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Message from the
President

Message firom the President

In this issue of the College Newsletter, I am delighted to announce that Professor Dennis
LO, Professor Joseph Sriyal Malik PEIRIS and Professor Kwok Yung YUEN (in the order of their
surnames) have received the prestigious Royal Medal of The Royal Society as well as the Future
Science Prize 2021 in life sciences for their contributions in the discoveries of cell-free DNA for non-
invasive prenatal diagnosis and zoonotic transfer of coronavirus to human causing Severe Acute
Respiratory Syndrome (SARS) in 2003, respectively. My heartfelt congratulations!

Announcement from the
Training and Examinations
Committee

College Examinations
2021

Fellows'Laurels

Professor LO Yuk Ming
Dennis

Professor Joseph Sriyal
Malik PEIRIS and Professor
YUEN Kwok Yung

Annual General Meeting
2020

Under the new normal of COVID-19, all examinations in 2021 were still conducted using
video conferencing technology. I would also like to thank all external and local examiners for their
hard work and to congratulate all successful candidates in the College Membership Examination
and Fellowship Assessment. They have added new workforce to the diagnostic services in Hong
Kong.

Another issue of postgraduate education under the new normal is how to receive training
without a face-to-face arrangement. The Academy recently held a Medical Education Conference to
discuss the way forward on e-learning, competency-based training and continuous workplace-based
assessment. Both educators and students need to acquire new skills and improve their resilience to
training progress.

16th Trainee Presentation
Session

From the Young Fellows’
Chapter: Medical
Education Conference
2021

Dr Derek HUNG and Professor KY YUEN wrote a Topical Update in this issue of newsletter
titled “Diagnosis of COVID-19”. It is a timely topic to review all the diagnostic modalities to

combat COVID-19.

Topical Update:
Diagnosis of COVID-19

COVID-19 vaccination

Last but not least, our College, jointly with Academy, has prepared promotional materials B

for COVID-19 vaccination including posters and videos. They are uploaded to the COVID corner
of our College website and Facebook. Please feel free to share them with your friends and family.
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THE EDITORIAL BOARD

Dr. CHEONG Renee Constance
Yue-Kew (Chief Editor)
Dr.CHAU Ka Yee

Dr. CHEUNGTin Yan, Elaine

Finally, allow me to wish you all “good health’ going forward !

Dr CHAN Ho Ming Dr. CHUNG Ivy Ah-yu
President Dr. IP Ho Wan
Dr.LO HuiYin

Dr.LOK Johann

Please send comments to:

Dr. CHEONG Renee Constance

Yue-kew,

Address: Department of Pathology,

2/F, North District Hospital,

9 Po Kin Road, Sheung Shui,

New Territories, Hong Kong
Email:  cyk824@ha.org.hk
Phone: 2683 8154
Fax: 2683 8176




tihe Training and Baminztions Committee

We are pleased to announce that the following candidates have passed the
Fellowship Assessment or Membership Examination - Congratulations!!
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CHAN Angela Zaneta ( Fellowship Assessment — Anatomical Fathology )

CHOW Che Ying Maria Bernadette (" Fellowship Assessment — Anatomical Fathology )
FUNG Ching Ki (" Fellowship Assessment — Anatomical Fathology )

GAO Yang ( Fellowship Assessment — Anatomical Fathology )

HAU Man Nga (" Fellowship Assessment — Anatomical Fathology )

HO Man Kit ( Fellowship Assessment — Anatomical Fathology )

KWOK Lok Ming Angie ( Fellowship Assessment — Anatomical Fathology )

NG Ka Man Joanna (" Fellowship Assessment — Anatomical Fathology )

YEUNG Chun Fai (Fellowship Assessment — Anatomical Fathology )

CHENG Hua Tse, Timothy (" Fellowship Assessment — Chemical Fathology )
HUNG LingYin (Fellowship Assessment — Chemical Fathology )

LAU Kwai Cheung ( Fellowship Assessment — Chemical Fathology )
LEUNG Mei Tik ( Fellowship Assessment — Chemical Fathology )

CHIU HeiYeung Kelvin ( Fellowship Assessment — Clinical Microbiology & Infection )
SIN Ching Tai Eugene (" Fellowship Assessment — Clinical Microbiology & Infection)
TSANG Lok Man ( Fellowship Assessment — Clinical Microbiology & Infection)

CHEUNG Hiu Ni ( Fellowship Assessment — Forensic Fathology)
LITing Hon, Stanford ( Fellowship Assessment — Haematology)

FONG NgaYee (‘Membership Examination — Anatomical Fathology )

LAU Cheuk Hei (Membership Examination — Anatomical Fathology )

LI PoYin ( Membership Examination — Anatomical Fathology )

LING Cheuk Nam (" Membership Examination — Anatomical Fathology )

LUNG Chee Heng, Cheryl ( Membership Examination — Anatomical Fathology )
TSANG Cheuk Ho (Membership Examination — Anatomical Fathology )

LAM Tony (Membership Examination — Forensic Fathology)

LAMWing Kit (Membership Examination — Haematology)



College Examinations; 2021

il
Panel of Examiners for Anatomical Pathology Fellowship Examination 2021

o From left to right:
Dr LAM Wing Sun, Dr CHOI Cheung
Lung, Paul, Prof TO Ka Fai (Chief Exam-
iner), Dr KAN Nim Chi,Amanda, Prof
Richard WILLIAMS (on the screen, Ex-
ternal Examiner), Dr CHAN Ngot Htain,
Alice, Prof KHOO Ui Soon, Dr MAK Siu
Ming (Deputy Chief Examiner).

Panel of Examiners for Anatomical Pathology Membership
Examination 2021

A From [eft to right:

Dr MAK Siu Ming (Deputy Chief Examiner), Prof TO Ka Fai (Chief Examiner), Dr LAM Woon
Yee Polly, Prof Richard WILLIAMS (on the screen, External Examiner), Dr CHAN Kui Fat, Dr
LAU Lin Kiu, Prof CHEUNG Nga Yin Annie and Dr LU/ Yun Hoi.

VOLUME 30, ISSUE1 3



Panel of Examiners in Forensic Pathology 2021

q Il

4 From left to right:
Dr. POON Wai-ming (Chief Examiner),
Prof. Noel WOODFORD (on the screen,
External Examiner), Dr. FOO Ka-chung, Dr:
LAM Wai-kwok.

Panel of Examiners for the Fellowship Examination
in Chemical Pathology 2021

A From left to right:
Dr POON Wing Tat, Dr LAW Chun Yiu, Dr TAM Sidney; Professor LAM Ching Wan (Chief Ex-

aminer), Dr YUEN Yuet Ping, Dr TAl Hok Leung Morris, Dr Alan MCNEIL (on screen, External
Examiner).
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Panel of Examiners for the Membership Examination in
Chemical Pathology 2021

From left to right:
Dr POON Wing Tat, Dr CHAN Ho Ming Michael, Prof CHAN Kwan Chee Allen, Dr TAl Hok
Leung Morris, Dr Alan McNEIL (External Examiner), Dr CHING Chor Kwan, Dr YUEN Yuet

Ping, Dr SHEK Wai Hung Anthony, Dr CHEN Pak Lam Sammy (Deputy Chief Examiner).

Visitour homepage at:
www.hkcpath.org
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ellpws;liaurels,
Professor Dennis Lo is awarded the Royal Medal, 2021

Professor Dennis Lo of The Chinese University of Hong
Kong is one of two awardees of the Royal Medal in
2021, for his contributions to the advancement of natural
knowledge”in biological sciences. The Royal Society highly
commended Lo for making a major impact on prenatal
diagnosis by discovering fetal DINA in maternal plasma,
developing noninvasive prenatal testing and making
foundational contributions for other types of liquid biopsies.

Known as “the Father of Non-invasive Prenatal Testing”,
Professor Dennis Lo is Director of the Li Ka Shing Institute
of Health Sciences, Associate Dean (Research) and
Chairman of the Department of Chemical Pathology of CU
Medicine. Professor Lo joined CUHK in 1997 and reported
the presence of cell-free fetal DNA in maternal plasma in the same year. He and his colleagues have been instrumental
in making non-invasive DNA-based prenatal testing a clinical reality. The non-invasive prenatal test for Down syndrome
developed by the team has been widely regarded as a significant breakthrough in the global scientific community. The test
has been widely adopted in dozens of countries and used by millions of pregnant women every year.

With the use of massively parallel sequencing and the development of novel bioinformatics strategies, Professor
Lo's group succeeded in deciphering a fetal genome through the analysis of traces of fragmented DNA floating in
the blood of a pregnant woman. This scientific achievement lays the foundation for developing non-invasive prenatal
diagnostic tests for multiple genetic diseases.

Professor Lo saw the implications of the non-invasive prenatal diagnostic tests to other branches of medicine.
In transplantation, he demonstrated that DNA from a transplanted organ is present in the plasma of a recipient. This
discovery has since then been translated into a new approach for rejection monitoring after transplantation. Based
on the similarity he found in cell-free fetal DNA molecules and tumour DNA molecules, Professor Lo has developed
genome-wide genetic and epigenetic approaches for cancer detection. This work has laid the foundation for multi-
cancer early detection. Professor Lo and his team have successfully developed technologies that allow the detection of
dozens of cancer types and have been working with a biotech company in the U.S. for clinical applications.

The Royal Society of London was founded in 1660 and is the oldest scientific academy in continuous existence.
The Royal Medals were founded by King George IV of the United Kingdom in 1825. Between 1826 and 1964, two
medals were awarded each year for the most important contributions to the advancement of ‘Natural Knowledge' in
the physical and biological sciences. In 1965, the third medal, covering applied sciences, was included.

There are some 400 awardees in history, including Charles Darwin, who proposed the theory of evolution,
and John Dalton, who developed the atomic theory. Approximately one in five of the names on the award list are

Nobel laureates.

Reference: https://www.med.cuhk.edu.hk/press-releases/cuhk-professor-dennis-lo
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Professor Joseph Sriyal Malik Peiris and Professor YUEN Kwok Yung
are awarded the Future Science Prize, 2021

Two distinguished scholars from the Li
Ka Shing Faculty of Medicine, The University of
Hong Kong (HKUMed), Professor Yuen Kwok-Yung
and Professor Joseph Sriyal Malik Peiris, have been
awarded the 202 | Future Science Prize in life sciences
for their contributions in pathological discoveries in
severe acute respiratory syndrome (SARS) in 2003
and its zoonotic origin, with impact on combating
COVID-19.Their discoveries aiding the understanding
of emerging infectious diseases have led to more
effective responses and strategies in controlling these
diseases.

During the outbreak of severe acute respiratory syndrome (SAR) in 2003, Kwok-Yung Yuen, Joseph
Sriyal Malik Peiris and their team treated the first patients in Hong Kong and isolated SARS-CoV-1 from
their clinical specimens, which was critical to the design of diagnostic tests and disease characterization
(Lancet April 19,2003). In addition, Kwok-Yung Yuen's continued studies on SARS-like viruses in wild bats
greatly increased our knowledge of zoonotic reservoirs, barriers to cross-species transmission, pathogenesis,
and clinical diagnosis of these viruses. Because of the high prevalence of SARS-like coronavirus in bats, the
discovery predicted the potential re-emergence of a SARS-like epidemic and stressed the importance of
public health preparedness. As predicted, the bat coronavirus HKU4/5 was found to be closely related to
MERS-CoV that caused the epidemic Middle East respiratory syndrome.

The Future Science Prize is a privately funded science prize established by a group of renowned
scientists and entrepreneurs in 2016 to promote scientific breakthroughs and innovations in the Greater

China region including mainland, Taiwan, Hong Kong and Macau.

Reference: htips//www.hku.hk/press/press-releases/aetail/2324/.htm/
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Annual\General|Meeting; 2020,

2020 was a year of change and adaptation. Due to the government restrictions on gatherings, the
College Council made the difficult decision to cancel the 2020 Conferment Ceremony and Dinner, and the
T.B.Teoh Foundation Lecture.There was a modification in the format of the | 6th Trainee Presentation Session,
and the 29" Annual General Meeting (AGM) was held at the new time of 1:30pm on 28th November 2020,
immediately before the Trainee Presentation Session. Dr. POON Wai Ming was re-elected as Vice President.
Three new Members were elected to the Council; namely Dr. CHENG ShuiYing Ivy, Dr. CHONG Yeow Kuan
Calvin, and Dr. NG Hoi Yan Joshua.

We would like to take this opportunity to thank Council Members Dr. CHEN Pak Lam Sammy, Dr LAM
Woon Yee Polly and Dr LI Hiu Lui Rayny for their contribution to the College.

THE HONG KONG COLLEGE 0F
PATHOLOGISTS

The Hong Kong College of Pathologists

, Annual General Meeting

FERABEARR

Members of College Council
2020-21

Front row from left to right:
Dr. LEUNG Yuk Yan Rock;
Vice-President Dr POON Waji
Ming; President Dr: CHAN Ho
Ming; Vice President Dr: CHAN
Chak Lam Alexander, Treasurer
Dr. LUNG David Christopher:
Back row from left to right:
Dr: LAl Koon Chi Christopher;
Dr. LEUNG Ying Kit; Dr: NG
Hoi Yan Joshua; Dr: CHEONG
Renee Constance Yue Kew;

Dr: CHAN Kui Fat; Dr: CHONG
Yeow Kuan Calvin; Dr. CHENG
Shui'Ying lvy.
Absent with apologies: Dr: MAK
Siu Ming.

The Hong Kong College of Pathologis
Annual General Mecting

The Hong Kong College of Patholo
ting

Hong Kong College of Patholog
Annual General Mecting

Annual General M«

A College President Dr. CHAN Ho Ming presenting souvenirs to out-going Council Members Dr. CHEN Pak Lam Sammy, Dr. LAM Woon Yee Polly and Dr: L/
Hiu Lui Rayny.
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16> Trainee Presentation, Session,

The 16" Trainee Presentation Session (TPS) took on a new look on 26th November 2020.A combined
physical and virtual format, the latter via Zoom Webinar, created a new experience for our fellows and
members. Whilst eight oral and |6 poster presentations were performed on stage, the virtual e-posters
were posted and available for download on the College’s website (http://www.hkcpath.org/article/trainee-
presentation-session-2020). | would like to take this opportunity to thank our judges Dr. LEUNG Fung
Shan Kate (Haematology, Princess Margaret Hospital), Dr WONG Sai Yin Samson (Microbiology, Tuen Mun
Hospital), D CHONG Yeow Kuan Calvin (Chemical Pathology, Princess Margaret Hospital) and Dr. FUNG
Ngai Sheung Mandy (Anatomical Pathology, United Christian Hospital) for spending their precious time with
us and for their invaluable comments.We congratulate all candidates and their supervisors for their excellent
work. Dr. LEE Lok Hang, Alfred (Microbiology, PWWH) won the best trainee presentation award on the topic
“Diagnostic stewardship program for urine culture — the impact on antimicrobial prescription in a multi-
centre cohort”. His abstract was as follows:

Background
Restricting urine culture to patients with genuine urinary tract infection (UTI) reduces excessive
antimicrobial prescription for asymptomatic bacteriuria.

Aim
To evaluate the impact of urine culture diagnostic stewardship on antimicrobial consumption

Methods
This was a quasi-study based in Prince of Wales Hospital, North District Hospital and general out-
patient clinics affiliated with New Territories East Cluster: In pre-intervention phase (25/11/2018-2/2/2019),
microscopy and culture results of all urine specimens were reported. In post-intervention phase (25/11/2019-
2/2/2020), urine cutture was processed and reported only in the following scenarios (screening criteria):
|. Presence of leucocytes or bacteria on microscopy
2. Patients from Obstetrics, Urology, Paediatrics, Oncology and Renal transplant wards
3. Urine specimens labelled as “Pregnancy”,“Urological procedure”,“Renal transplant” and “Neutropenic”
4. Ureteric, nephrostomy or suprapubic urine
For a urine specimen not fulfilling the screening criteria, only microscopy result and rejection comment
were reported, and culture result was not reported.

Findings

12282 urine specimens were included in the intervention phase. 4757 (38.7%) specimens did not
fulfill the screening criteria and had only microscopy result reported. 163 (3.4%) non-reported urine
cultures yielded significant bacterial growth, the majority being Escherichia coli (58 cases, 35.6%). Diagnostic
stewardship was independently associated with lower antimicrobial consumption (adjusted odds ratio =
0.76,95% Cl 0.70-0.83, p <0.001) in multivariable logistic regression across all healthcare settings. Diagnostic
stewardship had no effect on patient mortality (adjusted hazard ratio = 0.95,95% CI 0.89-1.01, p = 0.08).
No patient with non-reported urine culture developed bacteraemia from untreated UTI.

Conclusion
Diagnostic stewardship of urine culture safely reduced excessive antimicrobial prescription for
asymptomatic bacteriuria.
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Post-event Survey
In addition to those who physically attended the TPS session, 29 participants attended via the Zoom
Webinar, with average log-in duration of 124 minutes. Fifteen online participants responded to our post-

event survey that gave us invaluable information in the planning of future events.

QIl. What do you think Q2. How do you think the Q3. Do you prefer in the future

overall of the virtual TPS virtual format of TPS TPS held in physical or
experience! when  compared to virtual formats?
(Good to Bad: 5 to ) physical TPS? (physical only, virtual only, Hybrid)
4 Similar Hybrid format
5 Physical format better Hybrid format
5 Similar Hybrid format
5 Virtual format better Hybrid format
4 Similar Hybrid format
5 Similar Hybrid format
5 Similar Hybrid format
5 Similar Hybrid format
5 Similar Hybrid format
5 Virtual format better Hybrid format
3 Virtual format better Virtual only
5 Virtual format better Hybrid format
4 Similar Hybrid format
5 Virtual format better Hybrid format
3 Physical format better Hybrid format

¥ The Hong Kong College of Pathologists
& Annual C | Meeting V A Dr LEF Lok Hang Alfred received prize for best
presentation of his project on Diagnostic Stew-

ardship in urine culture.

<« Judges at the |6th Trainee Presentation Session
Left to Right: Dr WONG Sai Yin Samson,

Dr LEUNG Fung Shan Kate, Dr FUNG Ngai Sheung
Mandy, Dr LAl Koon Chi Christopher (Chairman of the
Education Committee), Dr YAU Tsz Wai Derek (Vice-
Chairman of the Education Committee),

Dr POON Wai Ming (Vice President of The Hong Kong
College of Pathologists), Dr CHAN Chak Lam Alexander
(Chairman of the Training and Examinations Committee),
Dr CHONG Yeow Kuan Calvin.
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From the.Young,Fellows;Chapter:

Medical|Education,Conference. 2021, -

The Medical Education Conference (MEC) was held at
the Hong Kong Academy of Medicine on 22 May 2021 in hybrid
mode. The theme of the MEC was very topical given the ongoing
pandemic situation, and was named ‘E-learning and assessment in
the new normal.

Since the onset of the COVID-19 pandemic in late 2019, the norm of face-to-face specialist
training and academic activities have had to take a back seat, giving way to virtual meetings with participants
attending webinars and conferences online becoming the ‘new normal’. One may postulate that it is a
move that was going to happen sooner or later, but that has been massively accelerated as a means of
adaptation. Educators and students have had to acquire new skills and prove their resilience in the face of
the ever-changing environment.

Through a series of plenary sessions, symposia and workshops, the organisers led the participants
in their exploration of some alternative approaches to learning and assessment, with a focus on
competency-based training, e-learning and workplace-based assessment (WBA). The faculty included
academics, researchers and medical experts from medical schools and associations across the globe,
as well as young Fellows and medical leaders. All generously shared their insights from their different
perspectives and experiences.

The Chairperson of ourYoung Fellows’ Chapter, Dr CHONG Yeow Kuan, Calvin, participated in a
symposium entitled ‘Workplace-based Assessment and Competency-based Medical Education fromYoung
Fellows Perspectives'. The discussion was led by Dr SO Hing Yu and Dr CHAN Albert Kam Ming from
Hong Kong College of Anaesthesiologists, with participation from Young Fellows’ Chapter of The Hong
Kong College of Orthopaedic Surgeons, Hong Kong College of Paediatricians, The College of Surgeons of
Hong Kong and our College, on a variety of topics.

The representatives discussed issues related to introduction of WBA in the local context, and
looked at possible barriers that may be encountered during its implementation, as well as how WBA may
be shaped/ adapted to overcome these barriers.

A Dr. CHONG Yeow Kuan, Calvin, receiving
a souvenir from Professor LEUNG Ka-Kit,

Gilberto; President of the Hong Kong Academy
of Medicine .

A Organisers and Participants of the Medical Education Conference 202/.
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THE HONG KONG COLLEGE OF PATHOLOGISTS:

Volume 16, Issue 1 January 2021

The Hong Kong College of Pathologists, Incorporated in
Hong Kong with Limited Liability

Diagnesis, off COVID:1/9)

Editorial note: Coronavirus disease 2019 (COVID-19)
is undoubtedly the most topical subject not only in the
medical field, but also for humanity globally. In this issue of
the Topical Update, Dr. Derek Hung and Prof. Kwok Yung
Yuen present an overview on the diagnosis of COVID-[9,
which underpins effective disease control. We welcome any
feedback or suggestion. Please direct them to Dr. Janice
Lo (e-mail: janicelo@dh.gov.hk), Education Committee, The
Hong Kong College of Pathologists. Opinions expressed are
those of the authors or named individuals, and are not
necessarily those of the Hong Kong College of Pathologists.

Dr. Derek HUNG and Prof. Kwok Yung YUEN
Resident, Department of Microbiology, Queen Mary Hospital,

Hospital Authority and

Professor, Department of Microbiology, Faculty of Medicine,

The University of Hong Kong

Overview

Coronavirus disease 2019 (COVID-19) caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) since December 2019 has infected 54
million population in all six major continents, resulting in
over 1.3 million deaths by mid-November 2020'. One of
the most important aspects in curbinag the spread of the
virus is rapid yet accurate diagnosis of infection followed
by timely isolation and contact tracing. Molecular testing
is now the mainstay of diagnosis, supplemented by viral
antigen testing’. Antibody detection aids in assessment
of immunity and disease prevalence in the population’.
As the disease progresses, there are worldwide efforts in
developing a multitude of diagnostic platforms, both in-
house and commercial. Studies also endeavour to assess
optimal types and timing of specimen collection to enhance
diagnostic yield. In this review, we would look at some
of the knowledge and practices in making a diagnosis of
COVID-19.
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Specimen collection

Obtaining the best specimen optimizes the possibility
of getting the correct diagnosis based on clinical suspicion. Being
a predominantly respiratory pathogen, obtaining respiratory
specimens for viral detection remains the primary modality
for making a diagnosis of acute infection by SARS-CoV-2.The
viral load is highest at or soon after symptom onset*, with the
viral load in the upper respiratory tract peaking earlier than
the lower respiratory tract. The viral load decreases in the
respiratory tract at a rate of | loglO per week®. The World
Health Organization (WHQO) suggests that testing upper
respiratory tract specimens is adequate for early stage infection,
especially asymptomatic or mild cases’.The Centers for Disease
Control and Prevention (CDC) recognizes nasopharyngeal
swab, nasopharyngeal wash, nasal wash obtained by health
care professionals; nasal mid-turbinate swab, nasal swab
obtained by either health care professionals or supervised self-
collection on site; and posterior oropharyngeal saliva (POS)
by supervised self-collection as valid specimens. Patients with



lower respiratory tract symptoms such as productive cough,
shortness of breath, or suspicious radiological findings should
send sputum to enhance sensitivity. Induced sputum is not
recommended due to increased risk of aerosol transmission®”.
Among different respiratory specimens, broncho-alveolar
lavage (BAL) showed the highest positive rate'®.

For the upper respiratory tract specimen, comparing
combined nasal swab/throat swab with nasopharyngeal swab,
Vlek et al showed high concordance between these two
methods (kappa coefficient 0.95) despite the cycle threshold
value (Ct value) obtained from nasopharyngeal swab being
lower'". Another study suggested nasal swab alone also has
good concordance with nasopharyngeal sampling' In contrast,
oropharyngeal swab alone has inferior performance. Wang et
al showed the sensitivity of oropharyngeal swab was 21.1%"
and meta-analysis by Bwire et al suggested the positive rate
Is as low as 7.6% in suspected cases, comparing with 69.6%
and 71.3% for nasopharyngeal swab and lower respiratory
tract specimen respectively'®. POS s increasingly studied
as an afternative respiratory tract specimen for diagnosis.
Theoretically well produced POS can concentrate secretions
dripping down from nasopharynx and lower respiratory
secretion moved up by ciliary activity of respiratory epithelium.
It can be saved by patients themselves with instructions, thus
reducing discomfort in specimen collection and minimizing
aerosol exposure for health care professionals. The cost of
collecting POS could be 2.59-fold lower than nasopharyngeal
specimen,which could be significant in resource limited setting".
The concordance between POS and nasopharyngeal swab is
high'é, especially in the first 7 days of infection, up to 96.6%
positive percent agreement'’. The sensitivity is comparable
with nasopharyngeal swab in properly collected specimen'®.
The sensitivity does not vary much between early moming
and at least 2 hours after meal, which provides a convenient
option for specimen collection'”. CDC and Hospital Authority
of Hong Kong have adopted POS as an alternative option for
upper respiratory specimen collection®%.

Viral shedding is also found in other specimens
with stool being more studied. Meta-analysis showed viral
shedding was found in faecal material in 40.5% of patients®.
The viral shedding in stool is more prevalent in those with
gastrointestinal symptoms?” and may last longer than the
shedding in respiratory tract”. Viral RNA detected in blood
and urine is relatively uncommon, respectively only 1%
and 0% in one study with more than 200 patients|0. Even

without ocular symptoms, the conjunctival secretion may
contain a small amount of SARS-CoV-2 RNA in around 8% of
patients, warranting appropriate infection control measure in
ophthalmological assessment?.

Molecular testing

Detection of nucleic acid remains the backbone
of diagnosing COVID-19 for treatment and public heafth
purposes. Reverse-transcriptase polymerase chain reaction
(RT-PCR) is the most widely used technique. After transcribing
the viral RNA into complementary DNA (cDNA) with
reverse transcriptase, the cODNA would be amplified and
detected by real-time PCR. Potential molecular targets for
SARS-CoV-2 include genes encoding structural proteins, e.g.
spike (S), envelop (E), helicase (hel), nucleocapsid (N-N | and
N2),transmembrane (M);and non-structural regions,e.g. RNA-
dependent RNA polymerase region (RdRp), haemagglutinin-
esterase (HE), and open reading frame la (ORFla) and
ORFIb*. Most scientific institutes and commercial platforms
would design primers to target more than one gene, or to
target muttiple loci of the same gene to enhance diagnostic
sensitivity and specificity. Though N gene RNA is shown by
nanopore direct RNA sequencing study to be the most
abundantly expressed transcript in SARS-CoV-2 infected
cells®, there is no consensus on which gene confers the best
diagnostic performance. Presently, one conserved and one
specific target region are recommended to mitigate effect of
random mutation or genetic drift while maintaining specificity”.
Various regimens for testing are proposed in the literature.
Corman et al recommended the Charité protocol, which was
to use E gene for screening and RdRp gene for confirmation”.
CDC used NI and N2 genes as their diagnostic panel. Chu et
al used N gene as screening test and ORFIb as confirmatory
assay because the screening N gene assay is 10 times more
sensitive than ORFIb”. As an alternative confirmatory assay,
Chan et al developed a real-time RT-PCR assay locally, targeting
RdRp/Hel. This COVID-19-RdRp/Hel assay demonstrated
significantly higher sensitivity and specificity for the detection
of SARS-CoV-2 RNA than the RdRp-P2 assay in clinical
evaluation®.

Muttiple commercial platforms were developed for
molecular SARS-CoV-2 diagnosis for their high throughput,
rapid tumaround time and ease of use with automation.
Examples are Roche Cobas 6800/8800 system (targets
ORFla and E genes) and Abbott Alinty m SARS-CoV-2
assay (targets RdRp and N genes), where sample preparation,
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genetic material extraction, target amplification and resuft
reporting are automated inside the system. Molecular point-
of-care testing (POCT) refers to diagnostic platform that
is portable (often desktop-size), requires minimal sample
preparation steps and can provide reliable molecular results
within 2 hours®'. POCT like Cepheid GeneXpert (Xpert
Xpress SARS-CoV-2 assay, targets E and N2 genes) enables
rapid testing near the site of collection in areas with little
laboratory support. Fewer steps in manipulation reduce risk
of cross contamination and laboratory error in processing.
Many evaluation studies have been published to compare the
performance of these commercial platforms against in-house
diagnostic tests and for head-to-head comparison between
platforms. For example, Cobas system is shown to have high
diagnostic agreement with in-house molecular assays**, as
well as with other commercial platforms such as Hologic
Panther Fusion system® and Cepheid GeneXpert®. Cepheid
GeneXpert reaches an agreement of 100 % compared to
three in-house RT-PCRs in a multicentre evaluation in the
Netherlands®. Among commercial platforms there might be
minor discordance between assays at very high Ct values
and the viral load of clinical samples used in evaluative studies
should be noted in particular®’=,

Another moleculartechnique is reverse-transcriptase
loop-mediated isothermal amplification (RT-LAMP) test. Using
multiple primers for the genetic target, RT-LAMP amplified
nucleic acid by strand displacement in an isothermal condition
of around 60- 650C%. It allows synthesis of large amount of
genetic material up to 106 to 109 copies of target DNA within
30-60 minutes2. Without the need of thermal cycler as in RT-
PCR, RT-LAMP facilitates development of rapid molecular
POCT and has an expanding market in commercial diagnostic
platform. On the down side, since multiple primers over a
relatively small genetic region are needed for amplification,
there are constraints in properly designing the primers®.
Abbott ID NOW is a commercial POCT platform using RT-
LAMP allowing real time detection of SARS-CoV-2 within
I5 minutes targeting RdRp gene. Evaluation of ID NOW
against other RT-PCR based platforms appears suboptimal in
terms of diagnostic sensitivity. Compared to Cobas, ID NOW
achieved only 73.9% positive agreement while GeneXpert
achieved 98.9% positive agreement. In samples with Ct values
greater than 30, positive agreement was 34.3% for ID Now
and 97.1% for GeneXpert*. A lower sensitivity of ID NOW
over GeneXpert was also reported in another evaluation
by Basu et al*. In contrary, good diagnostic utility has been
demonstrated in many other centres including Hong Kong
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that have designed their own RT-LAMP for COVID-19. Chow
et al reported sensitivity of 95% at 60 minutes using RT-LAMP
targeting a region across ORF3a/E gene as compared to RT-
PCR®. Lu et al achieved concordance rate of 93% against RT-
PCR using in-house E gene RT-LAMP assay™.

In order to improve the diagnostic sensitivity of
molecular assays, clustered regularly interspaced short
palindromic repeat (CRISPR)-based technology has been
employed by coupling with Cas enzyme. The enzyme
would be directed to the target DNA/RNA by a guide
RNA complementary to the target sequence. Once bound,
the collateral nuclease activity of the Cas enzyme would
cleave surrounding reporter fluorophore and lead to signal
amplification®.

DETECTR technology uses Casl2a enzyme to bind
target DNA; while SHERLOCK' technology uses Casl3a
enzymes to bind target RNA*, This technology can be
incorporated in molecular techniques especially RT-LAMP to
enhance the sensitivity and to lower the detection limit?.

Next generation sequencing (NGS) enables
sequencing of the entire genome in a relatively short
period of time. Sharing of genetic data facilitates tracking of
disease spread, understanding of disease transmission route,
monitoring viral genome evolution and detecting emergence
of mutation that may escape detection or enhance virulence.
The cost and infrastructure required of NGS and the need
of bioinformatics expertise limit its use to larger hospital and
research centres.

Antigen detection

Like other respiratory viruses such as influenza and
respiratory syncytial virus (RSV), direct antigen detection from
respiratory specimen especially nasopharyngeal sample is
another way of making a diagnosis of COVID-19. N protein
was found previously to be the predominant structural
protein released in large amount in nasopharyngeal aspirate
during infection of SARS-CoV*, and the same phenomenon is
also shown in SARS-CoV-2 where the abundantly expressed
N protein is widely used as an antigen detection target in
COVID-19*. Detection is achieved by capturing viral antigen in
clinical specimens by monoclonal antibodies or monospecific
polyclonal antibody fixed on a membrane, usually indicated
by colour change of the strip in colorimetric lateral flow
immunoassay. The assay can be delivered as POCT in an
office setting since no complex laboratory support is required



and the result can be available within a short period of time,
usually <30 minutes. The major setback is the suboptimal
sensitivity as compared to molecular diagnosis especially in
samples with high Ct values. Evaluation by Lambert-Niclot et
al using COVID-19 Ag Respi-Strip CORIS, a nitrocellulose
membrane technology with colloidal gold nanoparticles
sensitized with monoclonal antibodies directed against SARS-
CoV-2 nucleoprotein (NP) antigens, showed sensitivity of only
509% when compared against multiple RT-PCR platforms™.
For samples with Ct value <25, the sensitivity is higher at
82.2%.In a local evaluation using Biocredit COVID-19 Ag test,
the antigen test is 10° fold less sensitive than RT-PCR and it
yielded a positive resutt in 45.7% RT-PCR positive combined
nasopharyngeal swab/throat swab specimens only®'. There
are attempts to improve sensitivity of rapid antigen assay.
Porte et al evaluated an immune-chromatographic antigen
assay using fluorescence signal showing sensitivity of 93% but
the Ct value of the sample included in this study is relatively
low with mean of 20°% Other approaches by concentrating
the antigen in specimens before testing with monoclonal
antibodies targeting multiple different epitopes of the antigen
were also reported®, Based on a meta-analysis by Dinnes et
al, the average sensitivity is around 56.2% for antigen assay
with a high average specificity of 99.5%*. Further refinement
in antigen detection employs the detection of the change in
bioelectric property by antigen binding to the antibody coated
membrane. In Seo et al, anti-S antibody binds to SARS-CoV-2
particles to fabricate graphene-based field-effect-transistors
(FET) biosensors and can respond down to |6 pfu/mL of
virus*. One challenge to this advance is the high background
noise which can reduce sensitivity of detection. Overall, rapid
antigen detection serves only an adjunctive role to molecular
assay in making a diagnosis especially in outbreak situation
where prevalence is high and molecular assay is not available.
WHO has issued interim guidance of use of rapid antigen
immunoassays>®.

Antibody detection

While antibody testing may not be useful in
acute setting for COVID-19, it helps establish retrospective
diagnosis, predict immunity and understand seroprevalence
in a defined community*”. Commonly employed techniques
are lateral flow immunoassay, chemiluminescent immunoassay;
immunofluorescent assay, and enzyme-linked immunosorbent
assay (ELISA)*®. Median seroconversion times following
symptom onset are || days for total antibodies, |2 days and
14 days for IgM and IgG respectively”’. Detection rate for
IsM ranges from | 1-71% in the first 7 days of infection, 36-

87% between 8-14 days, and 56-97% after 14 days. For IgG, it
ranges from 4-57% in first 7 days, 54-88% between 8-14 days,
and 91-100% after 14 days®. For SARS-CoV-2, there does
not seem to have significant time difference between IgM and
|G response®'. IgM peaked at around 3 weeks after symptom
onset and fell to baseline level at around day 36°.The duration
of IgG seropositivity remains unknown and longer longitudinal
studies are required. Study from Iceland involving over 1200
confirmed patients showed no evidence of antiviral antibody
decline by 4 months after diagnosis®; and most other studies
showed persistently detectable antibodies by 2-3 months after
infection®®. On the other hand, there are some evidences that
the IgG level may decline faster in mild** and asymptomaticé |
COVID-19 cases.

S protein is an important antigen for neutralizing
antibody production.The S| domain is responsible for receptor
binding while the S2 domain is responsible for fusion. The
receptor binding domain (RBD) is located at SI.NPwhich is a
structural component of the helical nucleocapsid, also appears
to be an important antigen for the development of serological
assays to detect COVID- 9. Earlier in the pandemic, using sera
collected more than 14 days after symptom onset from 16
patients, To et al showed rates of seropositivity were 94% for
anti-NP IgG, 88% for anti-NP IgM, 100% for anti-RBD IgG, and
94% for anti-RBD IgM®. Another study compares sensitivity
and specificity in testing anti-S and anti-NP IgG for evidence
of immunity across multiple platforms, which shows they are
comparable by day 37 after infection though seroconversion
of anti-NP IgG may precede anti-S IgG by around 2 days (day
9-10v day | 1-12)%. Caruana et al observed that the decline of
anti-NP antibody may be faster than anti-S and thus could be
less sensitive longer after infection®”. Also titre of anti-S antibody
may better reflect protection against reinfection®. Multiple
commercial platforms were developed for high-throughput
antibody testing in clinical laboratory. Automatic platforms
such as Abbott SARS-CoV-2 IgG, which is a chemiluminescent
micro-particle immunoassay, are also used in public hospital of
Hong Kong for a shorter turnaround time.

Neutralization antibody test is important in assessing
in vitro the functional capacity of the humoral response of
COVID-19 patients to prevent reinfection by the virus.
Traditional neutralization assay such as microneutralization
and plaque reduction assay require manipulation of live virus
and necessitate biosafety level 3 laboratories. As a resuft,
pseudovirus neutralization assay has been developed.Vesicular
stomatitis virus (VSV) expressing S protein of SARS-CoV-2,
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containing the RBD, is used so that the assay can be performed
in biosafety level 2 facilities®®. SARS-CoV-2 neutralizing antibody
starts to rise at around 7-10 days after symptom onset and
the median peak time is 33 days after symptom onset. The
neutralization titres then decline in 93% of the patients and
by a median level of 35% over 3 months®”. Patients with more
severe disease requiring ICU admission have accelerated
and augmented neutralizing antibody response compared
with non-ICU cases”™. In non-severe cases who have low
peak neutralizing antibody titre, neutralizing antibody level
might return to baseline within 2 months’". Another clinical
use of neutralization assay would be to confirm potentially
false positive SARS-CoV-2 serology result. Three children
with Kawasaki disease without symptoms or epidemiological
linkage to COVID-19 were tested positive to anti-RBD and
anti-NP antibodies by a microparticle-based immunoassay but
were confirmed negative by microneutralization test’.

Studies have shown there are serological cross-
reactivity between SARS-CoV-2 and SARS-CoV. Testing sera
taken from COVID-19 patients by ELISA, cross-reactivity
is seen against S protein and RBD of SARS-CoV, though
the intensity of cross-reaction against RBD is weaker than S
protein’. Forthe full length S protein, the amino acid sequence
homology between SARS-CoV-2 and SARS-CoV is around
75%.The homology between them for RBD which is located
in S| domain is around 74%. For the receptor binding motif
(RBM) of the RBD where the virus directly binds to angiotensin-
converting enzyme 2 (ACE2), the homology is only 50%*.The
degree of amino acid homology explains the difference in the
level of cross-reaction between them on ELISA. Chia et d
showed even more significant cross-reactivity between SARS-
CoV-2 and SARS-CoV antibody against NP by Luminex assay
than antibody against S| or RBD as the homology between
the NP of these 2 viruses is around 90%". Despite some cross-
reaction between antibodies against RBD on ELISA, there
does not seem to have significant cross neutralization effect”.
Only | out of 15 COVID-19 sera showed cross neutralization
with SARS-CoV at very low titre. Overall the effect of cross-
protection in vaccination and whether antibody-dependent
enhancement effect would be seen between these 2 closely
related viruses remains unknown.

Cross-reactivity against other human coronaviruses
in SARS-CoV-2 infection has been investigated in a few trials.
In a study by Wlfel et al’, using immunofluorescence assay
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against recombinant S protein, cross-reactivity of SARS-
CoV-2 sera is found against human coronaviruses OC43,
NL63, HKUI and 229E on comparing the titres between
admission and convalescence samples, especially HKU| and
OC43 which are both betacoronavirus. In Shrock et al”’, deep
serological profiling of sera from SARS-CoV-2 patients and
pre-COVID sera are performed. Antibodies against S and
NP are the most specific assay to differentiate SARS-CoV-2
and pre-COVID sera. Those with dramatic increase in anti-S
antibody after COVID-19 infection also have increase in the
intensity of cross-reactivity against other human coronaviruses,
especially over more homologous regions of the S protein
eg at residue 811-830 and |144-1163. It could be novel
antibodies of SARS-CoV-2 that cross-react or boost the
anamnestic response against SARS-CoV-2 infection due to
existing memory towards other human coronaviruses from
past exposure. Moreover, pre-COVID sera also show some
cross-reaction towards the homologous region of SARS-
CoV-2 S protein and ORFI in the same study.

Viral culture

Demonstration of live SARS-CoV-2 in cell culture
requires biosafety level 3 facilites and are not routinely
performed in most of the clinical laboratories. However; live
virus isolation is stillimportant for some diagnostic and research
purposes so as to determine whether the amount of virus
present is infectious to others, to evaluate therapeutic efficacy
of potential antiviral compound, to develop viral neutralization
assay for testing convalescent sera, to provide positive control
for molecular assay development, and to develop vaccine
strains’ The host cell receptor for SARS-CoV-2 is ACE2. Non-
human cell lines such asVero E6 andVero CCL-61 which have
abundant ACE2 expression are commonly used for isolation”.
Cytopathic effect is seen by 3 days after inoculation®. SARS-
CoV-2 also grows in human continuous cell lines such as Calu3
(pulmonary cell line), Caco? (intestinal cell line), Huh7 (hepatic
cell line), and 293T (renal cell line)®'. It grows modestly on
U251 (neuronal cell line) which is not seen in SARS-CoV?'.
Confirmation of SARS-CoV-2 replication in the cell line can be
done by molecular testing or immunostaining techniques. Cell
lines can be engineered to express a transmembrane serine
protease TMPRSS2 for priming of S protein and to facilitate
the entry of SARS-CoV-2 into host cell®. Organoid systems
such as bat and human intestinal organoids are susceptible to
SARS-CoV-2 and are developed to better study tissue tropism,
the dynamics of infection and testing of therapeutic targets®.



Radiological diagnosis and artificial
intelligence

There are no pathognomonic radiological features
on chest imaging for COVID-19 and the disease should not
be ruled in or ruled out based on imaging alone. However,
presence of suggestive imaging features can prompt further
investigations in suspicious cases, such as lower respiratory
tract viral testing for confirmation. Reports in literature have
suggested that in some patients, radiological findings may
precede the detection of SARS-CoV-2 in dlinical specimen®*®.
Chest X-ray (CXR) is a less sensitive modality than computed
tomography of the thorax (CT thorax) with a reported CXR
sensitivity of 69%%. As in other viral pneumonia, COVID-19
typically presents with multifocal airspace disease, especially
with a bilateral lower lung distribution®. More specific to
COVID-19, it tends to have peripheral lung involvement,
seen in 58% of CXR in one study?’. CT thorax has a higher
sensitivity than CXR, quoted at around 60-98%%, CT thorax
often demonstrates the typical findings of peripheral bilateral
ground glass opacities (GGO) with or without consolidation
or ‘crazy-paving pattern’. Sometimes the GGO would
arrange in a rounded pattem. Isolated lobar or segmental
consolidation without GGO, centrilobular shadows, cavitory
changes, lymphadenopathy and pleural effusions are rare®. As
the disease advances, the opacities might coalesce, affecting
central and bilateral upper lobes and may manifest as ‘white
lung' with diffuse infiltrate® The abnormalities usually peak by
2 weeks after symptom onset, replaced by scar tissue with
recovery”, In the COVID-19 pandemic, artificial intelligence
(Al) programme is increasingly studied for screening abnormal
radiological result which would be particularly useful for mass
screening strategy in outbreak situation. The performance of
Al is dependent on the radiological imaging algorithm being
fed into the system for deep learning process. So far the result
of this research has been promising with reported area under
receiver operating characteristic curves greater than 0.9'72,
However, there are still lots of technical and ethical issue
to resolve which include dataset bias, data privacy, and the
distribution of ultimate accountability of resutt™.

Detection of host inflammatory reaction

In COVID-19, there are studies to diagnose and
predict severe diseases by the host inflammatory response.
Apart from direct viral damage, uncontrolled cytokine storm
triggered by the virus leads to tissue damage and multiorgan
failure”. Mean interleukin-6 (IL-6) concentration in serum
was found to be 2.9 fold higher in patients with complicated
COVID- 19 disease than non-complicated disease™. It became
one of the markers clinicians could use to predict progression
into severe disease. Roche Elecsys IL-6 immunoassay received
FDA Emergency Use Authorization to help identify patients at
high risk of requiring intubation with mechanical ventilation®®.
Molecules targeting IL-6 such as tocilizumab are also studied
as therapeutic to prevent disease progress by blocking the
inflammatory pathway”” It does not show efficacy in preventing
intubation or death in moderately ill hospitalized patients in
the BACC Bay trial®®. Elevated CRP is associated with worse
outcome”, as well as elevated IL-10 which may be related
to compensatory anti-inflammatory response and secondary
infections'®. Haematologically, severe disease is associated with
higher absolute neutrophil count'®', D-dimer'® and LDH'®
but lower absolute lymphocyte'®' and platelet count'™,

Conclusion

Global COVID-19 pandemic stimulates global effort
in development of rapid yet accurate diagnostic techniques.
Diagnosis is often limited by the low level of viral particles in
the specimen and the subtle clinical features in early infection.
Though traditional methods like RT-PCR are still the mainstay,
we see expanding endeavours to strive for higher speed
and lower limit of detection at an earlier time. Molecular
techniques such as RT-LAMP CRISPR/Cas, biosensor
technology in antigen detection, Al operating system for image
interpretation are pushing the diagnostic ability to the limit.
Despite these scientific advances, there are still a lot of gaps
to fill especially in understanding the nature and duration of
humoral immunity response and its protection against re-
infection. All these require continuous global cooperation and
information exchange to make them possible.
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In conjunction with the Hong Kong Academy of Medicine, The Hong
Kong College of Pathologists produced a series of posters and promotional
videos in order to encourage the general population to receive the COVID-19
vaccine. The promotional videos may be viewed on the HKCPath facebook
page or on the College website, www.hkcpath.org

https://fb.watch/v/1_ddcWT5A/
https://fb.watch/v/eWbVx3Pno/
https://fb.watch/75L2ycqqwS/
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