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Strong science foundation key
to Singapore’s Covid-19 efforts

Swift response to pandemic builds on broad
base of capabilities built up over years: NRF

Cheryl Tan

Even before Singapore's first
Covid-19 case was detected on Jan
23, the local research community
was moving to pivot quickly to
Covid-19 research, developing a re-
sponse on all fronts: from manufac-
turing test swabs to building the
country’s testingarsenal.

This was possible only because of
astrong foundationin science.

Said Professor Low Teck Seng,

chief executive of the National Re-
search Foundation (NRF): “Our na-
tional response to Covid-19 builds
on the broad base of scientific capa-
bilities that Singapore has built up
overtheyears,”

He added: “Forinstance, our capa-
bilities ininfectious diseases and di-
agnostic test kit development have
supported our national testing and
virus surveillance efforts.

“This has enabled the RIE (re-
search, innovation and enterprise)
community to swiftly pivot and
scaleupitsresponse as needed.”

To support research efforts, the
Ministry of Health and NRF
launched a $45 million Covid-19 re-
search fund under the RIE plan for
this year. It has gone towards re-
search areas such as the modelling
of viral transmission, developing
novel therapies and translating re-
search outcomes into products and
solutions.

Singapore’s efforts have paid off.

A vaccine is now in the pipeline,
with the first shipments expected
inthe first quarter of nextyear.

Dubbed Lunar-Cov19, it is co-de-
veloped by Duke-NUS Medical
Schooland American pharmaceuti-
cal firm Arcturus Therapeutics.

Preliminary findings from early-
stage trials indicate positive re-

sponses in both safety and human
immune response.

Sofar, noserious side effects have
been observed, and phase three clin-
icaltrials should start this month.

As at the end of last month, local
researchers have contributed more
than 1,100 scientific publications to
an international pool of knowledge
on Covid-19, with research begin-
ningas early asin [anuary.

Duke-NUS Medical School an-
nounced on Jan 30 that its team of
scientists had successfully cul-
tured the virus froman infected pa-
tient’s sample, making the Repub-
lic the third country in the world
outside of China to do so.

InFebruary, the first made-in-Sin-
gapore diagnostic kit, Fortitude,

which can detect the Covid-19 virus
with high accuracy, was rolled out
locally. It is now in use at 13 hospi-
tals and laboratories here, as wellas
internationally.

Other scientists, too, have piv-
oted from their areas of expertise to
develop diagnostic test kits.

Professor Peter Preiser, associate
vice-president for biomedical and
life sciences at Nanyang Technolog-
ical University, redeployed his plat-
form technology, initially used to
differentiate between types of
malaria parasites, to detect pro-
teins produced by the Sars-CoV-2
virus.

This helped him develop two test
kits: an antigen rapid test and a
serology test.

Tomeet local testing demands, re-
searchers from the National Univer-
sity of Singapore linked up with
Temasek Foundation and pro-
duced three different swab designs
through 3D printing and injection
moulding.

A total of 7.5 million 3D-printed
swabs andaround five millioninjec-
tion-moulded swabs have been pro-
ducedthis year.

The team is on track to meet the
demand for 60 million injection-
moulded swabs, which they will de-
liver throughout next year.

Therapeutics research into
Covid-19 is also showing promising
results.

Last Friday, local biotechnology
company Tychan announced that it
is conducting the final phase of clini-
cal trials for its antibody T027,
which could help Covid-19 patients
recover faster.

Even as work continues at full
throttle, moreis being planned.

Part of a $25 billion RIE plan for
the country over the next five years
includesinvestment in a national ef-
fort to guard against future threats
from infectious diseases.

tansuwen@sph.com.sg

Research efforts
on Covid-19

$45

million

Covid-19 Research Fund set up by
the National Research Foundation
(NRF) and the Health Ministry to
support research in areas such
as developing novel therapies
and translating research into
products and solutions

$40

million

Local researchers have played a critical role in Singapore's response to
Covid-19 by contributing to a pool of international knowledge on the virus,
developing novel test kits and therapeutics to combat Covid-19, and
beginning trials on our own vaccine. Cheryl Tan and Shabana Begum

hlghllght some of these contributions.

dedicated to the National Innovation
Challenge, co-organised by
Enterprise Singapore, the Infocomm
Media Development Authority and
NRF to accelerate innovation efforts
and overcome challenges in the
post Covid-19 world

3D-PRINTED AND INJECTION-MOULDED SWABS

1100
156

THERAPEUTICS

MONOCLONAL ANTIBODIES

Monoclonal antibodies are immune system proteins
created in the laboratory, and are specifically engineered
to neutralise Sars-CoV-2, the virus causing Covid-19.

Peer-reviewed papers that scientists in
Singapore have published on Covid-19
(as at end-November)

Covid-19 test kits* that have been given provisional
authorisation by the Health Sciences Authority (HSA)

NOTE: “Including PCR tests, antigen rapid tests and antibody tests.

DSO National Laboratories

= Announced the discovery of five antibodies which could neutralise
Covid-19, after screening antibodies from recovered patients.

= Currently working with the Experimental Drug Development
Centre in the pre-clinical and clinical development of AODO1,

TOP PICKS

Out of the 1,100 publications,
here are three noteworthy ones:

Serological investigation
of the Covid-19 infection

Principally led by Wang Linfa

= Using serology tests, the study showed
links between three clusters of Covid-19,
comprising 28 locally transmitted cases.

« They were from two churches and

a family gathering.

* An individual from Church A had transmitted
the virus to a primary case from Church B
at a family gathering they both attended.

= All tested positive for Covid-19 except
individual A, who had recovered and tested
negative. The individual was diagnosed with
past infection using serology testing.

In order to meet local testing demands,
two research teams from the National
University of Singapore (NUS) linked up
with Temasek Foundation to produce
three different swab designs using

the most promising antibody of the five.

= Antibodies from a recovered patient would stay in one’s system
for a month, and would help the patient to fight the infection and

recover faster.

Using modelling by Alex Cook

Interventions to mitigate
early spread of [-] ®
Covid-19 in Singapore

3D-prin

produc

DEVELOPED COVID-19 TEST-KITS FOR LOCAL

NUS researchers
have, to date,

ted and injection-moulded swabs.

7.5 miltion

ed: 3D-printed swabs
5 mittion

Injection-moulded
swabs

USE

HSA has given provisional authorisation to 156 test kits, including polymerase chain

reaction (PCR) tests, antigen rapid tests and antlbody tests.

Fortitude (Feb 8)

» First made-in-Singapore diagnostic test,
which is able to detect the coronavirus with
high accuracy.

= Since February, the kit has been deployed
in 13 hospitals and labs locally, as well as
more than 20 countries globally.

= |t comprises a pre-packed mix of reagents
to test patient samples, which are then fed
into a PCR machine to analyse the results.

Resolute 2,

takes around

test results.

Serology Test
cPass Test to detect neutralising antibodies

= First of its kind to receive approval from the
United States' Food and Drug Administration.
= Developed by Professor Wang Linfa,
director of Duke-NUS' emerging infectious diseases
programme, GenScript Biotech Corporation and the
A'Star's Diagnostics Development Hub.

= The neutralising antibodies are thought to be
preventing the coronavirus from entering the patient’s cells.
= Can be used to see if vaccines are working, to check
what proportion of the population has already been
infected, and to assist in contact tracing.

= Can yield results within an hour.

0 Test Kit (July 18)

» PCR test co-developed by DSO National
Laboratories and the Agency for Science,
Technology and Research (A*Star) which can
cut Covid-19 testing time by half (it usually

four hours).

= Takes about 60 to 90 minutes to get

Tychan
= Currently conducting clinical trials for the
final phase of its drug, an immune system A
protein known as TY027, after it
received approval from HSA in October.
= TO27 is being tested for its ability

to slow down the progression of the
disease and confer temporary
protection against infection.

= The trial, which began last Friday,

will involve 1305 volunteers.

A*Star and Chugal Pharmabody
Research in Japan

= Developing therapeutic antibodies
which bind to the virus, preventing it
from attacking human cells.

» They are researching this for

clinical use (since May).

LUNAR-COV19 VACCINE

mRNA vaccine developed by Duke-NUS Medical School
and Arcturus Therapeutics is currently undergoing
clinical trials and may be available early next year.
» Economic Development Board pumping in some US$45 million
(S$60 million) into the manufacture of the vaccine.
= Around 106 volunteers enrolled in the early-stage trials
observed antibody and T-cell response, with no adverse
side effects that were deemed to be treatment-related.

How it works
« Delivers the spike gene of Sars-CoV-2, the cause of
Covid-19, in the form of RNA or ribonucleic acid.

{ ,Eq;, = This allows the body to recognise and fight the virus

should it try to infect the person.

» Adapted an influenza epidemic simulation
model to estimate the likelihood of Covid-19
transmission in Singapore.

» Took cumulative infections at 80 days,

after detecting 100 cases of community
transmission, under three infectivity scenarios,
with 7.5 per cent of cases assumed
asymptomatic.

« Ran a model with a range of intervention
scenarios and found that quarantining
infected individuals and their family members,
workplace distancing and school closure once
community transmission has been detected
could significantly reduce the number of
Covid-19 infections.

3

Singapore becomes the
third country in the world
outside of China to culture
the Sars-CoV-2 virus

Researchers from Duke-NUS Medical School

» The team successfully cultured the coronavirus
from an infected patient’s sample, just four
days after receiving the sample in late January,
in the medical school’s containment laboratory.
= Singapore becomes the third country in the
world outside of China to culture the virus.

» On Jan 30, Duke-NUS said the cultured virus
will be used for:

Developing
new
diagnostic
methods

Testing for
potential
vaccine and
drugs

Monitoring
potential
mutation

« The research was done in collaboration with
scientists from institutions such as the National
Centre for Infectious Diseases, Singapore General
Hospital and the Ministry of Health.
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ScienceTalk

Covid-19 and the
coming of age of
Singapore science

ChangAi-Lien
Associate News Editor

The worst of times has brought out
the bestin people.

Particularly so on the research
front, where scientists in Singa-
pore have made their mark on the
world stage.

Biotech firm MiRXES, for one,
switched gears as early as January,
working with the Agency for Sci-
ence, Technology and Research
and Tan Tock Seng Hospital to
shift its expertise in cancer detec-
tion in another direction - to cre-
ate kits that could sniff out the
virus instead.

With six years of experience un-
der its belt producing PCR (poly-

Source: The Straits Times © Singapore Press Holdings Ltd. Permission required for reproduction.

merase chain reaction) tests, the
company was able to come up with
its Fortitude Covid-19 test kits
within three weeks.

Fast and highly accurate, the
PCR tests are considered to be top
of the line.

With the support of Enterprise
Singapore’s Enterprise Develop-
ment Grant, the company quickly
scaled up production of kits to one

million per week through automa-
tion, and these have since been de-
ployedin 45 countries.

Likewise, hundreds of doctors,
scientists and researchers from all
fields have thrown their weight be-
hind the battle against the virus -
with efforts ranging from 3D print-
ing of test swabs to creating the
award-winning contact tracing
programme TraceTogether, as
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Professor Stephan Schuster says the virus crisis proves that scientists are
able to move to new fields. PHOTO: NANYANG TECHNOLOGICAL UNIVERSITY

Professor Lim Chwee Teck with the portable polymerase chain reaction kit
called Epidax. ST PHOTO: DESMOND WEE

Associate Professor Tham Kwok Wai says tackling the Covid-19 outbreak
requires researchers with various expertise. ST PHOTO: ARIFFIN JAMAR

Stephan Schuster

Analysing air and surface
samples to find virus traces

AudreyTan
Science Correspondent

Professor Stephan Schuster is an
environmental detective. Like his
crime-solving counterparts, the
professorat Nanyang Technologi-
cal University’s (NTU) School of
Biological Sciences looks for what
isunseen by the naked eye.

This has come in useful during
the Covid-19 pandemic, as human-
ity battles anunseen foe.

His work involves taking sam-
ples from the air and surfaces,
and analysing them to find traces
of genetic material of organisms
like viruses.

Both environments are ultra-
low biomass environments, mean-
ing each sample might have onlya
few micrograms of (genetic mate-
rial), said Prof Schuster, who is
also deputy centre director for fa-
cilities and capacities at NTU’s Sin-
gapore Centre for Environmental
Life Sciences Engineering.

“Nevertheless, the (genetic ma-
terial) recovered from these sam-

plesis very complex, as they origi-
nate from many different micro-
bial organisms,” he said.

Prof Schuster and his col-
leagues got cracking. They found
in a study pending publication
that air pollution could result in
negative outcomes for respira-
toryillnesses, including Covid-19.

The Straits Times had earlier re-
ported that micro-organisms in
the air measure between 0.5 and
10 microns and are likely to reach
deepinside the lungtissue.

Those with pulmonary dis-
eases may be unable to expel
them out.

Prof Schuster said they could
pivot during the outbreak be-
cause of the completion of a five-
year research programme on the
air microbiome, his skilled co-
workers and the availability of
tools like airsamplers.

“This crisis has proven that sci-
entists all over the world are able
and willing to swiftly move to
new fields and to apply their
knowledge,” he said.

audreyt@sph.com.sg

Tham Kwok Wai

Fighting virus spread indoors
with help of previous work

At the start of the Covid-19 out-
break, healthcare professionals
and policymakers were stumped
on many fronts. A key question
was how the coronavirus had
spread from human to human.

Researchers like National Uni-
versity of Singapore (NUS) Asso-
ciate Professor Tham Kwok Wai
leapt into action, tapping their
previouswork.

Prof Tham, who had researched
the spread of viruses such as in-
fluenza in an indoor setting,
found that the indoor environ-
ment was also a primary domain
for transmission of the virus that
causes Covid-19.

Because of his previous re-
search, he knew there were mea-
sures that could control its spread
indoors. For instance, increasing
ventilation of a room will help to
dilute the concentration of the
virusin the air, reducing transmis-
sion risk. Safe distancing also
works, as the viral load dimin-
ishes with distance from the in-
fected person, he said.

Passing re-circulating air
through high efficiency filters can

help to remove viruses that usu-
ally “clump” together, said the
professor from the NUS School of
Designand Environment.

Before Covid-19, Prof Tham’s re-
search had focused on the impact
of the indoor environment on hu-
mans, and on cooling and ventila-
tion technologies for indoor envi-
ronmental control.

“I began to see how I could ap-
ply my research on environmen-
tal intervention to Covid-19 at the
onset of the pandemic, around De-
cember 2019,” he said.

Prof Tham said tackling the out-
break requires researchers with
various expertise.

Other than virology, for in-
stance, knowledge in aerosol sci-
ence or fluid mechanics could
also help with better understand-
ing of how expelled droplets
could spread.

Prof Tham said: “This demon-
strates how a trans-disciplinary
approach is essential in tackling
the Covid-19 challenge holisti-
cally. And this constitutes the ba-
sis for policy formulation.”
AudreyTan

Professor Marcus Ong tapped data science and simulation modelling to help
cushion the impact of Covid-19 on the health system. ST PHOTO: JASON QUAH

Marcus Ong

On a data-driven mission
to support health system

Atthe onset of the pandemic, Pro-
fessor Marcus Ong realised that
the unprecedented outbreak
would not just impact infected pa-
tients and front-line healthcare
workers.

The virus could also put the
whole healthcare system, hospi-
tals and all patients under pres-
sure, either directly or indirectly.

To help cushion the impact of
the relatively unknown virus on
the healthcare system, Prof Ong
- senior consultant at Singapore
General Hospital's Department
of Emergency Medicine - turned
to his research interests in data
science and simulation model-
ling.

Said Prof Ong: “We saw an ur-
gent need to use data to support
our health system’s response to
Covid-19,in order to protect our pa-
tients and our healthcare system.”

He is speaking from experience,
having lost some of his friends and
colleagues to the severe acute res-
piratory syndrome in 2003.

“We realised how important a
comprehensive, whole-system re-

sponse was in order to protect the
health system from being over-
whelmedand to save lives.”

Since February, his team has
been building computer simula-
tion models based on the pan-
demic toimprove healthcare poli-
ciesinareas such as resource allo-
cation and business disruptions.

“The virtual outbreak model
can be further developed to ad-
dress different disease outbreak
scenarios in the future, and will
also enhance our national re-
sponse to future epidemics,” said
ProfOng.

A recent study published by his
team found that Covid-19 medical
literature written in the early days
of the outbreak was focused
mainly on clinical elements and di-
agnosis.

Big-picture issues such as the
outbreak’s effect on the mental
health of healthcare workers and
how it affected the care of non-
Covid-19 patients, as well as the
use of novel technologies, were
initiallyunder-explored.

Shabana Begum

Professor Peter Preiser with the

based test he developed to detect

proteins produced by the Sars-CoV-2 virus. ST PHOTO: TIMOTHY DAVID

Peter Preiser

Tapping malaria research to
come up with Covid-19 test

Cheryl Tan

Tapping his expertise in malaria
research, Professor Peter Preiser
of Nanyang Technological Univer-
sity (NTU) came up with a paper-
strip test to detect proteins pro-
ducedby the Sars-CoV-2 virus.

The professor of molecular ge-
netics and cell biology did this by
adapting technology he had cre-
ated to differentiate between
types of malaria parasites, as he
was keenly aware of the need for
reliable diagnostics and rapid re-
sponse in the Covid-19 crisis.

The result is a cellulose-based
test that is able to recognise Sars-
CoV-2 proteins in a patient’s blood
sample. If the viral proteins are
present, the paper strip changes
from white to blue in 10 minutes.

Prof Preiser produced two ver-
sions:a serology test that canrecog-
nise antibodies from past Covid-19
infections, and an antigen rapid
test that can identify those who are
infected with Covid-19.

Prof Preiser, who is also asso-
ciate vice-president for biomedi-
cal and life sciences at NTU, said
the tests would cost only “a few
dollars” each and are able to yield
fast results, making them suitable
for mass roll-outs.

The serology test could poten-
tially be used pre- and post-vaccina-
tion, to ensure that priority is given
to those who have not been in-
fected before,and thatthe adminis-
teredvaccine has been effective.

Conventional serology tests can
take two to 24 hours when per-
formed inalab, Prof Preiser noted.

His team is now looking at the
possibility of a “finger prick
method” for blood collection, and
asaliva test for convenience,

“The success of the Covid-19
tests has given us a lot of confi-
dence in (our) technology and
provided us with a lot of informa-
tion on how we can use the same
approach todetect other biomark-
ers (for other) infectious dis-
eases,” hesaid.

tansuwen@sph.com.sg

Lim Chwee Teck

Developing a PCR test that
can yield results in an hour

Shabana Begum

Professor Lim Chwee Teck has
spent the bulk of his career devel-
oping microfluidic biomedical de-
vices, which analyse tiny
amounts of fluids to detect dis-
eases such as cancer. But when
the Covid-19 crisis was rapidly
worsening early this year, he
switched to Covid-19 diagnostics.

“We felt we had to do some-
thing despite the fact that we had
not worked on flu viruses previ-

ously,” said Prof Lim, director of

the National University of Singa-
pore’s Institute for Health Innova-
tion & Technology.

Since March, he and his team
have developed a portable poly-
merase chain reaction (PCR) diag-
nostic system that can produce
test results within an hour, and he
is currently developing an anti-
gen rapid test kit that can detect
Covid-19 within 15 minutes.

The portable PCRkit, called Epi-
dax, uses a specially designed
microfluidic chip to process a

Yang Yinping
Analysing Twitter trends
surrounding outbreak

Social technologist Yang Yinping
has a passion for building and ap-
plying technology to advance hu-
man communications.

She has conducted research in
areas such as sentiment analysis
and emotion recognition, which
have useful implications on pub-
lic health,

Forinstance, in 2013, she co-led
a project to examine social net-
work activities during the H7TN9
bird flu outbreak, in collaboration
with the Ministry of Health.

Most recently, the principal in-
vestigator and group manager at
the Agency for Science, Technol-

ogy and Research’s Institute of

High Performance Computing
started examining people’s senti-
ments during the Covid-19 pan-
demic, using an algorithm system
which examines social media
postson Twitter.

To date, more than 124 million
worldwide tweets have been col-
lected and processed.

They are analysed according to
four emotions - fear, anger, sad-
ness and joy, along with the

smaller amount of a nasal swab
sample to detect Covid-19 faster.

Areagent is used to extract the
ribonucleic acid (RNA) and am-
plify it on the chip so the PCR test
can be done. “All these features
significantly minimise sample
handling and shorten the testand
waiting time, so patients can get
their test results in about an hour
or less,” said Prof Lim.

In conventional PCR tests, the
nasal swabs are senttoalab to ex-
tract the RNA before the test can
be done. Those taking a conven-
tional PCR test usually have to
waita day or two for their results.

So far, clinical tests with Epidax
have shown 100 per cent accu-
racy in detecting Covid-19.

Prof Lim hopes that his faster
and portable PCR system can be
used for rapid screening and mass
testing in places such as clinics,
schools and offices.

The team has filed a patent for
Epidax and licensed the technol-
ogy to a local medical technology
company.

nshab@sph.com.sg

Dr Yang Yinping
says people's
sentiments
about the
Covid-19
pandemic should
be monitored
closely, as they
offer insights
into concerns
faced by the
community.
PHOTO: AGENCY
FOR SCIENCE,
TECHNOLOGY
AND RESEARCH

course of events contextualising
these feelings.

For instance, “fear” was ob-
served as the global sentiment
when the virus first surfaced, fol-
lowed by “anger” which peaked
onMarch12, a day after the World
Health Organisation declared the
Covid-19 outbreak a pandemic.

Dr Yang said these feelings
should be monitored closely, as
they offer insights into concerns
faced by the community.

But sentiments often vary
across countries, perhaps owing
to each government’s response to
the pandemic, among other fac-
tors, added DrYang.

In Singapore, for instance, “joy
and other positive emotions” had
overtaken initial feelings of “fear”
from March 30 onwards, suggest-
ing a sense of pride, gratitude and
relief, she noted.

In the coming days, Dr Yang an-
ticipates stronger sentiments of
joy, in response to positive news
of a vaccine and other treatment
developments.

Cheryl Tan

well as coming up with treatments
andapossible vaccine.

Indeed, Singapore was only the
third country outside of China to
successfully culture the coron-
avirus, and local researchers have
contributed more than 1,100 pa-
pers on Covid-19 and Sars-CoV-2,
which causes the disease.

When it comes to Covid-19 re-
search, Singapore is punching

above its weight, and others are
taking notice.

All this is a far cry from even a
decade ago, when researchers
here lamented that the pressure to
deliver economic returns took
precedence over more intangible
long-term gains in say, healthcare
or education.

There was also a widespread be-
lief, even from within, that local sci-

ence was not up to scratch, and crit-
icism that groups worked in silos,
with little collaboration among
teams and disciplines.

Concerted efforts throughout
this pandemic have put many of
these worries torest, underscoring
the impact of local research, and
the community’s crucial ability to
worktogetherand change tack dur-
ing an emergency, something that

has been possible only because of
many prior years of research and
experience.

People have also been able to
see, at first hand, the value of sci-
ence in saving not just lives but
also livelihoods.

The billions of dollars pumped
into research and innovation have
been a worthwhile long-term in-
vestment.

Source: The Straits Times © Singapore Press Holdings Ltd. Permission required for reproduction.

Last Friday, the Government en-
dorsed the efforts of researchers at
the forefront of the pandemic
fight, and again pledged its sup-
portfor researchand innovation.

Itannounced a $25 billion plan to
chart Singapore’s research land-
scape over the next five years, in-
cluding a critical investment to
shore up its defences against fu-
ture infectious disease threats.

In many ways, 2020 has marked
the coming of age of Singapore sci-
ence, a milestone more than two
decades in the making.

It is science which will help the
Republic emerge from the grip of
Covid-19, and to survive and even
thrive,in anincreasingly uncertain
world,

ailien@sph.com.sg
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