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Novel human H7N9 influenza virus in China

Chengmin WANG,' Jing LUO,' Jing WANG,” Wen SU,' Shanshan GAO,' Min ZHANG,' Li XIE,
Hua DING,’ Shelan LIU,’ Xiaodong LIU,* Yu CHEN,* Yaxiong JIA* and Hongxuan HE'

'National Research Center for Wildlife Borne Diseases, Institute of Zoology, Chinese Academy of Sciences, Beijing, China,

"Department of Infectious Diseases, Hangzhou Center for Disease Control and Prevention, Hangzhou, China, *Department of

Infectious Diseases, Zhejiang Center for Disease Control and Prevention, Hangzhou, China and *Beijing Animal Husbandry and

Veterinary Station, Beijing, China

Abstract

Outbreaks of H7N9 avian influenza in humans in 5 provinces and 2 municipalities of China have reawakened
concern that avian influenza viruses may again cross species barriers to infect the human population and thereby
initiate a new influenza pandemic. Evolutionary analysis shows that human H7N9 influenza viruses originated
from the HON2, H7N3 and H11N9 avian viruses, and that it is as a novel reassortment influenza virus. This ar-
ticle reviews current knowledge on 11 subtypes of influenza A virus from human which can cause human infec-

tions.
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INTODUCTION

In Mar 2013, 3 patients in Shanghai and Anhui,
China presented with rapidly progressing lower respi-
ratory tract infections and were found to be infected
with a novel avian influenza virus (AIV). On 21 Apr
2013, the National Health and Family Planning Com-
mission of China (NHFPCC) reported 102 confirmed
human cases of infection of subtype H7N9, with 20
deaths. Cases have been reported from 5 provinces,
Anhui, Jiangsu, Zhejiang, Shandong and Henan, and
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2 municipalities, Beijing and Shanghai. All locations
are in eastern and northern China. AIV is as an impor-
tant pathogen in humans, and is of major current global
health concern once again, having first emerged in 1997.

EPIDEMIC OF H7N9 INFLUENZA VIRUS
IN ANIMAL HOSTS

Influenza A viruses belong to the family Orthomyxo-
viridae. They have 8 negative-sense RNA segments en-
coding 11 known viral surface glycoproterins. Among
them, hemagglutinin (HA) and neuraminidase (NA)
variants lead to multiple serologically distinct virus sub-
types. Over the past 3 decades, influenza A viruses of
various HA and NA subtypes have been detected in
birds, animal and humans throughout the world (Belser
et al. 2009). A total of 16 HA and 9 NA subtypes have
been confirmed in wild water birds. Wild water birds
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are the natural host for all influenza A viruses, and are
known to infect domestic poultry and sometimes mam-
mals. It is notable that in Asia, from 2004-2009, the
mutations of HA protein amino acids coincided with hu-
man infections, with a ‘low—high—highest—high—low’
pattern, as indicated by the World Health Organization
(Zhang & Lei 2010).

Currently, most H7N9 influenza viruses that infect
wild or domestic birds cause no illness or death, are lim-
ited in scope and are characterized as being low patho-
genicity avian influenza (LPAI) viruses. The trans-
mission of H7N9 viruses to mammals, especially to
humans, has not been reported previously in Asia, but
such subtype viruses have been found in geese (in the
Czech Republic in 2009 [Gonzalez-Reiche ef al. 2012]
and the USA in 2011), Eurasian teal (Spain 2008), blue-
winged teal (in Guatemala in 2008 and in the USA
in 2006), ducks (in Mongolia in 2008), guinea fowl
(in the USA in 2011), mallards (in Spain in 2005 [Pe-
rez-Ramirez et al. 2010] and in Sweden in 2002 [Mun-
ster 2005]) and spot-billed ducks (in South Korea 2011
[Kim et al. 2012]). Thus, influenza viruses, such as
H7N9, circulating in animal reservoirs, represent a po-
tential source of pandemic viruses. (For more informa-

Table 1 Subtypes of influenza A virus in human infection

H7N9 virus in China

tion, see the database Influenza Virus Resource: http://
www.ncbi.nlm.nih.gov/genomes/FLU/FLU.html.)

ORIGIN AND CHARACTERIZATION OF
HUMAN H7N9 INFLUENZA VIRUS IN
CHINA

A novel reassortant influenza A (H7N9) virus has
been identified that is associated with severe human in-
fection. Molecular analysis showed that the NA gene
was closely related to that from another H7N9 virus
(KO14), and further revealed that the HA gene was
similar to that of an H7N3 virus A/chicken/Zhe-
jiang/607/2011 from a nearby region, Zhejiang, China.
All the internal gene segments were closely related to
those from avian HON2 viruses, particularly a virus iso-
lated from a brambling in A/brambling/Beijing/16/2012.
Thus, the human 2013 H7N9 viruses originate from a
reassortment of viruses that are of avian origin only. In
addition, the phylogenetic trees showed that A/Shang-
hai/1/2013 is phylogenetically distinct from A/An-
hui/1/2013 and A/Shanghai/2/2013 across all gene seg-
ments, which suggests that there have been at least 2

Subtype  First isolated Virulence Host
HINI1 1918, human Seasonal influenza in human (Department of Health Avian, human, camel, canine, cat,
and Human Services Centers for Disease Control and cheetah, ferret, giant anteater, mink,
Prevention 2005) seal, swine
HIN2 1976, murre HPAI (Ferrari et al. 2010) Avian, human, swine
H2N2 1957, human Seasonal influenza in human (Scholtissek et al. 1978) Avian, human
H3N2 1969, turkey Seasonal influenza in human (Department of Health Avian, human, canine, feline, ferret,
and Human Services Centers for Disease Control and mink, swine
Prevention 2005)
H5NI1 1959, chicken HAPI (Department of Health and Human Services Avian, human, blow fly, canine,
Centers for Disease Control and Prevention 2005) cat, cheetah, civet, equine, ferret,
leopard, mink, pika, raccoon dog,
stone marten, swine, tiger
H7N2 1978, duck LPAI (Belser et al. 2009) Avian, human, swine
H7N3 1963, turkey LPAI/HPALI (Belser et al. 2009) Avian, human
H7N7 1902, chicken LPAI/HPAI (Belser et al. 2009) Avian, human, equine, seal
H7N9 1988, turkey LPAI Avian, human
HON2 1966, turkey LPAI (Peiris et al. 1999) Avian, human, canine, equine, swine
HI10N7 1949, chicken LPAI (Arzey et al. 2012) Avian, human

HPALI, highly pathogenic avian influenza; LPAI, low pathogenicity avian influenza.
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introductions to humans (Gao et al. 2013) (Fig. S1). Ge-
netic mutation analysis revealed that the NA amino acid
sequence of a patient had no H275Y and R294K substi-
tutions, indicating that it was sensitive to Tamiflu. M1
protein was found in virulence sites (N30D) and T215A.
The M2 protein was found to exit S31N substitution, in-
dicating resistance to Adamantanes (amantadine and
rimantadine).

SUBTYPES OF AN INFLUENZA VIRUS-
INFECTED HUMAN

Since 1996, a few isolated cases (>100) of human
infection with virus A subtype H7 (H7N2, H7N3 and
H7NS5) have been reported, but none have been fa-
tal. The largest outbreak of subtype H7 infections in
humans to date occurred in 2003, in the Netherlands,
and was caused by highly pathogenic avian influen-
za (HPAI) H7N7, with 89 patients (Hirst et al. 2004;
Nguyen-Van-Tam et al. 2006; Eurosurveillance Edito-
rial Team 2007). Human infections with avian influ-
enza A viruses, which usually occur after recent expo-
sure to poultry, have caused a wide spectrum of illness,
ranging from conjunctivitis and upper respiratory tract
disease to pneumonia and multiorgan failure (Arzey et
al. 2012). However, the H7N9 subtype virus can gain
genes, which significantly increases its virulence and the
death rate in human. These viruses are branded as HPAI
viruses according to the intravenous pathogenicity index
method described by the World Organization for Animal
Health (Cullen & Linnance 1996). LPAI viruses (HIN2)
are also considered to have pandemic potential in poul-
try in many countries (Peiris et al. 1999). Poultry, as
an intermediate host, may play an important role in the
transmission of influenza viruses from wild birds to hu-
mans (Sharp et al. 1997). So far, there are 11 subtypes
of influenza A virus isolated from humans that can cause
human infections (Table 1). Of great concern to humans
are the occasional highly contagious H5N1 viruses cir-
culating in avian populations. Equally worrying was the
appearance of a 2009 swine-origin HIN1 influenza A vi-
rus in humans (Fraser et al. 2009; Neumann ef al. 2009;
Novel Swine-Origin Influenza A [HIN1] Virus Investi-
gation Team 2009). In Mar 2013, the 2013 A (H7N9) vi-
rus was first detected in humans, and has since been de-
clared a pandemic by the NHFPCC. Complex processes
between virus and host have been put in place to con-
trol viral cross-infection to the human population (Neu-
mann et al. 2009). The possible source of infection and
mode of transmission of the current outbreak in China is

still inclusive. Until the source is identified, more cases
of human infection in China are expected. In addition,
no effective vaccine has been identified. So far, there is
no evidence of sustained human-to-human transmission.
However, the genetic changes seen among these virus-
es suggest that adaption to mammals is of concern, and
further adaptation may occur.
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SUPPORTING INFORMATION

Additional supporting information may be found in
the online version of this article at the publisher’s web-
site.

Figure S1 Phylogenetic trees of the novel influenza A
(H7N9) viruses, China.
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