 and 2008 was 28·1 years (table 4).78 The severe 
disease in older adults and the small number of cases in 
children in the 2013 H7N9 outbreak can be accounted for 
by several factors. First, H7N9 infection in children was 
mainly mild or asymptomatic (appendix);14,79,80 therefore, 
infection in this age group might have been 
underdiagnosed because confi rmatory laboratory tests 

were usually reserved for severe cases. Two children were 
found to be infected with H7N9 during an enhanced 
surveillance that included 6333 children younger than 
4 years of age with infl uenza-like illness.79 Second, some 
adult patients were poultry workers; generally only adults 
go to live poultry markets and therefore adults might have 
had a greater dose or prolonged duration of exposure to 
H7N9 than did children. Additionally, adults might have 
an increased chance of exposure to pet birds. Finally, older 
adults might have impaired development of specifi c 
immune response to the H7N9 virus because of the 
immunological phenomenon of original antigenic sin.81,82 
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Figure 3. Phylogenetic associations of avian H7 viruses that have been reported to cause human infections
(A) Haemagglutinin gene. (B) Neuraminidase gene. (C) PB2 gene. The haemagglutinin, neuraminidase, and PB2 genes of the human isolates and the most closely related avian isolates, which are 
possible candidates as the gene source for reassortment, are shown. Only representative H7 isolates from human and the closely related isolates from avian species of preceding years are shown. The 
phylogenetic trees were constructed by the neighbour-joining method with bootstrap replication (1000 bootstraps) with MEGA 5.1. The neuraminidase gene sequence of 1996 infl uenza A H7N7 is 
not available in the public domain. Human strains are highlighted in red. Number of poultry culled is highlighted in blue. Scale bars show the estimated number of substitutions per 20 bases.
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Previous exposure to other infl uenza viruses might also 
lead to rapid increase in non-neutralising antibodies 
against these viruses, which can be associated with more 
severe H7N9 disease.83,84 Notably, most fatal or severe cases 
of 2013 H7N9 have comorbidities, and up to a quarter of 
adult patients were smokers.15 The eff ect of genetic 
predisposition (eg, the IFITM3 and CD55 polymorphisms) 
on H7N9 infection warrants further investigation.85,86

A higher percentage of elderly patients aged 65 years or 
older and a higher proportion of males were infected 
during the 2013 H7N9 than were in the 1997 H5N1 

outbreak. One explanation for this fi nding could be that 
most grandmothers in Shanghai take care of their 
grandchildren at home while the retired grandfathers go 
to live poultry markets for grocery shopping every day.87 
Another unique feature is that no poultry workers were 
infected with H5N1 in the Hong Kong epidemic. Sero-
epidemiology might ascertain the cause of this diff erence.

Human beings probably acquired the H7N9 virus via 
direct contact with infected poultry or their surroundings, 
although aerosol transmission between ferrets was 
reported.77,88 A study of the 2003 H7N7 outbreak estimated 

Importance of the mutation 2013 infl uenza A H7N9 1997 infl uenza A H5N1

Human Avian and 
environmental

Human Avian and 
environmental

Haemagglutinin (H3 numbering)

Ala135Thr Increased viral replication ND ND ND ND

Asn158Asp Mammalian transmission ND ND ND ND

Asn224Lys Mammalian transmission ND ND ND ND

Gly228Ser Mammalian transmission ND ND ND ND

Thr318Ile Mammalian transmission ND ND ND ND

Ser138Ala Ser variant associated with adaptation to pigs 9/10 All All All

Thr160Ala Increased binding to α-2,6-linked sialic acid receptor All All 3 of 5 6 of 10

Gly186Val Increased binding to α-2,6-linked sialic acid receptor 9 of 10 All ND ND

Gln226Leu Increased binding to α-2,6-linked sialic acid receptor 8 of 10* 5 of 6 ND ND

Multibasic aminoacid at HA0 cleavage 
site

Cleavage by ubiquitous proteases ND ND All All

Neuraminidase (viral release from host cell surface)

Deletions in stalk region Increased virulence All All All All

Arg292Lys Neuraminidase resistance 2 of 11 ND ND ND

PB2 (viral replication)

Leu89Val Enhanced polymerase activity All All All All

Glu627Lys Improved viral replication at 33°C 7 of 9 ND 2 of 9 ND

Asp701Asn Mammalian adaptation 1 of 9 ND ND ND

PB1 (viral replication)

His99Tyr Enables droplet transmission in ferrets ND ND ND ND

Ile368Val Enables droplet transmission in ferrets 5 of 7 All ND ND

PB1-F2 (induce cellular apoptosis and inhibit function of type I interferon)

Full-length Full-length PB1-F2 needed for virulence in mice All 3 of 4 All All

Asn66Ser Increased virulence in a mice model ND ND ND ND

Matrix protein M1 (viral assembly 
and budding)

Asn30Asp, Thr215Ala Increased virulence in a mice model All All All All

Matrix protein M2

Ser31Asn Amantadine resistance All All ND ND

NS1 (counteracts host antiviral response)

Pro42Ser Increased virulence in mice All All All All

PDZ-binding motif Signalling of host proteins Deleted Deleted Avian type Avian type

Aminoacid sequences of A/Zhejiang/DTID-ZJU01/2013(H7N9), A/Hangzhou/1/2013(H7N9), A/Hangzhou/2/2013(H7N9), A/Hangzhou/3/2013(H7N9), 
A/Shanghai/4664T/2013(H7N9), A/Nanjing/1/2013(H7N9), A/Fujian/1/2013, A/Taiwan/S02076/2013(H7N9), A/chicken/Zhejiang/DTID-ZJU01/2013(H7N9), A/environment/
Hangzhou/34/2013(H7N9), A/environment/Nanjing/2913/2013(H7N9), and all 1997 infl uenza A H5N1 strains were obtained from NCBI Infl uenza Virus Resource or from 
references 11, 12,29,35, and 44. Aminoacid sequences of 2013 infl uenza A H7N9 sequences of human isolates from Shanghai or Anhui were obtained from Global Initiative on 
Sharing Avian Infl uenza Data (GISAID) database and references 12 or 35 or both. Aminoacid substitutions of avian and environmental strains from Shanghai were obtained from 
reference 35. The appendix shows details of sequences deposited into GISAID database. Only strains with full-length sequence at the time of writing were included. Duplicate 
strain names but diff erent sequences were excluded from the analysis. ND=not detected. *Gln226Ile was present in A/Hangzhou/1/2013(H7N9). 

Table 2: Key genetic mutations in individual viral proteins of 2013 H7N9 and 1997 H5N1 infl uenza viruses 



www.thelancet.com/infection   Vol 13   September 2013 815

Personal View

that 18% of transmission between farms was related to 
wind.89 Up to May 22, 2013, 899 758 animal and 
environmental samples had been tested. 53 samples 
were positive for the 2013 H7N9 virus; 51 of these were 
collected from poultry or environmental samples in 
poultry markets, one sample was collected from a wild 
pigeon in Nanjing, and one sample was collected from a 
domestic racing pigeon at a household farm in Nantong.28 
2013 H7N9 viruses with very similar gene sequences 
have been found in pigeons, chickens, ducks, and 
environmental samples from poultry markets in aff ected 
areas.11,35,36,44 As in the H5N1 outbreak in Hong Kong, 
most confi rmed cases of H7N9 (55·9%) had history of 
contact with poultry.15 Although some patients had 
contact with pigs, 2013 H7N9 has not been isolated from 
pigs.14,36 In the 2013 outbreak, the H7N9 virus might have 
originated from poultry farms and was amplifi ed in 
overcrowded live poultry markets before its transmission 
to human beings. Slaughtering and preparation of 
infected poultry constitute the highest risks of exposure 
to infected poultry secretions and excreta. Although 
transmission to human beings through contact with wild 
birds or consumption of inadequately cooked poultry is 
possible, documentation of such occurrences is scarce 
even though H7 viruses are able to survive and remain 
infective for a prolonged period.90 

No defi nitive evidence of continuing person-to-person 
transmission exists, although some fi rst-generation 
transmission might have occurred in four case clusters 
of which three were familial clusters.14,91 However, 
exposure to a common avian or environmental source 
could not be excluded in these clusters. Few reports of 
person-to-person trans mission of H5N1 have been 
recorded.92 The predilection of the 2013 H7N9 virus for 
the lower respiratory tract—shown by the higher virus 
burden in patients sputum than throat swab—might 
explain the low number of person-to-person 
transmissions as in the case of H5N1.

132 reported H7N9 infections in patients from March to 
May 2013 has far exceeded the 45 reported H5N1 
infections in China within the past 10 years.61 The crude 
case fatality of 2013 H7N9 infection is 30%, which is 
lower than that for H5N1 infection (60%), but much 
higher than the 0·1% of the 2009 pandemic or seasonal 
infl uenza.3,19 The true case fatality rate is uncertain 
because many of the patients are still receiving care in the 
intensive care units. Enhanced surveillance between 
March 7 and April 28, 2013, in which 20 739 patients with 
infl uenza-like illness were tested, identifi ed only two 
patients with H7N9 who were not hospitalised.79

Geographical location
The fi rst human cases of H7N9 were detected in 
Shanghai, which is served by the farming and industrial 
establishments along the Yangtze River delta. Shanghai, 
a cosmopolitan megacity hardest hit by this novel virus, 
is similar to Hong Kong, a region that is served by the 

Pearl River delta and where the fi rst human cases of 
H5N1 were detected in 1997.1,75,76 Both cities have well 
established health-care infrastructure with the necessary 
diagnostic methods for the detection and charac terisation 
of new viruses. Furthermore, both cities are located along 
the Asian-Australasian fl yway, where migratory birds 
stop at their wetlands and have surrounding poultry 
farms serving the densely populated areas that have 
many live poultry markets (table 4). 

Between 1985 and 2011, consumption of poultry per 
person has increased 3·3 times from 3·2 kg to 10·6 kg in 
urban areas, whereas overall consumption of poultry 
increased 8·8  times from 1·53 to 13·54 million tonnes 
in China between 1987 and 2012.93–95 Additionally, of all 
municipal areas or provinces in China, Shanghai has the 
highest densities of both people and poultry.94 This is 
similar to the situation in Hong Kong, where poultry 
consumption increased greatly before the 1997 H5N1 
outbreak (fi gure 4).75,93,96 The emergence of the H7N9 
virus in 2013 might also be related to the selective 
pressure induced by the widespread use of the H5N1 
vaccine because H5 and H7 are the common subtypes 
that generally cause poultry outbreaks. China uses more 
than 90% of the H5N1 vaccine worldwide.97 Although the 
H5 vaccine eff ectively suppresses the circulating clade of 
H5 virus in China, the vaccine cannot stop the emergence 
of antigenically drifted H5 and non-H5 viruses while 
biosecurity measures at wet markets and farms are 
suboptimum. Poor biosecurity allows the ready intrusion 
and amplifi cation of a new virus reassortant. The source 
and mechanism of spread of the 2013 H7N9 outbreak 

Country Details

H7N2

200257 USA A culler of poultry had upper respiratory tract symptoms and was later found to 
have antibody against H7N2; outbreak in poultry occurred before the human 
case

20035 USA A man with HIV with conjunctivitis and community acquired pneumonia; no 
known exposure to live or dead poultry, wild birds, or bird faeces

200758 UK Four human infections presented with infl uenza-like illness; outbreak in poultry 
occurred before the human cases

H7N3

200359 Italy 3·8% of the poultry workers were positive for anti-H7 antibody

20047 Canada 55 suspected and two laboratory-confi rmed human infections; an outbreak in 
chicken arose before the human cases; both confi rmed patients developed 
conjunctivitis

200660 UK A poultry worker presented with conjunctivitis. An outbreak in poultry arose 
before the human case

201261 Mexico Two human infections presented with conjunctivitis; preceded by poultry 
outbreak

H7N7

198062 USA The virus was transmitted from an infected seal to a laboratory worker, who 
developed conjunctivitis

199663 UK One patient presented with conjunctivitis; while cleaning out her duck house, a 
piece of straw entered her eye; no preceding outbreak in the ducks

20039 Netherlands 89 human infections with one fatality; an outbreak in chicken arose before the 
human cases

Table 3: Reported human infections caused by H7 viruses before the 2013 infl uenza A H7N9 outbreak

For more on the Asian-
Australasian fl yway see http://
www.eaafl yway.net/index.php
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between diff erent geographical regions are still uncertain. 
The roles of movement of migratory birds, human 
beings, and poultry deserves further investigation.

Clinical features
In the H7N9 and H5N1 outbreaks, infected individuals 
presented with acute severe community-acquired 
pneumonia that did not respond to typical and atypical 
antimicrobial coverage. In an analysis of 111 of 

132 reported cases of human H7N9 infections in 2013, 
more than 90% of patients had fever or cough, and 24% 
of the 111 patients had haemoptysis.15 71% of the patients 
had acute respiratory distress syndrome. Other 
complications associated with H7N9 infection are 
rhabdomyolysis, acute kidney injury, encephalopathy, 
and multiorgan dysfunction.11,15 Unlike the 1997 H5N1 
outbreak, in which nearly 40% of patients had only fever 
and upper respiratory tract symptoms, none of the 
111 patients with 2013 H7N9 infection had sore throat, 
rhinorrhoea, or conjunctivitis, although mild rhinorrhoea 
was reported in a 3·5-year-old boy.80 Gastrointestinal 
symptoms (13·5%) were less common in people infected 
with H7N9 than in those with the 1997 H5N1 infection 
(50%).1,15 Reye’s syndrome was reported in a child with 
1997 H5N1 infection.1 Gastro intestinal haemorrhage, 
reactive haemo phagocytosis, and haemorrhagic pleural 
eff usion, which were present in some cases of 1997 
H5N1, have not been reported for H7N9 infection. 
Coinfection at presentation or during admission to 
hospital can occur, as reported for H5N1.2,15,98

 Laboratory abnormalities in patients with either 
infections were prominent lymphopenia, thrombo-
cytopenia, coagulo pathy, and raised serum transaminase, 
creatine kinase, and C-reactive protein concentrations. 
Radio logical features were similar in both infections: 
pulmonary consolidation (which progressed to involve 
bilateral lung fi elds), diff use ground glass opacities, 
pleural eff usions, and mediastinal emphysema. None of 
these clinical, laboratory, and radiological manifestations 
are pathognomonic for H7N9 infections. The defi nitive 
diagnosis depends on viral culture or real-time-PCR (RT-
PCR) for the H7 and N9 gene targets from respiratory 
tract secretions. Because of the predilection of this virus 
for the lower respiratory tract, if available, sputum, 
endotracheal aspirate or bronchoalveolar lavage might 
give a better sensitivity than throat or nasopharyngeal 
specimens. However, point-of-care rapid antigen tests 
and multiplex RT-PCR assays have low sensitivity.99 
Acute and convalescent serum antibody testing by 
haemagglutination inhibition or neutralisation can be 
useful for epidemiology or retrospective diagnosis. 
Any febrile patients with history of travel to aff ected 
areas, or contact with poultry or infected patients can be 
tested for H7N9 as a screening strategy for the early 
identifi cation of imported cases.

2013 H7N9 is probably resistant to adamantanes 
because of the presence of an M2 Ser31Asn mutation 
(table 2).12 Both genetic analysis and in-vitro testing 
showed that most strains of 2013 H7N9 are susceptible to 
neuraminidase inhibitors.100 However, two reported 
strains carry the neuraminidase Arg292Lys (N2 
numbering) mutation, which is associated with 
resistance to oseltamivir and zanamivir (increase in half 
maximal inhibitory concentration [IC50] more than 
9000-fold for oseltamivir and between four-fold and 
25-fold for zanamivir).101 Although a delay in antiviral 

2013 infl uenza A H7N9 1997 infl uenza A H5N1

Date and place of fi rst case in a human 
being

February 2013, Shanghai May 1997, Hong Kong

Wetland near the city Chongming Dongtan nature 
reserve

Mai Po nature reserve

Human population at the time of outbreak 23·7 million people 
(permanent resident 
population)75

6·5 million people76

Subsequent spread to other geographical 
areas

Shanghai, Anhui, Zhejiang, 
Jiangsu, Beijing, Henan, 
Shandong, Jiangxi, Fujian, 
and Taiwan

China (including Hong Kong), 
southeast Asia, Middle East, 
and Africa*

Amplifi cation host Domestic chickens, pigeons, 
and ducks

Domestic chickens, ducks, and 
geese

Epidemic centres and % of infected poultry Wet markets: farms (20% of 
chickens and 40% of pigeons 
at epidemiologically linked 
wet market infected)11 but 
overall 0·006% for large-
scale animal surveillance

Farms: wet markets (20% of 
chickens, 2% of ducks and 
geese infected)29

At-risk groups Visitors to wet markets, 
backyard farm residents, and 
occupational related poultry 
handlers

Visitors to wet markets

History of poultry exposure 62 of 111 (55·9%)15 9 of 14 (64·0%)77

Mode of transmission Poultry-to-human, little 
person-to-person 
transmission

Poultry-to-human, little 
person-to-person 
transmission

Preceding large poultry outbreak No Yes (three farms aff ected 
before fi rst human case in 
March and April 1997)

Interval between fi rst documented case 
and subsequent cases

9 days 6 months

Admission to intensive care unit 85 of 111 (76·6%)15 10 of 18 (55·6%)

Patient characteristics

Age in years, median (range)† 61 (2–91) 9·5 (1–60)74

Age ≥65 years 54 of 128 (42%) 0 of 18 (0%)74

Age <18 years 6 of 128 (5%) 11 of 18 (61%)74

Male: female† 90:38 8:1078

Underlying diseases

No underlying diseases 43 of 111 (38·7%)15 12 of 18 (66%)74

At-risk group‡ 40 of 46 (87%)14 7 of 18 (39%)74

Median incubation period 5 days15 4 days

Crude case-fatality proportion† 40 of 132 (30%) 6 of 18 (33%)74

*The clade 0 of infl uenza A H5N1 virus was not found after 1997. The H5N1 virus infecting human beings since 2003 
belongs to other clades.† On the basis of data from 132 symptomatic patients as of June 26, 2013. The age of four cases 
(cases 73–76) and the sex of four cases (cases 73–75, 77) were not reported.‡ At-risk group based on extremes of age 
and underlying conditions as defi ned in reference 14; 27 of 111 cases of H7N9 were smokers.18

Table 4: Epidemiological and clinical diff erences between human 2013 infl uenza A H7N9 and 1997 
infl uenza A H5N1 infections
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therapy of more than 3 days after symptom onset was not 
an independent risk factor for acute respiratory distress 
syndrome in 2013 H7N9 infections,15 previous experience 
from H5N1, 2009 pandemic, and seasonal infl uenza 
infections suggest that early oseltamivir treatment 
started less than 2 days after symptom onset can reduce 
morbidity and mortality.19,102 Inhalational neuraminidase 
inhibitors such as zanamivir and laninamivir are unlikely 
to be helpful in patients with respiratory failure.103,104

Because oseltamivir might not aff ect outcomes in 
patients with late and severe infl uenza pneumonia, 
intravenous zanamivir and peramivir should also be 
investigated in future treatment trials.105 Other 
investigational antivirals include those acting on the 
haemagglutinin receptor (DAS181), nucleoprotein 
(nucleozin), poly merase (viramidine and T705), and 
protease (aprotinin).106 Antivirals targeting the host 
machinery including nitazoxanide were also reported.106–108 
Although 2013 H7N9 is susceptible to neuraminidase 
inhibitors, the virus might develop resistance during 
treatment.19 Mice infected with the infl uenza virus 
resistant to amantadine had improved survival when 
treated with the triple combination of amantadine, 
oseltamivir, and ribavirin.109 Empirical antibiotics are 
initially needed to cover other common pathogens, such 
as Streptococcus pneumoniae and Staphylococcus aureus, 
but should be stopped when bacterial tests are negative.

The role of immunomodulation remains controversial. 
Glucocorticoids have been used in many patients with 
2013 H7N9, but the benefi t is unclear.12,15 Non-steroidal 
anti-infl ammatory drugs such as celecoxib improved 
survival of mice with H5N1 infection.110 Confl icting 
outcomes of patients treated with statins and macrolides 
have been reported.111 The plasma of convalescent patients, 
which contains specifi c neutralising antibodies, has been 
used in patients with the H5N1 virus, 1918 pandemic 
H1N1, and the 2009 pandemic H1N1. Hyperimmune 
globulin was also used in the 2009 pandemic. Both 
treatments have reduced morbidity and mortality in small 
studies.112–115 Supportive measures in intensive care are 
especially important for patients with respiratory or 
multiorgan failure. Extracorporeal membrane oxygenation 
could be benefi cial in patients with respiratory failure 
despite maximum mechanical ventilatory support.116

Control of poultry-to-human transmission
In view of the many similarities between the Hong Kong 
and Shanghai outbreaks, many of the measures 
implemented in Hong Kong can be, and have already 
been, applied to the current outbreak in eastern China. 
In the 1997 Hong Kong outbreak, temporary closure of 
live poultry markets and cessation of poultry trading 
were instituted. Subsequently, diff erent poultry species 
were segregated to reduce the risk of further genetic 
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reassortment. The regular cleansing of designated 
transport cages in live poultry markets was introduced to 
stop the virus traffi  cking between farms and markets. To 
interrupt the amplifi cation of infl uenza virus, a monthly 
rest day with no live poultry allowed in the wet market 
was implemented in Hong Kong in July 2001. The 
isolation rate of H9N2 from poultry in live markets 
before the rest day could be as high as 10%, but reduced 
to less than 1% after the rest day.117 To further reduce the 
spread of infl uenza virus in wet markets, overnight 
poultry storage was banned in July 2008.118 A further 84% 
reduction in the isolation rate of H9N2 was reported. As 
in the H5N1 outbreak, poultry vaccination specifi cally 
against the H7N9 virus could probably reduce its 
transmission. A mathematical model showed that 
poultry vaccination with a matched H5N1 vaccine with 
coverage of only 30% of the poultry reduces the basic 
reproductive number to less than one.117

The 1997 H5N1 human outbreak was stopped after a cull 
of all poultry in Hong Kong.117 Subsequently, only registered 
farms with stringent biosecurity measures in China can 
import chickens to Hong Kong. If a highly pathogenic 
avian infl uenza virus outbreak arose, all live poultry and 
poultry products from the aff ected province would be 
suspended for up to 21 days. For unaff ected farms within 
3 km of the index farm aff ected by the highly pathogenic 
avian infl uenza virus, there would be a 90 day suspension 
for live poultry and poultry products. For farms where 2013 
H7N9 is detected by virological testing, similar 
depopulation and perimetric moratorium strategies of 
poultry control are necessary to control the source.

The general public was educated to avoid contact 
with birds or poultry, to cook poultry thoroughly, and 
to comply with hand hygiene because consumption of 
raw poultry might be a route of transmission. Public 
education and administrative measures have also led 
to a slow change in eating habits from live chicken to 
chilled or frozen chicken. To reduce the contact 
between human beings and poultry in Hong Kong, the 
Hong Kong Government implemented a voluntary 
surrender scheme in 2004, and subsequently a buyout 
scheme in 2008 for poultry retailers, wholesalers, 
transporters, and farmers. In 2006, domestic 
households were prohibited to keep any live poultry. 
With these measures, between 1997 and 2013, the 
number of local poultry farms in Hong Kong decreased 
from about 800 to 30 and the number of retail poultry 
stalls decreased from about 800 to 131. Since 1997, the 
number of imported live chickens was reduced from 
about 100 000 per day to 7000 per day. Enhanced 
surveillance of H5N1 and H7N9 in both live and dead 
wild birds, farm, and market poultries might be 
important for geographical areas along the migratory 
route of wild birds. With these measures, no local 
cases of H5N1 in Hong Kong have been identifi ed 
since 2007, despite the failure to implement central 
slaughtering because of cultural resistance.

Is 2013 H7N9 a concern?
The 2013 H7N9 outbreak in human beings resembles the 
1997 H5N1 outbreak in many ways, including substantial 
mortality associated with severe pneumonia, multiorgan 
dysfunction, and cytokine dysregulation, appearance in 
cities along the route of migratory birds with high density 
of poultry, predominant poultry-to-human transmission, 
and the predilection for the lower respiratory tract.11,119 The 
high proportion of elderly men infected with H7N9 could 
be attributable to diff erent social circumstances leading to 
this age and sex bias. The rapid increase in human beings 
infected with severe H7N9 to more than 130 cases within 
2 months from March to May, 2013, is unprecedented for 
avian infl uenza viruses and could be related to enhanced 
transmissibility from poultry to human or improved 
virological testing. However, H7N9 is diffi  cult to control 
because fl ock die-off  did not precede human cases. 
Stringent measures to control the poultry outbreak will 
stop the human epidemic and perhaps decrease the risk of 
H7N9 evolving to become a pandemic agent. 

Even though this dangerous scenario has not happened 
with H5N1, the virus has spread from Hong Kong to the 
whole of China, southeast Asia, Middle East, and Africa.2 
Although the number of human beings infected with 
H7N9 was greatly reduced in May 2013 (possibly related 
to the rising ambient temperature or the epidemiological 
control measures in live poultry markets), high vigilance 
is still needed in view of the interval of 6 months between 
the fi rst and second 1997 H5N1 human case. Biosecurity 
measures for live poultry markets, farms, and traffi  cking 
should be commensurate with increasing demand for 
poultry. Transmission cycles within markets or between 
markets and farms could be interrupted by a no overnight 
poultry policy with daily poultry-stall cleansing and 
ultimately central slaughtering in cities. 

Precautionary research and development of poultry and 
human H7N9 vaccines are important. Control in rural 
areas with many backyard farms relies on poultry 
vaccination. Virological surveillance of wild birds and 
domestic poultry in farms and markets is important in 
understanding the emergence of the 2013 H7N9 and 
other avian infl uenza viruses. Over 30 years from 1981 to 
2011, the consumption of poultry in Hong Kong has 
tripled to 60 kg per person per year. In 2012, the 
consumption of poultry in China reached 10 kg per 
person per year, and the mainland cities such as Shanghai 
are likely to catch up with the amount of consumption in 
Hong Kong in coming years (fi gure 4).95 Increasing 
problems with avian infl uenza in poultry and human 
beings are anticipated.

Confl icts of interest
We declare that we have no confl icts of interest.

Acknowledgments
We thank Wing-Man Ko of the Food and Health Bureau of the Hong 

Kong Special Administrative Region for helping with some data 

collection in this manuscript. HC is partially supported by the Areas of 

Excellence of the University Grants Committee 367 (Grant 



www.thelancet.com/infection   Vol 13   September 2013 819

Personal View

AoE/M-12/06). K-YY is partly supported by the Consultancy Service for 

Enhancing Laboratory Surveillance of Emerging Infectious Disease of 

the Department of Health (Hong Kong Special Administrative Region, 

China). The funding source had no role in the writing of this Personal 

View. We acknowledge Yuelong Shu for his written permission to use 

his sequence data deposited in the Global Initiative on Sharing Avian 

Infl uenza Data (GISAID).

Contributors
KKWT, JFWC, HC, LL, and K-YY did the literature search, data analysis, 

and drafted the manuscript. All authors have seen and approved the fi nal 

version

References
1 Yuen KY, Chan PK, Peiris M, et al. Clinical features and rapid viral 

diagnosis of human disease associated with avian infl uenza A 
H5N1 virus. Lancet 1998; 351: 467–71.

2 To KK, Ng KH, Que TL, et al. Avian infl uenza A H5N1 virus: 
a continuous threat to humans. Emerg Microbes Infect 2012; 1: e25.

3 World Health Organization. Cumulative number of confi rmed 
human cases for avian infl uenza A(H5N1) reported to WHO, 
2003–2013. http://www.who.int/infl uenza/human_animal_
interface/EN_GIP_20130312CumulativeNumberH5N1cases.pdf 
(accessed April 4, 2013).

4 Centers for Disease Control, Republic of China (Taiwan). 
Laboratory-confi rmed case of human infection with avian infl uenza 
A(H6N1) virus in Taiwan recovered; Taiwan CDC urges public to 
take precautions to stay healthy. http://www.cdc.gov.tw/english/
index.aspx (accessed June 21, 2013).

5 Ostrowsky B, Huang A, Terry W, et al. Low pathogenic avian 
infl uenza A (H7N2) virus infection in immunocompromised adult, 
New York, USA, 2003. Emerg Infect Dis 2012; 18: 1128–31.

6 Arzey GG, Kirkland PD, Arzey KE, et al. Infl uenza virus A (H10N7) 
in chickens and poultry abattoir workers, Australia. Emerg Infect Dis 
2012; 18: 814–16.

7 Tweed SA, Skowronski DM, David ST, et al. Human illness from 
avian infl uenza H7N3, British Columbia. Emerg Infect Dis 2004; 
10: 2196–99.

8 Cheng VC, Chan JF, Wen X, et al. Infection of 
immunocompromised patients by avian H9N2 infl uenza A virus. 
J Infect 2011; 62: 394–99.

9 Fouchier RA, Schneeberger PM, Rozendaal FW, et al. Avian 
infl uenza A virus (H7N7) associated with human conjunctivitis and 
a fatal case of acute respiratory distress syndrome. 
Proc Natl Acad Sci USA 2004; 101: 1356–61.

10 Chinese Center for Disease Control and Prevention. Questions and 
answers about human infection withA(H7N9) avian infl uenza virus. 
http://www.chinacdc.cn/en/ne/201303/t20130331_79282.html 
(accessed April 1, 2013).

11 Chen Y, Liang W, Yang S, et al. Human infections with the 
emerging avian infl uenza A H7N9 virus from wet market poultry: 
clinical analysis and characterisation of viral genome. Lancet 2013; 
published online April 25. DOI:10.1016/s0140-6736(13)60903-4.

12 Gao R, Cao B, Hu Y, et al. Human infection with a novel avian-origin 
infl uenza A (H7N9) virus. N Engl J Med 2013; 368: 1888–97.

13 Chang SY, Lin PH, Tsai JC, Hung CC, Chang SC. The fi rst case of 
H7N9 infl uenza in Taiwan. Lancet 2013; 381: 1621.

14 Li Q, Zhou L, Zhou M, et al. Preliminary report: epidemiology of 
the avian infl uenza A (H7N9) outbreak in China. N Engl J Med 
2013; published online April 24. DOI:10.1056/NEJMoa1304617.

15 Gao H, Lu H, Cao B, et al. Clinical fi ndings in 111 cases of infl uenza 
A (H7N9) virus infection. N Engl J Med 2013; published online 
May 22. DOI:10.1056/NEJMoa1305584.

16 Xinhuanet News. Shanghai reports 1 H7N9 death. June 26, 2013. 
http://news.xinhuanet.com/english/
health/2013-06/26/c_132489242.htm (accessed July 4, 2013).

17 World Health Organization. Global Alert and Response Disease 
Outbreak News. Human infection with avian infl uenza A(H7N9) 
virus–update. http://www.who.int/csr/don/2013_05_29/en/index.
html (accessed June 5, 2013). 

18 Butler D. Mapping the H7N9 avian fl u outbreaks. Nature 2013; 
published online April 24. DOI:10.1038/nature.2013.12863.

19 Cheng VC, To KK, Tse H, Hung IF, Yuen KY. Two years after 
pandemic infl uenza A/2009/H1N1: what have we learned? 
Clin Microbiol Rev 2012; 25: 223–63.

20 Tong S, Li Y, Rivailler P, et al. A distinct lineage of infl uenza A virus 
from bats. Proc Natl Acad Sci USA 2012; 109: 4269–74.

21 Li Q, Sun X, Li Z, et al. Structural and functional characterization of 
neuraminidase-like molecule N10 derived from bat infl uenza A 
virus. Proc Natl Acad Sci USA 2012; 109: 18897–902.

22 Muramoto Y, Noda T, Kawakami E, Akkina R, Kawaoka Y. 
Identifi cation of novel infl uenza A virus proteins translated from 
PA mRNA. J Virol 2013; 87: 2455–62.

23 Guan Y, Peiris JS, Lipatov AS, et al. Emergence of multiple 
genotypes of H5N1 avian infl uenza viruses in Hong Kong SAR. 
Proc Natl Acad Sci USA 2002; 99: 8950–55.

24 Hoff mann E, Stech J, Leneva I, et al. Characterization of the 
infl uenza A virus gene pool in avian species in southern China: was 
H6N1 a derivative or a precursor of H5N1? J Virol 2000; 74: 6309–15.

25 Liu D, Shi W, Shi Y, et al. Origin and diversity of novel avian 
infl uenza A H7N9 viruses causing human infection: phylogenetic, 
structural, and coalescent analyses. Lancet 2013; 381: 1926–32.

26 Xiong C, Zhang Z, Jiang Q, Chen Y. Evolutionary characteristics of 
A/Hangzhou/1/2013 and source of avian infl uenza virus H7N9 
subtype in China. Clin Infect Dis 2013; published online May 23. 
DOI:10.1093/cid/cit294.

27 Kwon TY, Lee SS, Kim CY, Shin JY, Sunwoo SY, Lyoo YS. Genetic 
characterization of H7N2 infl uenza virus isolated from pigs. 
Vet Microbiol 2011; 153: 393–97.

28 Ministry of Agriculture of the People’s Republic of China. http://
www.moa.gov.cn/zwllm/zwdt/201305/t20130523_3471497.htm 
(accessed May 24, 2013).

29 Li J, Yu X, Pu X, et al. Environmental connections of novel avian-
origin H7N9 infl uenza virus infection and virus adaptation to the 
human. Sci China Life Sci 2013; published online May 8. 
DOI:10.1007/s11427-013-4491-3.

30 Lau SK, Woo PC, Li KS, et al. Severe acute respiratory syndrome 
coronavirus-like virus in Chinese horseshoe bats. 
Proc Natl Acad Sci USA 2005; 102: 14040–45.

31 Xinhua News. No H7N9 virus found in poultry farms: MOA. May 
23, 2013. http://news.xinhuanet.com/english/
china/2013-05/23/c_132404240.htm (accessed May 29, 2013).

32 Shortridge KF, Zhou NN, Guan Y, et al. Characterization of avian 
H5N1 infl uenza viruses from poultry in Hong Kong. Virology 1998; 
252: 331–42.

33 World Organisation for Animal Health. Avian infl uenza. Manual of 
diagnostic tests and vaccines for terrestrial animals 2012. http://
www.oie.int/manual-of-diagnostic-tests-and-vaccines-for-terrestrial-
animals (accessed April 24, 2013).

34 Veits J, Weber S, Stech O, et al. Avian infl uenza virus 
hemagglutinins H2, H4, H8, and H14 support a highly pathogenic 
phenotype. Proc Natl Acad Sci USA 2012; 109: 2579–84.

35 Kageyama T, Fujisaki S, Takashita E, et al. Genetic analysis of novel 
avian A(H7N9) infl uenza viruses isolated from patients in China, 
February to April 2013. Euro Surveill 2013; 18: 20453.

36 Centers for Disease Control and Prevention (CDC). Emergence of 
avian infl uenza A (H7N9) virus causing severe human illness—
China, February–April 2013. MMWR Morb Mortal Wkly Rep 2013; 
62: 366–71.

37 Pasick J, Handel K, Robinson J, et al. Intersegmental recombination 
between the haemagglutinin and matrix genes was responsible for 
the emergence of a highly pathogenic H7N3 avian infl uenza virus 
in British Columbia. J Gen Virol 2005; 86: 727–31.

38 Hai-bo W, Ru-feng L, En-kang W, et al. Sequence and phylogenetic 
analysis of H7N3 avian infl uenza viruses isolated from poultry in 
China in 2011. Arch Virol 2012; 157: 2017–21.

39 Swayne DE, Kapczynski D. Strategies and challenges for eliciting 
immunity against avian infl uenza virus in birds. Immunol Rev 2008; 
225: 314–31.

40 Chan JF, To KK, Tse H, Jin DY, Yuen KY. Interspecies transmission 
and emergence of novel viruses: lessons from bats and birds. 
Trends Microbiol 2013; published online June 13. DOI:10.1016/j.
tim.2013.05.005.

41 Shinya K, Ebina M, Yamada S, Ono M, Kasai N, Kawaoka Y. Avian 
fl u: infl uenza virus receptors in the human airway. Nature 2006; 
440: 435–36.

42 Gao Y, Zhang Y, Shinya K, et al. Identifi cation of amino acids in HA 
and PB2 critical for the transmission of H5N1 avian infl uenza 
viruses in a mammalian host. PLoS Pathog 2009; 5: e1000709.

For more on GISAID see http://
www.gisaid.org



820 www.thelancet.com/infection   Vol 13   September 2013

Personal View

43 Neumann G, Macken CA, Karasin AI, Fouchier RA, Kawaoka Y. 
Egyptian H5N1 infl uenza viruses-cause for concern? PLoS Pathog 
2012; 8: e1002932.

44 Bao C, Cui L, Zhou M, Hong L, Gao GF, Wang H. Live-animal 
markets and infl uenza A (H7N9) virus infection. N Engl J Med 2013; 
368: 2337–39.

45 Srinivasan K, Raman R, Jayaraman A, Viswanathan K, 
Sasisekharan R. Quantitative description of glycan-receptor binding 
of infl uenza a virus H7 hemagglutinin. PLoS One 2013; 8: e49597.

46 Imai M, Watanabe T, Hatta M, et al. Experimental adaptation of an 
infl uenza H5 HA confers respiratory droplet transmission to a 
reassortant H5 HA/H1N1 virus in ferrets. Nature 2012; 486: 420–28.

47 Herfst S, Schrauwen EJ, Linster M, et al. Airborne transmission of 
infl uenza A/H5N1 virus between ferrets. Science 2012; 336: 1534–41.

48 Tharakaraman K, Jayaraman A, Raman R, et al. Glycan receptor 
binding of the infl uenza A virus H7N9 hemagglutinin. Cell 2013; 
published online June 4. http://dx.doi.org/10.1016/j.cell.2013.05.034.

49 Hoff mann TW, Munier S, Larcher T, et al. Length variations in the 
NA stalk of an H7N1 infl uenza virus have opposite eff ects on viral 
excretion in chickens and ducks. J Virol 2012; 86: 584–88.

50 Aggarwal S, Dewhurst S, Takimoto T, Kim B. Biochemical impact of 
the host adaptation-associated PB2 E627K mutation on the 
temperature-dependent RNA synthesis kinetics of infl uenza A virus 
polymerase complex. J Biol Chem 2011; 286: 34504–13.

51 Van Hoeven N, Pappas C, Belser JA, et al. Human HA and polymerase 
subunit PB2 proteins confer transmission of an avian infl uenza virus 
through the air. Proc Natl Acad Sci USA 2009; 106: 3366–71.

52 Chen H, Li Y, Li Z, et al. Properties and dissemination of H5N1 
viruses isolated during an infl uenza outbreak in migratory 
waterfowl in western China. J Virol 2006; 80: 5976–83.

53 Steel J, Lowen AC, Mubareka S, Palese P. Transmission of infl uenza 
virus in a mammalian host is increased by PB2 amino acids 627K or 
627E/701N. PLoS Pathog 2009; 5: e1000252.

54 Jackson D, Hossain MJ, Hickman D, Perez DR, Lamb RA. A new 
infl uenza virus virulence determinant: the NS1 protein four 
C-terminal residues modulate pathogenicity. 
Proc Natl Acad Sci USA 2008; 105: 4381–86.

55 Obenauer JC, Denson J, Mehta PK, et al. Large-scale sequence 
analysis of avian infl uenza isolates. Science 2006; 311: 1576–80.

56 Fan S, Deng G, Song J, et al. Two amino acid residues in the matrix 
protein M1 contribute to the virulence diff erence of H5N1 avian 
infl uenza viruses in mice. Virology 2009; 384: 28–32.

57 Centers for Disease Control and Prevention (CDC). Update: 
infl uenza activity—United States, 2003-04 season. 
MMWR Morb Mortal Wkly Rep 2004; 53: 284–87.

58 Eames KT, Webb C, Thomas K, Smith J, Salmon R, Temple JM. 
Assessing the role of contact tracing in a suspected H7N2 
infl uenza A outbreak in humans in Wales. BMC Infect Dis 2010; 
10: 141.

59 Puzelli S, Di Trani L, Fabiani C, et al. Serological analysis of serum 
samples from humans exposed to avian H7 infl uenza viruses in 
Italy between 1999 and 2003. J Infect Dis 2005; 192: 1318–22.

60 Nguyen-Van-Tam JS, Nair P, Acheson P, et al. Outbreak of low 
pathogenicity H7N3 avian infl uenza in UK, including associated 
case of human conjunctivitis. Euro Surveill 2006; 11: E060504.2.

61 World Health Organization. Update on human cases of infl uenza 
at the human–animal interface, 2012. Wkly Epidemiol Rec 2013; 
88: 137–44.

62 Webster RG, Geraci J, Petursson G, Skirnisson K. Conjunctivitis in 
human beings caused by infl uenza A virus of seals. N Engl J Med 
1981; 304: 911.

63 Kurtz J, Manvell RJ, Banks J. Avian infl uenza virus isolated from a 
woman with conjunctivitis. Lancet 1996; 348: 901–02.

64 Shortridge KF. Pandemic infl uenza: a zoonosis? Semin Respir Infect 
1992; 7: 11–25.

65 Bai T, Zhou J, Shu Y. Serologic study for infl uenza A (H7N9) among 
high-risk groups in China. N Engl J Med 2013; 368: 2339–40.

66 Li Y, Li C, Liu L, et al. Characterization of an avian infl uenza virus 
of subtype H7N2 isolated from chickens in northern China. 
Virus Genes 2006; 33: 117–22.

67 Liu W, Wei MT, Tong Y, et al. Seroprevalence and genetic 
characteristics of fi ve subtypes of infl uenza A viruses in the Chinese 
pig population: a pooled data analysis. Vet J 2011; 187: 200–06.

68 Han Y, Hou G, Jiang W, et al. A survey of avian infl uenza in tree 
sparrows in China in 2011. PLoS One 2012; 7: e33092.

69 Kim HR, Park CK, Lee YJ, et al. Low pathogenic H7 subtype avian 
infl uenza viruses isolated from domestic ducks in South Korea and 
the close association with isolates of wild birds. J Gen Virol 2012; 
93: 1278–87.

70 Kang HM, Kim MC, Choi JG, et al. Genetic analyses of avian 
infl uenza viruses in Mongolia, 2007 to 2009, and their relationships 
with Korean isolates from domestic poultry and wild birds. Poult Sci 
2011; 90: 2229–42.

71 Pasick J, Pedersen J, Hernandez MS. Avian infl uenza in North 
America, 2009–2011. Avian Dis 2012; 56: 845–48.

72 Gonzalez-Reiche AS, Morales-Betoulle ME, Alvarez D, et al. 
Infl uenza A viruses from wild birds in Guatemala belong to the 
North American lineage. PLoS One 2012; 7: e32873.

73 Perez-Ramirez E, Gerrikagoitia X, Barral M, Hofl e U. Detection 
of low pathogenic avian infl uenza viruses in wild birds in 
Castilla-La Mancha (south central Spain). Vet Microbiol 2010; 
146: 200–08.

74 Chan PK. Outbreak of avian infl uenza A(H5N1) virus infection in 
Hong Kong in 1997. Clin Infect Dis 2002; 34 (suppl 2): S58–64.

75 Shanghai Municipal Health and Family Planning Commission. 
Shanghai population data. http://www.shrkjsw.gov.cn/dr/stat/
ssh/2003-01-06/0015635.html?openpath=spfp/stat/ssh (accessed 
May 25, 2013) (Chinese).

76 Census and Statistics Department HKSAR. Demographic trends in 
Hong Kong 1981-2011. Edition 2012. http://www.censtatd.gov.hk/
hkstat/sub/sp150.jsp?productCode=B1120017 (accessed April 20, 2013).

77 Mounts AW, Kwong H, Izurieta HS, et al. Case-control study of risk 
factors for avian infl uenza A (H5N1) disease, Hong Kong, 1997. 
J Infect Dis 1999; 180: 505–08.

78 World Health Organization. Update: WHO-confi rmed human cases 
of avian infl uenza A (H5N1) infection, November 2003–May 2008. 
Wkly Epidemiol Rec 2008; 83: 415–20.

79 Xu C, Havers F, Wang L, et al. Monitoring avian infl uenza A(H7N9) 
virus through national infl uenza-like illness surveillance, China. 
Emerg Infect Dis 2013; published online July. DOI:10.3201/
eid1908.130662.

80 Mei Z, Lu S, Wu X, et al. Avian infl uenza A(H7N9) virus infections, 
Shanghai, China. Emerg Infect Dis 2013; published online July. 
DOI:10.3201/eid1907.130523.

81 Kim JH, Skountzou I, Compans R, Jacob J. Original antigenic sin 
responses to infl uenza viruses. J Immunol 2009; 183: 3294–301.

82 Skowronski D, Janjua N, Kwindt T, De Serres G. Virus-host 
interactions and the unusual age and sex distribution of human 
cases of infl uenza A(H7N9) in China, April 2013. Euro Surveill 2013; 
18: 20465.

83 To KK, Zhang AJ, Hung IF, et al. High titer and avidity of 
nonneutralizing antibodies against infl uenza vaccine antigen are 
associated with severe infl uenza. Clin Vaccine Immunol 2012; 
19: 1012–18.

84 Monsalvo AC, Batalle JP, Lopez MF, et al. Severe pandemic 2009 
H1N1 infl uenza disease due to pathogenic immune complexes. 
Nat Med 2011; 17: 195–99.

85 Zhang YH, Zhao Y, Li N, et al. Interferon-induced transmembrane 
protein-3 genetic variant rs12252-C is associated with severe 
infl uenza in Chinese individuals. Nat Commun 2013; 4: 1418.

86 Zhou J, To KK, Dong H, et al. A functional variation in CD55 
increases the severity of 2009 pandemic H1N1 infl uenza A virus 
infection. J Infect Dis 2012; 206: 495–503.

87 Roos B. H7N9 mystery: Why does age profi le tilt older? http://www.
cidrap.umn.edu/cidrap/content/infl uenza/h7n9/news/
apr1913ageh7.html (accessed April 24, 2013).

88 Zhu H, Wang D, Kelvin DJ, et al. Infectivity, transmission, and 
pathology of human H7N9 infl uenza in ferrets and pigs. Science 
2013; published online May 23. DOI:10.1126/science.1239844.

89 Ypma RJ, Jonges M, Bataille A, et al. Genetic data provide evidence 
for wind-mediated transmission of highly pathogenic avian 
infl uenza. J Infect Dis 2013; 207: 730–35.

90 Beato MS, Mancin M, Bertoli E, Buratin A, Terregino C, Capua I. 
Infectivity of H7 LP and HP infl uenza viruses at diff erent 
temperatures and pH and persistence of H7 HP virus in poultry 
meat at refrigeration temperature. Virology 2012; 433: 522–27.



www.thelancet.com/infection   Vol 13   September 2013 821

Personal View

91 World Health Organization. Transcript of media briefi ng by 
Dr Michael O’Leary, WHO Representative in China. http://www.
wpro.who.int/china/topics/h7n9_infl uenza/20130419/en/index.
html (accessed April 19, 2013).

92 Wang H, Feng Z, Shu Y, et al. Probable limited person-to-person 
transmission of highly pathogenic avian infl uenza A (H5N1) virus 
in China. Lancet 2008; 371: 1427–34.

93 United States Department of Agriculture Foreign Agricultural 
Service. Production, supply, and distribution online database 
(PSD Online). http://www.fas.usda.gov/psdonline/ (accessed 
April 24, 2013).

94 Ke B, Han Y. Poultry in the 21st century. Poultry sector in China: 
structural changes during the past decade and future trends. Food 
and Agriculture Organization of the United Nations. 2007. 
http://www.fao.org/AG/againfo/home/events/bangkok2007/en/
background.html (accessed April 20, 2013).

95 National Bureau of Statistics of China. China statistical yearbook 
2012. http://www.stats.gov.cn/english/publications/
t20121011_402841708.htm (accessed April 24, 2013).

96 The World Bank. World DataBank. World development indicators. 
Population, total. http://databank.worldbank.org/data/views/
reports/tableview.aspx (accessed May 25, 2013).

97 Swayne DE. Impact of vaccines and vaccination on global control of 
avian infl uenza. Avian Dis 2012; 56: 818–28.

98 Zhu Y, Qi X, Cui L, et al. Human co-infection with novel avian 
infl uenza A H7N9 and infl uenza A H3N2 viruses in Jiangsu 
province, China. Lancet 2013; 381: 2134.

99 Chan KH, To KK, Chan JF, et al. Evaluation of analytical sensitivity 
of seven point-of-care infl uenza detection kits and two molecular 
tests for detection of avian-origin H7N9 and swine-origin H3N2 
variant infl uenza A viruses. J Clin Microbiol 2013; published online 
June 19. DOI:10.1128/JCM.01222-13. 

100 Hu Y, Lu S, Song Z, et al. Association between adverse clinical 
outcome in human disease caused by novel infl uenza A H7N9 virus 
and sustained viral shedding and emergence of antiviral resistance. 
Lancet 2013; published online May 29. DOI:10.1016/S0140-
6736(13)61125-3.

101 McKimm-Breschkin J, Trivedi T, Hampson A, et al. Neuraminidase 
sequence analysis and susceptibilities of infl uenza virus clinical 
isolates to zanamivir and oseltamivir. Antimicrob Agents Chemother 
2003; 47: 2264–72.

102 Muthuri SG, Myles PR, Venkatesan S, Leonardi-Bee J, 
Nguyen-Van-Tam JS. Impact of neuraminidase inhibitor treatment 
on outcomes of public health importance during the 2009-2010 
infl uenza A (H1N1) pandemic: a systematic review and 
meta-analysis in hospitalized patients. J Infect Dis 2013; 207: 553–63.

103 Kashiwagi S, Yoshida S, Yamaguchi H, et al. Clinical effi  cacy of 
long-acting neuraminidase inhibitor laninamivir octanoate hydrate 
in postmarketing surveillance. J Infect Chemother 2012; 19: 223–32.

104 Watanabe A, Chang SC, Kim MJ, Chu DW, Ohashi Y, Group MS. 
Long-acting neuraminidase inhibitor laninamivir octanoate versus 
oseltamivir for treatment of infl uenza: a double-blind, randomized, 
noninferiority clinical trial. Clin Infect Dis 2010; 51: 1167–75.

105 Hayden FG. Newer infl uenza antivirals, biotherapeutics and 
combinations. Infl uenza Other Respi Viruses 2013; 7 (suppl 1): 63–75.

106 Rossignol JF, La Frazia S, Chiappa L, Ciucci A, Santoro MG. 
Thiazolides, a new class of anti-infl uenza molecules targeting viral 
hemagglutinin at the post-translational level. J Biol Chem 2009; 
284: 29798–808. 

107 Morita M, Kuba K, Ichikawa A, et al. The lipid mediator protectin d1 
inhibits infl uenza virus replication and improves severe infl uenza. 
Cell 2013; 153: 112–25.

108 Denisova OV, Kakkola L, Feng L, et al. Obatoclax, 
saliphenylhalamide, and gemcitabine inhibit infl uenza a virus 
infection. J Biol Chem 2012; 287: 35324–32.

109 Nguyen JT, Smee DF, Barnard DL, et al. Effi  cacy of combined 
therapy with amantadine, oseltamivir, and ribavirin in vivo against 
susceptible and amantadine-resistant infl uenza A viruses. PLoS One 
2012; 7: e31006.

110 Zheng BJ, Chan KW, Lin YP, et al. Delayed antiviral plus 
immunomodulator treatment still reduces mortality in mice 
infected by high inoculum of infl uenza A/H5N1 virus. 
Proc Natl Acad Sci USA 2008; 105: 8091–96.

111 Viasus D, Pano-Pardo JR, Cordero E, et al. Eff ect of 
immunomodulatory therapies in patients with pandemic infl uenza 
A (H1N1) 2009 complicated by pneumonia. J Infect 2011; 62: 193–99.

112 Hung IF, To KK, Lee CK, et al. Hyperimmune intravenous 
immunoglobulin treatment: a multicentre double-blind randomized 
controlled trial for patients with severe A(H1N1)pdm09 infection. 
Chest 2013; published online Feb 28. DOI:10.1378/chest.12-2907.

113 Hung IF, To KK, Lee CK, et al. Convalescent plasma treatment 
reduced mortality in patients with severe pandemic infl uenza A 
(H1N1) 2009 virus infection. Clin Infect Dis 2011; 52: 447–56.

114 Luke TC, Kilbane EM, Jackson JL, Hoff man SL. Meta-analysis: 
convalescent blood products for Spanish infl uenza pneumonia: a 
future H5N1 treatment? Ann Intern Med 2006; 145: 599–609.

115 Zhou B, Zhong N, Guan Y. Treatment with convalescent plasma for 
infl uenza A (H5N1) infection. N Engl J Med 2007; 357: 1450–51.

116 Noah MA, Peek GJ, Finney SJ, et al. Referral to an extracorporeal 
membrane oxygenation center and mortality among patients with 
severe 2009 infl uenza A(H1N1). JAMA 2011; 306: 1659–68.

117 Guan Y, Chen H, Li K, et al. A model to control the epidemic of 
H5N1 infl uenza at the source. BMC Infect Dis 2007; 7: 132.

118 Leung YH, Lau EH, Zhang LJ, Guan Y, Cowling BJ, Peiris JS. Avian 
infl uenza and ban on overnight poultry storage in live poultry 
markets, Hong Kong. Emerg Infect Dis 2012; 18: 1339–41.

119 Horby P. H7N9 is a virus worth worrying about. Nature 2013; 496: 399.


	The emergence of influenza A H7N9 in human beings 16 years after influenza A H5N1: a tale of two cities
	1997 and 2013 avian influenza viruses
	Generation of novel avian influenza viral reassortants
	Not all human disease preceded by poultry outbreaks
	Virus adaptation for interspecies jumping
	Epidemiological characteristics
	Geographical location
	Clinical features
	Control of poultry-to-human transmission
	Is 2013 H7N9 a concern?
	Acknowledgments
	References


