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Transmission of SARS-CoV-2 

1. Inhalation (aerosols) 

2. Deposition (droplets) 

3. Touching (fomite) 

CDC 2021 



Under what condition would SARS-CoV-2 be transmitted via air? 

https://doi.org/10.1038/s41579-021-00535-6 



  

    

Transmission of respiratory tract pathogens 

Airborne Droplet Opportunistic airborne 

Example 

TB 

Measles 

Chickenpox 

Respiratory pathogen Respiratory pathogen 

Description 

Dissemination of droplet nuclei 

Remain suspended in  air 

Long distance (>1m) 

Droplet generated during  

coughing, sneezing and talking 

Droplet nuclei generated during  

special circumstances 

>1.5m <1.5m 
Aerosol-generating procedure 

<3L/s/person  airborne 

WHO 2009: Natural Ventilation for Infection Control in Health-care settings 



 

  

 

Transmission of COVID-19 

Airborne transmission of SARS-CoV-2 

1. Enclosed space / inadequate ventilation 

2. Increased exhalation 

3. Prolonged exposure 

https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/sars-cov-2-transmission.html 



What is ventilation? 



   

  

   

 

 

Outdoor air 

(fresh air) 

1 ACH 

Outdoor air 

(fresh air) 

1  ACH 

Outdoor air 

(fresh air) 

1 ACH 

Outdoor air 

(fresh air) 

1  ACH 

Outdoor air 

(fresh air) 

1 ACH 

Outdoor air 

(fresh air) 

1 ACH 

Supply 

6 ACH 

Exhaust 

100m2 x 2.9m (ceiling) 

Room volume = 290 m3 

6 times the volume of the room in “clean” air each hour 
290 m3/hr = 1 ACH 

290 x 6 = 1740 m3/hr = 6 ACH 
Reducing the risk of COVID-19 using engineering controls 

AIHA Sept 2020 



  

 

 

 

 

Different types of room ventilation 

Pressure Example 

Supply = exhaust 

Supply > exhaust 

Exhaust > supply 

Neutral pressure 

Positive pressure 

Negative pressure 

Office room 

Operation theatre 

Protective isolation 

Clean room 

Isolation room 

Toilet 

Kitchen 



 Ventilation 
Dilution of contaminant / pollutants in air 



 Air changes/hour (ACH) and time required for airborne-contaminant removal by efficiency 

     

Time required for removal, 99% efficiency Time required for removal, 99.9% efficiency 

Table B1: Air changes/hour (ACH) and time required for airborne-contaminant removal by efficiency 
https://www.cdc.gov/infectioncontrol/guidelines/environmental/appendix/air.html# 
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Risk reduction by ventilation 

AIHA August 2020 



Restaurants 



 

 

 

 Restaurant outbreak in Feb 2021 

Divided into 2 floors 

Kitchen located at upper floor 

(ACH >6) 

Outbreak located at lower floor 

Lunch on 19/2 

- 80 customers during lunch hour 

- 22 patrons, 10 staff and 22 close 

contact confirmed positive 



 

Onsite measurement 

Lower floor: 

ACH around 1.2 - 2.1 



 

 

   

3D spatial arrangement of the Restaurant 

Blue holes > supply air vent 

Kitchen 
ACH >55 

Red side > return air vent 

ACH <3 Blue side > supply air vent 

Tracer gas decay method 

Unpublished data 
Red box > return air vent Courtesy to Jia Wei and Prof YG Li 



 

NGS analysis of restaurant by QEH/HKCH 

Patrons: 22 

10 

Clonal outbreak from point source 

Staff: 



 

  
   

 
 

   
 

Evidence to support long-range airborne transmission 

Indicated by fulfillment of any one of the following condition 

1. An outbreak occurred that could be directly attributed to the lack of ventilation air 
introduction into, and circulation within, an enclosed space 

2. The incidence of the infection in susceptible hosts was inversely associated with the 
ventilation rate per person 

3. A disease outbreak occurred in an enclosed space, most likely due to air transport of 
infectious droplet nuclei over a distance greater than 2m 



 

 

A guide to application for restaurant licences 
May 2020 

Mechanical ventilation system: 

- Supply minimum amount: 17m3/hr/person 

- Fresh air 



 Sequence of event 
7/2020:

彬記 /新發 / 建榮 (46)

慈雲山中心翠河 (38)

雅蘭中心稻香 (42)

屯門中央廣場富臨酒家 (44)

新都會廣場潮庭 (20)

慈雲山中心百匯軒 (32)

旺角維景酒店海港酒家 (15) 

3/2020: 酒吧及樂隊群組 (103) 

9/2020: China secret 酒吧 (15) 



 

 

 

 

Sequence of event 

3/2020: 酒吧及樂隊群組 (103) 

7/2020:

彬記 /新發 / 建榮 (46)

慈雲山中心翠河 (38)

雅蘭中心稻香 (42)

屯門中央廣場富臨酒家 (44)

新都會廣場潮庭 (20)

慈雲山中心百匯軒 (32)

旺角維景酒店海港酒家 (15) 

8/2020 

16/10/2020

「每小時 6次換氣量或裝置空氣淨化設備」自願申報制度 

16/3/2021

第 599F章下在提供堂食食肆實施換
氣量或空氣淨化設備規定工作小組

Government Expert + FEHD + EMSD 

Visit to restaurants 

10/2020 

Government Expert + FEHD + EMSD 

Visit to bars/karaoke 

9/2020: China secret 酒吧 (15) 



 

 

Dealing with airborne pathogen 

Principle  Mechanism 

Dilution Ventilation  mixing with fresh air 

Filtration 

Physical removal of particles from air stream by high grade filters: 

- Interception 

- Impaction 

- Diffusion 

- Electrostatic force 

Germicidal UV damage of genetic materials of microorganisms 



 

 

Increase ACH >6 

UV-C 

HEPA filter 

HEPA + UV-C 

https://isd.wecast.hk/vod/?id=11997 

https://isd.wecast.hk/vod/?id=11997


    Local and international recommendation on ventilation requirement in various premises 

Standards/Regulations Year 
m3/hr/person
立方米 /每人
每小時 

L/s/person
公升 /每人
每秒 

ACH  at 3m height 

Ceiling 

@1.5m2/person 

ACH  at 2.3m height 

Ceiling 

@1.5m2/person

公眾衞生及市政條例 (第 132章 )第 93(1)條及附表2  (食肆 ) 17.0 4.7 3.8 4.9 

Chartered  Institution  of Building  Services Engineer (CIBSE) Guide A  

(for Restaurants) 

2015  edition 
36 10 8.0 10.4 

(May 2019 reprint) 

ASHRAE  Standard 62.1 The Standards  for Ventilation and Indoor Air 

Quality(for Restaurants) 
2019 18.7 5.1 4.2 5.4

國家市場監督管理總局、中國國家標準化管理委員會 (國家
標準 ) GB37488-2019 

4 April 2019 30 8.3 6.7 8.7 

Scottish  Government  Coronavirus  (COVID-19):  ventilation guidance 18  Dec 2020 28.8 - 36 8-10 6.4 - 8 8.3 - 10.4 

WHO Roadmap to improve and ensure good  indoor ventilation in the 

context of COVID-19 (non-residential settings) 
1 March  2021 36 10 8 10.4

屋宇署作業備考編號 2 (辦公室 ) May  2011 36 10 8.0 10.4

持牌餐飲處所換氣量自願申報計劃 Oct 2020 27 7.5 6 6 



 
 

Number of restaurant clustering(s) identified per 100 exposure 
Number of catering premises in air change/installation of air purifier with their registration confirmed 
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Quarantine Hotel 



  

   

Domestic helper returned to HK from USA 

Quarantine in hotel for 7 days 

Discharged afterwards 

Turned positive on day 12 surveillance 



 

Overlapping period in QH 

PCR +ve 

Room 307 Index 

Discharge from QH PCR +ve 

FDH: Room 305 

1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8 9/8 10/8 11/8 12/8 

 Sequences of event 



  

Phylogenetic tree constructed by HKCH 

Using all B.1.617.2 strain available in HK open source 

Illumina  sequencing  of Canadian  couple  and  FDH done  

100%  identical  

All be longing to B.1 .617.2.3 (AY.3) 



   

 
305 

307 

Airflow direction: into guest room 

(when windows closed) 



  

  

 

  

  

 

 

Room of index couple: with windows opened 

Guest signed consent, 

but windows were opened while they opened the door 

Collection of DTS specimen packs by staff 

Door remained opened for >1 minutes 15 seconds 

Smoke test: reverse airflow (outwards) when door and 

windows opened at the same time 

PCR positive on 3/8 with high viral load (Ct13) 



  

  

  

 

Room of FDH: door opened and window closed 

Collection of DTS specimen pack by staff 

Window remained locked and closed 

Smoke test demonstrated inward airflow 

Infectious materials in the corridor can rush in as the room is 

located at the end of the corridor 



Second example 



 

   

Overlapping period in QH 

PCR +ve 

Room 5112 Index 

PCR +ve 

2nd case : Room  5111 

10/11 11/11 12/11 13/11 14/11 15/11 16/11 1711 18/11 

 Sequences of event 



 

  

WGS finding: 100% identical 

100% identical 



 

Air purifier 

Rm 5111 

Rm 5112 

Stagnant air 

PAU: fresh air 



  

  Index case 

Stagnant air flow in corridor 



 
   

Valve linen mask wore by index 
(filtered during inhalation, but no filter while exhalation) 

https://www.nist.gov/news-events/news/2020/11/new-airflow-videos-show-why-masks-exhalation-valves-do-not-slow-spread 

https://www.nist.gov/news-events/news/2020/11/new-airflow-videos-show-why-masks-exhalation-valves-do-not-slow-spread


 

 

 

  

  

Ventilation 
Index case 

5112 

5111 

When room doors closed: 

Stagnant flow in corridor 

Opening door abruptly 

-

-

Facts: 

1. Corridor stagnant flow 

2. Guest room: -ve pressure 

3. Guest room corridor temperature difference 

Gush of air moving rapidly outwards 

Then gradually inward flow 

HKU, Dept of Microbiology, Accepted manuscript 

The Lancet Regional health – Western Pacific 



 

 

Door abruptly opened 

Gush of air rushing out from the room when door opened abruptly 

Then gradually moving inwards again 

Phenomenon more prominent when toilet door closed 

When toilet door opened: air still rush out but less prominent 



  

  

 

 

    

Ventilation 
Index case 

5112 

Door wide open: 5111 

When room doors closed: 

Stagnant flow in corridor 

-

-

Inward flow in the upper 2/3 of the room door 

Outward flow near floor level 

Door slightly opened: 

- slightly inwards near floor 
HKU, Dept of Microbiology, Accepted manuscript 

The Lancet Regional health – Western Pacific 



 

 

 

Door open 

Inward flow in the upper 2/3 of the room door 

Outward flow near floor level (lower 1/3) 

Due to turbulence airflow (temperature difference) 



 

 

Ventilation 

3. Contaminated air move into 

guest room when door opened 

5111 

5112 

When room doors closed: 

Stagnant flow in corridor 

Index case 

2. Contaminated air remain static in the corridor 

1. Contaminated air move outside the room 

HKU, Dept of Microbiology, Accepted manuscript 

The Lancet Regional health – Western Pacific 



Toilet 



Anatomy of toilet and drains 



 

 

 

  

 

  

Main sewage pipe 
Anatomy of toilet and drains 

Vent pipe 
Main sewage pipe and vent pipe: 

- Connected 

- Opens to floor drain 

- Pipes are not 100% airtight 

Exhaust fan in toilet: 

- Creates negative pressure 

- Windows/door closed 

- > Strong –ve pressure 

U-trap: 

- Water seal prevents air/aerosols back flow 

U-trap 

Exhaust fan 
Creates negative pressure in toilet 

https://www.bd.gov.hk/en/resources/codes-and-references/epidemic-prevention-information/index-drainage-systems.html 

https://www.bd.gov.hk/en/resources/codes-and-references/epidemic-prevention-information/index-drainage-systems.html


 

 

Typical unaltered layout of public housing toilet 

Toilet vent pipe 

Floor drain 

U-trap of upper floor 

Kitchen / hand washing waste water pipe 

 

Floor drain pipe of upper floor 

Vent pipe 

Main sewage 



 

 

 

Chimney effect 
煙囪效應 

Ceiling temperature: high 

Floor temperature: low 

Vertical stack 

Vertical flow of air: cold  hot 

Upwards flow along vertical stack 

can carry infectious aerosols 



Example of vertical transmission 

Vertical transmission 

Ascending pattern 



Wai Lee Building 

Vertical transmission pattern 

Ascending upwards 

https://doi.org/10.1016/j.jhazmat.2021.126799 

https://doi.org/10.1016/j.jhazmat.2021.126799


 

 

 

NGS done by QEH/HKCH team 

Sequencing result: 

- clonal spread from a point source 

- along the vertical column 



 

 

Stack aerosols 

Discharge of waste water containing faeces (virus) 

- Generate stack aerosols 

Can aerosols leak to other flats? 



 

  

  

  

  

 

  

  

  
Tracer gas experiment 

Peak tracer gas concentration near floor drain in toilet 

Tracer gas injected at toilet of index case 

Tracer gas concentration monitored along the facades of 

infected and non-infected flats 

- Detected at bathroom floor drain at different floors 

- Detected at light well 

Leak demonstrated through drainage system in infected 

and non-infected flats 

Stack aerosols can spread to indoors through pipe leaks 

along same vertical column 

Peak tracer gas  along facades  in light well 



   

 

Summary 

1. Opportunistic airborne transmission of COVID-19: 

• Can occur in poorly ventilated premises, especially in mask off setting 

2. Airflow direction: 

• An important factor accounting for airborne transmission of COVID-19 

3. Drainage pipes: discharged waste water contains SARS-CoV-2 virus: 

• Stack aerosols can spread indoor via through pipe leak 



 The end 
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