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Outbreak of a novel influenza virus is usually triggered by mutational change due to the process known as
‘antigenic shift’ or re-assortment process that allows animal-to-human or avian-to-human transmission.
Birds are a natural reservoir for the influenza virus, and subtypes H5, H7, and H9 have all caused outbreaks
of avian influenza in human populations. An especially notorious strain is the HPAI influenza virus H5N1,
which has a mortality rate of approximately 60% and which has resulted in numerous hospitalizations,
deaths, and significant economic loss. In March 2013, in Eastern China, there was an outbreak of the novel
H7N9 influenza virus, which although less pathogenic in avian species, resulted in 131 confirmed cases
and 36 deaths in humans over a two-month span. The rapid outbreak of this virus caused global concern
but resulted in international cooperation to control the outbreak. Furthermore, cooperation led to valuable
research-sharing including genome sequencing of the virus, the development of rapid and specific
diagnosis, specimen sharing for future studies, and vaccine development. Although a H7N9 pandemic in
the human population is possible due to its rapid transmissibility and extensive surveillance, the closure of
the live-bird market will help mitigate the possibility of another H7N9 outbreak. In addition, further research
into the source of the outbreak, pathogenicity of the virus, and the development of specific and sensitive
detection assays will be essential for controlling and preparing for future H7N9 outbreaks.
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Introduction caused by the 1957 (H2N2) ‘Asian flu’ and 1968

Influenza viruses are the main cause of respiratory
tract diseases in the human population and many
species of animals. Influenza viruses are members of
the Orthomyxoviridae family. There are three genera
in this virus family, which are categorized based on
their antigenic differences in the core proteins;
influenza A, B, and C. To classify into subtypes, the
surface hemagglutinin (HA) and neuraminidase (NA)
protein combinations are used for viral characteriza-
tion. For influenza A viruses, there are 16 different
HA and nine different NA subtypes which result in
many possible HA and NA combinations.

History of Pandemic Alert

Influenza virus type A is the most common subtype
and is responsible for serious epidemics and pan-
demics throughout human history such as the 1918
(HINT1) ‘Spanish flu’, which was the most virulent
virus in human history and caused an estimated 20—
40 million deaths worldwide. Other pandemics were
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(H3N2) ‘Hong Kong flu’, which resulted in approxi-
mately 2 million and 1 million deaths worldwide,
respectively.! In mid-March 2009, the World Health
Organization (WHO) announced a new pandemic
due to the triple-reassorted virus (HIN1) 2009, which
was the first declared influenza pandemic of the 21st
century.” Although the illness caused by this recent
pandemic is relatively mild, the actual number of
cases and deaths are likely underestimated.® Cur-
rently, pHINT has joined the repertoire of the typical
seasonal influenza viruses circulating within the
human population along with other seasonal viruses
such as the influenza A (H3N2) subtype and influenza
B viruses.*

Birds as Major Source of Influenza A Virus

Many studies have concluded that wild waterfowl are
the source of influenza A viruses, which currently
circulate in human and animal populations. Gene
segments of past human pandemic viruses also show
signatures of avian viruses with the exception of
the 1918 (HIN1) virus.>® Influenza virus can easily
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undergo genetic variation and result in diverse strains
because it has several genome segments which allow
for re-assortment between two or more different
subtypes.® Furthermore, if the re-assorted fragments
are HA and NA, the resulting influenza virus can be a
new subtype, which may lead to an epidemic or
pandemic.’

Since 1996, there has been evidence that avian
influenza viruses can be transmitted from their
natural reservoir to domestic poultry and subse-
quently to humans. For example, the avian influenza
virus subtypes H7, HS, and H9 have been reported to
cause serious illness and death in humans.®® It has
been suggested that pigs can serve as a ‘mixing vessel’
because pigs share receptors with both humans
(SAx2, 6Gal) and avian species (SAx2, 3Gal).'”
Thus swine may be an intermediate host that allows
for the re-assortment, mutation, and adaptation of
avian viruses into viruses that may be transmitted to
human populations.'!

The pathogenesis of avian influenza viruses has been
classified into high pathogenicity (HPAI) and low
pathogenicity (LPAI) according to their pathogenesis
in terrestrial poultry and molecular genetic character-
istics including their HA cleavage mechanism.'*!?

The viruses usually are transmitted to poultry
through the fecal-oral route.! While influenza virus
in its primary natural reservoir simply causes a mild
intestinal tract infection, transmission of the LPAI
viruses — especially HS and H7 subtypes — from wild
water fowl to poultry can potentially trigger evolu-
tion into HPAL'* Every time the virus causes an
outbreak in poultry, sporadic infections are expected
to occur in people who have direct contact with sick
or dead birds and their contaminated feces and/or
environment.

Until now, only LPAI avian influenza viruses
HO9N2, H7N2, H7N3, H7N7, HI0N7 along with the
recently reported H7N9 infection and HPAI avian
influenza viruses H5N1, H7N3, and H7N7 have
crossed the species barrier into humans.'> To date,
there has been no or little evidence of sustained
human-to-human transmission of avian influenza
viruses because tissue tropism limits virus transmis-
sion from birds to humans and similarly, from human
to human.'>'¢

Time Line of Avian Influenza in Humans

Since 1996, there have been several recorded LPAI
and HPAI outbreaks that spread to humans (Fig. 1).
The clinical symptoms are usually mild (e.g. flu-like
symptoms and conjunctivitis) with very low fatality
rates, HPAI H5N1 being the major exception.

HsNi1 Outbreak in Asia
HPAI H5NI virus has been a public health concern
due to their ability to cause severe respiratory illness.
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Figure 1 Time line of avian influenza in a human.

The first HPAT HSNI1 viruses in human descended
from the 1996 viral detection in geese from
Guangdong Province in southern China, which the
first cases occurred in Hong Kong in 1997 and out of
the 18 recorded cases, six of them died.'” In 2003,
HPAI H5NI re-appeared in east and south-east Asia
including Korea, Vietnam, Hong Kong, Japan, and
Thailand, and has had devastating economic con-
sequences due to its effect on the poultry industry and
high mortality rate in reported human cases (approxi-
mately 60%).'® By 2005, the virus had spread to
Indonesia, China, and Malaysia as well as Africa,
Europe, the Pacific, and the Middle East. Currently
these HPAI H5N1 viruses continue to circulate in
poultry and humans with their genetic evolution
aimed at adaptation to their hosts over time."”

HPAI H5NI1 can be transmitted from wild birds to
poultry by a fecal-oral route, oral-oral route, and
also indirectly by respiratory droplets and aero-
sols.??! Most human cases, however, were exposed
through unprotected direct or indirect contact with
contaminated environments.*

In addition, mammalian carnivores (e.g. tigers,
cats, and dogs) can be infected with HPAI H5N1
after feeding on infected birds. To date, the number
of HSN1 WHO-confirmed human cases amounts to
628 with 374 deaths from 15 countries.”> Human
infections tend to occur during December—March
and are associated with bird migratory paths and
seasonal outbreaks in poultry.”*

Other HPAI and LPAI infections of humans have
also been reported albeit less frequently. For exam-
ple, humans have occasionally been shown to be
infected with H7, H9, and H10 subtypes. However,
when infected with these subtypes, the associated
symptoms tend to be mild flu-like-illness, conjuncti-
vitis or gastrointestinal symptoms>> >’ except for one
fatal case during an outbreak of HPAI H7N7 in the
Netherlands.”®

Avian Influenza H7Ng Outbreak in China

Since March 2013, 130 people in China’s eastern
region and one confirmed case in Taiwan, who had
visited China, have been infected with avian influenza
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Table 1 Epidemiology and clinical pattern of diseases comparison between avian influenza H5N1 and H7N93435

Category

H5N1

H7N9

Start date and countries

Duration (to present)
Global distribution

Source

Total cases (24 May 2013)
Death (24 May 2013) (%)
Age (Mean), years

Age (Median), years

Sex ratio (M:F)

Coexisting condition

Risk factors
Incubation period

Clinical symptoms

Respiratory failure
Lab findings

Person-to-person transmission

1997 (Hong Kong)

2003 (SE Asia)

10 years

1997 (Hong Kong)

2003 (South-east Asia,
European countries (birds),
African countries)

Live-bird poultry and wild birds
682

384 (59)

19.8

18.0 (range 0.3-75)
1:1.19

Uncommon

Direct contact with poultry
(Most of them)

7 days or less
Influenza-like symptoms:

Pneumonia, diarrhoea, vomiting,

myalgia=*Conjunctivitis
Rapidly progressive
Leukopenia, lymphopenia,
thrombocytopenia
Elevated aminotransferase
No

March 2013 (China)

2 months (so far)
China (East China)
Taiwan (ex mainland China)

Live-bird poultry

130+ 1 (ex mainland China)

36 (at least 27)

60.9

63 (range 4-87)

1:0.45

Common (Elderly, hypertension, diabetes,
coronary heart disease, immunosuppression etc.)
Direct contact with poultry (Three quarters)

2-8 days

Fever, cough, pneumonia

No conjunctivitis and encephalopathy

Acute kidney injury, Rhabdomyolysis
Rapidly progressive

Leukopenia, lymphopenia, thrombocytopenia

Elevated aminotransferase
Unclear

Sensitive to neuraminidase inhibitors Yes

Yes

H7NO virus, a subgroup of H7 viruses, leading to 36
deaths.”’ However, the total number of cases has
been suspected to be much higher than those reported
since mild infections frequently remain undiagnosed.
Similar to seasonal human influenza, these viruses
tends to infect the elderly rather than children and
many patients did not have any recorded contact with
birds. Although these LPAI H7 viruses have been
commonly isolated from birds, this is the first
reported instance of human infection. Symptoms
include fever and shortness of breath and may
progress to severe pneumonia and respiratory failure
after 5-7 days.’® So far, there has been no indication
that the virus can be transmitted between humans
and currently the origin of H7N9 is still unknown, the
virus has been found in chickens, ducks, and pigeons
at live-bird markets, although the level of infection in
poultry farms is relatively low without causing any
visible sign of illness in birds. Hence, there is concern
about the virus’s potential to spread among popula-
tions and threaten to create a pandemic. Yet, the
actual risks are still unknown.

Characteristics of the H5N1 and Novel H7Ng
Avian Influenza Viruses

According to phylogenic analysis, the novel H7N9
avian influenza virus might derive from a triple re-
assorted virus. The HA gene is closely related to the
HA from A/duck/Zhejiang/12/2011 (H7N3) whereas
the NA gene shares the highest similarity with the
NA from A/wild bird/Korea/A14/2011 (H7N9). The
remaining six internal genes comprising PB2, PBI,

PA, NP, M, and NS might have originated from A/
brambling/Beijing/16/2012-like viruses (HON2).** Mole-
cular characterization of the novel H7N9 avian
influenza virus cause LPAI in poultry compared to
HPAI HS5NI1. First, the novel H7N9 virus lacks
polybasic amino acid insertions within the cleavage
site of HA. In addition, a four amino acid deletion
has been established within the stalk region of
neuraminidase (NA) and was established in the novel
H7NO virus. In comparison, a 20-amino-acid deletion
indicative of high pathogenicity has been found in the
HSN1 virus. Moreover, no PDZ domain (ESEV)
has been observed at the C-terminal of NSI of the
novel H7N9 virus whereas the H5NI virus contains
ESEV residues responsible for increased virulence in
animals.*

However, some characteristics of the novel H7N9
avian influenza virus might be taken into considera-
tion with regard to infection of humans. Amino acid
change Q226L in the HA have been identified in some
strains of the novel H7N9 viruses implying a possible
shift from avian to human receptor binding.*' In
addition, the E627K substitution has been found in
PB2 which is associated with an increased ability for
replication and transmission in mammals.!” More-
over, the S31N substitution has been observed in M2
of the novel H7N9 avian influenza virus which is the
substitution responsible for amantadine resistance.*>
Lastly, the R293K mutation has been found in NA
of some strains of the novel H7N9 avian influenza
virus which indicates a potential resistance to NA
inhibitors.”
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Comparison of Epidemiological and Clinical
Disease Patterns between Avian Influenza HgN1
and H7Ng

Comparison of epidemiology, clinical characteristics,
risk factors, and transmission between HS5NI1 and
H7N9 influenza virus infection are shown in Table 1.

Duration, Mortality and Velocity of Outbreak
Although the mortality rate in H7N9 infection (20%)
is lower than that attributed to H5NI virus (approxi-
mately 60%), H7N9 virus spreads faster than H5N1.
While HPAT H5N1 has resulted in pandemics in 1993
and 2003, only sporadic cases have been reported
since 2003. In addition, while the cumulative number
of patients infected with H5NI is 628 over the last
10 years,? in only 2 months H7N9 has resulted in
131 confirmed cases.”’ This suggests that the novel
influenza virus can spread more rapidly in a shorter
period of time than HS5NI1 avian influenza virus.
This further implies that subsequent to a future
mutation potentially altering its characteristics to
become highly pathogenic, this virus would be more
severe and have a higher potential to trigger a
pandemic.

The mortality rate of H7NO9 infected patients
deserves further consideration. In fact, the exact
number of people infected with H7N9 virus has not
been determined due to some asymptomatic infec-
tions and mild cases that did not require hospitaliza-
tion. Thus, this number might either be much larger
or lower than that of patients whose disease was
aggravated by specific complications. Prevalence of
infection and severity of this virus can be determined
by testing the healthy population for seroprevalence
using microneutralization test (MN) or hemaggluti-
nation inhibition test (HI), which needs to be vali-
dated in the respective assay protocol.

Sources of Virus and Risk Factors

Previous studies have established that both wild birds
and poultry were responsible for the spread of
H5N1,>*% currently there has been no report of
H7N9 in migratory birds. Some study has reported
H7N9 virus in live-bird markets in Anhui, Jiangsu,
and Zhejiang, which are also places that reported
H7N9 human cases suggesting that direct contact
with poultry is one of the key factors contributing to
H7N9 infection in humans.*' So far, there has been
no report of H7N9 virus in poultry farms in China. If
the spread of the virus is solely due to migratory
birds, then the virus will be more difficult to eradicate
because it is difficult to control the migration of wild
birds. Thus, due to a current lack of understanding of
the source of H7NY, it is important that governments
remain alert and prepared for a possible reemergence
of the virus.
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Age Uncertainties and Sex Imbalance

Moreover, there are some areas of uncertainty that
should be clarified. First, the sexual imbalance of
patients with two out of three H7N9 patients being
male should be mentioned. In contrast, H5NI1
patients showed a balanced sex profile. Second, is
the difference of age pattern between HS5N1 and
H7N9 patients. Patients were infected with HSN1 at
an earlier age when compared to those infected with
H7N9 (the median age of HSNI patients is 18 years
while that of H7N9 patients is 63 years).*** This age
uncertainty may be ascribed to the pathogenicity of
this virus. There has been no report of H7N9 virus
infection in humans until the recent one from China.
Therefore, this virus may be able to infect people of
all age groups due to a lack of cross-reactivity
antibodies but can cause symptomatic infection only
in vulnerable populations; e.g. people with underlying
complications, which are more prevalent among
elderly people while H7N9 infection in children
caused mild fever and asymptomatic infection.
Unlike H7N9 infection, H5N1 infection can be more
severe in infants and school-aged children, which may
result from cross-reactivity from previous outbreaks
of HS or virus with the same epitope. The sex
imbalance in H7N9 infection is harder to explain. It
may be due to the socio-cultural behavior patterns in
the areas of outbreak, but any host-virus interaction
responsible for the observed sex imbalance would
require further investigation.

Case Definitions of Avian Influenza

To control outbreaks of emerging disease, accurate
definition of the diseases is crucial for diagnosis and
treatment so that the spread of the pathogens can be
curbed and control measures put in place. The WHO
has provided definitions for suspected, probable, and
confirmed cases of emerging infectious diseases. The
definitions have been mentioned elsewhere.*?

Clinical Symptoms, Lab Findings, and
Transmissibility of Avian Influenza

Avian influenza symptoms can manifest as typical
influenza illnesses and may include acute respiratory
distress, fever, cough, diarrhea, malaise, and muscle
aches. In severe cases and in most cases of H5NI,
patients may have other complications such as
pneumonia, respiratory failure, multiple organ fail-
ure, and death.*’

There are several uncommon features in H7N9
infection that should be reviewed. Compared to
HS5NI1 infection — whose initial symptoms started
with influenza-like illness, such as high fever, sore
throat, cough, nasal congestion, rhinorrhea, followed
by vomiting and diarrhea — H7N9 infection causes
some uncommon clinical features such as conjuncti-
vitis and encephalopathy while some common clinical



symptoms such as nasal congestion and rhinorrhea are
not apparent. A study found that, similar to H5SNI,
H7N9 infection can develop rapidly and attack the
lower respiratory tract. This lead to hypoxemia,
bilateral pulmonary infiltrates, and multiple organ
failure which is the major cause of death. However,
the incubation period of H7NO infection (5-7 days)
was less than that of HSNI1 (2-8 days). The
laboratory findings of patients infected with avian
influenza virus suggest many abnormalities, such as
leucopenia, thrombocytopenia, and elevated liver
enzyme (aminotransferase). While some cases
infected with H7N9 have normal white cells count,
HS5NI1 infection were more likely to have lower white
blood cell in fatal H5N1 cases.*' In addition, unlike
with the HSN1 outbreak, the ability of the virus to be
transmitted from person-to-person is still unclear.
Infected patients represented some family clusters
and although this might indicate human-to-human
transmission capability of the virus, they might also
have been infected with the virus because they live in
the same environment and have the same contact
with poultry. Unlike with HS5NI1 infection, the
presence of comorbidities such as coronary heart
disease, chronic obstructive pulmonary disease,
hypertension, and diabetes is common in H7N9 virus
infection.*!

Severity of H7N9 Infection

During the large scale surveillance of influenza-like
illness patients in China, more than 46,807 specimens
were obtained both in the area affected by the H7N9
outbreak and the non-affected area. Of those, two
children (2 and 4 years of age) had developed mild
diseases, compared with four adults with more severe
disease. The data suggests that severity of H7N9 virus
infection severity increases with increasing age.**The
risk factors associated with moderate-to-severe ARDS
tended to manifest at the age of 65 years or older in the
form of coexisting medical conditions, lymphocyte
count<<1000 cells/mm?, aspartate aminotransferase
level>40 U/l, creatine kinase level>200 U/l and>3
days time from symptom onset to initiation of antiviral
therapy.®

Global Planning and Alert to H7Ng9 Outbreak

This recent outbreak of avian influenza in China has
demonstrated the effective preparedness measures the
Chinese government employed by providing early
detection and prompt treatment of patients with
respiratory infections and their close contacts, who
are being followed-up. This outbreak also proved the
success of international collaboration between orga-
nizations, including human and animal health sectors
and emphasized the importance of surveying LPAI
influenza viruses. The timely sharing of surveillance
data and whole genome sequences of isolated virus
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have enabled scientists around the world to develop
virus detection protocols, diagnostic tests, vaccine
development, and further virus characterization. In
addition, the Chinese national surveillance system
was able to effectively trace the source back to
poultry farms. Despite the substantial progress made,
however, many aspects of transmission and possible
sources of infection are still under investigation.

Continuous evaluation of the provided diagnostic
kits will improve their specificity and sensitivity of
detection in animals and human cases. Also, success-
ful treatment strategies should be distributed to all
health care facilities along with disease information
and good management practices according to national
and WHO guideline.

As a requirement for influenza virus prevention,
global and local health authorities should employ
intervention methods, which have been proven to
reduce transmission and decrease the number of
cases. Examples include the temporal closure of live
poultry markets, distribution of health information
and situation updates to the general population that
will assist in understanding the virus-related risks and
promote good personal hygiene practices. Educa-
tional campaigns should provide guidance on proper
equipment and operations as well as cleaning and
sanitation of facilities to poultry sellers and slaugh-
terers. Similarly, all staff on poultry farms should be
made aware of the most suitable management and
biosafety practices. Along with appropriate hygiene,
proper preparation and cooking of poultry products
are advisable to reduce the risk of avian influenza
virus infection and a range of other diseases.
Importantly, strengthened surveillance could enhance
preparedness for global epidemics and pandemics to
better monitoring the spread of a new disease and
thus, provide early warnings of any unusual respira-
tory disease or mortality due to unknown causes.
Even though the authorities have already announced
the end of the emergency response, people should
remain alert to influenza virus prevention.
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