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B.1.672.1

A 

(Alpha) 

(Delta) 
(Omicron) 

Total genomes: 13 millions (~2% of total cases) Total PANGO lineages: 2,048 

(A) 

GISAID: https://gisaid.org/phylodynamics/global/nextstrain/ (as of 7 Nov 2022) 
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WHO Label  Lineage# %  Total 
Omicron BA.5.2 13% 

BQ.1.1 12% 

BA.5.2.1 11% 

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% 

Global phylogeny of COVID-19 

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


Time is crucial for tracing the source in order to control the disease
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Conventional NGS (2 days) 

Rapid sequencing and automatic analysis pipeline 

Conventional  method  
(3-4 hours) 

Whole-genome Sequencing Typing and phylogeny 

l   
 

Automatic pipeline       SARS-CoV-2 genome 
Rapid  ONT  sequencing  (8 hrs) (2-3 minutes) 

Leftover tota
nucleic acid

HMRF commissioned project 
COVID190204 
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Total number of SARS-CoV-2 samples sequenced 

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

15,432 
8,029 
(~52.0% of the sequenced cases in HK) 
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SARS-CoV-2 Phylogeny  (HK local cases) 

55 SARS-CoV-2 Lineages identified in HK 
Local Cases 

1st wave 

2nd wave 

3rd wave 

4th wave 

5th wave 

(1st wave) (2nd wave) (3rd wave) (4th wave) (5th wave) 

Phylogenetic tree of local cases 
(n= 5,016) 
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B.1.1.63 

B.1.1.47 
B.1.1 
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The Impact – Preventing the importation of cases (外防輸入 ) 
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The Impact  – Preventing the importation of cases (外防輸入 ) 

(IF: 19.568) 
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(IF: 16.126) 

Wave 1 
Time point: Jan Feb 2020 

Major Lineages : B.43 

Source: Returnees from China 

Leung et al. Emerg Infect Dis 2020 
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The Impact – Halting the spread of the virus in the community  (內防擴散 ) 

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

 Identified the potential 
source of the Buddha 
Worship Hall cluster 

 Demonstrated the 
possibility of “hidden 
spreader” as a source 
of COVID-19 community 
outbreak. 
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T470N 

T470T 

 T470N is specific to the 
transmission chains 
disseminating in Kowloon East 
District. 

(IF: 20.999) 
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 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 
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Current research  gap  – Difficult  to understand and lack of  spatiotemporal data 
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Current research gap – Lack of phylogenetic relatedness  and transmission pathway 

("Home - Johns Hopkins Coronavirus Resource Center", 2022) ("Latest Situation of Novel Coronavirus Infection in Hong Kong", 2022) 
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1,981 sequenced cases
(As of 16 Nov 2021)
>1,781 cases 
(as of 16 Nov 2021) 

Wave 4 
(Oct 20 – Apr 21) 

Wave 3 
(Jun 20 – Sep 20) 

Wave 2 
(Apr 20 – May 20) 

Wave 1 
(Jan 20 – Mar 20) 

Conventional phylogeny  and Evolution rate 
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Construction of the “Time Tree” 

 The number of mutation can 
be used as a ‘molecular 
clock’ to date the 
divergence between 
sequences. 

 The tree was re-rooted to 
infer the internal nodes 
(ancestors). 

 This tree demonstrates the 
phylogenetic relatedness 
and divergence of SARS-
CoV-2 cases in Hong Kong 
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Construction of the “Time Tree” 

 The  dates of case  
confirmation were  added 

 Branch lengths correspond  
directly  to elapsed  time 

 Each node  is placed  such  
that its position reflects its 
known or inferred  date. 
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Geo-phylogenetic database for COVID-19 in Hong Kong 

https://nextstrain.org/groups/ncovHK/ncov/Overview 

https://nextstrain.org/groups/ncovHK/ncov/Overview
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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 5th wave  of outbreak 
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BA.1 

BA.1.1 BA.2.2 

AY.127 (Delta) 

BA.1.1 
BA.1 

BA.2.2 
AY.127 (Delta) 

Early  stage of 5th wave  of outbreak 
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S: R346K 

S: T547K 

Aircrew  exempted from quarantine (CHP#12611)  BA.1.1 Transmission 
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Aircrew  exempted from quarantine (CHP#12676) – BA.1 Transmission 

 Rapid  sequencing  identified the sources  of  unknown infections 
 Revealed the transmission routes of  cases sourced from  infected 

aircrews  Successfully  contained the “aircrew  clusters” 

BA.1.1 BA.1 BA.1.1 BA.1 

BA.1 specific 



 

 
 

YOUR LOGONew local case 

The latest 
imported case 
with AY.127 

Hamster pet shop (CHP#13047)

Hamster-to-human transmission (CHP#13047) – Delta AY.127 Transmission 
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Hamster pet shop (CHP#13047) 

Hamster-to-human transmission (CHP#13047) – Delta AY.127 Transmission 



 Rapid  sequencing  identified the import of  a new  Omicron  variant – 
BA.2 

 First team  to  identify  the sources  of  the outbreak  in KwYOURai Chu LOGng  O
Estate, the start of  the 5th wave 

(IF: 6.461) 

Imported case from Nepal (CHP#12891,#13045)  BA.2.2 
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Kowloon West

Transmission chains of four BA.2.2 amino acid mutants 

 3,188 BA.2.2 cases were sequenced 

 Four amino acid mutants were emerged 

NT East Tuen Mun District - Lai Kok Community Hall Mong Kok - Wu ka Sha - Tuen Mun Siu Lun Community Testing Centre - Tai Kok Tsui (Beech Street) - Macpherson Playground - Ma On Shan Recreation Ground - On Ting Community Centre - Maple Street Playground 



Genotyping of Imported SARS-CoV-2 variants identified at HK Airport 
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Hong Kong Airport: 
1/9/2022 - 30/9/2022 

No. of lineages identified in Hong Kong Airport 
9   39  48 43  34  40 

WHO 
100% US class Lineage # % Total Label 

90% Omicron VOC BA.5.2 23.4 
VOC BA.5.2.1 12.5 

80% VOC BA.5.1 8.6 
VOC BA.2.3.20 6.3 
VOC BQ.1.1 5.5 

70% 

60% VOC BM.4.1.1 3.9 
VOC BQ.1 3.9 

50% 

VOC BA.5.2.20 3.1 
40% VOC BA.5.1.3 3.1 

VOC BE.1.1 3.1 
30% VOC XBB.1 2.3 

VOC BA.4.6 2.3 
VOC BF.5 1.6 

20% 

10% VOC BF.10 1.6 
VOC BE.1 1.6 

0% 

April May June July August September 

BA.2 

BA.2 

BA.2 

BA.2.12.1 

BA.2.12.1 

BA.5.2 

BA.5.2.1 

BA.5.1 
BA.4.1 

BA.5.2 

BA.5.2.1 
BA.5.1 

BA.4.1 

BA.5.2 

BA.5.2.1 

BA.5.1 

BA.5.2 

BA.5.2.1 

BA.5.1 

BA.2.3.20 

BM.4.1.1 
BQ.1.1 

XBB.1 

http:BA.5.2.20
http:BA.2.3.20
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Local cases Jan – Sept 2022 

32 Omicron variants 

First detection of B.2.12.1 and BA 5.2 B.2.10.1 cases in local cases with unknown source 

21-day 14-day 7-day 3+4 
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No. and proportion of local SARS-CoV-2 vs Daily  death 

Long TJ et al (Unpublished study, 2022) 
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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 )  

 Introduction of  new  Omicron variants is unlike  to cause an  upsurge of  death and 
hospitalization rate  

Page  31 
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Application of High-Throughput Sequencing  – Beyond COVID-19 
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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  diagnosed; 

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

40 

Kowloon West Cluster Hong Kong* 
35 

30 

25 

20 

15 

10 

5 

0 Page  35 
2016 2017 2018 2019 2020 2021 2022 Jan-Oct† 

Wu WGV et al (Unpublished study, 2022) 
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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. 

Wu WGV et al. 
(Unpublished study, 2022) 
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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). 

Page  37 



   

Core-Genome Phylogeny  of clinical and environmental isolates 

MLST: ST1996 

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. 
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Soil sampling at the construction site on 5 Oct 2022 

DNA 
positive 

DNA 
negative 

16s metagenomic 
sequencing 

Bacterial culture 

ONT GridION 

No growth of B. pseudomallei 

Ashdown agar 
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Report our finding to CHP 

Page  40 
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Satellite image of the Pak Tin Estate in 2017 and 2022 

Page  41 
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No. of soil No. of positive No. of sewage No. of positive 
samples soil samples samples sewage samples 

36 10 (27.8%) 17 1 (5.9%) 



    YOUR LOGOWu WGV et al (Unpublished study, 2022) 
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Wind data on 15 Aug 2022 10:00 am
(Collection date and time of positive air sample)

x
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Analysis of proportion of urban vegetation by  multispectral satellite imagery  

 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 soil 

Wu WGV et al (Unpublished study, 2022) 
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Application of High-Throughput Sequencing  – Beyond COVID-19 
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Direct 
Metagenomic 
sequencing 

Selective culture Whole-genome 
sequencing for 
isolates 

N=4,000 

Routine Surveillance of Foodborne Antimicrobial Resistance (AMR) 
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Proportion of MDRO in food samples 

 MDRO were  isolated in 
around 20%  of food 
samples 

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

 Carbapenem resistant 
Acinetobacter  spp. is 
more common in 
sashimi 
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Spatial distribution of foodborne MDRO 

Overall MDRO 
(ESBL-PE, CRE, VRE, CRA, CRPA) ESBL-PE 
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Resistome in different food  products and their import origins 

 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 
chicken imported from China. 
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Phylogenetic Relatedness  between  foodborne and clinical VRE 

Selective 

 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 
TMH in 2021. 

Whole-genome Sequencing 

 Indicate the association 
between clinical and foodborne 
AMR. 

culture 

Vancomycin-
resistant 

Enterococcus 

Outbreak strain in 
PWH 
(2022) 

Foodborne VRE 

Outbreak strain in 
TMH 
(2021) 

faecium ONT GridION 
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Application of High-Throughput Sequencing  – Beyond COVID-19 
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Blood culture
(1 -5 days)

Gr

Current workflow for diagnosis bloodstream infection 

am smear 

Solid culture 
(rapid: 2-4hrs) 

(conventional: 12-24hrs) 

DST 
(24hrs) 
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EDTA blood / Library Preparation DNA extraction 

OR KWC NTWC 

HKEC KEC NTEC  Saponin-PMA method for  Amplicon-based Blood Fluid Metagenomic-based Human DNA Depletion (16s + 32 AMR genes) 

Nanopore 
Sequencing run 

MegaPath-Nano 
Sample-to-result 

 Taxonomic Analysis 
HMRF 21200092  AMR detection 

Proposed workflow  of nanopore sequencing-based assays for rapid diagnosis of BSI 
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100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 

Not match 

Matched at family level 

Matched at genus level 

Matched at species level 
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ONT Targeted amplicon ONT Metagenomic 

1.16% 1.16% 

0.58% 1.16% 

10.47% 14.54% 

87.79% 83.14% 

The concordance of bacterial taxa between  ONT sequencing and culture method 
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Clinical utility of metagenomic and amplicon-based sequencing 

Page  56 
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Application of High-Throughput Sequencing  – Beyond COVID-19 
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TB PCR-positive 
Sputum specimen 

19-plex PCR DNA barcoding 
(Unique name tag for each sample) 

12 sample 
@ run 

24 sample 
@ run 

Illumina Miseq 
Nanopore MinION 

28hrs 6 hrs 
Sequencing time Sequencing time 

Funding supported by HMRF 16150072 

Targeted amplicon sequencing for drug resistant TB 
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Multiplex RT-PCR 

DNA barcoding 

Funding supported by 

AIDS Trust FUND 
MSS 299R 

Nanopore MinION-based assay  for HIV resistance testing 
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Hierarchical clustering for HIV drug resistance detection 

Identify drug resistance mutation and differentiate quasispecies 

Page  60 

Are Drug A, B, and C still effective 
against HIV in this case? 
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The agreement between ONT and NGS in high AF 
• Number of sample: 42 
• AF > 0.8 in both ONT and NGS 

Nanopore MinION-based assay  for HIV resistance testing 
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	source 
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	Demonstrated the 
	possibility of “
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	” as a source 
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	molecular 
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	’ to date the 
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	sequences.


	
	
	
	The tree was re
	-
	rooted to 
	infer the internal nodes 
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	The dates of case 
	confirmation were added
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	directly to elapsed time
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	to identify the sources of the 
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	wave
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	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 ) 


	
	
	
	Introduction of new Omicron variants is unlike to cause an upsurge of death and 
	hospitalization rate  
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	From January to July 2022, 4 cases of melioidosis 
	were diagnosed; 


	
	
	
	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 
	15 Aug, 2022 (5 days after typhoon Mulan)
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	ST1996 
	and is specific to
	Hong Kong. 




	
	
	
	
	
	A
	ir 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. 
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	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
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	lactams was significantly higher in beef and 
	chicken imported from China.
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	were typed as 
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	are 
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