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Summary

Novel influenza viruses continue to emerge posing zoonotic and potentially pandemic threats,
avian influenza A/H7N9 being the most recent example. While closure of live poultry markets in
mainland China was effective at aborting A/H7N9 outbreaks temporarily, they are difficult to
sustain, given the current poultry production and marketing systems in China. We summarise
interventions taken in mainland China to date. We provide evidence for other more sustainable but
effective interventions in the live poultry market (LPM) systems that reduce risk of zoonotic
influenza including “rest days” in LPM and banning live poultry in markets overnight. On the
longer term, separation of live ducks and geese from terrestrial poultry in LPM systems can reduce
the risk of emergence of zoonatic, epizootic (and potentially pandemic) viruses at source. Given
evidence that A/H7N9 is now endemic in over half of the provinces in mainland China, and will
continue to cause recurrent zoonotic disease in the winter months, such interventions should
receive high priority in China as well as other Asian countries which are at risk of introduction of
A/H7N9 through cross-border poultry movements. Such generic measures are likely to reduce
current as well as future threats from zoonotic influenza.
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Epidemic and pandemic influenza pose unique threats to global health. Pandemic strains
arise from animal viruses at unpredictable intervals, and in today’s globalised world, spread
within weeks to affect many countries and continents. The novel A/HIN1 pandemic virus
which was first recognised in April 2009 spread globally within a few months. The
development and production of pandemic-specific vaccines was much slower than the
timescale of global spread. For example, 37% of children in Hong Kong SAR, China had
been infected by end of September 2009, long before any vaccines were available.! It was
indeed fortuitous that this pandemic caused lower mortality than the pandemics of 1918,
1957 or 1968.

Current zoonotic and pandemic threats

Highly pathogenic avian influenza (HPAI) A/H5N1 has caused zoonotic disease and led to
pandemic concern during the past decade. Recent research has demonstrated that a relatively
small number of mutations may permit this avian virus to develop capacity to spread from
humans to other humans and thus potentially become pandemic. 2 A novel A/H7N9 virus
emerged in Eastern China in 2013 and in many respects is even more threatening.2 Human
infection appears to be mainly zoonotic in origin although limited non-sustained
transmission between humans is reported.# Genetic and biological characterization of A/
H7N9 reveals that this virus is already better adapted to human nasal passages and tracheo-
broncheal tree - a feature that is needed for a virus to be transmissible between humans -
than any other avian virus known to date.356 Airborne transmission of influenza viruses
between ferrets is the best experimental animal model for viruses that are transmissible in
humans and A/H7NQ9 is partially transmissible between ferrets by the airborne route without
prior adaptation, again unique for avian viruses (including H5N1).” In less than two years,
the A/H7N9 virus, so far only known to circulate in 17 of 31 provinces of mainland China,
has led to more than 629 confirmed human cases and 251 deaths (as of Mar 26t 2015) (Yu
H — personal communication). In contrast, since 2003 A/H5N1 has led to 784 confirmed
human cases and 429 deaths (as of 3rd March 2015) acquired in 16 countries.8 The third-
wave of zoonotic H7N9 disease has now occurred and future winter waves are inevitable
(Figure 1). These epidemiological findings reinforce the experimental findings suggesting
that A/H7NQ9 is unusually well adapted to the human respiratory tract.

Epidemiological studies indicate that mild human A/H7N9 infections are much more
common than that for A/H5N1, with an estimated ratio of 13 to 225 mild A/H7N9 infections
for every diagnosed hospitalised A/H7N9 case.?-11 Evidence of mild undetected human
H7N9 infections is supported by evidence of high (14.9%) sero-prevalence in poultry
workers in Shenzhen.13 While this implies that the case fatality risk of A/H7N9 is much
lower than suggested by crude case fatality risks documented in hospitalised patients, it also
means that the number of human infections is many tens-of-thousands, much greater than
that indicated by hospital-based surveillance.12 Every human infection affords this rapidly
mutating virus with a fresh opportunity to adapt to transmit between humans.1# Indeed, one
readily observes some viral mutations associated with mammalian adaption, for example,
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within the viral PB2 gene, taking place in viruses detected in humans as compared with
viruses in poultry.1®

Unlike HPAI A/H5N1, the A/H7N9 virus is asymptomatic in poultry, making its control and
containment even more challenging. The lack of any avian illness means there is no
incentive for the poultry industry to actively seek its presence. The virus remains undetected
unless sought for by active surveillance within the live poultry market (LPM) system (supply
farms, wholesale and retail market system) and thus, in practice, humans effectively serve as
sentinels of poultry infection.

Within the last year we have seen emergence of other zoonotic avian influenza A viruses in
Asia, including H10N8, H6N1, and H5N6.16-18 |n the past few months, we have also seen a
HPAI H5N8 virus derived from HPAI H5N1 clade 2.3.4.6 viruses make its way from Asia to
Europe and North America affecting domestic poultry.1® Although this virus is not yet
known to have infected humans, it likely has the potential to do so.

Options for response

How may one reduce the zoonotic and pandemic risks posed by these repeatedly emerging
avian viruses? Systematically assessing the risk associated with such viruses?® and making
vaccine seed strains (e.g. different antigenic variants of A/H5N1) that may be used for
vaccine production for use in the event of pandemic emergence is a regular bi-annual WHO
activity.21 Human vaccines for A/H7N9 virus are currently in clinical trials. However, it is
neither feasible nor economical to take vaccine candidates for multiple virus subtypes and
antigenic variants to phase 1 clinical trials to establish safety and immunogenicity or to
develop vaccine stockpiles. Ideally, such pre-pandemic vaccine preparedness needs to be
complemented with efforts to reduce emergence and transmission of such zoonotic and
potentially pandemic viruses through evidence-based attempts to prevent their emergence at
source.22 This may be attempted by identifying critical points along the pathway of their
emergence and transmission at which we may intervene to minimise their zoonotic risks.23
Some of these measures such as farm biosecurity, surveillance and poultry vaccination (both
advantages and disadvantages) have been previously discussed.23 Improved hygiene in
people working in the poultry trade and consumers frequenting wholesale and retail LPM
are important risk-reduction measures but perception of health hazards appears lacking. 24
This is partly because human zoonotic disease is rare although exposure to zoonotic viruses
is common, resulting in a perceived disconnect between exposure and disease. There is a
need for improved education and implementation of hygiene in such settings.

In this Personal Views article, we focus on evidence-based interventions within the LMP
marketing systems in the Asian context. We use A/H7N9 and A/H5N1 as contemporary
examples but the generic interventions we discuss are likely to apply to current and future
zoonotic viruses.

Role of live poultry marketing systems

In China and some other parts of Asia (Vietham, Indonesia), the poultry industry comprises
two major sectors; an integrated meat and egg production system and a system that serves
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the long entrenched LPM trade. The former uses “Western-style” integrated chicken
production systems and in China provides approximately 50% of the poultry demand to the
consumer as chilled and frozen meat and fresh eggs or pasteurized egg products via
supermarkets and chain-restaurants. The LPM system provides the remaining consumer
demand as live poultry through a complex and non-uniform system of farm production,
trucking to wholesale markets and distribution to retail markets and local restaurants. The
wholesale and retail markets vary greatly in the type of birds they distribute; in some cities
this trade is limited to land-based poultry while others also include waterfowl. The LPM
system is less intensively regulated than the integrated production system.

Many zoonotic avian influenza virus infections (A/H5N1, A/H7N9, A/H10N8) have been
acquired through exposure to poultry at retail LPM. Retail LPM are a risk factor for human
A/H5N1 and A/H7N9 infection?528 and high avian influenza viral isolation rates in poultry
and environmental viral contamination has been demonstrated in most instances where it has
been systematically sought, in China, Indonesia and elsewhere with viruses such as H5SN1
and H7N9.27-30 A recent extensive surveillance study in retail LPM in 5 provinces in
mainland China found an overall A/H7N9 detection rate of 2.5% of faecal swabs
collected.??

Reducing zoonotic risk

A number of interventions have been proven to be effective at reducing the risk of zoonotic
infection. Closing wholesale and retail LPM have been shown to be associated with
cessation of zoonotic outbreaks of A/H5N127 and A/H7N931:32 disease though proof of
direct causality remains elusive. Such an intervention can however be costly to the existing
poultry industry in the short term — for example the closure of wholesale and retail LPM in
Shanghai, Hangzhou, Huzhou and Nanjing in Eastern China during the summer of 2013 is
believed to have cost the poultry industry approximately US$ 8 billion.3!

LMP closure—Given the repeated emergence of avian influenza viruses of zoonotic and
pandemic threat, permanent closure of wholesale and retail LPM and its replacement with
central slaughter of poultry and sale of frozen or chilled chicken carcasses has been
advocated as a proactive countermeasure from the public health point of view. Such a
change has been implemented since 1992 in Singapore and more recently in Taiwan,
China.33 Singapore has not had zoonotic avian influenza in humans. However, popular
support for implementing such a measure in mainland China has been wanting. Although
more than 100 cases of A/H7N9 were reported from Guangdong province in 2014, only
42.3% of the general public and 9.6% of live poultry traders supported permanent
termination of the live poultry trade.3* Interestingly, although perhaps unsurprisingly, among
those who prefer to purchase live poultry, reasons for this practice differed between
respondents in Hong Kong SAR and in Guangdong. The former gave better taste when
cooking freshly killed chicken as important while the latter prioritised food security, i.e. lack
of trust in the quality of chilled and frozen chicken (Cowling BJ-personal communication).
In the face of resistance from the general public and the poultry trade, authorities in
mainland China have implemented retail and wholesale LPM closure in key municipalities
and provincial capitals for various durations as a reactive response to outbreaks of human A/
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H7N9 disease (Table, Figure 1). These decisions have been taken at the local, municipal and
provincial level rather than by the central government. Thus there is wide variation in the
measures adopted across different cities and the duration of their implementation.

Furthermore, centrally slaughtered chilled-chicken carcasses may not be a “zero-risk” option
if the slaughtered poultry arise from poultry endemically infected with zoonotic avian
influenza viruses. For example, HPAI H5N1 has been repeatedly isolated from duck meat
imported into Japan and South Korea3® and thus slaughtered poultry carcasses could
potentially be a source of human infection prior to cooking although such an event has not
been directly documented. A change of consumption pattern from freshly killed to chilled
chicken carcass may also increase risk of other food borne infections such as Campylobacter
and Salmonella.

LPM rest days—While the pros and cons of permanently shutting down retail and
wholesale LPM in favour of centralised slaughter of poultry were being debated over the
past decade in Hong Kong SAR, local studies have shown that a number of other
interventions had significantly reduced the risk of virus amplification and maintenance
within retail LPM, thus reducing zoonotic risks. “Rest days” in the whole-sale and retail
LPM, where the markets are emptied of live poultry for a day, washed and cleaned and
restocked with poultry the next day was introduced in 2001 (once a month during 2001—
2003 and twice monthly from 2003-2008).23 Figure 2A shows the A/HIN2 virus isolation
rates in LMP immediately prior to and after a “rest day”.38 The data demonstrate that these
viruses are introduced into these markets infrequently, but once introduced, remain
circulating within the retail LPM environment The setting where new susceptible poultry are
added to the market every day provides an ideal milieu for such viruses to continue to
amplify and be maintained. A/HIN2 virus circulation in retail LPM systematically sampled
monthly from 1999 to 2011 showed the significant impact of these interventions (Figure
2B).%7

Ban holding poultry overnight in LMP—Since 2008, Hong Kong SAR implemented a
ban on keeping live poultry overnight in retail LPM; i.e. poultry that are unsold by evening
are slaughtered for sale as chicken carcass. The retail market is therefore emptied overnight
and re-stocked next morning. This intervention dramatically further reduced viral detection
rates within retail LPM (Figure 2B).3” A major reason for the effectiveness of this
intervention is that incoming chicken are not in the market for long enough to be newly
infected, shed virus and infect others as simulated in mathematical models.38 The emptying
of the market of live poultry overnight deprives the virus of a permissive host for replication.
Disinfection and cleaning of markets while live poultry remain within them is unlikely have
this impact. It is important that faecal matter, drinking water used by poultry and poultry
feed is removed and replenished. Virus survival in water is longer than that on surfaces.3?

Relevance and impact—The importance of both wholesale and retail LMP in virus
amplification has been noted in the spread of H7N9.40 This is also demonstrated in a recent
study in Guangdong where none of the 8 farms tested had evidence of A/H7N9 virus, but 16
of 36 LPM and 3 of 6 wholesale markets were infected.30 There is so far no direct evidence
of the impact of LMP rest days on A/H7N9 virus activity and such studies are urgently
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needed. Thus, even if a complete change in the poultry trade from one where live birds are
sold to customers to one where they are slaughtered centrally with chilled or frozen chicken
retailed to customers is not possible in the short term, the aforementioned less disruptive
interventions in the wholesale and retail LMP are likely to have a profound effect in
reducing zoonotic risk, thus pandemic risk. These interventions appear to have protected
Hong Kong from zoonotic avian influenza for the past decade; all cases of zoonotic in the
period diagnosed in Hong Kong were acquired in mainland China.

In fact, these LPM interventions are not only effective in minimising the risk of zoonoses,
they would also reduce the spread of avian influenza viruses to, and between poultry

farms. 4142 A case-control study during an A/H5N1 outbreak in poultry farms in Hong
Kong SAR in 2002 showed that virus amplification within retail LPM was the source of
virus introduction to farms through the movement of fomites (e.g. poultry cages) and
personnel (Figure 3A).41 Poultry cages should be of easily cleanable material (i.e.
polypropylene rather than wood or bamboo) and cleaned before moving between LMPs and
farms.23 Live poultry markets have also been shown to be the source of virus introduction
back to farms in USA.42

Reducing risk of emergence at source—The last two decades have seen the
emergence of a number of viruses with zoonotic potential, including subtypes A/H5N1, A/
HIN2, A/H7N9, A/H6N1, A/H10N8 and A/H5N6. Studies on the evolutionary pathways for
the emergence of these viruses reveal important commonalities. Both A/H7N9 and A/
H10N8 derived their HA and NA gene segments from viruses of wild aquatic birds giving
rise to intermediate viruses within domestic ducks.3-4> However, such viruses are poorly
adapted to terrestrial poultry (e.g. chicken) and they underwent further genetic reassortment
with A/HIN2 viruses endemic in terrestrial poultry to give rise to viruses well adapted in
chickens. 434 Thus, it is the mixing of the viruses of domestic ducks and terrestrial poultry
(e.g. chicken, quail) in the marketing chain that has been crucial to the emergence of both A/
H7N9 and A/H10N8 viruses (Figure 3B). Indeed, this was also the underlying mechanism in
the emergence of HPAI A/H5NL1 viruses in 1997 and in 2004, with domestic geese as well as
ducks being involved.#8 Thus, separation of terrestrial poultry (chicken, quail, pheasant,
chukka) from domestic ducks and geese in the wholesale and retail marketing chain will
contribute substantially to the long-term reduction of risk of emergence of new avian
influenza viruses adapted to chicken and other terrestrial poultry, which in turn appear to be
those that have the greatest zoonotic and pandemic potential. While it is clearly not possible
to prevent the mingling of ducks from chickens in rural backyard settings, this is probably
not as important as the large-scale intermingling and genetic reassortment of viruses that
takes place within the wholesale and retail poultry marketing systems in China and other
parts of Asia.38 Re-engineering these poultry marketing systems to separate aquatic from
terrestrial poultry in the longer term is sustainable and not beyond the realms of feasibility in
Asia. Such an intervention was introduced in Hong Kong SAR following the initial HSN1
outbreak in 1997 and continues to date, with aquatic poultry (ducks, geese) being centrally
slaughtered though terrestrial poultry continued to be sold in retail LPM.23
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Conclusions

Over the past two decades, many newly emerged avian influenza viruses have posed
zoonotic threats. Avian influenza viruses also contribute to pandemic emergence, although it
is difficult to accurately assess pandemic risk attributable to an individual virus. Thus, rather
than target individual virus subtypes and strains, generic measures targeting critical points
along the pathways of virus emergence are attractive interventions. There is increasing
evidence that sustainable interventions in live poultry marketing systems can reduce
opportunities for transmission of avian influenza to humans, thus reducing risk of zoonotic
(and possibly, pandemic) influenza. Ideally, such interventions would involve a complete
transition from sale of live poultry in wholesale and retail LPMs to centralised slaughter and
sale of chilled or frozen poultry. The latter already comprises about 50% of the total poultry
consumption in mainland China. However, there are major short term hurdles in
implementation, both in terms of cultural preference and perceptions of food security.
Therefore, in the interim, less disruptive measures including “rest days” and banning live
poultry overnight can be considered, interventions that have been clearly shown to reduce
risk, both for human health as well as for the poultry industry. On a longer term basis, there
is accumulating evidence that separation of the wholesale and retail marketing of ducks and
geese from terrestrial poultry will reduce viral genetic reassortments leading to emergence of
zoonotic, epizootic (and potentially pandemic) viruses at source. This would indeed be an
excellent illustration of the application of the “One Health” concept and one that would
benefit both human and animal health (e.g. HPAI H5N1) in the longer term. As a
contemporary example, such interventions should receive high priority in mainland China,
as well as other Asian countries such as Vietnam which are at risk of introduction of A/
H7N9 through legal and illegal movements of live poultry across borders. Importantly,
because of their generic nature, such measures are likely to sustainably reduce zoonotic and
pandemic threats posed by avian influenza viruses in general.
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Figure 1. Geographic distribution of A/H7N9 casesin mainland China and citieswhere closure

of live poultry markets has been implemented

Each of the three waves of infection is denoted in different shades of blue. Insert shows
numbers of laboratory confirmed cases of human A/H7N9 disease in China from 01/02/2013

to 31/03/2015.
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Figure 2. Impact of interventionsin retail live poultry markets on isolation of avian influenza
viruses

A) Bar chart showing A/HINZ2 isolation rates and 95% confidence intervals before and after
a “rest day” in 8 live poultry market stalls in Hong Kong SAR in three consecutive months
in 2001. Faecal swabs were collected immediately prior to and after the market “rest day”
during which the market was emptied of live poultry for one day. The reduction in virus
isolation rates for each month was statistically significant.36 B) The effect of interventions
on isolation rates of HON2 viruses in retail live poultry markets in Hong Kong SAR during
the period 1999-2011. Systematic surveillance in live poultry markets carried out monthly
from 1999 to 2011 with fecal droppings from poultry cages being collected and tested for
influenza virus isolation (n=53, 541 swabs tested). The data is presented as three monthly
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aggregate mean isolation rates with 95% confidence intervals. The impact of the
introduction of one rest day per month, two rest days per month and banning keeping of live
poultry overnight within the market is shown.37
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Figure 3. Avian influenza virustransmission and amplification within the poultry marketing

chain (A) and influenza virus gene-transfer between wild birds, aquatic and terrestrial poultry

(B)

Mixing of ducks and geese with chicken and other terrestrial poultry (figure 3B) allows
reassortment of viruses these viruses with viruses established in terrestrial poultry such as
HIN2 leading to the emergence of novel influenza viruses with zoonotic potential.#3-46
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