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SARS-CoV-2 is transmitted by exposure to
infectious respiratory fluids

The principal mode by which people are infected with SARS-CoV-2 (the virus that causes
COVID-19) is through exposure to respiratory fluids carrying infectious virus. Exposure occurs in
three principal ways: (1) inhalation of very fine respiratory droplets and aerosol particles, (2)
deposition of respiratory droplets and particles on exposed mucous membranes in the mouth,
nose, or eye by direct splashes and sprays, and (3) touching mucous membranes with hands
that have been soiled either directly by virus-containing respiratory fluids or indirectly by
touching surfaces with virus on them.

People release respiratory fluids during exhalation (e.g., quiet breathing, speaking, singing, exercise,

coughing, sneezing) in the form of droplets across a spectrum of sizes.’ These droplets carry virus
and transmit infection.

» The largest droplets settle out of the air rapidly, within seconds to minutes.

* The smallest very fine droplets, and aerosol particles formed when these fine droplets rapidly
dry, are small enough that they can remain suspended in the air for minutes to hours.

Infectious exposures to respiratory fluids carrying SARS-CoV-2 occur in three principal ways (not
mutually exclusive):

1. Inhalation of air carrying very small fine droplets and aerosol particles that contain infectious
virus. Risk of transmission is greatest within three to six feet of an infectious source where the
concentration of these very fine droplets and particles is greatest.

2. Deposition of virus carried in exhaled droplets and particles onto exposed mucous
membranes (i.e., "splashes and sprays”, such as being coughed on). Risk of transmission is
likewise greatest close to an infectious source where the concentration of these exhaled
droplets and particles is greatest.

3. Touching mucous membranes with hands soiled by exhaled respiratory fluids containing virus
or from touching inanimate surfaces contaminated with virus.

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?

Short-range transmission Long-range transmission

* Droplet : RO * Aerosol

* Aerosol : : "o / * Indirect contact (fomite)
* Direct (physical) contact )
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https://doi.org/10.1038/s41579-021-00535-6

Fomite Direct contact



Transmission of respiratory tract pathogens

Airborne Droplet Opportunistic airborne
TB
Example Measles Respiratory pathogen Respiratory pathogen

Chickenpox

- Dlssemlqatlon o droplgt ngclel Droplet generated during Droplet nuclei generated during

Dl e REME STt El] coughing, sneezing and talkin special circumstances
Long distance (>1m) ghing. g g P
51 5m <15m Aerosol-generating procedure

<3L/s/person = airborne

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



Transmission of COVID-19

Transmission of SARS-CoV-2 from inhalation of

virus in the air farther than six feet from an . L
infectious source can occur Airborne transmission of SARS-CoV-2

With increasing distance from the source, the role of inhalation likewise increases. Although

infections through inhalation at distances greater than six feet from an infectious source are less

likely than at closer distances, the phenomenon has been repeatedly documented under certain . T
preventable circumstances.’®2' These transmission events have involved the presence of an 1 . E”Closed Space / Inadequate Ventllatlon
infectious person exhaling virus indoors for an extended time (more than 15 minutes and in some

cases hours) leading to virus concentrations in the air space sufficient to transmit infections to

people more than 6 feet away, and in some cases to people who have passed through that space 2 Increased eXhalatlon

soon after the infectious person left. Per published reports, factors that increase the risk of SARS-

CoV-2 infection under these circumstances include:

3. Prolonged exposure

» Enclosed spaces with inadequate ventilation or air handling within which the concentration
of exhaled respiratory fluids, especially very fine droplets and aerosol particles, can build-up in
the air space.

* Increased exhalation of respiratory fluids if the infectious person is engaged in physical
exertion or raises their voice (e.g., exercising, shouting, singing).

* Prolonged exposure to these conditions, typically more than 15 minutes.
Top of Page

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




What is ventilation?



Exhaust

~freshair) o o (freshair)

6 ACH

100m? x 2.9m (ceiling)

Room volume =290 m?3
6 times the volume of the room in “clean” air each hour

290 m3/hr =1 ACH

290 x 6 = 1740 m%hr = 6 ACH | | | o
Reducing the risk of COVID-19 using engineering controls

AIHA Sept 2020



Different types of room ventilation

Supply = exhaust Neutral pressure Office room
Operation theatre
Supply > exhaust Positive pressure Protective isolation

Clean room

Isolation room
Exhaust > supply Negative pressure Toilet

Kitchen



Ventilation
Dilution of contaminant / pollutants in air
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Air changes/hour (ACH) and time required for airborne-contaminant removal by efficiency

Time required to dilute contaminant in air?

Beginning to plateau after ACH 6

—9
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ACH
—o— 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#



_ _ Guidance Document
SUPPLEMENT to Reducing the Risk of COVID-19

Using Engineering Controls

Relative Risk Reduction

Effective Air Changes per Hour 99.9 %
Engineering 10 Air Changes per Hour 99 % H : 1At
Contsils Sl oo Risk reduction by ventilation
78 % g
40% g
b o
Face Covering for All Occupants ~10 % £ 2
o 3
U e
Face Covering for COVID+ Only ~ 5% =
&
w
a.
o
90 %

Graphic by J. David Krause, PhD, MSPH, CIH

AIHA August 2020



Restaurants



Restaurant outbreak in Feb 2021

B :ins TREAEHERD  ZRELE RSB EE

Divided into 2 floors

Kitchen located at upper floor
(ACH >06)

Outbreak located at lower floor

Lunch on 19/2

- 80 customers during lunch hour

- 22 patrons, 10 staff and 22 close
contact confirmed positive
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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

Clonal outbreak from point source

[ R

v [ ]
3 o

nS: 22
Staff: 10




Evidence to support long-range airborne transmission

Indicated by fulfillment of any one of the following condition

1. Anoutbreak 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. Adisease 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

Ventilation

39, The intention of ventilation is to ensure an adequate supply of fresh/outside air for human
occupation and effective extraction of exhaust air arising from activities in premises. Ventilation
can be provided by natural means, natural with mechanical assistance or wholly mechanical.

Natural Ventilation

40. Premises having unobstructed window openings of total area equivalent to one-tenth of the
gross floor area of the premises are considered as having adequate means of natural ventilation.

Mechanical Ventilating System

41. Although it is not a statutory requirement that a restaurant must be provided with a
mechanical ventilating system including an air-conditioning system, such provision is common.
Ventilating systems also include simple mechanical ventilating systems involving the use of ducting
and trunking connected to cooking hoods.  All mechanical ventilating systems in restaurants are
controlled by the Ventilation of Scheduled Premises Regulation (Cap.132CE) and approval for the
installation of a ventilating system by both the FEHD and the FSD is one of the licensing
requirements for a restaurant licence. To avoid delay in the processing of an application for a
restaurant licence, where an air-conditioning system is to be provided or where ducting and
trunking are intended for the exhaust system, an applicant is advised to apply for approval to install
the system at the same time he sends in his application for the restaurant licence. Except in the
case of window type air-conditioners as described in paragraph 51, application for approval of a
mechanical ventilating system is normally made on behalf of an applicant by a registered specialist
contractor (ventilation works category). It is therefore important for an applicant to appoint a
suitable contractor/consultant.

Points to Note in Design and Installation of a Ventilating System

42, To protect public health safety at premises with mechanical ventilation system, the system
shall be able to supply a minimum amount of ITm"a"hI.-"pcrson of fresh air to the premises as laid
down in the Schedule 2 to the Public Health and Municipal Services Ordinance (Cap.132).

43, Under section 8§ of the Ventilation of Scheduled Premises Regulation (Cap.132CE), a
ventilating system, which shall be independent of any ventilating system provided for the public
parts of any scheduled premises, shall be provided for the kitchens, latrines and any other parts of
such premises as may be considered necessary by the Director of Food and Environmental Hygiene.

44, An exhaust system and a fresh air intake system shall be provided to each and every
kitchen, food preparation space/room, and scullery space/room. Ventilation hoods and devices
shall be designed to prevent grease or condensate from dripping onto food or food preparation
surfaces. Intake air ducts shall be designed and maintained so as to prevent the entrance of dust,
dirt, insects or other contaminating materials. Air ducts shall be free from obstruction and be
changed gradually in section to achieve minimum pressure drop.

May 2020

Mechanical ventilation system:
- Supply minimum amount: 17m3/hr/person
- Fresh air




B

~

(—1RN

B>

|

=
==

~
~

25 )
=]

KK

588

1%
&35 50 RE
L PO B EEET

==

N
N
~/

N

Sequence of event

7/2020:

HNL==00
575

FERS TP/

o/#Es/ 2

=

A
ZZ ==
o=~

Y
7

it

P
&R
IEAMER

~
N
/

9/2020: China secret

AL (15)

140

120

100

BIE R LEx E54H (103)

~
N
/

3/2020:

80
60

ZHEE

o
<t

20




CES &2

140

120

100

80

60

40

20

17/01

24/01 =

3/2020: SENE R 4455 2448 (103)

Sequence of event

7/2020:

Wac/mas/ B (
HEPERT (
HEPOEE (
EEF%':F'QJE ﬁEEl uu/@?& (
el E E %R (20
ZEPOBES (32
EAESBIEEEER (15

8/2020

9/2020: China secret JEIE (15)

16/10/2020

TBG RMRENKEEZRFLRE . BRPHEE

16/3/2021
FOFE MM iRHERREEMER
REVERFERBERELIFENE

Government Expert + FEHD + EMSD
Visit to restaurants

10/2020
Government Expert + FERD + EMSD
Visit to bars/karaoke
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Dealing with airborne pathogen

Dilution Ventilation = mixing with fresh air

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

Filtration - Impaction
- Diffusion
- Electrostatic force

Germicidal UV damage of genetic materials of microorganisms
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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 UIBRIEA | AFHEA Ceiling Ceiling
(SZANSS (S @1.5m?person @1.5m?person

NREER T EURB(E1325)2E93(1) 1K K HfFR2 (BEE) 17.0 4.7 3.8 4.9
Chartered Institution of Building Services Engineer (CIBSE) Guide A 2015 edition 6 10 80 10.4
(for Restaurants) (May 2019 reprint) ' '
ASHRAE Standard 62.1 The Standards for Ventilation and Indoor Air
Quality(for Restaurants) A 18.7 5.1 4.2 5.4
BRTHEEEHES - FREREE(LEHEZE (R -
fai362) GB37488-2019 sl 30 8.3 6.7 8.7
Scottish Government Coronavirus (COVID-19): ventilation guidance 18Dec2020 28.8-36 8-10 6.4 -8 8.3-104
WHO Roadmap to improve and ensure good indoor ventilation in the
context of COVID-19 (non-residential settings) LT A 36 8 104

ESE (RS 2 (0 ) May 2011 36 10 8.0 10.4

RYRRE BN i SR E R et & 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

Number of restaurant clustering(s) identified per 100 exposures (line chart)
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Quarantine Hotel
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Domestic helper returned to HK from USA

Quarantine in hotel for 7 days

Discharged afterwards

Turned positive on day 12 surveillance




Sequences of event

Overlapping period in QH

PCR +ve

Room 307 |

FDH: Room 305

Index

Discharge from QH PCR +ve

6/8 7/8 8/8 9/8 10/8 11/8 12/8
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ROOM 3 <QCO%>
(AT J/F TO 284)

Airflow direction: into guest room 30 5
(when windows closed)
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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







Sequences of event
Overlapping period in QH

PCR +ve

eon 512

2nd case : Room 5111

Index

PCR +ve

1011 1M1 12/11 1311 14/11

1911 16/11 1711 18/11



WGS finding: 100% identical
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_ Stagnant air flow in corridor

Index case



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

5111

Facts:

When room doors closed:
Stagnant flow in corridor

1. Corridor stagnant flow
2. Guest room: -ve pressure

Index case 3. Guest room corridor temperature difference

5112

Opening door abruptly
- 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:
Inward flow in the upper 2/3 of the room door
Outward flow near floor level

5111

When room doors closed:

Door slightly opened: Stagnant flow in corridor
- 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

Index case

5112

5111

3. Contaminated air move into
guest room when door opened

1. Contaminated air move outside the room

2. Contaminated air remain static in the corridor
When room doors closed:
Stagnant flow in corridor

HKU, Dept of Microbiology, Accepted manuscript
The Lancet Regional health — Western Pacific




Tollet



Anatomy of toilet and drains



Main sewage pipe

Anatomy of toilet and drains

\Vent pipe
3

Exhaust fan
Creates negative pressure in toilet

Main sewage pipe and vent pipe:
- Connected

- Opens to floor drain

- Pipes are not 100% airtight

C | 8 DRAINAGE
Exhaust fan in toilet: S 72 ) ===

- Creates negative pressure S e N NN S
- Windows/door closed
- > Strong -ve pressure

<300mm FROM
THE TRAP OUTLET

,

U-trap:
- Water seal prevents air/aerosols back flow
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https://www.bd.gov.hk/en/resources/codes-and-references/epidemic-prevention-information/index-drainage-systems.html

Typical unaltered layout of public housing toilet

= @ loor drain pipe of upper floor
U-trap of upper floor SO G,

\ "V»] Vent pipe &
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Kitchen / hand washing waste water pipe

o

Floor drain




Chimney effect

Ceiling temperature: high
Floor temperature: low
Vertical flow of air: cold - hot

Upwards flow along vertical stack
can carry infectious aerosols

—

Meutral

Vertical stack



Example of vertical transmission
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Wali Lee Building

Vertical transmission pattern

Ascending upwards
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Sequencing result:
- clonal spread from a point source

- along the vertical column



StaCk ae rOSO|S o Air temperature above roof
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Tracer gas experiment

Peak tracer gas concentration near floor drain in toilet

Roof 323.4 Roof
Tracer gas injected at toilet of index case i e
. . 22F|l@ | 2-BF @ .
Tracer gas concentration monitored along the facades of (" (i
. . , 40.0 . .
infected and non-infected flats |, 2 |13
- Detected at bathroom floor drain at different floors 206 |g sl
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Leak demonstrated through drainage system in infected 17 gw 17 gz,k
and non-infected flats [ [
16-15F | | | - 16-15F :(_-:,:?i‘;
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. . »* Wsq
Stack aerosols can spread to indoors through pipe leaks wr(o, urfle
along same vertical column | 1
1-13F g;i:ﬂ 1-13F gmr*

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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