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(1) Summary of the impact

Influenza virus research from the University of Hong Kong has guided public health policy and
generated novel antivirals and vaccines. We were the first to confirm that live poultry market (LPM)
is the source of influenza A(H7N9) human infection and our finding has led to the closure of LPM
which was proven to be an effective measure. Our groundbreaking work on nucleozin as an
antiviral, imiquimod as a vaccine adjuvant, and DeINS1 as an influenza vaccine, have led to clinical
trials by National Institute of Health, and commercial investment by Aptorum Group and Avalon
Biomedical Group exceeding HKD$20,000,000.

(2) Underpinning research

Key HKU researchers at Department of Microbiology:

Professor H Chen: (Assistant Professor, 2003-2007; Associate Professor2007-2016 (tenured in
2012); Professor 2016 - present)

Dr RYT Kao: Associate Professor (Assistant Professor, 2007-2012; Associate Professor, 2012 -
present)

Dr AJX Zhang, Research Assistant Professor (2011 - present)

Confirming the poultry-to-human transmission of avian influenza A(H7N9) virus

In 2013, avian influenza A H7N9 virus emerged to cause human infections, and subsequently
became the most common avian influenza virus affecting humans with a mortality rate exceeding
30%. We were the first group to confirm poultry-to-human transmission of H7N9 virus based on
epidemiological findings, which were supported by phylogenetic evidence (3.1). We have
demonstrated that an influenza A(H7N9) virus isolated from a patient was almost identical to a
virus isolated from an epidemiologically-linked market chicken.

Novel antiviral against influenza virus infection

There are only few antiviral drugs available for the treatment of influenza. Influenza virus strains
resistant to these antivirals have been found. In 2010, we have discovered that nucleozin can protect
mice from H5N1 infection by interacting with the viral nucleoprotein (3.2). This is the first study to
show that nucleoprotein can be a drug target for influenza virus. This finding has led to the
development of other antivirals targeting the viral nucleoprotein.

Improving influenza vaccine

Inactivated influenza vaccine and live-attenuated influenza vaccine (LAIV) have been
recommended to prevent influenza virus infection. However, there are several problems associated
with current influenza vaccines. First, these vaccines have low effectiveness, especially for
antigenically-drifted viruses. Second, it takes about 2 weeks before sufficient antibody is elicited to
confer protection. Third, currently approved LAIV are contraindicated in immunocompromised
patients.

To overcome these problems associated with current influenza vaccines, we have designed two
novel strategies. Our first strategy is to use imiquimod to improve currently available inactivated
influenza vaccine. Imiquimod is an agonist of toll-like receptor 7, which is a key player in the
innate immune response. Using a mouse model, we have demonstrated that imiquimod could
augment and expedite the antibody production elicited by inactivated influenza vaccine. Using a
lethal influenza virus challenge model with pandemic influenza A(HIN1) and avian influenza virus
A(H7N9), we have demonstrated that mice given inactivated vaccine and imiquimod had a much
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better survival rate than those given inactivated vaccine only (3.3, 3.4).

Our second strategy involves the use of influenza viruses with NS1 deletion (DeINS1 influenza
viruses) as a LAIV. NSI gene is a potent antagonist of host immune response. We have generated
DeINSI1 influenza viruses which can induce potent immune response but do not cause disease in
mice (3.5, 3.6). Unlike other influenza virus with NS1 deletion, our DeINS1 influenza virus can
grow to high titers in cell culture, facilitating vaccine production. We have shown that
immunization using DelNS1 virus showed good protection against pandemic, seasonal and avian
influenza viruses. Unlike currently available LAIV, our DeINS1 can offer broad protection against
antigenically-drifted influenza viruses.
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(4) Details of the impact
Impacts include: health and welfare, commercial and policy
Main beneficiaries include: patients and the public, industry, government, NGOs

Impact on the control of avian influenza virus A(H7N9) infection in humans

We have established the link between live poultry market (LPM) and human infection. This
finding provided the important scientific basis for subsequent control measures, including closure of
LPM. An editorial published in Lancet stated that our study provided the scientific basis for the
closure of LPM as a measure to control the avian influenza virus outbreak [A]. The closure of LPM
has reduced the number of infections by 97-99% in different cities in China [B]. Our findings also
has significant economic impact, as influenza A(H7N9) is associated with a significant economic
burden (mean direct cost of hospitalization estimated to be up to US $33728 per patient) [C].
Because of the impact of our findings, our team was rewarded the State Science and Technology
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Award (outstanding award), State Council of the People's Republic of China [D]. The award
announcement stated that our findings have provided the scientific basis for closure of poultry
market, prevented the spread of disease, and reduce the economic impact [E].

Treatment of influenza virus infection

Our underpinning research on the discovery of nucleoprotein as an antiviral target has translated
into a randomized controlled trial. We conducted a randomized controlled trial which included the
use of naprosyn, a FDA-approved drug which targets nucleoprotein. The naprosyn-containing
regimen was shown to be superior to oseltamivir alone in the treatment of influenza A H3N2
infection [F]. Our finding has led to the development of novel drugs targeting the influenza
nucleoprotein [G].

We have obtained the USA non-provisional patent and worldwide patents for nucleozin [USA:
US9212177B2; European: EP2462138China: Z1.201080044361.6]. Nucleozin has been licensed to
Acticule Life Sciences Limited, a university spin-off company financially supported by the
Aptorum Group (http://acticule.com/), a NASDAQ list company. A full-time chemist at PhD level
has been recruited to be the Senior Technical Manager and an administrative Officer. In addition,
three sponsored research contracts worth a total of over HKD$11M sponsored by Acticule/Aptorum
to HKU have been commenced as part of the endeavors for the commercialization of this first-in-
the class influenza virus nucleoprotein inhibitor. Acticule Life Sciences Limited is in the process of
optimizing nucleozin structure for further development of the compound into a drug candidate for
toxicology studies and clinical trials. The improved drug candidate has been named ALS-1 in
Aptorum’s drug development pipeline [H].

Novel strategies on influenza vaccines

Our underpinning research has led to a double-blind, randomized controlled trial, which showed
that the use of topical imiquimod prior to intradermal influenza vaccine could augment the immune
response from influenza vaccine [I]. Furthermore, topical imiquimod also broadened the antibody
response against antigenically-drifted virus. In the editorial of Lancet Infectious Diseases, the editor
commented that “Imiquimod represents a promising candidate for topical vaccination treatments
that use the skin-associated immune system to induce systemic immunity” [J]. The National
Institute of Health of USA has started a clinical trial of topical imiquimod an influenza vaccine [K,
L]. A patent has been obtained for the use of imiquimod intradermal vaccine (PCT/US2016042561)
and has been licensed to Avalon Biomedical Group [M]. Two products (MedSpread™ and
VaccineGrid™) have been developed by one of the subsidiaries of Avalon Biomedical Group, EMV
Enhance (HK) Ltd (http://www.emvenhance.com/) for commercial production.

Our DeINSI-LAIV platform has been licensed to Emerging Viral Diagnostics (HK) Ltd for
further development. Patents have been either issued or filed [US 9,827,304 B2]. Emerging Viral
Diagnostics i) has successfully completed a Series A fundraising campaign of US $14 million; ii)
has engaged several overseas CRO (Contract Research Organizations) to perform preclinical animal
studies under GLP specifications in order to prepare for an IND application to the US FDA and iii)
has started recruitment of staff for this project to build a team of up to 35 persons [N]. Furthermore,
our findings have led us to the successful application of the Health@InnoHK grant for setting up
the Centre for Virology, Vaccinology and Therapeutics.
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