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SARS-CoV-2 airborne transmission is opportunistic and
ventilation works
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Airborne transmission of Covid-19 has

been controversial covid-1opz=sisE—asrss

World Health Organization (WHO) &
g 28 March - @
-

FACT: COVID-19 is NOT airborne.

e 9 Feb: First postulated (when certain conditions were met) by the Chinese
National Health Council (NHC) (Li and Gao, 2020)

Very early: WHO recognized airborne transmission with aerosol-generating
medical procedures-

28 Mar: WHO Fact: COVIDI9- is not airborne

6 July: Morawska and Milton “It is time to address airborne transmission
of COVID-19”, CID

7 July: WHO “UWe have been talking about the possibility of airborne
transmission and aerosol transmission as one of the modes of transmission
of COVID-79"-

Li X, Gao F. Public Prevention Guidelines of Infection due to the Novel Coronavirus Pneumonia (In Chinese, #1276 IR 73 B /8 4L 1 il 28 A Ax B 3 45
4). Beijing, China: People’s Medical Publishing House, 2020: page 9.



For intervention, the significant issue lies at not
just if a disease is or can be airborne, but under
what conditions it occurs and how to control it-
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Major transmission routes of respiratory infection
SRR B R

Short-range <1.5m Long-range
Iy Egie

.Dista.n.t airborne

/ Close contact .:

° . * i . e
Large droplets o . D_- f . ‘
Short-range airborne .
Immediate surfatces® ’IStant omlte

WeiJ and LiY (2016). American Journal of Infection Control, 2016 Sep 2;44(9 Suppl):5102-8. or40



This is how an expired jet works ™f & 44i%&
Using expired CO, as surrogate (note: ideal conditions, illustration only)
Concentration at Tm is 1/710 at mouth; at 2m is 1/20
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Lee JHW & Chu V(2012). Turbulent jets and plumes: a Lagranagian approach. Springer Science & Business Media.



Consider a room with n people (all 3 t /Lt ,
infected), each is an infector AL R
At steady state, C = ne gy Cisic 7 iC 2%

q
where n(Q are the total quanta generation by n infectors
p is the pulmonary ventilation rate of each person

Assume guanta concentration at mouth of release is C,,outn; then Q = pCroun

If room ventilation rate g per person is the same as the pulmonary ventilation rate p per
person (typically at 30 L/min or 0.5 L/s at normal work)

nQ PCmouth
C = — =C
q q/n mouth

The pulmonary ventilation rate p may be considered as a reference for
considering ventilation rate fERER{EA&ERBEFNEXENSZ



Let us consider four ventilation (rate) situations

5 star: Outdoor air like E5MEF A% (>> the required, e.g. in
those with large open windows) (pleasant)

2 star: Good (sufficientE21%) (~ ASHRAEG2.1 (e.g. 10 L/s
per person) , i.e. about 20p) (free from exhaled odour)

person (as bad as other’s breath)

’ 2 cross: Poor (insufficient4~E) (just above 0.5 L/s per

;ix/;j,
5 cross: Very bad (awful=]'{H) (below 0.5 L/s per person) A jﬁk o TI
(worse than other’s breath)

Internetsimages
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2 star ventilation: Diamond Princess- “sufficient
ventilation” probably worked: preliminary study
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Xu P et al. Transmission routes of Covid-19 virus in the Diamond Princess Cruise ship.
https://www.medrxiv.org/content/10.1101/2020.04.09.20059113v1

Those infected who stayed in a
room without an infected case
were all infected before quarantine
5 Feb 2020. £,z 5 RYw 55 E
R EE R 2020 2H5HR
A< RIS,

There was no spread between
staterooms after 5 Feb 2020-

20205F2H5HZ 18, BEEZER
BIEE,

Room central air-conditioning
probably did not spead- [BfE+
R REIR B IEE.

But no field measurement and
lack of more detailed data so far
BEEFBaIALL, ESEREGH
2, IxEEFHAEIR
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5 star ventilation: There is a very low risk of long-range
alrborne infection outdoors.

250 - mAll
Y : M Home
© 200 - Transport
Near./ all ;§ B Restaurant
4 , 3 150 1 Entertainment
outbreaks in non- 500 B Shopping
Hubei cities g Miscellaneous
. £ .
occurred indoors 5 50
O - I ||I II.—l I— II Il Il

3 4 5 6 I 3 9

Searched 7324 cases (66:7% of 10,98(C Cases per outbreak
378 outbreaks with > 3 cases

Qian, H. et al. Indoor transmission of SARS-CoV-2. https://www.medrxiv.org/content/10.1101/2020.04.04.20053058v1
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A iIncomplete list of involved indoor environments in Covid-19

Mainland China: Apartment, villa, conventional train, high-speed rail
cabins, private car, passenger plane, shuttle Bus, noodle house,
restaurants, hotel lobby, restaurant dining room, hot pot restaurant,
gym, chess room, tea house, mahjong parlour, barbershop, low-end
shopping mall, low-end supermarket, hospital, community, thermal power
factory, taxi, hotel room/conference rooms, long-distance bus, cruise
ships, and prisons

Hong Kong: Hot pot, public estate, Buddhist temple, bars (Lan Kwai
Fong, Wan Chai, and Tsim Sha Tsui), wedding banquet, Karaoke,
restaurant,...-

South Korea: church, hospital, call centre and 9ym

Singapore: migrant dormitories .
7P 7 What do they have in common?

Suspicious for low ventilation rate?



2 ventilation: The Guangzhou index patient A1 ___ patient C2
Réstaurant Outbreak P ont b3 N g
- Family A of 10 visited from Wuhan Paﬁ!eniig ___ patientA2
aten

- Lunch on Jan 24 CNY eve gaﬁem%
- 0:75-7-02 L/s per person ventilation

_____fan-coil unit

—_—

outdoor air path

:

exhaust fan

fan-coil unit
reception

ﬂ_ exhaust fan

elevator




The streamlines showed how the ABC recirculation bubble was possibly established-

Index patient

View from top of the restaurant 3F



Poor ventilation at only 1 L/s per patron- No close contacts in lift or in the room

C1

Field measurement: March 19-20

<
©

Li Y., et al. Evidence for probable aerosol transmission of SARS-CoV-2 in a poorly ventilated
restaurant. https://www.medrxiv.org/content/10.1101/2020.04.16.20067728v1
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Parameters Big bus B1 from Minibus B2 (15:43 pm —
Changshato city D 16:43 pm)
(12:10 pm to 3:30 pm)

Number of persons (other
passengers + driver 46 17
(conductor))

Number of infected except

iIndex patient 7 2
Attack rate (%) 7146, 15.2% 2/17, 11.8%
Ventilation rates (L/s per 1.72 3.22
person)

Exposure time (min) 200 60

17



Learning from the three outbreaks: Diamond Pricness cruise ship, Guangzhou
restaurant, and Hunan two buses:

Ventilation less than 3 L/s per person leads to long-

range aerosol infection, but greater than &-10 L/s per
person (speculative) probably do not lead to long-range
aerosol infection- No data exists for between 3 -8 L/s

per person- (i NEr3 JiilEE g ESuE iR B, (HilEE R NE)E-10 T18-
70 (HERD Al REAS & 5 SR B SRA B IO . N3 -8TF M 3 8 -

However, this does not rule out the short-range
transmission and other routes-



This means that SARS-CoV-2 s normally non-long-
range-airborne when there is reasonably sufficient
ventilation, but becomes airborne when there is

insufficient ventilation: wssve, i LB R T, SARS-CoV-25E T 2
PR AR, T E RS 0 4 2 2 A

This is the opportunistic airborne transmission (Roy
and Milton, 2004 )- Insufficient ventilation becomes

a “favourable environment”- izugetizamE (Roy and Milton,
2004) . BEAN LT IA—EEER GRS,

Roy, C. J., & Milton, D. K. (2004). Airborne transmission of
communicable infection--the elusive pathway. NEJM, 350(17), 1710.



Useful to see what do airborne route and large droplet route
mean Iin fluid mechanics

« Airborne transmission refers to the transport by air flow of the
Vvirus or virus-containing droplet or droplet nuclei from the
source, which can be inhaled and subsequently lead to
disease/infection by the susceptible. =& nEng /I RiEZERR. TiEH
MI=IEEEAAZBE ATREIR NG LA KRR, TSR E 5 3R,

* The transport “medium” is airflow, not air. It is airflow . Gl ks
};?gsmission. SEEENERNE BER, TAESE. ERNSFEESERE b e .

* Droplet transmission refers to the deposition of exhaled large
droplets on the (mouth, nose and eye) mucus membrane of the

susceptible, and subsequently leads to disease/infection. %k (X
i) (&1 WHAUKRE (KF506R0K) IMARELIE2KZ RIAEE/IRES/ S FUF R
t, FEESERREE S | R,

* The transport medium is momentum. The droplet movement is S |
ballistic. sEmERNE 2B, RHEHEN—EENIT, Ballistic - Wik

R BT



Unfortunately, existing threshold droplet size in large droplet transmission is wrong!
Causing a lot of confusions. Rzf &, i - BUA i BRI SR S5 RRA | 3% RIRAEL.

The threshold droplet size is 50-100 microns, not 5 or 10 microns! Only >50-100 microns can
deposit on face (Tm), and much less on noses, mouth and eyes- Small ones follow airflow-
BRA B KD BSO-TO0M K, mAZERTOMK! @i (Im) LR F> 50-100% Kett, mA
T, "EAeRkag LA ARR VR S o NIRIAIRIE AR

1 I
2
_ PpdpU
~os StK=
5 18uD
Q
= 0.6
L
o
g, Stk=0.1
?“; Deposition
Q02 on a sphere
0 L I I
0.001 0.01 0.1 1 10

Droplet Stokes number 5S¢,
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Chen et al. 2020. Short-range airborne route dominates exposure of respiratory infection during close contact. Building and Environment, 176



Exposure ratio (large droplets/short-range airborne)

—e—Coughing
—&—Talking

Large droplet/short-range
airborne exposure ratio

0 0.5 ' 15 2
Horizontal distance x [m]

Mechanistically, short-range airborne can be 70
times more important than droplet transmission

Chen et al. 2020. Short-range airborne route dominates exposure of respiratory infection during close contact. Building and Environment, 176



Risk of airborne infection

Below threshold

------------------------- Threshold when ventilation is
the same as exhalation flow
rate

Poor ventilation

Improved ventilation

Long-range

23°

Short-range



Useful to recognize two different types of
airborne infection: muw, wamisrmanss i ik .

Those not easy to control : Can occur at normal indoor
conditions — might be indeed fearful, e-g9- TB; measles and

chickenpox (Obligate or preferential airborne)iiers s, witavEiEs
s N T 324 -r R NRVIE, Bl anshiiz, BB MK (GRAS B0 S 1 2 SR S 4D

Those easy to control : Only occur in crowded and poorly
ventilated areas — better ventilation and staying away from

such locations (Opportunistical airborne) 5. 34 mER LR
A REREER L D

24°



Ventilation Is important to airborne (or airflow)
transmission of Covid-19 in two aspects

e An insufficient ventilation leads to a probably non-airborne
transmission of SARS-CoV-2 to long-range airborne transmission:
Poor ventilation leads to opportunistic airborne-

« Recirculation bubbles (in minimizing inflow of clean air) or
stratified air layers (in minimizing dilution) may also enhance the
airborne transmission with unfavourable release of infectious
aerosols-

HVAC engineers play a role here.

25°



Where do our 7 million people stay in Hong Kong?

Categories of people Description Number
Home stay Mostly staying at home (housewives, retired people, youth 2,286,125
children, domestic helpers etc.)
Office workers Working in offices or factories during the daytime 1,503,830
Classroom attendances Students and teachers (kindergarten to university) 1,267,850
Food service workers  Restaurant workers 196,940
Sellers Working in all kinds of shops 352,000
Drivers Driving or serving public transport vehicles 10,375
Public workers Working in public places 64,980
Others Individuals in labor force without classification 1,175,000
Overall Total population 6,857,100
Data in 2006

Gao, X., Wei, J., Lei, H., Xu, P., Cowling, B. J., & Li, Y. (2016). Building ventilation as an effective disease intervention strategy in a dense indoor contact network in an
ideal city. PloS one, 11(9), e0162481.



There are probably 2-5 million indoor environments in Hong Kong:

No of indoor

Name Description :
environments

Home _Home_s. all th_e ind_ividuals_ sta_lyed at night 2 201.000
Including university dormitories

Office Offices 30,000
Classrooms of kindergartens, primary

Classroom schools, high schools, universities and 38,807
training centers.

Restaurant Restaurants 18,000

Shop All kinds of shops i_ncluding shopping malls, 87.300
supermarkets, retail shops etc.

Transportation Buses, MTR and KCR trains 70,134

Public location Museums, cinemas, gyms, karaokes etc 4,940

We actually do not know much about the ventilation in these indoor environments.



Ventilation of buildings — standard and practice

Existing ventilation standards such as ASHRAE 62.1 do not consider infection
control in recommending ventilation rates;

* The required minimum ventilation rate varies for different spaces (office 8.5 L/s

per person, reception areas 3.5 L/s per person, courtrooms 2.9 L/s per person,
barber shop 5.0 L/s per person).

* In the real world, the delivered ventilation rate depends on design, construction,

operation and maintenance, and also usage (e.g. occupant density may be
higher than designed).

28 °



The possible minimum required ventilation rates

e 10 L/s per person

 or a breath dilution ratio of 100 times (breath dilution ratio is defined as
the reciprocal of the rebreathed fraction )

« or a rebreathed fraction of 0.01 (rebreathed fraction is the fraction of
Indoor air that is exhaled breath)

So it Is about how much we dilute our exhaled air in our room. This
allows us to compare room dilution to that close to our breath, I.e.
comparing long-range airborne and short-range airborne.

29 °



CO2 sensor might be used for indicating ventilation for respiratory infection intervention?

Activities
Sleep 0.08 0.004

Rest/low activity work 0.14

0.006

Normal work 0.6-0.8 0.02-0.6
Hard work 1.9-2.2 0.09-0.11

Online images, no (
We consider a respiratory flow of 0.1 L/s. CO, generation rate is contlict IMEEIEEL Search co, -
¢.q. = 50000 ppm x 0.1 L/s = 0.05x0.1 = 0.005 L/s. Google "CO2 sensors

with display

‘ -3

If q=8 L/s, then ¢; = V’;‘” = Ofgfgl = 0.0005, which means that c; = 500 ppm,

dilution of 100 times.

If outdoor CO, at 400 ppm, then 400+500 = 900 ppm in the room



Recommendations:

Preliminary: Ventilation rate of < 3 L/s per person resulted
in SARS-Col/-2 infection as shown in two outbreaks: 1KJAEEN
TR 3N T8 A & T & B SARS- Co V- 2111 B Bt == S A8 3% .

Speculative: Possible sufficient ventilation of > §-710 L/s per
person would not result in Covid-19 transmission- HEH|E: N &
P &E-T0 T 18 JE 5 1] B A DA 328 BE B8 4 SR ABE 48 11°) o5 % JL o o 22 i
{8

Keep sufficient ventilation for mitigating long-range airborne

transmission, and CO2 sensors can be used- If >1000 ppm, be
careful- {E55[H N AT L2458 8k (€02) ks, BER H ik
IR, JREEIET000 ppmnl BE3R A 5 @ EA L .
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