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(1) Summary of the impact

Researchers at the University of Hong Kong (HKU) have developed and applied multiple
evidenced-based approaches to control emerging influenza viruses and coronaviruses in animals and
humans in Asian, Middle East and African countries. These approaches include providing diagnostic
tests, trainings, risk assessment tools, vaccine strains candidates and surveillance protocols. The team
has developed guidelines and action plans which have been implemented by governmental and
healthcare organisations at local, regional and global levels to control these pathogens. We have also
collaborated with companies to develop diagnostic (e.g. H7N9 Influenza Rapid Detection Test, Arbor
Vita) and medical products (Experimental influenza vaccine, InvVax) that are relevant to these
diseases.

(2) Underpinning research

Key HKU School of Public Health Researchers:

Professor Gabriel Leung, Dean of Medicine (1999-now)
Professor Malik Peiris (1995-now)

Professor Yi Guan (2000-now)

Professor Leo Poon (2001-now)

Professor Ben Cowling (2004-now)

Following the outbreak of highly pathogenic avian influenza A H5N1, the HKU team played a
critical role in public health response, continued to report on the re-emergence of the H5N1 virus in
2000 and beyond. We reported the continued genetic changes of the HSN1 virus, its re-adaptation to
chicken, its re-emergence in live poultry markets and farms in Hong Kong. We documented the key
role of live poultry markets in the amplification and persistence of these viruses, and in the
dissemination of these viruses back to poultry farms in 2004 (3.1). We also reported the evolution
relationship of H5N1 viruses found in China, Southeast Asia, Europe, Africa and Middle East.

In 2003, Hong Kong was at the epicentre of the Severe Acute Respiratory Syndrome (SARS)
outbreak. We were the first to identify that SARS was caused by a novel coronavirus (3.2), developed
and implemented diagnostics serving the whole of Hong Kong and beyond, demonstrated that the
virus was shed in the faeces as well as the respiratory secretions (information crucial to understand
the Amoy Gardens outbreak), implemented case-control studies to identify effective control
measures, demonstrated the low viral load in first 5 days of illness (implying lower transmission early
in illness), and showed that asymptomatic infection was uncommon — these factors together
explaining the feasibility and effectiveness of public health interventions in stopping the outbreak.
We showed the role of live game animal markets in Guangdong as sources of this zoonotic agent in
2003 (3.3), and provided evidence to shut down these markets thereby preventing a possible re-
emergence of SARS.

In 2009, we demonstrated the underlying mechanisms of the emergence of the 2009 pandemic
virus and contributed to defining some of the viral genetic mechanisms underlying its emergence. By
2010, ~50% of all swine influenza virus sequences in the global data bases that were crucial to
understand pandemic emergence came from the HKU group (3.4). Based on the infrastructure for
community-based studies that we had established, we were able to provide some of the earliest
estimates of transmissibility and clinical severity of the new 2009 pandemic virus (3.5).

We identified the mechanisms accounted for the genesis of human H7N9 virus in 2012. Our work
demonstrated that the poultry industry and marketing system in Mainland China allow frequency
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reassortment of viruses from terrestrial and aquatic poultry (3.6). This implies that the separation of
the marketing chains of terrestrial and aquatic poultry is a generic intervention to minimize emergence
of such viruses in future. Through phylogenetic studies we demonstrated the dissemination of and
establishment of H7N9 lineages in different regions of China. We performed a comprehensive risk
assessment, including the characteristics of the virus, the characteristics of the cases, the
predominance of recent live poultry exposures among cases, the incubation period, the fatality risks
of symptomatic cases and hospitalised cases, and the impact of live poultry market closures.
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(4) Details of the impact

Impacts include: health and welfare, public policy and services, international development

Main Beneficiaries include: Governments (e.g. Hong Kong), World Health Organisation (WHO),
Food and Agriculture Organisation (FAO) and World Organisation for Animal Health (OIE)

Our work have had direct impacts on the worldwide control of these pathogens:
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Control of animal influenza viruses:

Our long-term influenza virus work (3.1) yielded evidence-based measures for controlling animal
influenza, leading to reducing the risk of zoonotic transmission of influenza from animal to human.
Some of these control strategies (e.g. market rest-day policy) are now being implemented elsewhere
including in mainland China and beyond. For example, we are now contracted to conduct animal
influenza surveillance for Hong Kong Government and our recommendations on Hong Kong
Government’s influenza vaccination policy on poultry ([AI-ii], 2016).

Our real-time long-term monitoring of animal influenza activities (3.1, 3.4, 3.6) in local food
chains and wildlife allowed us to provide early warnings to the Hong Kong Government about the
potential health risk. These data allowed local authorities to implement prompt control measures (e.g.
suspension of poultry trading; [B], 2016)

With our impacts on avian influenza control, HKU has been designated as a WHO H5 reference
laboratory. HKU is heavily involved in various WHO activities and programs for influenza pandemic
preparedness. The HKU team is one of the eight research groups globally to be consistently invited
to the twice yearly WHO influenza vaccine strain selection. Eight H5N1 and 1 HSN6 WHO vaccine
candidate strains arose from HKU. This team also assisted WHO to make standardized protocols to
its member countries (>190) for influenza diagnosis ([Ci-iii], 2016).

HKU team members were involved in the development and implementation of the WHO “Tool
for Influenza Pandemic Risk Assessment” (TIPRA), a systematic approach used by experts from
WHO, OIE and FAO to risk assessing animal viruses for pandemic threat. This tool has been used by
WHO for assessing the risk of 5 animal viruses (HIN1, H5N1, H5N6, H7N9, and HIN2)([Di-ii],
2016).

This team worked with more than 15 of companies that help to enhance the control of influenza
virus. HKU members were involved in the characterization of broadly protective antibodies against
influenza viruses (e.g. Crucell). HKU members evaluated an antigen test for H7N9 virus and, with
the data generated from this team, this antigen test was approved by FDA (USA) in 2014 for
diagnostic purpose ([E] for a FDA-approved product from Arbor Vita).

Control of influenza virus and other respiratory viruses in humans:

This team conducted several important epidemiological studies in human for SARS and pandemic
HIN1 (3.2, 3.3, 3.5). Since 2014 the HKU has been designated as a WHO Collaborating Centre
(WHOCC) for Infectious Disease Epidemiology and Control. This WHOCC coordinates research on
the control and prevention of infectious diseases and providing local and regional education and
training in infectious disease epidemiology and control. We have taught 6 short courses in infectious
disease epidemiology and modelling in the past 5 years, in Hong Kong and in the region ([F], 2014).
HKU members serve on key committees pertaining to emerging viral infections, including WHO and
International Society for Influenza and other Respiratory Viruses, and hosts the secretariat for the
Consortium for the Standardisation of Influenza Sero-epidemiology (CONSISE). Work from these
organisations created new guidelines/standards to achieve better virus or serological surveillances,
aiming for establishing more effective control measures for these infections. An example of pandemic
preparedness plan contributed by a HKU member is shown ([G], 2017).

Control of emerging coronaviruses:

With their work generated from the SARS outbreak in 2003 (3.2, 3.3), HKU developed extensive
research programs on emerging coronaviruses in humans and animals. These studied revealed major
findings about the ecology, transmission and control measures of these novel coronaviruses. Because
of these impacts, HKU has been well recognized as a major research hub for animal coronaviruses.
HKU members have been invited to serve as advisors/experts in WHO to better control MERS in
humans. They joined WHO missions to make new guidelines/recommendations to control MERS in
humans (e.g. Republic of Korea in 2015 and Kingdom of Saudi Arabia in 2016) ([H] and [I], 2015)
and provided training to healthcare workers in the affected region on laboratory diagnosis (e.g. United
Arab Emirates in 2015) ([H] and [1], 2015).

HKU is actively involved in the control coronaviruses in animals (3.3). The HKU team contributed
in understanding MERS-CoV in animals countries. These findings have major health implications.
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Because of this, HKU has regularly sent its experts to serve in FAO and OIE to make
guidelines/recommendation on farming, trading and veterinary practices (e.g. FAO mission in Saudi
Arabia in 2013, FAO mission in United Arab Emirates in 2014, OIE ad hoc expert group on MERS
in 2014). A report issued by OIE to its member countries (>180) is shown as an example ([Ji], 2014).
This team also played a leading role in a FAO regional technical consultation meeting for MERS-
CoV (Oman, 2014). In this meeting, representatives for 11 member countries (Bahrain, Egypt,
Ethiopia, Jordan, Kuwait, Oman, Palestine, Qatar, Saudi Arabia, Sudan, United Arab Emirates, and
Yemen) in the MERS-affected region agreed on several necessary actions for controlling MERS
(Muscat declaration, 2014; [Jii]). In brief, these actions include: i) enhance surveillance, ii) develop
policy to reduce transmission, iii) promote research, iv) promote data exchange and regional
coordination and v) engaged stakeholders at different levels (e.g. veterinary officers, animal health
experts, public health officials and administrators).

(5) Sources to corroborate the impact
[A] HKU’s work informed government policy
i) A service contract to conduct avian influenza surveillance for Hong Kong Government (2018)
i) News cutting: Hong Kong chickens could be given extra shot against H7 bird flu virus (2016)
[B] Long-term monitoring of animal influenza viruses activities in local food chains. Detection of
H5N1 or H7N9 viruses in poultry by HKU would trigger governmental public health actions to
control avian influenza viruses in poultry, such as suspension of live poultry trading and
enhanced surveillance in poultry (A news cutting from 2016 as an example: Faecal droppings of
live poultry from Yan Oi Market in Tuen Mun tested positive of H7N9 virus)
[C] HKU WHO H5 Reference Lab (2004-now)
i) Terms of reference
i) Providing HS strains as vaccine candidates (Example from 2016, page 7)
iii) Development of molecular diagnostic tests for WHO (Example from 2014; page 17)
[D] Influenza Pandemic Risk Assessment
i) WHO Tool for Influenza Pandemic Risk Assessment (2016; page 17)
i) Animal influenza viruses assessed by WHO using TIPRA (2017; page 475)
[E] FDA approved diagnostic test for H7N9 detection (2014; page 15).
[F] WHO Collaborating Centre for Infectious Disease Epidemiology and Control (2014-now)
[G] A WHO Pandemic Influenza Risk Management (2017; page 6).
[H] WHO “International Health Regulations (2005) Emergency Committee concerning Middle East
respiratory syndrome coronavirus (MERS-CoV)”. HKU membership (2015-now)
[1] WHO Mission to Korea for a MERS outbreak in human (2015, page 13)
[J] Control of MERS-CoV in animals
i) OIE guidelines for MERS (2014); Section 2 on page 1. In this report, we shared
epidemiological and diagnostic findings generated from HKU surveillance studies. This
resulted in making bullet points 1, 2, 4, 6 and 12 in Section 5, pages 3-4; Term of reference of
this ad-hoc group on page 6.
i) Muscat declaration for controlling MERS-CoV in animals (2014; page 2)
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