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Global phylogeny of COVID-19

Total Deaths

6,601,403

Total genomes: 13 millions (~2% of total cases)
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GISAID: hitps://gisaid.org/phylodynamics/global/nexistrain/ (as of 7 Nov 2022)

WHO Label Lineage# % Total
Omicron BA.5.2 13%
BQ.1.1 12%
BA.5.2.1 1%
BA.4.6 7%
BQ..5.3.1 5%
BQ.1 4%
BF.7 4%
BA.5.1 4%
BA.2.3.20 4%
BA.5 4%
XBB 3%
BA.5.1.5 3%
BA.5.2.6 2%
BF.5 2%



https://gisaid.org/phylodynamics/global/nextstrain

Rapid sequencing and automatic analysis pipeline

Conventional NGS (2 days)

Conventional method oI
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Total number of SARS-CoV-2 samples sequenced

No. of genomes sequenced in Hong Kong
(as of Nov 8, 2022)

(GISAID]

No. of genomes sequenced by PolyU
(as of Nov 8, 2022)
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SARS-CoV-2 Phylogeny (HK local cases)

Phylogeny
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Phylogenetic tree of local cases

(n=5,016) 55 SARS-CoV-2 Lineages identified in HK
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The Impact - Preventing the importation of cases (9N i A)

Wave 3 Local Imported

Time point: Jul-Sept 2020 cases cases
Major Lineage : B.1.1.63
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Sequencing confirmed aircrews and sailors who
exempted from quarantine are the SOURCE of the 3
wave.

We shared our result to FHB on 25 Jul 2020
The Government suspended unrestricted crew changes

Imported cases < 10 since August — 3" wave ended in
Sept 2020




The Impact - Preventing the importation of cases (9MAEiIA)

Wave 4

Time point: Oct 20 - April 21
Major Lineage : B.1.36.27

Source: Imported case from
Nepal
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Will a new clade of SARS-CoV-2 imported into the community spark a fourth
wave of the COVID-19 outbreak in Hong Kong?

Gilman Kit-Hang Siu @ *#, Lam-Kwong Lee®#, Kenneth Siu-Sing Leung”#, Jake Siu-Lun Leung®, Timothy
Ting-Leung Ng®, Chloe Toi-Mei Chan®, Kingsley King-Gee Tam”, Hiu-Yin Lao”, Alan Ka-Lun Wu*, Miranda
Chong-Yee Yau®, Yvette Wai-Man Lai%, Kitty Sau-Chun Fung, Sandy Ka-Yee Chau®, Barry Kin-Chung Wong®,
Wing Kin To®, Kristine Luk®, Alex Yat Man Ho®, Tak Lun Qucf, Kam Tong Yip', Wing Cheong Yam", David
Ho-Keung Shum? and Shea Ping Yip @°

Major SARS-CoV-2 lineage in Wave 3 (GR / B2.1.1.63)
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SARS - CoV-2 lineage identified among locally acquired cases Iin October (GH / B.1.36.27)

#5457 (11/11) Kwong Yan House, Tai Po
#5365 (31/10) Kwong Ping House, Tai Po

' #5501 (15/11) Security guard in Sha Tin
! / #5457 (10/11) Taxi Driver in Sha Tin &o»
/ l #5135 (3/10) ) Dragon City Dispensary
rnational Dance '*‘
Sta ght Da

#5435(10/11) HKBU student

#5321(27/10) Exempted person
return via SZ Bay

#5510(14/11) Braemar Hill
#5161(3/10) Wan Chai Fitness First
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Presented our findings to Prof. Sophia
Chan, SFH, on 13 Nov 20.

Proposed establishment of designated
hotels for quarantine

New measures to disallow visitors for
persons under quarantine in hotels on 14
Nov 20

Established designated quarantine hotel
on 22 Dec 20.




The Impact - Halting the spread of the virus in the community (AP #ER)
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Research

Territorywide Study of Early Coronavirus Disease Outbreak, Hong Kong, China

Kenneth Siu-Sing Leung, Timothy Ting-Leung Ng, Alan Ka-Lun Wu, Miranda Chong-Yee Yau, Hiu-Yin Lao, On This Page
Ming-Pan Choi, Kingsley King-Gee Tam, Lam-Kwong Lee, Barry Kin-Chung Wong, Alex Yat Man Ho, Kam-Tong
Yip, Kwok-Cheung Lung, Raymond Wai-To Liu, Eugene Yuk-Keung Tso, Wai-Shing Leung, Man-Chun Chan, Methods

Yuk-Yung Ng, Kit-Man Sin, Kitty Sau-Chun Fung, Sandy Ka-Yee Chau, Wing-Kin To, Tak-Lun Que, David Ho-
Keung Shum, Shea Ping Yip, Wing Cheong Yam, and Gilman Kit-Hang Siu=

Wave 1
Time point: Jan Feb 2020

Results

Major Lineages : B.43
Source: Returnees from China
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Singleton cases
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Leung et al. Emerg Infect Dis 2020

= Cases in Eastern
District were caused by
a single source 2>
Hidden transmission
chain

= |dentified the potential
source of the Buddha
Worship Hall cluster

= Demonstrated the
possibility of “hidden
spreader” as a source
of COVID-19 community
outbreak.




Clinical Infectious Diseases
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Nosocomial Outbreak of Coronavirus Disease 2019
by Possible Airborne Transmission Leading to a
Superspreading Event
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THE LANCET Regional Health
Western Pacific

K‘omplementntion of contact tracing by mass testing for successful
containment of beta COVID-19 variant (SARS-CoV-2 VOC B.1.351)
epidemic in Hong Kong
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Community
transmission of
SARS-CoV-2 VOC
B.1.351
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RESET ZOOM

First team to identify the transmission
link between Filipino domestic helpers
and an Indian businessman

Reported to CHP within 12 hours after
sample receival

Facilitated tracing the entire
transmission chain and their close
contacts.

Avoid another episode of community
outbreak




Current research gap — Difficult to understand and lack of spatiotempora
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Current research gap — Lack of phylogenetic relatedness and transmission pathway

@ Latest Situation of Coronavirus Disease (COVID-19) in Hong Kong
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Conventional phylogeny and Evolution rate

>1,781 cases
(as of 16 Nov 2021)
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Construction of the “Time Tree”
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Construction of the “Time Tree”
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. 1st wave | | 4thwave
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= The dates of case
confirmation were added
= Branch lengths correspond
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Geo-phylogenetic database for COVID-19 in Hong Kong
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https://nextstrain.org/groups/ncovHK/ncov/Overview

Geo-phylogenetic database for COVID-19 in Hong Kong

= Colour the cases with different attributes
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Geo-phylogenetic database for COVID-19 in Hong Kong

= Filter out the cases with Delta variant Lineage AY.23
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Geo-phylogenetic database for COVID-19 in Hong Kong

= Filter out the cases in Tai Po
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Early stage of 5t" wave of outbreak

Sth ywave

Time point: 29 Dec 2021 — Present
Major Lineages : AY. 127, BA.1,
BA.1.1, BA.2

Source: Aircrew exempted from
quarantine, Imported case from
Nepal and Kwai Chung Estate
Cluster, Hamster pet shop

Omicron Lineage BA.2.2




Early stage of 5t" wave of outbreak
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Aircrew exempted from quarantine (CHP#12611) > BA.1.1 Transmission
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Aircrew exempt

Transmission Alert A
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uarantine (CHP#12676) — BA.1 Transmission
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Hamster-to-human transmission (CHP#13047) — Delta AY.127 Transmission
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Hamster-to-human transmission (CHP#13047) — Delta AY.127 Transmission
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Co-circulation of two SARS-CoV-2 variant strains
within imported pet hamsters in Hong Kong

Kin-Hang Kok, Shuk-Ching Wong, Wan-Mui Chan, Lei Wen, Allen Wing-Ho

Chu, Jonathan Daniel Ip, Lam-Kwong Lee, lvan Tak-Fai Wong, Hazel Wing-Hei
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Imported case from Nepal (CHP#12891,#13045) - BA.2.2

:“ frontiers ‘ Frontiers in Public Health (IF 6461)

Understanding spatiotemporal
symptom onset risk of Omicron
BA.1, BA.2 and hamster-related
Delta AY.127

BA22

BA.2.2
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= Rapid sequencing identified the import of a new Omicron variant —
BA.2

= First team to identify the sources of the outbreak in Kwai Chung
Estate, the start of the 5t" wave




Transmission chains of four BA.2.2 amino acid mutants

= 3,188 BA.2.2 cases were sequenced

= Four amino acid mutants were emerged
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Genotyping of Imported SARS-CoV-2 variants identified at HK Airport

No. of lineages identified in Hong Kong Airport Hong Kong Airport:
39 48 43 34 40 1/9/2022 - 30/9/2022

WHO US class Lineage # % Total
Label
Omicron VOC BA.5.2 234
VOC BA.5.2.1 12.5
VOC BA.5.1 8.6
¥BB.1 VOC BA.2.3.20 6.3
VOC BQ.1.1 5.5
?3"541-11-1 VOC BM.4.1.1 3.9
BA 2320 VOC BQ.1 3.9
VOC BA.5.2.20 3.1
VOC BA.5.1.3 3.1
VOC BE.1.1 3.1
VOC XBB.1 2.3
VOC BA.4.6 2.3
VOC BF.5 1.6
VOC BF.10 1.6
VOC BE.1 1.6
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What we expect for the coming winter

= More emerging lineages are expected in local cases in the coming winter

= XBB.1 is the most mutated variant so far (64 aa changes and 87 nucleotide changes,
i.e. >99.7% genomic similarity, when compared to the original strain in Wuhan )

AB characteristic mutations

A
00 000 : 0OCEN000 | GO0
21232203 31173143163 | 13 95 15944%14591533?3515255 2575 52 84 194 213
1207 11 '—'"—36?5 IGTT 3]4 6§2 1000 Ol 1 W ‘—;—' I U I
ORF1a ORF1b 3
@ outbreak. info 07 Nov 2022

S’ The GISAITY Inifiafive

* Introduction of new Omicron variants is unlike to cause an upsurge of death and
hospitalization rate
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Application of High-Throughput Sequencing — Beyond COVID-19
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Melioidosis Outbreak in Kowloon West Cluster in 2022

From January to July 2022, 4 cases of melioidosis
were diagnhosed;

= from August to October 2022, an unusual upsurge
of 18 cases of melioidosis were detected in the

Kowloon West Cluster i Legend
40 X Melioidosis Cases
Year
m Kowloon West Cluster ~ mHong Kong* Wane. e 2015
35 Pl ® 2016

2017

2018
2019

30
2020
2021
2022
25
Green Land
20 B Garden Hill
I shek Kip Mei Park
” Construction Site
Pak Tin Estate
Redevelopment Phase 10
’ Kowloon Yiu Tung Street
Fﬁage = 35

2016 2017 2018 2019 2020 2021 2022 Jan-Octt

Wu WGV et al (Unpublished study, 2022)



Melioidosis Outbreak in Kowloon West Cluster in 2022

= Burkholderia pseudomallei in the soil and muddy water may expose to the ground after typhoons
—> spread easier with strong wind and storms.

1
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'§ 10 Tropical Cyclone Warning Signal 0
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Air sampling near Pak Tin Construction site

= B.pseudomallei was cultured from one of the air samples, which was collected on
15 Aug, 2022 (5 days after typhoon Mulan).

Y
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Core-Genome Phylogeny of clinical and environmental isolates

B
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MLST: ST1996 |

:
:
I

\\\\\

Wu WGV et al (Unpublished study, 2022)

This strain is now assigned as ST1996
and is specific to Hong Kong.

Air sample isolate and all clinical isolates

from patients resided in Kowloon West

District are genetically related

- Circumferential evidence of
inhalational melioidosis after typhoon

- 63% patient with pneumonia

The earliest case caused by ST1996 in
Shum Shui Po was reported in 2017.

The genotypes are different among
different districts in Hong Kong.



Soil sampling at the construction site on 5 Oct 2022

Ashdown agar

Bacterial culture

No growth of B. pseudomallei

Novosphingobium
aromaticivorans, 2%
Limnobacter thiooxidans, 2%

O NT G ri d I 0 N Hydrogenophage aquatica, 2%

Ramlibacter tatouinensis, 2%

Malikia granosa, 2%

Burkholderia pseudomallei

(BBEEHZEE), 3%

i 989
Porphyrobacter tepidarius, 4% Porphyrobacter colymbi, 28%

16s metagenomic

Sphingorhabdus buctiana, 5%

sequencing

o Roseomonas alkaliterrae, 5%
positive Taxon

04{ Burkholderia stabilis 5,620
DNA,

A Burkholderia pseudomallei 667
negatIV& 8 Methylotenera versatilis, 10% ___ . "’ Hydrogenophage:laconesensis, 11%
Burkholderia ambifaria 88 —~g

Burkholderia staanali




Report our finding to CHP




Satellite image of the Pak Tin Estate in 2017 and 2022
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No. of soil No. of positive No. of sewage No. of positive

samples soil samples samples sewage samples
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Territories
Legend

(o) Wind Station of HK Observatory

Green Land
I Garden Hill

I shek Kip Mei Park

Construction Site

Pak Tin Estate
Redevelopment Phase 10

Yiu Tung Street
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Analysis of proportion of urban vegetation by multispectral satellite imagery

Satellite image of
Sham Shui Po

Vegetation proportion

Time line
Year
(Imagery date)

18.04%

2016
(20160101)

13.39%

2018
(20171231)

1341% 11.82%

2020 2022
(20191226) (20220104)

Wu WGV et al (Unpublished study, 2022)

Continuous reduction in urban
vegetation in Shum Shui Po
District since 2016

Unvegetated soil is more
likely to be picked up by the
wind

Leading to soil erosion during
typhoon - facilitate airborne
transmission of bacteria
embedded in sall
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Routine Surveillance of Foodborne Antimicrobial Resistance (AMR)

%

Food and Environmental Hygiene Department

The Government of the Hong Kong Special Administrative Region
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Proportion of MDRO in food samples

Count of Resistant phenotypes
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30%
32
B

20%

9

Raw beef Raw chicken Raw pork RTE sashimi RTE vegetables

10%

.h
w

0%

Food Species -

£
)

A4

VRE = MDRO were isolated in
mN/A around 20% of food
ESBL-PE samples
m CRP

= ESBL-PE and CRE
represents the most
encountered MDRO in
raw meat

m CRE
mCRA

= Carbapenem resistant
Acinetobacter spp. is
more common in
sashimi



Spatial distribution of foodborne MDRO

Overall MDRO
(ESBL-PE, CRE, VRE, CRA, CRPA) ESBL-PE

182

Highlight AMR type (percentage map)

Food type filter
[V (28)
V] Beef
E Chicken
A Resistant type filtor

Nul

Positive sample size legend
1

5

g Address Parknshop at G/F, AC1 (Aberdeen Centre), 19-23 Nam Ning Street, Aberdeen
Al =S ESBLPE
Do} Numberof testedsample: 21 B

02022 Mapbox © OpenStreetMap

0.00%



Resistome in different food products and their import origins

AMR.group

; A ANOVA
. Aminoglycoside * p<=005
. Beta-lactam Place_of_origin China Others ns: p > 0.0
1 Chloramphenicol
h . P 30 * * ns ns
=
<) P
< o
: E =
= Tetracycline 20 -
g 301 LEG
- &
% < n=20
< 8 T w=27
—-— “— 10 1 | n=29
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o L n=26 I
= S I " 0 =39
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o = : China: n=0 n=18 -
=2 E
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& Beef Chicken Pork RTE RTE
101 (n=45) (n=47) (n=71) meat vegetables
(n=31) (n=57)

. Total abundance of common AMR genes was < 10% in RTE meat and vegetables.
_ . Genes related to tetracycline were the most abundant in beef, chicken and pork.
. Abundance of genes related to beta-lactams was significantly higher in beef and

Beef Chicken Pork RTE RTE hi . .
icken :
(n=45) (n=47) (n=71) kv seiAbie chicken imported from China
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Phylogenetic Relatedness between foodborne and clinical VRE

culture

Vancomycin-
resistant
Enterococcus
faecium

Whole-genome Sequen

= VRE isolated from raw chicken

and sashimi were typed as
ST80 (common genotype
among clinical isolates in HK).

Core-genome phylogeny
indicated the foodborne VRE
are genetically identical to the
outbreak strains isolated in
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Current workflow for diagnosis bloodstream infection

Solid culture
(rapid: 2-4hrs)
(conventional: 12-24hrs)




Proposed workflow of nanopore sequencing-based assays for rapid diagnosis of BSI

Taxon Cumulative Reads -
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The concordance of bacterial taxa between ONT sequencing and culture method

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Percentage of samples matched to
reference

ONT Targeted amplicon ONT Metagenomic
Not match 1.16% 1.16%
® Matched at family level 0.58% 1.16%
B Matched at genus level 10.47% 14.54%

B Matched at species level 87.79% 83.14%



Clinical utility of metagenomic and amplicon-based sequencing

Page = 56

Pleural aspirate

Culture result

ID: Streptocfoccus

(Moderate growth)
ST: Clindamycin R;

Erythromycin R;

Penicillin'S;

Joint aspirate

.- - -VancomycinS- - - - -

Culture result

I
Z ‘\“‘Jﬂ (heavy growth)

ST: Cefoxitin R;
Gentamicin R:
Erythromycin R;
Clindam'yfcin S:
Vancomycin S

METAGENOMICS
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Targeted amplicon sequencing for drug resistant TB
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Nanopore MinlON-based assay for HIV resistance testing

108p02seg
203p02ieg
£03podieg
) apodieq

| He
I |

HIV positive plasma

Multiplex RT-PCR

e DNA Fragments
Saquancing Reads

w— Reference Genome
Sample 1 Barcode

——— Sample 2 Barcode

A B c D

— R
~ —

Vil } : ' ’

3
T T T o
~ -
Vil =7 ~—

DeepChek’

Pationt
o

Nama
DoB
Gondar
Wiral
Lead
Samnple,
I

Patlent / Sumple Information

o barcode0 500 Lang Takara Brcoging LongAmp_1stap

Sample
Allamiva 1D

Diaa Calactod 180772018
Diate Reported 240728
Sequancing platiamn

Softwin warsion 20

Exprt systam 22

Physlclan / Profect Information

MHama
Institudicn
Addrass

PROT  02_AG (96.25 %)

INT

09_CPX (95.03 %)

AT D206 (91.71 %) PROT  1-99 RT  1-440
GP120 G (78.93 %) INT  1-289 GP41  1-20,71-141
GP120 1511

DEEPCHEK® HIV (ANRS 28)

Vi ""h.f-' TERPRETATION

NNATI NATI

[T

Generic nama
Enfuvirtide
Fostemsavir

Afazanavint
Darenavir’t 5007100 mg
BID

Darenavirs 80071100 mg
ao

Lopinawirir
Tipranavir/r

Abacawir

Emifricitabine
Lamivuding

Tenofovir

Zidovudine

Doravirine

Efavirenz

Efraviring

Nevirapine

Ripivirine

Bictegrawir
Cabotegrawir
Dolutegravir 50mg BID
Dolutegravir 50mg QD

Ebvitegrawvir
Raltegravir
Suscoptia

For the saincied profaln and crug, af nass
for region AT, 1 and 95 for raglon PROT, 48 an

Assesament

5

w o o0 6

Wthnmw e

- - -

aminG acid musTien defrec 1o rol@id g resissnce gukdeing and e [
263 1or ragion INT, 375 and 425 for raghon G120, 36 and 135 %or raglon GP41) s 0ot covarnd, thermfone Ta dorfvad drug resistancs assassmant cannct ba

Resistance mutations =20.00%

M3G (82,96%), HEIK
LBIM (81.54%)

E157Q (86.19%)
E157Q (86.19%)
E157Q (86.19%)
E157Q (B6.19%)
E157Q (B6.13%)

Possibia rasisice

datgrminod.

(49.65%),

Resiziance mutations between »3% and <20.00%

G16E (4.38%), L33I (3.08%)

K20M (3.38%), K2OR (4.7%), L241 (7_86%), F53L
(5.169)

FE3L (5.16%), LA9I [6.85%)

KBSR (7.73%), L210W (4.39%)
KBSR (7.73%)

KBSR (7.73%)

KBSR (7.73%), KBSE (10.54%), L210W (4.39%)
L210W (4.39%)

L1001 (5.6%)

L1001 {5.6%). K101E (17%)

L1001 (5.6%), K1D1E {17%), VIT9I (6.94%)
L1001 {5.6%), K1D1E (17%)

L1001 (5.6%), K1D1E (17%), K108R (8.75%)

TEEI (4.42%), TO9TA (3.16%), Y143H (3.56%),
P1458 {4 46%)
Y143H (3.56%)

Anstsarce

o 201 andl 48

Funding supported by

,  AIDS Trust FUND
- MSS 299R



Hierarchical clustering for HIV drug resistance detection

Identify drug resistance mutation and differentiate quasispecies

Are Drug A, B, and C still effective . ” ) i
. [l . ? : . o = = - o
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B : : ; L~
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Nanopore MinlON-based assay for HIV resistance testing

The agreement between ONT and NGS in high AF
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	More emerging lineages are expected in local cases in the coming winter
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	XBB.1 is the most mutated variant so far (64 aa changes and 87 nucleotide changes, 
	i.e. >99.7% genomic similarity, when compared to the original strain in Wuhan ) 
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	Introduction of new Omicron variants is unlike to cause an upsurge of death and 
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	From January to July 2022, 4 cases of melioidosis 
	were diagnosed; 
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	from August to October 2022, an unusual upsurge 
	of 18 cases of melioidosis were detected in the 
	Kowloon West Cluster
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	
	Burkholderia 
	pseudomallei
	in the soil and muddy water may expose to the ground after typhoons 
	
	spread easier with strong wind and storms.
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	B.pseudomallei
	was cultured from one of the air samples, which was collected on 
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	The earliest case caused by 
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	Continuous reduction in urban 
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	District since 2016
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	facilitate airborne 
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	Total abundance of common AMR genes was < 10% in RTE meat and vegetables. 
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	Genes related to tetracycline were the most abundant in beef, chicken and pork.
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	Abundance of genes related to beta
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	lactams was significantly higher in beef and 
	chicken imported from China.
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